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LOI GIGI THIEU

Thyc hién Nghi dinh 43/2000/ND-CP ngay 30/08/2000 ctia Chinh phu quy
dinh chi tiét va huéng dan trién khai Luat Giao duc, Bé Gido duc va Dao tao va
Bo Y t& da phé duyét, ban hanh cic chuong trinh khung cho dao tao Dugc si Dai
hoc. B6 Y t& t6 chtic thim dinh sach va tai liéu day hoc cac mén hoc co sé va
chuyén mon theo chuong trinh méi nham ting budc xay dung bo sach chuén trong
cong tac dao tao Dugc si Dai hoc nganh Y té.

B6 sach Hod huu co duge bién soan theo chuong trinh dao tao moén Hoa hoc
h#iu co thude chuong trinh gido duc ciaa Pai hoc Y Dugdc thanh phd H6 Chi Minh
trén co sd chuong trinh khung da dugc Bd Gido duc va Dao tao, Bo Y t& phé duyét.

No6i dung bd sach chi dé cap nhiing kién thic ly thuyét vé hoa hiiu co, gom
40 chuong va chia lam 2 tap trinh bay nhiing kién thtic co ban vé danh phap, cidu
tric, co ché phan ting, tinh chit 1y hoc va tinh chat hoa hoc ctia cac hgp chat
hydrocarbon, ciac hdp chat don chiic, cac hdp chat da chtc, hdp chat tap chitc, hop
chat thién nhién va hgp chat cao phan t.

Déi1 tugng st dung chinh cta bd sach nay 1a cac sinh vién dang theo hoc tai
Truong dai hoc Dugc — khoa Dudc cac truong dai hoc nganh Y t&. Péng thdi cling
14 tai liéu tham khao t6t cho nhiing hoc vién sau dai hoc.

Sach dudc bién soan dua theo chuong trinh da dugc Bo Y t& ban hanh. Noi
dung sach chi dé cap nhiing kién thtc ly thuyét vé Hoa hiiu co.

Sach Hoad hitu co dudce cic giang vién gidu kinh nghiém cua Khoa Dugc - Dai
hoc Y Dugc — Thanh phd H6 Chi Minh bién soan. Sach da dugc Hoi dong chuyén
moén thdm dinh sach gido khoa va tai liéu day — hoc chuyén nganh Dugc cua B6 Y
t& thAm dinh va dudc B Y t& ban hanh lam tai liéu day — hoc chinh thtc dung
dao tao duge si dai hoc cia Nganh Y t€ trong giai doan hién nay. Trong thoi gian
tit 3 dén 5 nam, sach cin duge chinh 1y, b6 sung va cap nhat.

Vu Khoa hoc va Dao tao, B Y t&€ xin chin thanh cam on Khoa Dugc - Dai
hoc Y Duge — Thanh phd Hé Chi Minh cung céc tac gia da bd nhiéu cong siic dé
bién soan cudn sach nay. Vi l1a 1an dau xudt ban nén chic chin con nhiéu thiéu
s6t, ching t6i mong nhan dude ¥ kién déng gép cta dong nghiép va ban doc dé
cubn sach ngay cang hoan thién.
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M3 PAU

Dé6i tugng cuia héa hoc hitu co:

Héa hoc hitu co 1a mén khoa hoc nghién ctiu thanh phan va tinh chat cac
hgp chat cua carbon.

Trong thanh phan hdp chat hiiu cd, ngoai carbon con c6 nhiéu nguyén t&
khac nhu H, O, N, S, P, halogen... nhung carbon dugc xem 14 nguyén t6 co ban cau
tao nén hdp chat hiiu co.

So lugc lich st phat trién ctia Héa hoc hitu co

Tu xa xua nguoi ta da biét diéu ché va st dung mot s6 chat hiiu co trong
doi song nhu gidm (acid acetic lodng), rugu (ethanol), mét s6 chat mau hiiu co.
Thoi ky gid kim thuat cac nha héa hoc da diéu ché& duge mot s6 chat hitu co nhu
uré, ether etylic...

Cudi thé ky 18 dau thé ky 19, cac nha héa hoc da chiét tach tu dong, thuc
vat nhiéu acid hiiu co nhu acid oxalic, acid citric, acid lactic ... v mot sd base hiiu
co (alcaloid). Nam 1806 1lan d4u tién nha héa hoc ngusi Thuy Dién Berzelius da
dung danh ti “Hoéa hoc hiiu co” dé chi nganh héa hoc nghién ctu cac hgp chét c6
ngudn goc déng vat va thuc vat. Thoi diém nay c6 thé xem nhu c6t méc danh ddu
su ra doi ciia mon hoéa hoc hiiu co.

Nam 1815 Berzelius dua ra thuyét “Luc song” cho riang cac hop chat hitu co
chi c6 thé dudc tao ra trong co thé déng vat va thuc vat nhd mét “luc séng” chi
con ngudi khéng thé diéu ché duge. Thuyét duy tAm nay ton tai trong nhiéu nam
nhung dan dan bi danh d6 bdi cac cong trinh téng hdp cac chit hitu co tit cAc chat
v6 cd.

Nim 1824, nha héa hoc ngusi Dtic Wohler da téng hop dudge acid oxalic bang
cach thuy phan dixian 12 mot chat vo co. Nam 1828 ciing chinh éng, tit chat vé co
amoni cyanat da téng hgp duge uré. Tiép theo Bertholet (Phap) téng hdp dugc
chat béo nam 1854 va Bulerov (Nga) téng hgp dudng glucose tit formalin nam
1861.

Cho dén nay hang triéu chit hiiu co da dugc téng hgp trong phong thi
nghiém va trén quy mé céng nghiép. Con ngudi khéng chi bét chude téng hgp cac
chat giong thién nhién ma con sing tao ra nhiéu chat hiiu co, nhiéu vat liéu hiiu
cd cuc ky quan trong va quy gia ma tu nhién khong c6.

Tuy nhién tén goi hgp chat hiiu co van duge duy tri, nhung khéng phai chi
v6i nghia 14 cac chat c6 nguén goc dong vat va thuc vat ma mang ndi dung méi: d6
14 cac hop chit cua carbon.



Piac diém cta cac hgp chat hitu c¢o va phan tng hitu co

Mic du ra doi mudn hon héa hoc vé ¢ nhung cac hgp chat hitu co rat phong
phi vé s6 luong, chung loai. S luong chat hiiu co cho dén nay nhiéu gap vai chuc
lan cac chat vo co da biét. Nguyén nhan co ban 14 do carbon c6 kha nang tao
thanh mach dai vé tan theo nhiéu kiéu khac nhau. Néi cach khéc hién tugng dong
phan (ttic 14 cac chat c6 ciing thanh phan phan ti nhung khac nhau vé ciu tao) 1a
cuc ky pho bién va dac trung trong héa hoc hitu co.

C4u trdc phén ti cia hop chét hitu co c6 thé don gian nhung cling c6 thé rat
phitic tap, viéc xac dinh cau tric cua ching nhiéu khi rat khé khan, phai st dung
nhiéu phuong phap héa hoc va vat 1y hoc hién dai.

Né&u nhu lién két ion kha phd bién trong hgp chét vo co thi lién két chua
yéu gifia cAc nguyén tu trong phan ti hitu co lai 1a lién két cong hoéa tri. Dic
diém nay anh hudéng nhiéu dén tinh chit ly héa va dac biét 1a kha niang phan
ing cua chung.

Céac phan tng hiiu co thuong xay ra véi téc do cham, khong hoan toan va
thuong theo nhiéu huéng khac nhau, vi vay vai tro cua nhiét déng hoc, dong hoc
va xuc téc trong héa hitu cd rat quan trong.

Vai tro cua héa hoc hiru co

Cac chat hiiu co c6 vai tro rdt quan trong trong doi sdng cta con nguoi.
Khong nhiing hau hét thuc phdm ching ta an (glucid, protid, lipid), vat dung
hang ngay (cellulose, sgi tong hdp, cao su, chat déo . . .) 1a cic chét hiiu cd ma
nhiéu chat hitu co con 14 co sd ctia su sdng (protid, acid nucleic..). Nhién liéu cho
dong co dot trong, cho nha may nhu xéng, ddu 1a hén hop hydrocarbon mach dai
ngén khac nhau. Cac vat liéu hitu co nhe, khong han gi, tién st dung, nhiéu mau
sidc da dang dang ngay mot thay thé cho cac kim loai, hop kim trong nhiéu linh
vuc, ké ca nhiing linh vuc tuéng nhu khong thé thay thé dugec nhu ban din, siéu
dan. . .

Do t4t ca nhiing dic diém trén, héa hoc hitu co duge tach ra nhu mét nganh
khoa hoc riéng doi hoi nhiing phuong phap nghién citiu va thiét bi ngay cang hién
dai hon, doi héi nd luc khong ngiing ctia cac nha héa hoc dé khéng nhiing bit
chuée thién nhién téng hop nén cac chat phtc tap phuc vu cho nhiéu linh vuc cta
cudc sdng ma con vugt xa hon ca thién nhién. T co s6 héa hoc hiiu co, da cé rat
nhiéu nganh nghién ciu tng dung ra doi: héa cong nghiép, héa dau, céong nghiép
dét, hoa thuc pham, duge phadm va héa m§ pham.
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Chuong 1

CAU TRUC DIEN TU' CUA NGUYEN TU CARBON
VA SUTAO THANH CAC LIEN KET TRONG HOP CHAT HUU CO

MUC TIEU
1. Trinh bay duoc cdu tao dién tiz carbon & cdc trang thdi lai héa sp’, sp® va sp.
2. Gidi thich duoc cdch hinh thanh cdc loai lién két:
— Cong hoa tri
— Lién két phoi tri
— Lién két hydro
NOI DUNG
1. CAU TRUC DIEN TU (ELECTRON) CUA NGUYEN TU CARBON
1.1. Thuyét carbon tir dién (Vant Hoff- Le Bel 1874)

Nguyén ti carbon c6 4 héa tri. Bén héa tri cua carbon huéng ra bén dinh cua
mot ti dién. TAm cua ti dién 12 nguyén ti carbon.

2>m9028'

C

Oy O

Cac goc hoéa tri  tAm déu bang nhau va bang 109°28'. Khi nguyén tt carbon
lién két v6i 4 nguyén ti hoic 4 nhém thé dong nhat ta duge mot ti dién déu.

1.2. Cau trac dién t ctia nguyén tir carbon

1.2.1. Carbon 0 trang thdi co ban

z z A N A 9 2 2 1 1
Carbon c6 ¢6 c&u hinh dién ti C 1572572Px2Py = 15228%2p?

1822822132 |T¢| T¢| t | t | |

2 dién tu don doc la p, va p,. Con c6 mot orbital 2p, trong khong c¢6 dién tu
1.2.2. Carbon G trang thai kich thich C*

1
15228 2py2py2p; = 1522812p3

11



Carbon hép thu nang lugng 60-70 kcal/mol, mot dién ti 2s? chuyén 1én trang
thai 2p (orbital 2p,).

152 2sm 1s? 28 2Px 2P 2py
RN e IENENENEN

C 1822822p2 C 1528 12p3

Carbon c¢6 ciu hinh dién ti 1s%2s'2p?® 1a carbon kich thich (1s22s12px2py2pz).

Két qua 1a carbon c6 4 dién ti don ddc tao lién két. Carbon ludn c6 héba tri 4.
Bon dién ti ciia carbon kich thich c6 nang lugng khac nhau do dé cac lién két cua
carbon phai khic nhau. Thuc t& phan ti metan c6 4 lién két C —H hoan toan giéng
nhau .
1.2.3. Carbon O trang thdi lai hoa

Khi tao thanh cac lién két, orbital 2s va mot s6 orbital 2p c6 thé t6 hop lai
tao thanh nhiing orbital c6 dang khéac cac orbital ban dau va c¢6 kha niang xen phu
cao hon do dé lién két duge hinh thanh ciing bén hon. Su t6 hop dé dude goi 1a su
lai héa.

e Lai héa sp?
Kiéu lai héa thit nhat goi 1a lai hoa sp® (con goi la lai héa t@ dién).
Mot orbital 2s va 3 orbital p t6 hop v6i nhau tao thanh 4 orbital lai héa sp3.

&

Su t6 hop 2s va 2p Orbital lai ho4 sp Carbon lai ho4 sp?

Céc két qua tinh toan cho thdy rang néu xem kha ning xen phu cua orbital
s 14 1 thi ctia orbital p 1a V3 va cta orbital sp® 1a 2.

%E oo <
’ I 5

e Lai héa sp®.

Su t8 hop orbital 2s vé6i 2 orbital 2p (2p,, 2p,) tao thanh 3 orbltal lai hoa sp?
hay con goi 1a lai héa tam giac. Truc d61 xting ctia 3 orbital sp? ndm trong mot
mat phing va tao nén nhiing géc 120°. Kha ning xen phu tuong d6i cla orbital

2 1~
sp”la 1,99.
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Su t8 hop 2s va 2p Carbon lai hoa 2sp? Orbital 2pz khong lai hoa

Nhu vay trén carbon lai héa sp? con ¢6 mot dién ti trén orbital 2p, khong lai
héa. Orbital nay c6 dang hinh khéi s6 8 néi .
e Lai hoa sp

T6 hop mot orbital s va mdt orbital 2p, tao thanh 2 orbital lai héa sp véi kha
ning xen phu tuong ddi 1, 93 va gbc tao bdi truc do1 xting cua 2 orbital 1a 180° hay
con goi la lai hoa duong thang.

Trén carbon lai héa sp con c6 2 dién ti p khong tham gia lai h6éa 2py va 2pz

Su t6 hop 2s va 2p Orbital lai hoa sp 2 Orbital 2p, va 2p,

Su lai héa gitia orbital s va p ciing xay ra trong cac nguyén tu oxy, nito ...

2. SU TAO THANH CAC LIEN KET
2.1. Su tao thanh lién két cdng hoéa tri - Lién két o va lién két ©

Lién két dugdc tao thanh do su xen phu cuc dai ctia cac orbital nguyén tu
thanh orbital phan ti. Khi ving xen phu cta cac orbital nguyén ti cang 16n thi
lién két (orbital phan ti) dugc tao thanh cang bén va nang luong thoat ra khi
hinh thanh lién két cang 16n. Khuynh huéng ctia su xen phu 1 tién téi cuc dai, d6
14 ndi dung ctia nguyén ly xen phu cuc dai .

Cdc orbital nguyén tu tuong tfic ¢6 hiéu qua véi nhau thanh orbital
phén ti chung phdi théa man 3 diéu kién:
e Naing luong ctua ching gan nhau .
e Sy xen phu 6 mtic do 16n.
e Chung phai c6 cing mét kiéu d6i xting d6i v6i truc néi hai hat nhan nguyén ti.

Nhu vay 2 orbital s, hodc 1 orbital s va 1 orbital p nao c6 truc déi xtng trung
v6i truc noi 2 hat nhan c6 thé tham gia xen pht nhau thanh orbital phan ti.

13



Tuy theo dic diém d6i xting cia cac orbital nguyén ti, su xen phu cia ching
c6 thé theo truc hay & bén truc néi gitia 2 nguyén tu.

Su xen phu theo truc orbital tao lién két .
Su xen phu bén xay ra sé tao thanh lién két .

e Xen pht truc - Tao lién két o

O-O—W@

O 0@ — @
Orbital s Orbital p Lién két o

® Xen phu bén - Tao lién két

8 + 8
Orbital p Orbital p Lién kétn

2.2. Lién két o va lién két n trong cac hgp chat hiru co

2.2.1. Trong cdc hop chét hitu co' lién két o tao thanh do su xen phu
e Orbital s cia nguyén ti hydro véi cac orbital lai héa cta carbon sps, sps, sp.
e Orbital lai h6a cua carbon xen phu véi nhau.
e Orbital lai héa s va p cia nguyén ti oxy hoéc cua nitc véi orbital s cua hydro
hodc véi cac orbital lai héa cua carbon sp?, sp? sp trong cac hdp chat cé lién
két O-H hoéc C-O va trong cac hop chat c6 lién két N-H hosc C-N.
2.2.2. Lién két 7 duoc tao thanh do su xen phu

e Orbital P, hodc P, cua cac nguyén tu carbon xen phu véi nhau tiung déi mot
dé tao thanh lién két n trong C=C hoac trong C =C.

e Orbital p cia nguyén ti oxy, nité xen phu véi orbital p ciia nguyén tu carbon
tao thanh lién két © trong C=0 hoic trong C =N, C=N.

Vi du:

e Su tao thanh lién két ¢ trong cac hop chit etan, ethylen, acetylen, alcol
ethylic ¢6 thé dude minh hoa nhu sau:

14



Cac lién két trong H_E]_(f_H
phén ti etan

. . H
Cé4c lién két trong phan \fc <>
ti ethylen o~ o

Cac lién két trong
phan ti acetylen 1 H—C—C—H

Gc-C
Cac lién két trong I_|I I_|I
phan ti alcol ethylic H—C—C—O0—H
| |
H H oc-0 O

e Su tao thanh lién két wtrong phdn ti ethylen, acetylen cé thé minh hoa nhu sau:

Lién két © trong ethylen dudc tao thanh do su xen phu cuc dai vé 2 phia cua
cac orbital P, khong lai héa. Lién két 7 (orbital phan té m) ndm trong méit phing
théng géc v6i mat phing chia cac nguyén ti C va H.

T
TC
Lién két © H H H H
trong ethylen Ity !
H H : :
n T

Hai lién két 7 trong acetylen dudc tao thanh do su xen phu cuc dai vé 2 phia
clia cac orbital p, va p, tuong ting. Cac orbital lién két T ndm trong 2 mit phing
théng géc véi nhau.

Lién két «t
Cac liéankétetylen
trong phan tf accuy.en
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o Sy tao thanh lién két ntrong hé thong alen C=C=C .

Hé thong lién hgp thong thudng va don gian 14 nhiing hé ma hai lién két «
va mot lién két o (hodc mot cip dién ti chua st dung) phan bd é canh nhau (luan
phién, tiép cach).

CH,=CH-CH=CH-CH=0 ; CH,=CH-CH=CH-CH =CH-OCCH,

Trong hé théng lién hop su xen phu bén ctia cac orbital p da tao thanh mot
orbital phan ti bao trum lén toan bd phan t.

Su tao thanh cac lién két o va 7 trong hé thong lién hop da lam cho d6 dai
lién két o ngin di va d6 dai cta lién két © dai ra.

Heé théng lién hgp thudng cé trong cac chat thudce loai hydrocarbon thom, di vong
thom. Cac lién két 7 trong hé thong lién hgp luén nam trong cling mét mit phang.

2.3. Tinh chatclacaclien kétovar
2.3.1. Su'phan cuc cua lién két

e Khi phéan ti c6 dang A — A dong nhat thi phan ti khoéng c6 su phan cuc.
Nghia 1a cép dién tu lién két hay 1a orbital phan ti lién két dugc phan bd
déu gitia 2 nguyén ti va momen ludng cuc (u)bang khong.

e Khi hai nguyén tu lién két véi nhau khéng déng nhat (phan ti c6 dang
A -B) nhu H —Cl, CH,-Cl ... cdp dién ti lién két sé léch vé phia nguyén ti c6
do Am dién 16n hon. Do d6 trong tdm dién duong va Am khéng trung nhau va
lién két s& c6 momen ludng cuc khac khong (u # 0). D6 1a lién két cong hoa
tri phan cuec.

Su phan cuc khong nhiing xay ra ¢ cac lién két 0 ma con x4y ra 6 cac lién
két 7 (phan ti c6 dang A =B hoéc A =B).
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Trong cac phan ti H,C =0 va CH, —-C=N, v.v .. ¢6 su phan cuc cta lién két .

DE chi su phan cuc caa lién két o ngusi ta dung mii tén thing (—)va su
phan cuc cta lién két 7 ngudi ta dung mii tén cong (). Chiéu chuyén dich cua
mii tén 14 chiéu chuyén dich dién tti. Hoéc dung ky hiéu 8%, & - nham biéu thi cac
phan dién tich nhd 6 nhiing nguyén ti tham gia lién két .

. + s N ot & It A5
Vidu: CH3>Cl . CH?,—C]8 - HpC=0 . HpC=0 hodc: H2C=C‘O8

2.3.2. b¢ tan

Cac hop chat hiiu co c6 lién két cong héa tri (1a nhiing lién két c6 d6 phan
cuc khong 16n) rat it hodc khong tan trong nudc, trai lai tan nhiéu trong ciac dung
moi hitu co. Dung dich cac chat hiiu co thuong 14 khong dan dién.

Cac chat c6 lién két ion dé tan trong nudc va khong hodc it tan trong dung
moi hiiu co, dung dich ctia chiing dan dién.
2.3.3. DG dai lién két

Khoang cach gitia 2 hat nhan nguyén ti lién két thuong goi theo quy uée 1a
do dai lién két. Do dai lién két dude do bang cac phuong phap vat 1y hién dai nhu:
phuong phap nhiéu xa tia X, notron, electron, phuong phap phd héng ngoai.

Nguoi ta nhdn thdy ring:

e D6 dai lién két cong hoéa tri gitia carbon va mot nguyén tii khéic trong cing mot
phan nhém cta hé thong tuan hoan tdng theo s6 thi tu ciia nguyén ti .

C-F<C-Cl<C-Br<(ClI

e D6 dai cua lién két cong hoa tri gitia carbon va mot nguyén ti khac trong cung
mot chu ky gidm khi s6 thi tu ting.

C-C>C-N>C-O>C-F

e D6 dai cua lién két cong hoéa tri gitia 2 nguyén ti cang gidm néu sb orbital T
lién két cang 16n.

C-C>C=C>C(C=C;C-0O0>C=0=>C=0
C-N > C=N > C=N; N-N > N=N > N=N
e D6 dai lién két o gitia carbon véi mot nguyén ti khac phu thuoc trang thdi lai

héa ctua carbon. Ti 1& orbital s trong orbital lai héa cang cao thi dd dai lién két
cang ngan.

3

__ _ C_—_H
CspH > Csp’fH > $
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2.3.4. Nang luong lién két

N#ng lugng cta lién két A —B 14 s6 ning luong thoat ra khi hinh thanh lién
két d6 ti 2 nguyén ti hay 2 goc A va B. D6 ciing chinh 14 néng lugng can thiét dé
lam dat lién két A —B thanh 2 nguyén ti hay 2 géc A va B.

Bang 1.1: Nang lugng lién két (kcal/mol)

Lién két Ning lugng lién két Lién két Ning lugng lién két
H-H 104,2 C-H 98,8
F-F 36,4 C-F 105,4
CI-Cl 58,0 C-Cl 78,5
Br-Br 46,1 C-Br 65,9

-l 36,1 C-l 57,4
N-N 38,4 C-O 84,0
N=N 100,0 C=0 171,0
N=N 226,0 C*-O 255,8
P-P 51,3 C-N 69,7
Cc-C 83,1 C=N 147,0
Cc=C 147,2 C=N 213,0
C=C 194,0 H-F 134.,6
Si-Si 42,2 H-ClI 103,2
O-H 110,6 H-Br 87,5
N-H 93,6 H-I 71,5

Niang lugng lién két 14 gia tri trung binh gan ding.

Khi dung khai niém “nang lugng lién két” c6 nghia la tdt ca cac lién két
C-H trong phan ti alkan déu gidng nhau (thuyc té ning lugng dé phu thudc vao
c&u tao phan ti). Qua bang 1-1 c6 thé thdy ring cac lién két boi (d6i = ; ba =)
khong c6 tinh chat boi vé ning lugng. Ning lugng lién két C =C va C =C khéng
16n gap doi va gap 3 lan lién két C —C. Trai lai niang lugng cua céc lién két N =N
va N =N lai g&p 3 va gap 6 lan ning lugng lién két N —N.

Trong cac phan tii c¢6 hé théng lién hop thi gia tri sinh nhiét clia né thdp hon
téng gia tri nang lugng lién két cha cac lién két c6 trong phan td c6 hé théng
khong lién hop.

D6 chénh léch d6 goi la nang lugng lién hgp hoidc ning lugng cong hudng cua
hé théng lién hop.

Can phan biét nang lugng lién két va nang luong phan ly.

Niang luong phan ly 1a nhiing dai lugng déc trung cho céc lién két trong phan
tt. Nang lugng can dé lam dat lién két C-H tht nh4t khong phai bang 1/4 nang
lugng chung dé phan cit phan ti metan thanh carbon va hydro, ciing khong hoan
toan bang nang lugng ctia mdi lién két C—H trong cac phan ti etan va benzen. Mbi
lién két trong phan ti ¢6 miic ning luong phan ly khac nhau (bang 1-2).
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Bang 1.2: Nang lugng phan ly lién két R-X (kcal/mol)

. X
H Br | OH | CH, R
CH, 102 | 67 51 86,5 |83 83
CH,CH, 98 65 52 87, 82 82
(CH,),CH 89 65 47 845 |74 82
(CH,),C 85 61 45 85, 74 60
CeHs 104 | 71 57 85, 91 103
CgHsCH, 775 |48 39 85, 63 47
HO-OH 52 (CH,), |c -N=N —lc (CH,), 31
CN CN
[oR X elo)o Mo oloN = — 30 (CgHs)sC — N = N — C(CgHa)s 27

2.4. Su tao thanh lién két yéu hon lién két cong héa tri
2.4.1. Lién két hydro
Lién két hydro c6 ban chat tinh dién. Nang lugng lién két nhé (~ 5kcal/mol).
X—H¥ .. Y& ; X< HO . Y5
Diéu kién hinh thanh lién két hydro:
— X6 do Am dién 16n hon hydro sao cho X —H phéan cuc .
— Y c6 cdp dién ti tu do € . Kich thuéc cia X va Y déu khéng 16n .

X va Y thudng 1a nhiing nguyén t& phd bién nhu F, O, N . Tritong hop Y 1a
Cl, S, lién két 1 thi lién két hydro tao thanh sé rat yéu.

C6 hai loqi lién két hydro:

e Lién két hydro lién phdn ti
Lién két hydro dugc tao thanh gifia cac phan ti v6i nhau.

Khi pha loing hop chat c6 lién két hydro lién phan ti trong dung moéi tro
(khong phan cuc), lién két hydro bi cit dit dan.

O ..H-
He g O g g0 B S
Et” Et” O-H ...0

e Lién két hydro noi phén tu
Lién két hydro duge tao thanh trong cing mét phan tu.

Khi pha lodng hgp chat cé lién két hydro noi phan ti, lién két hydro van
duge bao toan. P& hinh thanh lién két hydro néi phan ti ngoai cac diéu kién &
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trén, XH va Y phai 6 gdn nhau sao cho khi tao lién két hydro sé& hinh thanh
nhiing vong 5 ho#c 6 canh. Cac hop chat vong c¢6 nhém chiic 6 vi tri 1, 2 thuong dé
hinh thanh lién két hydro noi phan tu.

C\\ H.,
C, (I)/ 'I|\1H2
ot CH,——CH,
2.4.2. Anh hudng cua lién két hydro dén tinh chét ly -hda hoc va sinh hoc
Su tao thanh lién két hydro anh hudéng dén tinh ch4t ctia hgp chat hitu co.

e Nhiét do nong chay va nhiét dé soi

Lién két hydro lién phan ti lam ting nhiét d6 néng chay t°c va ting nhiét
do sobi t°s nhung lién ké&t hydro noi phan ti khong c6 anh hudéng nay.

Vi du. Hop chit nitrophenol c¢6 3 ddng phan thi déng phan p-nitrophenol cé lién
két hydro lién phan ti c6 t’c 1a 144°C va t°c 1a 241°C. Pong phan o-nitrophenol (c6
lién két hydro noi t°c phan ti) c6 t°c 1a 44°C va t°s 1a 114°C .

O,
\N40 .
“H
/
OZN—@—OH i .o:N—Q—QH .”O:NOOH Qo
¥ ¥ ¥
O (0] (@]

Lién két hydro gitia cAc phan ti p -nitrophenol Lién két hydro ndi phan ti
o -nitrophenol
e Djtan
Cac chat c6 kha nang tao lién ké&t hydro véi nude thi rat dé tan vao nudc.
Lién két hydro lién phan ti gifia chat tan va dung méi lam téng do tan

trong dung méi phan cuc. Lién két hydro ndi phan ti lam tang do tan trong dung
moéi khong phan cuec.

Vi du:
Alcol methanol, ethanol rat dé tan trong nuéc.

p-nitrophenol tan dudc trong nude, con o -nitrophenol khéng tan trong nudec.
Vi vay c6 thé phan riéng o -nitrophenol ra khéi hdn hgp bang phuong phap cat 16i
cudn hoi nuée.

e D¢ bén cua phan tw

Su tao thanh lién két hydro ndi phan ti, dic biét khi lién két d6 c6 kha néng
tao vong, 1am cho déng phan d6 tré nén bén viing hon.

Vi du: Khi 1,2 -dicloethan dang anti bén viing hon dang syn thi 6 ethylenglycol
dang syn lai bén hon dang anti. Vi syn-ethylenglycol c6 kha ning tao lién két
hydro no6i phan ti.
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H Cl H H H OH H H

| | I | 1 I | |
H—(;—CIT—H H—(l_‘.—(l.‘—l-[ I—I—CI.‘—CI'.—H H—g—Q—H
Cl H Cl Cl OH H OH ... OH
Anti-dicloetan Syn-dicloetan Anti-ethylenglycol Syn-ethylenglycol

* Thuat ngii anti va syn sé dude trinh bay 6 chuong dong phan.

o Anh hudng dén mét s6 tinh chdt khdc

Lién két hydro lam thay di cac vach dic trung trong quang phd hong ngoai (IR),
tli ngoai (UV), cong hudng tit hat nhan (NMR), momen ludng cuc, d6 dai lién két.

Lién két hydro ciing c6 tac dung lam thay d6i su tuong téc clia cac chat
trong qua trinh chuyén héa sinh hoc trong co thé dong vat va thuc vat.

2.4.3. Lién két trong phutc chuyén dién tich

Phitic chuyén dién tich tao thanh do su chuyén dich mét phan mat d6 dién ti
ti phan ti cho dién ti sang phan ti hay ion nhdn dién ti. Phiic chuyén dién tich
do su chuyén dich mat d¢ dién ti = goi 1a phic =.

CH3 NO,

Phiic « tao thanh gita

—_— N ..
toluen va trinitrobenzen

O.N NO,
Phan ti nhan

Lién két trong phitic chuyéon dién tich 1a lién két yéu. Khoang cach gitia 2
hgp phan vao khoang 3 - 3,5 A 16n hon nhiéu so véi lién két cong hoéa tri. Phic
chuyén dién tich c6 su thay doi vé do phan cuc va mau sac cua cac chat ban dau.
BAI TAP

1. V& mo hinh orbital nguyén tii 6 trang thai xen phu cho cac hgp chat sau:

a- Propan, propylen, methylacetylen, ceten (HC,=C=0).
b- Cyclobutan, Cyclopentan, Cyclohexan.
c- 1,3-Butadien
2. Hay trinh bay mot s6 dinh nghia:
a- Thé nao 1a lién két cong hoéa tri, lién két hydro ?
b- Thé nao 1a nang lugng lién két va ning lugng phan ly, nang lugng cong hudng ?
3. Trong hén hgp phenol - methanol c6 bao nhiéu "dang" lién két hydro.
Dang nao bén nh4at ? Dang nio kém bén nh4t ? Tai sao ?

4. Alcol va ether, chat nio dé tan trong nuéc hon. Giai thich ?
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Chuong 2
CAC HIEU UNG DIEN TU TRONG HOA HOU O

MUC TIEU
1. Néu duoc cdc loai hiéu ng cam ung, hiéu wng lién hop, hiéu tng siéu lién
hop va tinh chdt cia ching.
2. Biét dugc mot s6 ing dung cua cdc hiéu wng trén.

NQI DUNG

Mat do dién tu trong lién két cong héa tri thuong dude phan bs khong déng
déu gitia 2 nguyén tu cua lién két, khi 4y phan ti chat hiiu co bi phan cuc. Su
phan cuc d6 c¢6 thé xay ra ngay & trang thai tink hodc ciing c6 thé chi xuit hién
nhat thoi 6 trang thai déng (khi phan ti bi tac dong bdi cac yéu t6 cia mobi
truong). Ban chat cua su phan cuc khac nhau con tuy thudc vao cdu tao phan tiu
(phan ti c6 hé thong lién két nhu thé nao). Nhu vay ciu tao phan ti c6 anh
hudéng dén su phan bd mat dd dién ti. Anh hudng d6 goi 1a hiéu tng dién ti
trong phan tu.

C6 cac loai hiéu tng:

— Hiéu ting cam tng I

— Hiéu tng lién hgp C, M

— Hiéu tng siéu lién hgp H

1. HIEU UNG CAM UNG (Inductive effect): Ky hiéu 1a I
Khao sat phan ti n -propan C;Hg va phan ti n-propylclorid C;H,Cl

HHH

I Sgﬂ 8? I 6 5
HC3C2CH HCIT3 IZIICI
H H H H H
n-propan n-propyclorid

Trong phan ti n -propylclorid, lién két C, — Cl bi phan cyc vé phia nguyén
tl clor vi nguyén tu clor c6 d6 Am dién 16n hon. Nguyén ti clor mang mot phan
dién tich Aam & va nguyén ti carbon mang mot phan dién tich duong &1 Vi C,
mang dién tich duong nén cip dién ti lién két caa lién két C, — C, bi dich chuyén
vé phia carbon C,. Két qua 1a lién két C, — C, cling bi phan cuc theo. Nguyén ti C,
mang mdt phan dién tich duong. Dén lugt lién két C, — C, cling chiu anh hudng
nhu vay va két qua nguyén ti carbon C, mang mot phan dién tich duong. Nhung
8,7 >8,">8,". Cac lién két cling chiu anh hudéng nhu thé va két qua cé su phan cuc
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cua lién két C « H. Hydro tré nén linh dong hon. Hién tugng nay khéng chi xay
ra v6i phan tli propan. Nhu vay anh hudng su phan cuc cua lién két C -Cl 1am cho
cac lién két khac bi phan cuc theo va toan phan ti bi phan cuc.

Nguyén tt clor 12 nguyén tu gdy anh huéng cam ing.

Su phan cuc hay su chuyén dich mat d6 dién ti trong cac lién két & goi 1a hiéu
ing cam ting. Hiéu ting cam ting ky hiéu 1a T hodc I (chii d4u cta inductive)

Dé phan loai cac nhém nguyén té theo hiéu Gng cAm tng ngudi ta quy ude
rang nguyén ti hydro lién két véi carbon trong C — H ¢6 hiéu ting I = 0. Nhiing
nguyén ti hay nhém nguyén ti X c6 kha niang hut dién ti (C—X) manh hon
hydro dudc coi 1a ¢6 hiéu tng - I (hiéu ting cam {ing 4m). Nhiing nguyén ti hay
nhém nguyén ti Y c¢6 kha nang day dién ti (Y—C) manh hon hydro dude coi 1a
nhiing nhém c¢6 hiéu tng +1 (hiéu tng cam tng ducng)

Y—C C—H C—X
+1 I= -1

1.1. Hiéu Ung cam ung + |

Thuong thdy & cac nhém alkyl (R-) va cic nhém mang dién tich am.

Trong day cac nhéom alkyl, hiéu Ging cam ting +I ting theo d6 phan nhanh
hay 14 bac ciia nhém .

CH,
|
+1 —CH; < -CH,-CH; < -CH-CH; < -C-CH,
CH, CH,

Trong diy cac nhom mang dién tich Am, nhém c6 d6 Am dién nhoé hon 1a
nhém c6 hiéu tng + I 16n hon .
-0- <-S" < -Se-
1.2. Hiéu Ung cam ung - |
La hiéu tng rit phé bién 6 cac nhém khong no, cac nhém mang dién tich

duong va cac nhém ting v6i nhiing nguyén t6 c¢6 do Am dién 16n (nhu cac halogen,
oxy, nita).

Sy bién thién mtc d6 manh yé&u cta hiéu tng - I trong cdc nhém nguyén tu
tuan theo mot s6 quy luat:

e Nguyén ti carbon lai héa sp ¢6 -I 16n hon nguyén tt carbon lai héa sp? va sp®

'CECR > 'CR1:CR2 > 'CRQ—CR3

e Nhom mang dién tich ducng c6 hiéu tng -I 16n hon nhém c6 cung ciu tao
nhung khong mang dién tich.

+ +
-OR, > -OR NR; > -NR,
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e Cac nguyén ti ctia nhiing nguyén t6 trong cing mot chu ky nhé hay trong
cung mdt phan nhém chinh cia hé théng tuan hoan, hiéu tng -I cang 16n
khi nguyén té tuong ting cang 6 bén phai (trong cung chu ky) ho#c cang 6
phia trén trong cuing phan nhém).
-F>-Cl>-Br>-I
-F>-OR > -NRg > -CHg.
-OR > -SR > -SeR
Dé am dién cang tang thi hiéu tng cam ing - I cang lén
Biéu hién cu thé cia hiéu tGing cam tng l1a anh hudng cta cac nhém thé khac
nhau dén luc acid va luc base ctia cac acid carboxylic no va ctia cac amin.
Trén bang 2-1, ngudi ta nhan thiy réang néu thay thé& hydro cta acid formic
béng cac goc alkyl c6 + I tiang thi kha nang phan ly ctia acid giam. Con 14n luct thay
thé cac hydro cia amoniac bang cac goc alkyl c6 +I tang thi tinh base tiang lén.

Hiéu Ging + I ting lam cho lién k&t O — H kém phan ly.
H-COOH CHy—C —O0—H
Khi thay thé hydro cia amoniac bang cac nhém cé hiéu ting + I, mat do dién
tu trén nguyén ti nito tang 1én do d6 tinh base cua amin ting.
CH
;3
CHy >N
H-NH, CH,>NH, CHy
Bang 2.1. Anh hudng hiéu ting cam tng dén tinh acid base

Luc acid gidm khi +1 tiing Luc base tiang khi +I ting

Acid hitu co pKa (H0.259) | Base hitu co | pKa (Hy0.259)
HCOOH 3,75 NH, 9.10
CH,COOH ’
CH,C ; Coo 1’76 CHM, 18’22
H;CH,COOH 87 CH,CH,NH, 10.63
CH,CH,CH,COOH 482 (CHy),NH 10.77
(CH,),CHCOOH 4.86 (CH)N 9.8*

Chii y: *S6 di tinh base cua trimethylamin khéng ting 14 do hiéu ting khéng gian.

Hig¢u tng - I tang, lyc acid tdng. Khi thay thé& hydro cuia CH, trong acid
acetic bang cac halogen c6 d6 4&m dién khéac nhau thi tinh acid thay d6i. Nguyén
ti halogen c6 hiéu ting -I hit dién ti anh hudng dén su phan ly cia nhém O —H.

F<CH,C-O-H  CI«<CH,C-O-H  Br«CHL-O-H I«CH,C-O-H H-CH,C-O-H
0 o) 0 0

O
pKa 2,58 2,85 2.9 3,16 4,76
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DPic diém quan trong cua hiéu tng cAdm tng 1a hiéu tng cdm tng lan truyén
trén mach lién két o va yéu dan khi chiéu dai ciia mach carbon ting lén.

a Y
CH,CH,CH,COOH  CH,CH,CHCICOOH CH3CBHC1CH2COOH CH,CICH,CH,COOF
pKa 4,82 2.86 4,05 442
2. HIEU UNG LIEN HOP (CONG HUGNG)
2.1. Hé théng lién hgp
Hé thong lién hgp 1a mot hé thong:
— Céc lién két boi (d6i, ba) luan phién véi lién két don.
C=C-C=C-C=C- (n-m) C=C-C=C-C=0- (n-m).
— Heé théng chita nguyén ti con ciip dién ti p tu do khong lién két truc tiép
v6i nguyeén ti carbon c6 lién két boi.
-C=C-O-R -C=C-Cl (p-m)
Phan ti chta hé théng lién hgp 1a phan ti lién hgp.
2.1.1. Phéan loai hé thong lién hop nhusau:
e Hé thong lién hop - «
— Heé thong lién hgp khong vong

CH,=CH-CH=CH, CH,=C-CH=CH,
CH,4
1,3-Butadien 2-methyl-1,3-butadien (izopren)
CH,=CH-CH=0 CH,=CH-C=N CH2=CH—(|3=O
Aldehyd acrylic Acrylonitril Acid acrylic OH

— Heé théng vong
<=
(0]

— Heé thong lién két lién hgp do tuong tac gitia dién ti p tu do véi lién két n.

e Hé thénglién hop p -7

;\ (: OH (-NH2
CHzfc;g CH,ZCH-OCH, @ @
Vinylclorid Methylvinyl ether Phenol Anilin

2.1.2. Bdc diém cua hé théng lién hop

Trong phan ti khong chi c6 lién két déi hodc lién két don riéng:
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CH,=CH-CH,-CH=CH,; CH,=CH-CH=CH-CH,; CH=CH-CH,-OCH,
Khéng lién hgp Lién hgp Khéng lién hgp

Cac nguyén tu tao hé lién hop luén ndm trong mot mit phang va truc cia
cic oirbtal p song song v6i nhau va thang géc véi mit phang chiia cac lién két .

Butadien Benzen phenol

Phan tt lién hdp bao gic cling ¢6 nang lugng thap hon ning lugng cua nhiing
phan ti khong lién hgp tuong tng. Vi mat d6 dién ti gan nhu gidi téa déng déu
trén cac nguyén tu tao hé thong lién hgp va tao thanh mot orbital n phan ti giai
tda trén toan bd phan tu.

< =
C \C _—C \C
<= e

Orbital phan ti trong hé thong lién hop rat dé bién dang va dé phan cuc khi
ciu tao ciia phan ti lién hop c6 mdt nguyén ti chénh léch vé do Am dién.

Nhu vay trong hé lién hgp c6 su tuong tac gitia cac orbital p v61 nhau. Su
tuong tac d6 goi la hiéu tng lién hgp.
2.2. Hiéu ung lién hop C (M)

Hiéu ting lién hgp 14 hiéu Ging sinh ra do sy phan cuc cua lién két © duge lan
truyén trong hé théng lién hgp

Hiéu tng lién hgp dude ky hiéu 1a C (Conjugate effect) hoac M (Mesomeric effect)

2.2.1. Phén loai hiéu ung lién hop

Can ct vao su dich chuyén dién ti cta cac dién té n. C6 hai loai hiéu tng
lién hgp: Hiéu tng lién hgp + C va Hiéu tng lién hgp - C
o Hiéu ung lién hop - C

Néu thay thé nguyén ti hydro trong nhém CH, cua butadien biang nhém
CH = O, nhém nay tham gia lién hgp véi orbital phan ti n cua butadien. Nho c6
dac tinh phan cuc cia nhém CH =0 nén toan bd orbital ® méi hinh thanh caa
phan ti bi dich chuyén mot phin vé phia nguyén ti oxy.

A
CH2:C/_H\—CH:/C_H\\—CH:O

Nhém CH = O c6 hiéu ting lién hgp theo co ché hit dién ti nén duge goi la

nhém c6 hiéu tng - C.
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Cac nhom c6 hiéu tng - C la nhing nhém khong no c6 cong thic chung
C =Y, C=Z va mot s6 nhom khéc khong chiia carbon nhu - NO,, - SOgH...

_ Hudng chuyén dich dién ti trong hé théng c6 nhém véi hiéu tng - C duge mo
ta bing mii tén cong. Nhém c6 hiéu ting -C thuong c6 thém hiéu tng cam tng - L.

Cac nhom chic c6 hiéu tng -C :

—co>co>CQ>CQ>CQ> CQ>CQ
: Ql : CH3 : QR -QH : NH2 O -

-CR=0 > -CR > -CR=CR,
-NO,>-0=N > —-0=CR

o Hiéu uing lién hop +C

— Céac nguyén tu hay nhém nguyén ti c6 hiéu tng lién hgp +C 12 nhiing
nhém c6 kha ning ddy dién tu. CAc nhém nay thudng c6 nguyén ti mang
cip dién ti p tu do. Chinh cép dién ti p nay da lién hop véi cac lién két n
trong hé théng lién hgp.

CH,=CH-OCH, CH,=CH-Cl:
— Céac nhém c6 hiéu tng + C : -NH, >-OH ; -O- > -OH

-F>-Cl>-Br>-I
NRg > -OR > -SR > -SeR
— Céc nhém c¢6 hiéu ting + C thudng c¢6 thém hiéu ting cam tng - I.

Hiéu tng lién hgp dude tng dung réng rai dé giai thich co ché& phan tng,
cic cau tao trung gian, dé bén cta céc ion, tinh acid -base ...

— Hiéu ting lién hgp ¢6 anh hudng dén su dich chuyén dién ti. Ching c6 céc
cong thtc trung gian hay con goi la cong thiic gi6i han nhu sau:

Vi du:
Butadien-1,3:

/N V8 T + -
CH,=CH—CH=CH, =— CH,=CH—CH—CH, ~— CH,—CH=CH—CH,
Aldehyd crotonic:

— + - -
Oy~ CH=CH—CHL b <~ CHs—CHZ/C-I\H—CH—O<—> CHy— CH— CH=CH-0

Phenol  (.OH +OH +OH +OH

Ve D00

Hop chat c6 hé thong lién hgp cang dai thi c¢6 nhiéu cong thiic giéi han. Do
bén cua cac cong thic giéi han phu thudc vao khoang cach gitia 2 dién tich trai
dau. Dién tich trai dau cang xa nhau thi cong thtc giéi han cang bén.
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— Khac vé6i hiéu ting cam ting, anh hudng ctia hiéu ting lién hgp khong bi
giam di khi hé lién hgp kéo dai.
Vi du: Nguyén ti hydro trong nhém CH; cua aldehyd crotonic linh dong do
anh hudng cta hiéu tng lién hgp.

[

H—CH;—CH ZQH —CH QO
Aldehyd crotonic IC

Néu kéo dai mach aldehyd crotonic bang cac nhéom vinyl thi hydro cia nhém
CH, van con linh dong.

s VS

H—ZQHZ—CH=CH—CH=CH—CH=CH—CH=O

— Hiéu tng lién hop 1am thay d6i trung tAm phan @ng:
Vi du: C6 hgp chat sau:

Oy — Qe

Trong hé thong lién hdp p -w, cép dién ti p khong lién két trén nguyén ti N
da lién hogp véi hé thong lién két n. Nhém NH, da gay hiéu tng lién hop + C.
Nhom NH, c6 tinh base c6 kha nang tac dung v6i proton H*. Nhung do hiéu ting
lién hop, H* khong tac dung vao nhém amin NH, ma tac dung vao nguyén tu oxy
cua nhom carbonyl.

OOt — Oy g0

— Anh hudng ctia hidu @ng lién hgp chi xay ra trong hé théng phing:

Vi du: Phenol (I) c¢6 tinh acid vi nhom OH c6 hiéu tng lién hgp +C.
p-Nitrophenol (IT) ¢6 tinh acid manh hon phenol vi nhém -NO, ¢6 hiéu tng lién hgp
- C. Thay 2 nhém CH; vao vi tri orto so v6i nhém OH duge chat (IIT). Chat (IIT) c6
tinh acid giam chut it so v6i (II). Nhung dua 2 nhém CH, vao vi tri orto so véi nhém
NO, dudc chat (IV). Chat (IV) c6 tinh acid yéu hon (II). Diéu dé chiing t6 2 nhém
CH, 1am cho nhém NO, khong c6 hiéu ting lién hgp - C anh hudng dén chtic phenol.

QQQ

NO,
1

pKa  9.98 7,16 7,21 8,24
S di ¢6 diéu d6 vi trong (III) nhém NO, khong ndm trong ciing mét phing
v6i vong benzen. Hai nhém CH; c6 can trd khong gian lam cho nhém NO, bi 1léch
ra khéi mat phéng cta vong benzen. Hiéu tng lién hgp cta nhém NO, khéng phat
huy tac dung.
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c
NI\ Oy HOY
HO N=0 &00
y 0
o) CHs
v

3. HIEU UNG SIEU LIEN HOP (Hyperconjugate effect)

Ngoai sy lién hgp n-n va p -m d& néu 6 trén con c6 su lién hdp o-n gitia cac
orbital o cua cac lién két C — H trong nhém alkyl va orbital © ctia néi doi, noi ba
hay vong thom.

H H H H H
" A S A A 0o
H—Clcf‘—c=c— CH; —C{C=C— CHs—(IZ—C=(|2— CHs —Cx
H ! H | CH; H
3 lién két 2 lién két 1 lién két 3 lién két

Su tuong tac lién hgp gitia orbital o ctia lién két C - H véi orbital n ctia lién
két do1, ba hoidc hé thong lién hop goi 1a hiéu #ng siéu lién hop.
— Hiéu tGng siéu lién hgp cé ky hiéu la H.
— Hiéu tng siéu lién hgp khong nhiing lam thay d6i ban chét caa lién két
d6i ma con lam thay ddi ca tinh chat ctia lién két don C - H.
— Hiéu ting siéu lién hgp 1am thay déi huéng cong hop vao lién két dai.
Vi du: Trong phan ti 2-penten, nhém C,H; c¢6 hiéu ting + I 16n hon nhém CH,,.

Phan ti 2-penten cong hdp véi HBr dang 1& phai tao thanh 3-bromopentan.
Nhung thuc t€ thu dudc 2-bromopentan. Diéu dé chiing t6 anh hudng siéu lién
hgp cia nhém CH; 16n hon anh hudng siéu lién hgp cia nhém C,H; da anh hudng
dén huéng cong hop.

H H
|

H—(?—CH:CH—CHZ—CHe, +HBr — H—C- CHBr— CH,— CH, — CHy
H H

— Hiéu ting siéu lién hgp anh hudng dén tinh chat linh dong cta lién két C -
H trong goc alkyl.

Vi du: Nguyén ti hydro trong nhém CH, ctia aldehyd acetic d& dang bi cat
dit trong moi truong kiém tao carbanion.

Al ¢
H CI—CH:O +HO" — H—S—CHZO +HyO
H Carbanion

Carbanion tao thanh c¢6 hé théng lién hop p - . Vi vay carbanion nay cé thé
c6 cong thic giéi han:

H N H
| | -
H- QJCH:O «—» H-C=CH—O

Hién tugng trén con j;hé hién trong hgp chat ester ethylacetoacetat
CH,COCH,COOC,H;. Lién két C — H cua nhém CH, c6 siéu lién hgp véi nhom
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carbonyl C =O. Hydro ctia CH2 tré nén linh dong va dé dang bi cit ddt trong moi
truong base dé tao thanh carbanion.

H

o e -
CH3—ﬁ—9—ﬁ~OC2H5 +OH ™ — CH3—ﬁ—CII—C—0C2H5 +Hy0
O H o O H '(')
Carbanion

Carbanion tao thanh c6 hé théng lién hop p -t do d6 c¢6 thé c6 cac cong thiic
gi6i han.

CH3—ﬁ—CI_?—|Cf—OC2H5 DN CH,—¢=C—C—OC;H,
Xo: H 0 :0: H O
Carbanion

— Hiéu ting siéu lién hgp téng theo s6 lugng lién két C —H 6 vi tri a.
CH;- > CH,CH,- > (CH,),CH- > (CH,),C -
— Hiéu ting siéu lién hgp va hiéu ting cam tng +I lu6én xay ra cung huéng.

— Hién tugng phan b lai mat d6 dién ti con c6 thé cé trong cac trudng hop
hé théng carbanion va carbocation.

Vi du: Carbocation allylic CH,=CH-CH" va carbanion allylic CH,=CH-CH".

N~ S~
CH,=CH-CH, C{E:CH_CH2

Trong carbocation c6 hién tugng dich chuyén dién ti ti lién két n dén orbital
tréng cua nguyén ti carbon. Trong carbanion cé hién tugng dich chuyén cap dién
tu tu do cua carbon dén lién két n.

BAI TAP
1. Phat biéu dinh nghia vé hiéu ting cadm tGng, hiéu tng lién hgp va siéu lién hop.
2. So sanh hiéu ting cam ting va hiéu ting lién hgp vé ban chat, dic tinh va quy luat.
3. Can ct vao hiéu tng dién ti c6 thé c6 dé so sanh va giai thich tinh acid cta cac
chit trong cac day sau:

a- n-C,H,CICOOH, nguyén tu clo & cac vi tri khac nhau .

b- m-C1C¢H,(CH3),COOHn = 0,1,2 .

c- m-ClCsH,(CH2),COOHn = 0,1,2

4. Viét cong thic gi6i han ctia san pham tao thanh khi:
a-  NH,~C-NH,

NH +HY —
Guanidin
b- ﬁ—CHZ—ﬁ—CHZ—Q +HO-  —
0 0
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Chuong 3

CAU TRUC PHAN TU HOP CHAT HUU CO
DONG PHAN VA CAU DANG

MUC TIEU HOC TAP
1. Trinh bay duoc cdc loai déng phén gdp trong Héa hitu co.
2. Doc duoc tén cdu hinh cdc hop chdt hitu co dang Z, E va R,S.
3. Xdc dinh duoc cdu dang ghé cia dan chdt cycloalkan.

NOI DUNG

Cac hogp chat hitu co duge cdu tao theo mot trat tu xac dinh. Céng thitc
phan ti cho biét thanh phéan va s6 lugng nguyén ti c6 trong mot phan ti. Cong
thtc cdu tao phan anh ban ghé't va tha tu sap x€p cac lién két trong phan tu.
Mot cong thiic phan ti c6 thé c6 nhiéu cong thiic cdu tao khac nhau hodc nhiing
chat khac nhau.

Hi¢n tuong mét cong thiic phdn t ung vdi hai hodc nhiéu cong thiic cdu tao
khdc nhau duoc goi la hién tuong dong phdn (isomery).

Thuat ngii isomery xuat phat ti tiéng Hy Lap "isos" c¢6 nghia la "cung" va
"meros"c6 nghia 1a "phan".

Duya vao dic diém c&u tric ngudi ta chia thanh 2 loai dong phan: déng
phan phang va dong phan lap thé (dong phan khong gian)

1. DONG PHAN PHANG

Cac nguyén tfi va nhém nguyén ti trong phan ti chat hitu co déu cung ndm
trong mot mat phang. Cac dong phan chi khac nhau vé vi tri va thi tu lién két
gitia cAc nguyén tu tao thanh phan ti. Dong phan phang c6 cac loai sau:
1.1. Péng phan mach carbon

C6 mach carbon sép xép khéc nhau. Mach théng hoéc phan nhanh.

CH;—CH,—CH,—CH;4 CH3—$H—CH3
CH;
n- Butan iso Butan
o
CH,—CH,—CH,—CH,—CH, CH3—?H—CH2—CH3 CH3—§—CH3
CH,4 CH,
n- Pentan iso Pentan neo Pentan
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1.2. Déng phan vi tri nhém dinh chirc

Nhém dinh chtic trén mach carbon & cac vi tri khac nhau. Dung cac chii s6
chi vi tri nhém chitic trén mach chinh cia mach carbon.

CH,
CH;—CH,—CH,—CH,—OH CH;—CH—CH—CH, CH;—C—OH
OH CHs
1-Butanol 2- Butanol 2-methyl-2-propanol
CH,—CH,—CH=CH, CH,—CH=CH-CH,
1-Buten 2- Buten
1.3. Doéng phan nhém chirc
C6 nhém chtc khac nhau.
CH;— COOH HO— CH,— CHO H— COOCHj CH; — CH,— CHO CH;— ﬁ_ CH3
0}
Acid acetic  Aldehyd glycolic Ester methyl formiat Aldehyd propionic Aceton
1.4. Dong phan lién két
Cac nguyén tu trong phan ti c6 cach lién két khac nhau
CH,-CH,
CH,—CH,—CH=CH,
CH,-CH,
1- Buten Cyclobutan
CHQZCH'CH:CHQ CH3'CH'CECH CH3'CEC'CH3
1,3-Butadien 1-Butyn 2-Butyn

Su hé bién

Cé cac trudng hgp cac dong phan véi nhau nhung ching khéng bén trong
nhiing diéu kién x4c dinh va chung c6 thé thay ddi cho nhau tao thanh hén hgp
can bang.

Hién tugng nay goi 1a sw hd bién (hién tuong tautomer - mesomer)

Vi du: Ester ethyl acetoacetat CH,COCH,COOC,H; c6 2 déng phan. Hai
dong phan nay c6 thé phan riéng ting chat chi 6 nhiét d6 -78°C. Hai déng phan c6
dang ceton va dang enol. 0 nhiét d6 cao hon khong thé phan riéng ching dude.
Ching ton tai nhu 12 moét hén hdp 2 chét ¢ trang thai can bing. Dang ceton luén
bién d6i thanh dang enol va nguge lai. Khi ndng dd cac chit trong hdn hdp dude
xac dinh thi ching dat dén trang thai cAn bang. Ching 1a 2 dong phdn hé bién
(mesomer).
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CHy—¢—CH,~COOOC,H; = CHy~C=CH—CO00C,Hj

o OH
Ester ethyl acetoacetat Ester ethyl acetoacetat
Dang ceton Dang enol

2. PONG PHAN LAP THE - DPONG PHAN KHONG GIAN

DPong phan 14ap thé hay con goi 1a ddng phan khéng gian c6 cung cong thic
c&u tao nhung khac nhau vé su phan bd khéng gian (phan bd lap thé) caa cac
nguyén ti hay nhém nguyén tu trong phan ti. Tinh chat va phan ting cua cac
chat hiiu co lién quan chit ché véi su phan bd khong gian ctia cac nguyén ti trong
cau trdc cua chung.

C6 cac loai dong phan khéng gian:
Déng phan hinh hoc
Déng phan quang hoc
Déng phan cau dang
2.1. Péng phan hinh hoc
2.1.1. Cdu tao va danh phdp déng phén hinh hoc
C6 thé biéu dién cong thic cia ethylen theo dang khéng gian:

H H H H
H :
H H . :

T T

Su phan bé cta cic nguyén ti hydro ndm vé 2 phia ctia mit phing chia lién
két  (mét phing ©). Cac nguyén ti carbon khong thé quay tu do xung quanh lién
két o duge vi su can trd cia mit phing n. Né&u thay thé cac nguyén ti hydro cua
etylen bang cac nguyén ti hodc nhém nguyén ti khac nhau thi su phan bd khong
gian cta ching so véi miat phing n sé khac nhau.

Su phan b vé 2 phia clia mit phing cting thudng gip trong hgp chit vong.

H H H
w "/
H
I i f !
H H H H

Su phan bo khéng gian ctia cac nguyén tii hay nhém nguyén ti vé 2 phia cua
mat phing © hay mit phing cta vong lam xuét hién mét loai déng phan. D6 1a
dong phan hinh hoc.

Déng phén hinh hoc la nhfc’ng hop chdt cé cung céng thiic phén ti nhung cé
vi tri khong gian cua cdc nguyen t hay nhém nguyén ti khdc nhau doéi véi mdt
phang 7 hodc mat phang cua vong.
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2.1.2. Phan loai déng phan hinh hoc
— C6 2 loai dong phdn hinh hoc: Péng phan cis va déng phan trans.
+ Dang cis dé chi dong phan c6 2 nguyén ti hodc nhém nguyén ti gidng
nhau & cing mot phia d61 v6i mat phang © hay mét phang vong.
+ Dang trans chi déng phan c6 2 nguyén ti hodc nhém nguyén ti 6 khac
phia v6i mat phang n hay mat phang vong.

CH, CH; CH3 H H, H
\ / \ % -
y C— C\ y C— C\
H Cis H H Trans CHs {tp' hing n
Cis 2-buten Trans 2-buten H H H  CH,

Téng quat: Hop chat c6 lién két n c6 dang abC =Cab , acC=Cab luén ton tai
dong phan hinh hoc cis va trans.

abC=Cab acC=Cab
a\ /a a\ /b a\ ,a a\ - /b
b/C:C\b b/C:C\ /C:C\b /C_C\
a C C a
Cau hinh cis CAu hinh trans Cau hinh cis CAu hinh trans
Vidu:
H H H COOH H H H CH,
, 3
C=—C — c—C C—
v N v AN N v N\
HOOC cis COOH HOOC trans H HOOC” ;o “CH; HOOC trans H
Acid maleic Acid fumaric Acid isocrotonic Acid crotonic

Trudng hdp hop chit c6 dang téng quat abC =Ced ciing c¢6 déng phan hinh hoc
v6i a,b,c, d 12 nhiing nguyén ti hay nhém thé& hoan toan khac nhau vé " dé lén "
— Su phan bd khong gian cac nhém thé& 16n vé mot phia ta c6 déong phan Z
va khac phia ta c6 dong phan E. Z va E 1a nhiing chi dau ciia Zusammen
(cung phia) va Eintgegen (khac phia).

Néua>b, ¢c>d.

abC=Ccd
a\ /C / \ a\ /d
b’C_C‘d a>b;c>d b'C:C‘c
CAu hinh Z (cis) CAu hinh E (#rans)
Vidu:
I Cl
, I\ /H
C—C C=—C
Br/ \H Br/ A
7 E Cl

1-Brom-1-Iod-2-Cloethylen
I>Br>Cl>H VithéeI>Br;Cl>E
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OHC\ /COOH OHC\ /H
y C=— N y C=— C\
H,C H H,C" ¢ CcooH

COOH>CHO>CH3>H ; CHO>CH3;COOH >H
— Nguyén tic xac dinh “dé 16n” ctia nguyén tit va nhom nguyén tu:
+ Nguyén ti c6 sd thii tu trong bang tuan hoan cang 16n thi d¢ 16n cia né
cang 16n
I>Br>Cl>S>P>F>0>N>C>H
-CH,CI > -CH,0OH > -CH,CH;
OCH, OH
%

/
—CH > —CH\
CH,-CH, CH,-CH;,

+ Neéu trong moét nhém nguyén ti c6 mot nguyén ti lién két v6i noi ddi, noi
ba thi xem nhu nguyén ti dé c6 2 1an, 3 1an lién két véi nguyén ti kia.

\
—CH=CH, # —|CH—|CH2 CH=0 F —(ll—?
c C 0 C
Cho nén:
CH, CHs
~CH_ > -CH=CH, > -CH_
CH,CH, CH,

-COOCH; > -COOH > -CONH, > -COCH; > -CHO
-C=N > -C¢H; > -C=CH > -CH=CH,

S6 déng phan hinh hoc tang 1én néu phan ti c6 nhiéu lién két doi

Vi du: Phan ti 1,4-diphenyl-1, 3-butadien c6 3 déng phan hinh hoc

C6H5\ H C6H5\ H H\ H
c=c’ 0 c=c’ CH c=c’ C.H
/ / 6115 / 6115
H Ne=c” H e=c’ CHs Ne=c”
4 N / N / \
H CeHs H H H H
Trans-trans Trans-cis Cis-cis
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Déng phan hinh hoc trong cac hgp chat vong

CH, i Cl i

| ]

] | |
IiI cis H trans H cis H NS ¢

1,3-Dimethylcyclobutan 1,3-Diclocyclohexan

— Cac trudng hop khac vé dong phan hinh hoc.
Déng phan hinh hoc trong hé théng ethylen phiic tap

CH,
CHg Cis CH, CH,

Trans

Déng phan hinh hoc trong hgp chat c6 néi déi C=N va N =N

CH,CH, OH CHCH,
C—N C=—=N
/ ‘ H / \OH
CH; 7 (syn) Butanoxim > E (anti)
C.H
CeHs _CeHs 675N\ —x
N=—N =N
. CH
Z (syn) Azobenzen E (anti) © 3

Chu y: Cac thuat ngii trans, cis, E, Z, anti va syn 1a cac hé thong danh phap
dé goi tén cac ddng phan hinh hoc.

2.1.3. Tinh chét cua cdc déng phan hinh hoc

Do su khac nhau vé khoang cich gitia nhém thé va mic d6 an ngii khong
gian, hai dong phan hinh hoc c¢6 nhiéu tinh chat 1y -héa khac nhau.

o Tinh chdt vit ly
— Nhiét d6 néng chay (t°,.) : Déng phan trans (E, anti ) c6 nhiét d6 néng
chdy cao hon déng phan cis (Z, syn).
— Nhiét do so6i (t°,): Déng phan trans (E, anti ) c¢6 nhiét do sbéi thdp hon
nhiét do so6i ciia dong phéan cis (Z, syn) .

— Momen ludng cuc: Tuy thudc vao ban chat ctia cic nhém thé phan bo
chung quanh lién két d6i hoic vong, momen ludng cuc cac dong phan
hinh hoc ¢6 khac nhau. Néu hgp chat c¢6 dang aCH =CHa thi momen
ludng cuc cua dong phan E (trans) biang khong p, = 0 va momen ludng cuc
cua déng phan Z (cis) 16n hon khong w, > 0.
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Hop chit c6 dang aCH =CHb : Né&u a va b cung c6 ban chat dién ti (nghia 1a
a va b déu cung huit hodc cung diy dién tu thi H, >R Néu a va b khac nhau vé
ban chét dién ti (a hut dién ti con b ddy dién td hodc ngudc lai) thi TR T

Chu y: Xac dinh momen ludng cuc theo nguyén téc hinh binh hanh c6 thé

minh hoa nhu sau:

H H
a N
H\c—c/ SN
aCH=CHa e a w, @
a H
g =0 py, >0
b H H
H
HC=CHb \C—C/ ) :C/
aHC= —
a,b déu hiit electron / \H / \
a a b
g < Mg
H b H H
aCH=CHb No— s N
. 2 ¥ N\ —
a hiit, b day electron a H a/ b
He > Uy

Bang 3.1. Tinh chat vat ly cla mét s6 déng phan hinh hoc

< Nhiét d6 néng chi iét do soi 5
Hgp chat ¢t do nong chay | Nhigt do soi Momen ludng cuc
Trans (E )| Cis (z) |Trans(E)| Cis (z) | Trans(E) | Cis (Z)
CICH=CHCI -500¢ -80,50c | 48,4% | 60,2 0D 2,95D
PhCH=CHCOOH — - 68,00¢c |134,09 - -
p-O,NCH;CH=CHNO},  — - - - 05D | 74D
CH,CH=CHClI - - — - 200 | 1,7D
— D6 bén

Déng phan trans bén hon dong phan cis vé nhiét d6. Dudi tac dung cua
nhiét d6 ddng phan cis c6 thé chuyén thanh déng phan trans.

Su chuyén d6i cis —» trans

H H a
H H H
Se—=c \c'%é/ Se=c
j— . p—
/ AN / N\ / N
a a a a a H
cis (Z , syn) Quay trans (E , anti)

Céc gia tri phd td ngoai, phd hong ngoai ctia cac déng phan hinh hoc ciing
khac nhau.
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e Tinh chdt héa hoc
Déng phan cis d& tham gia moét sd phan ting loai nudc, tao vong.

Q
H__CoOH H €
t0 \
| —_ | /O + HyO
COOH H ¢
i 0
Acid cis butendioic Anhydrid maleic

2.2. Pdng phan quang hoc
Péng phan quang hoc 1a nhiing chat héa hoc c6 tac dung quay mdt phéng
anh sang phdn cuc.

Ch4t c6 tac dung v6i 4nh sdng phén cuc la chdt quang hoat.

o Anh sang tu nhién

Theo ly thuyét vé anh sang thi anh sang tu nhién gém nhiéu soéng dign tlr co
vecto dién truong huéng theo tat ca cac huéng trong khong gian va thang goéc véi
phuong truyén séng.

Anh sdng ty nhién

\Phu‘dng truyén séng

Vectd dién trudng

o Anh sang phdn cuc, mat phc%ng anh sang phén cuc

Khi cho 4nh sang tu nhién di qua lang kinh Nicon hodc mot chit phan cuc
nao d6 (nhu HgS, KCIlOs....) thi cac vects dién trucng sé hudéng theo mot phuong
dao dong x4c dinh va vudng géc véi phuong truyén séng. Anh sang di ra khoi chat
phan cuc goi 1a dnh sdng phdn cuc. Mdt phdng danh sing phén cuc (mat
phdng phan cuc) 1a mat phazng vuéng géc vdi phuong dao dong cua anh sang
phan cuec.

Mt phing 4nh sdng phin cuc Phuong truyén séng

/ Anh sdng phan cuc
v

) Ling kinh Nicon
Anh sdng ty nhién

e Chdt quang hoat (chdt hoat dong quang hoc)

Khi cho 4nh sang phan cuc qua dung dich ch4t hitu c6 hodc mot chit nao do,
néu chat nay lam quay méit phing anh sang phan cuc mot géc cé gia tri +o hodc
- o thi goi chat d6 1a chat quang hoat (ch4t hoat dong quang hoc).
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ChAt quang hoat Goc quayo
144444 - T 2V,
VARELRAE / = A
== vy

\ / Mit phit %)hﬁng phan cuc

Mit phing phén cyc sau khi qua cha't quang hoat

DPé dac trung kha ning quang hoat ciia mot hop chit quang hoat ngudi ta
dung dai lugng quay cuc riéng hay con goi 1a nang sudt quay cuc riéng va ky hiéu
1a [a].

0 o
[a] = 100 %

Trong do6:

a 1a géc quay cuc xac dinh trén may phan cuc k&, c6 thé c6 2 gia tri + a.

Gia tri +a chi mat phing phan cuc quay phai.

Gia tri -o chi mit phdng phéan cuc quay tréai.

L bé day 16p chat quang hoat ma anh sang phan cuc di qua don vi tinh 1a dm.

C 1a s6 gam chat hoa tan trong 100ml dung moi.

A 1a buéc séng cua anh sang.

t° la nhiét d6 do.

Nhu vay tinh quang hoat ctia mét chét 1a tinh chat ctia phan té gin lién véi

cdu trdc phan td. Su phan bd khéng gian lam cho cdu tao phan ti trd thanh
khoéng déi xiing 1a nguyén nhan chu yéu gay ra dong phan quang hoc.

2.2.1. Phén tur co nguyén tu carbon khéng déi xung

2.2.1.1. Phén tir c6 nguyén tir carbon bat déi ximg

Né&u nguyén ti carbon lién két tryc tiép v6i 4 nguyén ti hoic 4 nhém
nguyén ti hoan toan khac nhau thi goi 1a carbon khéng d61 xiing (bat doi xting,
phi déi xting).

/N b
VALY
/ \ N\
/' recky 5CzC
// NG ~
e T

a,b,c, d 1a cac nguyén ti hay nhém nguyén tt khac nhau. Carbon khéong doé1
xting ky hiéu 1a C*. Phan ti c¢6 carbon khong dé6i xting thi khéng cé cac yéu to doi
xtng (mit phing déi xtng, tAm d6i xtng va truc déi xting) va phan tl c6 dong
phéan quang hoc.
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Vi du: Acid lactic ¢c6 mot carbon bat do6i xiing CHS*CH(OH)COOH.

OOH OOH
/
// \\\
COOH 7N
¢ * OH // *C—\\\GH hay *Ce CHj
CH;CHOHCOOH C | cny / % N
/. N\ H
H OH OH

Néu xem mo6 hinh t dién cta acid lactic 12 mot vat that thi anh ctia né qua
guong 1a mot vat thé tha hai. Vat va anh khong bao gio ¢tring khit 1én nhau khi
quay vat hay anh chung quanh mit phing mét géc 180°.

Guong phang

(+a®) (-a)

Anh va guong 1a hai dong phan quang hoc cia nhau, c6 cdu tao hoan toan
giong nhau, chi khac nhau la néu vat quay mat phang anh sang phan cuc mot géc
+o thi anh quay mit phang phan cuc mot goc -a .

Quan hé gitia phan ti (vat) va anh guong cua né nhu ban tay phai va ban
tay trai.

Vat va anh khéng trung lén nhau (chirality).
Hai dong phan vat va anh 1a 2 déi quang (2 chit nghich quang).
2.2.1.2. Phén tir c6 mét nguyén tir carbon bat déi ximng

Cac dong phan d6i quang (enantiomer, goc ti tiéng Hy Lap enantio 14 ngudc
chiéu) c6 khoang cach giiia cac nguyén tu trong phan ti nhu nhau. Ching dong
nh&t vé cac tinh chat vat 1y, chi khac nhau vé su tuong tac véi anh sang phan cuc.

Hop chat c6 mot nguyén ti carbon khong d6i xting c6 2 déng phan quang hoc.

Mbét déng phan quay méit phidng phan cuc bén phai véi géc (+a) goi 1a ddng
phan quay phai (+)hay 1a dong phan hiéiu tuyén (con goi 1la déng phan d =
dextrogyre).

Mot déng phan quay mit phing phan cuc vé bén trai (-o)goi 14 déng phin quay
trai (-) hay 14 dong phan ta tuyén (trudc day goi 1a dong phan 1 = levogyre).

Néu trén nhiing lugng bing nhau cta 2 chat déi quang (50% dong phan quay
phai va 50% dong phan quay trai) sé dudc mot hon hgp khong cé kha niang quay mit
phéng 4nh sang phan cuc. Hn hop d6 goi 1a bién thé racemic ky hiéu la (+).
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P& thuan tién khi biéu dién cac déng phan quang hoc, ngudi ta biéu dién
cong thiic theo hinh chiéu Fischer (xem muc dong phan c4du dang) nhu sau:

Céac dong phan quang hoc cula acid lactic

*
CH,—CHOH—COOH

OOH OOH TOOH OOH
C—CHy = H OH ; H3G—/——C\ = HO
v on Hy HO H Hy
(+a®) (+00) (o)

Cong thic ti dién Cong thic chiéu Fisher Cong thic tif dién  Cong thifc chi€u Fisher

2.2.1.3. Phén tr c6 nhiéu nguyén tir carbon bat déi ximg
Hop chat c6 nhiéu carbon bt d6i xting thi s6 déong phan quang hoc ting 1én.

Trong phan tl, cic nguyén tu carbon bdt déi xiing c6 cdu tao khdc nhau thi
s6 dong phan quang hoc 12 2" ; n 14 s6 nguyén ti carbon bat dé1 xing.

Vi du: Monosachcarid C¢H,,04 v6i 4 nguyén tu carbon bat ddi xting cé
2* =16 dong phan quang hoc . D - Glucose la mot trong 16 d61 quang do.

* * * *
CH,OH—CHOH—-CHOH—CHOH—CHOH—CHO

Phan ti acid a,B-dihydroxybutyric ¢c6 2 nguyén tu carbon bat doéi xting nén
c6 4 ddng phan quang hoc. C6 thé minh hoa cac déng phan dé nhu sau:

Céac dong phan quang hoc cla a, B- dihydroxybutyric

* *
CH;—CHOH—-CHOH—COOH

| (0
v ! ! {
COOH COOH COOH COOH
H——OH HO——H H——OH HO——H
H——OH HO——H HO——H H——OH
CHj3 CHj CHj CHj3
I 1 11 v

Ivallla 2 déi quang, III va IV 1a 2 d61 quang véi nhau.

ConIvalll, IvalIV, II vaIIl, II va IV la cac cap déng phdn quang hoc
khong déi quang v6i nhau (diastereoisomer).

Trong phan ti, nhiing nguyén ti carbon cé cdu tao giéng nhau (tuong duong
nhau) lam cho phan ti c¢6 mét phang d6i xting trong phan ti thi s6 déng phan
quang hoc sé€ it hon 2" va c6 thém dong phdn meso.

Vi du: Phan ti acid tartaric c6 2 nguyén ti carbon bat doi xiing giong nhau nén
chi c6 2 dong phan quang hoc va mot dong phdn meso. C6 thé minh hoa nhu sau:
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Céc dong phan quang hoc va dong phan meso cla acid tartaric

HOOC — CHOH—CHOH—COOH

v v v l
COOH COOH COOH COOH
H——OH HO——H H——OH HO——H o
———————————— mp doi xing
HO—/—H H——OH H——OH HO——H
COOH COOH COOH COOH
I Il 11 v
Acid(+) tartaric  Acid(-) tartaric Acid mesotartaric
Trong do:

I va II 14 2 d8i quang (2 dong phan quang hoc). I1I va IV ¢6 mét phing d6i
xting trong phan ti nén ching khong quay mit phang phan cuc, ching khong c6
tinh quang hoat. Ngudi ta goi d6 14 déng phan meso.

Chu y: I1I va IV chi 1a mot cong thiic.

C6 thé giai thich s6 déng phan trong cac trudng hgp s6 carbon bat déi xting
¢6 cAu tao khac nhau va gi@’qng nhau nhu sau: Carbon bat déi xting c6 cau tao khac
nhau thi géc quay mét phang phén cyc khac nhau. Trong truong hgp acid «o,p-
dihydroxybutyric, gid st géc quay cua modi carbon bat d61 1a a va b, a>b. Acid
tartaric c6 2 carbon bat déi véi céu tao giong nhau, goc quay mit phang phan cuc
ctia mdi carbon bat ddi gidng nhau (a=b).

Géc quay méat phdng phan cuc 1a téng gia tri géc quay cla tit ca carbon bat
dé61 trong phan tu.

C6 cac truong hgp:

* *
CH,CHOHCHOHCOOH HOOCEHOH*CHOHCOOH
a>b a=b
ol =(+a)+(+b)= (+a)
o2 =(-a)+(-b) = (o)
o =(+a)+(-b)= (4
a =(-a)+(b)= (-)

ol =(+a)+ (+b) = (+w)

2 ddi quan } "
} quang a2 =(-a)+(-b)= (+a) 2 d6i quang

2d6iquang @3 = (+3)+ (D)= (0} mot ddng pham meso
a4 =(-a)+ (+b)= (0

Két quad: Acid a, B-dihydroxybutyric c6 4 déng phan quang hoc va acid
tartaric chi c6 2 déng phan quang hoc va 1 déng phan meso.
2.2.2. Danh phdp déng phan quang hoc

Danh phép nay diung dé ky hiéu c&u hinh ctia nguyén ti carbon bat d6i.

C6 2 loai danh phap: Danh phap D, L. va danh phap R,S
2.2.2.1. Danh phap D,L

Ngudi ta chia cac chit quang hoat thanh hai day: day D va day L. Loai danh
phap nay c6 tinh chit so sanh, nghia 14 ngudi ta 14y cdu hinh khong gian cua
aldehyd glyceric CHOHCHOHCHO dé 1am chuén so sanh.
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Aldehyd glyceric c6 mdt carbon bat ddi xting c6 2 dong phan quang hoc. Cau
hinh ctia ching dude mo ta dudi day:

Ca&u hinh chuén clia aldehyd glyceric

*
CH,0H—CHOH—CHO

HO
HO HO HO
/C\"CHz()H = H OH va g —  HOHyG—c
H OH HO/ "
) ) CH,OH H,OH
D ( +) Aldehid glyceric L ( - ) Aldehid glyceric
1 11
Cong thie i dién Cong thiic chi€u Fisher Cong thic chi€u Fisher Cong thic ti dién

Trong cong thiic I nhém OH & bén phai ngudi ta quy uée né ¢6 cdu hinh D.
Trong cong thiic II nhém OH & bén trai, quy uéc né cé cAu hinh L.

Nhiing hop chit quang hoat c6 carbon bat d61 xting v6i s6 thii tu cao nhat c6
cau hinh giéng cau hinh ctia D - aldehyd glyceric thi ching thudc day D.

Nhiing hop chit quang hoat c6 carbon bat d61 xting v6i s6 thii tu cao nhat c6
cau hinh giéng cau hinh cta L - aldehyd glyceric thi ching thuoc day L .

Vi du: D- Glucose va L - Glucose ¢6 c&du hinh nhu sau:

Trong phan ti glucose carbon bat d6i xiing s6 5 (s6 thi tu cao nhat cia C )
c6 cAu hinh giong D - aldehyd glyceric dudgc goi 1a D - Glucose va gidng L -aldehyd
glyceric la L -Glucose.

C4u hinh cda D - Glucose va L - Glucose
* * * *
C6H2OH—gHOH—EHOH—(SZHOH—2CHOH—(]JHO

ICHO ICHO
—2—OH HO—4—H
HO—+—H H——0H
—4—0H HO—4—H
H——O0H HO——H

6CH20H 6CH20H
D(+) - Glucose L(-) - Glucose

D4u (+) va d&u (-) chi chiéu quay mat phéng anh sang phan cuc.
Danh phap D, L cting 4p dung cho cach goi tén cua cac acid amin.
2.2.2.2. Danh phap R, S (danh phap Cahn - Ingold-Prelog ).

R tu chii Rectus (phai), S tu chii Sinister (trai).

Danh phap D, L c¢6 nhiéu han ché 1a khong chi rd hét cAu hinh cta cac
nguyén ti carbon trong phan té va cé tinh chit so sanh. Danh phap R, S khéc
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phuc diéu d6. Theo hé danh phap nay thi 4 nhém thé& chung quanh nguyén ti
carbon bat d6i xting dugc sdp x&p theo thi tu giam dan vé “dé lén" .

Vidu: C*abed a>b>c>d

Xét su phan b6 cac nhém thé a,b,d,c chung quanh carbon bat d6i xiing ctia vat
va anh trén hinh t dién sao cho nhém thé& nhoé nhat d 6 vao dinh tt dién xa nhat so
v6i mat ngudi nhin va ba nhém thé a,b,c con lai chiém 3 géc cta day tt dién. Néu
theo thti tu " dé I6n " ctia 3 nhém thé a,b, c theo chiéu quay kim doéng hé ta cé6 cau
hinh R, néu thi tu &6 nguwoc chiéu kim déng hé ta c6 ciu hinh S.

: a 3
C b C b N \C
1

. Gu’dng phing
a,b,c theo chiéu quay a,b,c theo chi€u quay
cung chiéu kim déng hd ngugc chiéu kim déng hd
Cau hinh R CAu hinh S

Vi du: Phan tu acid lactic c6 2 dong phan: acid R- Lactic va acid S —Lactic

*
CH,-CHOH-COOH
D6 16n cdc nhém thé OH > COOH > CH, > H

OH OH
c — H--=C
CACOOH H, c COOH HOOC/ \CH oo‘c

acid R Lactic Guong phing acid S-Lactic

D6i véi cac hop chat c6 nhiéu carbon bat d6i xting dé c6 danh phap theo hé
thong R, S ngudi ta 1an lugt xac dinh c4du hinh cta tiing carbon bat doi.

Vi du: Déi véi acid tartaric HOOC -CHOH-CHOH-COOH ta c6 cac dong phan:
acid (2R, 3R )-tartaric
acid (2S, 3S )-tartaric
acid (2R, 3S )-tartaric (aid mesotartaric ).
e Phuong phap xac dinh cdu hinh R,S
— Chuyén cong thtic dang tt dién vé hinh chiéu Fischer.
— Xét 1an lugt tiing carbon bat ddi xting v6i 4 nhém thé ¢ dd 16n khac nhau.
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Theo qui tic:

— Né&u thay d6i vi tri nhém thé& 1 1an thi c&u hinh thay d6i.

— Néu thay d6i vi tri nhém thé& 2 1an thi khong thay d6i cdu hinh.
(Chu ¥ thay d6i sao cho nhém thé bé nhat vé phia duéi).

— Xét chiéu theo tht tu gidm dan dd 16n ctia cadc nhém thé.

Vi du: Xét cdu hinh cta aldehyd D — Glyceric HOCH, - C*HOH - CHO.
C6 mot carbon bat d6i va 4 nhém thé chung quanh

C*1a HO > CHO > CH,OH > H

HOCH,-CHOH-CHO

Cong thifc tif dién Cong thifc chi€u Fisher

HO HO H
// \\\ * //,’ >)‘A
SN * OH CH.O H CH,OHZEACHO
/ *97>CH20H c———-CHZOH 2 2
e ”/ H,0H

Pdivitrilan1  B&ivi tri 1dn 2
I 11 111
R <« R

Tt cong thi ti dién chuyén vé cong thiic chiéu Fischer (I). C&u hinh I 1a c&u
hinh cta aldehyd D -glyceric. Tt (I) thay d8i vi tri 1an 1 thu duge (II). D6i vi tri
tiép tuc lan 2 ta duge (III). Cho H 14 nhém thé bé nhat vé phia duéi. Cau hinh ctua
(III) 14 c&u hinh caa (1)

Xét chiéu quay cua 3 nhém thé OH, CHO, CH,0H. Ta ¢6 OH - CHO — CH,0OH
theo chiéu kim dong ho. (II) ¢6 cau hinh R va suy ra (I) phai c6 cau hinh R.

Vay D- aldehyd glyceric 1a R - aldehyd glyceric .

2.2.2.3. Danh phap Erythro va Threo

Dé phan biét cac déng phan quang hoc khong d6i quang cta cac hgp chét
quang hoat c¢6 2 nguyén ti carbon bat doi xting ngudi ta goi tén theo danh phap
erythro va threo.

Dang erythro 1a dang trong dé 2 d6i nhém thé tuong tu nhau c6 thé dua vé
vi tri che khuat, con dang threo chi c6 mot déi nhém thé tuong tu nhau cé thé & vi
tri che khuat

Vi du: 2-Phenyl -2-butanol c6 dang déng phan erythro va threo nhu sau:
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* *
CH,-CH(Ph)-CHOH-CH,

fHs CH; CH, CH,
H—r—0OH HO——H HO—1—H H——OH
Hg—Ph Ph—1—H H—+—Ph Ph——H
Hs CH, CH; CH,
25 25 25
=-0,69° 2 o =.30,20 = 0
[Oi]D [oc]]2 +0,69 [oc]\D 30,2 [a][l+30,2
2 ddng phan erythro 2 ddng phan threo

2.2.3. Cdc dong phan quang hoc khéng c6 carbon bét déi xung

C6 mot s6 hgp chat trong phan ti khong c6 carbon bat déi xting, nhung do
su can quay lam cho phan ti tré thanh bat d6i xting nén phan ti c6 tinh quang
hoat (c6 déng phan quang hoc). Cac hgp chat thudc day allen, diphenyl,
paracyclophan, thudc loai chat quang hoat khong cé carbon bat déi xting.

O O

a\C_C_C/
Y — L= (CHp)p
b d
R" R"
Hop chat allen Hgp chat diphenyl Hop chat paracyclophan

2.3. Dong phan cau dang

C4&u dang hay con goi 1& hinh thé (Conformation) cia mét phéan ti dung dé
chi cac dang c&u tric khong gian c6 thé hinh thanh khi cdc nhém thé quay tu do
chung quanh lién két don.

Mot chét hitu co cé thé duoc trinh bay theo cdc dang cong thic sau:
Cong thic tt dién
Coéng thtc chiéu Fischer
Coéng thiic phoi canh
Cong thiic Newman
Vi du: Phan tu etan c6 thé duge trinh bay cac dang cong thiic:

H H
H H——H H
H | H
H
}I Pf_____}l I{
H H H
CT ti dién CT chi€u Fisher CT phdi cdnh CT Newman
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Cong thiic phoi canh va cong thic Newman thudng duge dung dé bién dién
cdu dang cac chat hiiu co.

Cong thtc phoi canh duge mé ta trong khong gian 3 chiéu, lién két gitia 2
nguyén tu carbon huéng theo dudng chéo tu trai sang phai va xa dan nguoi
quan sat.

Cé6 2 loai cong thtic phoi canh 14 dang xen ké va dang che khudt.

a
a AN / b Ell (|:
~
b v e
Dung xen ké Dang che khuét

a,b,c 12 nhiing nguyén ti ho#c nhém nguyén ti phadn b6 chung quanh
nguyén tu carbon. Ciing c6 thé mo ta theo duong dam nét (=—),duong chAm cham
(----)va duong nhat (—). Duong dam nét chi rd lién két huéng vé phia trudec mait
phang. Puong chdm chdm huéng vé phia sau méit phang. Pudng nét nhat nam
trong mat phang.

a
G, /b a é
I e
'/ | C% “c
b/ "'c v
Dang xen ké Dang che khuit

Cau dang xen ké c6 ning lugng thap hon (bén hon) cadu dang che khuat (kém
bén). T cong thic phdi canh c6 thé mo ta theo cong thic Newman bing cach nhin
phan ti theo doc truc lién két C, — C,. Ta biéu didn C, bi che khuét bing vong
tron, con C, 6 tAm vong tron. Ba lién két xuat phat ti mdi nguyén ti carbon tao
nén nhiing géc 120° trén mit phing gidy.

e /b a f
e A b 2
S A TP S

CT phdi cdnh CT Newman CT Newman CT phdi cidnh
Dang xen ké Dang che khuit

Trong cac hgp chit vong cac nguyén ti khong phan bé trén cing mit phing.
Chung c6 cac cdu dang khac nhau. Phan ti cyclohexan cé hai loai cdu dang: cidu
dang ghé va cau dang thuyén.
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H H
H H H H
H H
H H
C#u dang gh& Cau dang thuyén

O dang ghé& cic nguyén ti hydro trén 2 carbon canh nhau phan b6 theo cach
xen ké. Con & dang thuyén cac nguyén ti hydro trén 2 carbon canh nhau phan bé
theo cach che khuat. Vi vay cdu dang ghé& bén hon cau dang thuyén (xem 6 phan
cycloalkan).

2.4. Tac dung sinh hoc clua cac déng phan quang hoc

Cac déng phan quang hoc déng vai trd quan trong trong ddi song tu nhién
cla con ngudi va thé gi6i sinh vat. Cac chit chuyén héa, cac chdt men 1a nhiing hé
thong hop chat quang hoat. Thay d8i cac dang d6i quang dan dén su thay déi qua
trinh va cd ché cta su chuyén hoa.

Acid Lactic ton tai (+) Lactic, (-)Lactic va L () Lactic (racemic). Ching c6
cac tac dung sinh hoc khac nhau. D -(+)-glucose 1a duong c6 tac dung sinh hoc lam
chat tiém truyén. Ngudgc lai L -(-)-glucose hoan toan khong cé6 tinh chat d6 ...

BAI TAP

1- Cong thiic phan t& mot hydrocarbon 1a C,H,,. Bao nhiéu déng phan c6 thé c6 ?

2- Cong thic phan ti C,H,,. Bao nhiéu déng phan cé thé c6?

3- Viét cong thiic cdu tao cac dong phan hinh hoc ctia cac chat sau:

a- 2-Penten ; b-2-Phenyl-2-buten ; c¢- 1,2-Dimethylcyclopentan.
d-1-Phenyl-1-clo-2,3,3-trimethyl-1-buten.

Cho biét danh phap cdu hinh cta cac dong phan ds.

Dang déng phan nao bén hon. Giai thich.

4- C6 hgp chat CH,Cl1-CHOH-CHOH-CH,CI.

a- Hop chat nay c6 bao nhiéu nguyén ti carbon dé1 xting, bat doi xting .
b- Hop chat dé c6 bao nhiéu d6i quang va cé loai dong phan nao.

c- V& cong thtc ta dién, cong thtc chidu Fischer, cong thic phéi canh va
cong thiic Newman .

d- Goi tén cac dong phan d6 theo danh phap D, L; danh phap R, S va
danh phap Erythro -Threo .

5- V& cac cau dang ghé va thuyén cta cic chat sau day:
a- cis-1,2-dimethylcyclohexan b- trans-1,2-dimethylcyclohexan.
c- cis-1,3-dimethylcyclohexan d- trans-1,3-dimethylcyclohexan
e- cis-1,4-dimethylcyclohexan f-trans-1,4-dimethylcyclohexan
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MUC TIEU HOC TAP

Chuong 4
KHAI NIEM ACID -BASE TRONG HOA HUU €O

1. Trinh bay duoc cdc quan niém vé acid va base trong héa hitu co.

2. Gidi thich va so sanh duoc dé manh tuong déi tinh acid hodc base ciia mot

s6 hap chdt hitu co.

3. Nam dudc khdi niém acid -base lién quan dén phdn ng cia cdc hop chdt

hu co.

4. St dung khdi niém acid -base cua Bronsted - Lowry va Lewis trong hod hitu

co dé gidi thich vé tinh acid -base ctia cdc chdt va co ché phdn ing.

NOI DUNG

1. KHAI NIEM ACID - BASE THEO BRONSTED -LOWRY (1923)

Acid 1a nhiing tiéu phan c¢6 khuynh huéng cho proton. Base 1a nhiing tiéu
phan ¢6 khuynh huéng nhan proton. Vi du c¢6 chat HA cho proton H*

Theo phuong trinh trén thi sy phan ly tao H" 14 mot qua trinh thuan nghich.

HA — A

+H+

HA 14 acid vi cho proton H*. A™ tao thanh goi 14 base, vi A~ nhan proton dé
tao thanh acid HA. Vi vay c6 thé goi HA 1a acid lién hop cua base A" va A" 1a
base lién hop cua acid HA. Trong bang 4-1 trinh bay mot s6 acid -base lién hgp.

Bang 4.1. Su phan ly cla cap acid — base lién hop

—

HA  H o+ A
Acid lién hgp Proton Base lién hgp
CH;COOH H* CH3COO-
CH,OH H* CH,0'
it e S,
CH3—¢—CH3 H* CH,-O-CH,
H
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Theo bang trén khi BH* phan ly tao thanh base khong c6 dién tich ( -)
BH+ — H+ + B
Két hop ca 2 truong hop ta cé

HA + B & BH + A

Vay phan tng gitia mot acid HA va mot base B 14 su chuyén dich proton tix
acid sang base hay 1a phan ting proton héa. Tinh chat cua acid hodc base khong
phu thudc dién tich cta tiéu phan. Nhu vay c6 nhiing phan ti acid khong mang
dién (H,SO,, HC1, CH,COOH), ¢ phén tt acid tich dién duong (NH,*, [CH,;OCH,]JH™"),
c6 phan ti base mang dién tich am (CH,COO-, CH,0"), c¢6 phan ti base khong c6
dién tich (NH,, CH,OCH,) .

Acid hoa tan vao nudce c6 su tuong tac acid base: Nude 1a dung moi cé tinh base.

CH,COOH + H,0 <= H,0" + CH,COO
Acid Base Acid Base

Hoa tan muéi cta acid hitu co vao nudc, cé su tuong tac acid -base : Nuéc 1a
dung méi ¢6 tinh acid.

H,O + CH;COO™ _— CH;COOH + HO-
Acid Base Acid Base

= Nudc 12 mot dung méi ludng tinh phu thudc vao tinh chit ctia chat hoa tan.
Mot s6 phan ting héa hoc c6 xic tac acid, thuc chat 1a su tuong tac acid - base.

Vi du: Phan tng tao ether ti alcol c¢6 xtc tac acid la su tuong tac acid (H™)
v6i base (alcol) dé tao chit trung gian khéng bén trude khi hinh thanh ether.

+
H,S0, + R-O-H == R-O-H 4 yoor
. H
Acid Base Acid Base
Phan ting cong hdp nube vao olefin cé xtic tac acid cling 12 qué trinh tuong

tac acid -base, tao carbocation trung gian truéc lic tao thanh alcol.

+ -
H,PO,+ CH,~ CH=CH, =— CH,CH-CH, + HPOy
Acid Base Acid Base

Mot s6 phan tng c6 xuc tic base ciing ¢6 qué trinh tuong tac acid base dé tao
carbanion trung gian.

CH3-CHO + HO- == H,0 + CH,-CHO
Acid Base Acid Base (carbanion)

Chu y: Mot acid rat manh thi base lién hgp ctia né 1a mét base rat yéu.

Mot acid rat yéu thi base lién hop cia né 1a mot base rat manh.
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CH3 CHQ-

+ B =— BH' +

Acid vt yéu Base rdt manh  Acid r4t yéu  Base rit manh
HO°, CH3O 1a nhiing base manh
H,0, CH50H 14 nhiing acid yéu

2. KHAI NIEM ACID - BASE THEO LEWIS (1923)

Base 1a phan ti c6 kha ning cung cip cip dién ti (c6 cip dién ti khong lién
két). Acid 14 phan ti c6 nguyén ti ma dién ti 6 16p ngoai cung chua day dua (c6
kha ning két hgp véi cip dién ti ctia base).

Cac chat sau day la nhiing base Lewis:
R-O-R ; R-NH, ; R-OH ; NH3; HO™; RO~
Cac chat sau day la acid Lewis:

+
BF3, AICl3 , FeCly , ZnCl, , SO3 ,NHy

Acid Lewis c6 kha niang tao lién két cong tri (lién két phdi tri ciing 1a mot
dang cua lién két cong tri) véi cac base Lewis nhu H,0, R,0, NH, .

H F HE
HiN: +  BIF — HoN:BLF
H F H F

Base Lewis Acid Lewis

3. HANG SO CAN BANG ACID - BASE
Acid phén ly trong nuéc. Cac ion bi hydrat héa (solvat héa)
HA <—= H* + A- hay HA( nu6c) < Ht(nudc) + A-(nude)

Su solvat héa H T (nudc) va A - (nuée) ¢ thé minh hoa:

o
P
H,0-—-H._ 5Ot H H
|
| H. _H-—A>—-H_ _H
H S T o
! H
OH -
H30 (Hy0), 2 AHy0), O
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Bang 4.2. Gia tri pK, clla moét s chat hiru co

Hop chat Acid lién hop PKy
CH;CONH, CH;—C—NH, 00
H,0 H3€5 -1.7
CH,O0H CH,0H, 22

+
(CH;CH,), 0 (CH,CH,), OH -3.6
tOH
I -6.0
CH,COOH CH;—C—OH '
+ ﬂH
CH,COOC,H; CH,—C—0C,H -6.5
+OH
1 8.0
CH,CHO CH,—C—H -°.
+OH
I 9.0
CH,COClI CH;—C—Cl :
+
CH,CN CH;—C=NH -107

Hing s6 can bing cua phan tng:

HA(nude) == H*mude) + A(nude)
_ [HY[A7]
47 [HA]
K, > 1 thudc nhiing acid manh
K, < 10* thudc nhiing acid yéu

Gia tri K, rat bé thudc nhiing acid rat yéu
St dung dai lugng pK, = -logK, dé danh gi4 d6 manh y&u cia acid
pK, cang bé thi acid cang manh va ngugc lai
pK, < -1 thudc acid manh .
pK, > 3 thudc acid yéu.

Tuong tu ta c6 hang s6 can bang cua base.

B + HpO Lo, BH* + HO-

-—

[BH'I[HO] vi [H,0] = 55,5 M
[B]

St dung dai lugng pKb = - logKb dé danh gia @6 manh cta base.
K, cang 16n thi tinh base cang yéu

Kp =

pK, cang 1én thi tinh base cang manh va ngudc lai



Bang 4.3. Anh hudng clia cac hiéu (mg dén tinh acid

Acid K, .M pK,
CH,COOH 1,8.107 4,74
FCH,COOH 2,6.1073 2,59
F,CCOOH 0,59 0,23
CICH,COOH 1,4.1073 2,86
Cl,CHCOOH 5,5.1072 1,26
C1,CCOOH 0,23 0,64
BrCH,COOH 1,3.1073 2,90
ICH,COOH 6,7.107 3,18
HOCH,COOH 1,5.10 3,83
CH,0CH,COOH 2,9.10 3,54
CH,=CHCH,COOH 4,5.107 4,35
HC=CCH,COOH 4,8.107 3,32
CH,CH,COOH 1,3.107 4,87
NCCH,COOH 3,4.1073 2,46
C¢H;CH,COOH 4,9.1073 4,31

Chu y: Tinh acid va tinh base cia mdt chdt 14 mé6i quan hé bién chting. Mot
chat c6 tinh acid manh thi né 14 mot base yéu. Mot chit c6 tinh base manh thi né
12 mot acid yéu. Ether ethylic C,H;OC,H; 12 mot base yéu, vi vay né chi tac dung
v61 mot s6 acid manh .

CH;CH,0CH,CH; + H* __, CH3CH28|3CH2CH3
H
4. YEU TO ANH HUGNG DEN TiNH ACID -BASE CUA CHAT HUU cG
Cau tric dién ti cia phan ti anh hudng dén tinh acid -base

Cac nguyén tl, nhém nguyén ti gdy anh hudng cam ting, anh hudng lién
hgp, anh hudng siéu lién hgp c¢6 anh hudng dén tinh acid -base.

Hiéu ting - I, - C lam cho tinh acid ciia mot chat ting (tinh base giam).
Hiéu ting + I, + C lam cho tinh acid cia moét chat giam (tinh base ting).

Cac s6 liéu ghi trong bang 4-3 chting toé diéu do.

BAI TAP
1- Viét cong thiic cia cic base lién hgp ctia cac acid sau:
C:H;COOH, C;H,CH,COOH, CH,CH,NO,, C;H,OH, (CH,);NH"
2- Viét cong thiic cac acid lién hgp cua cac base sau:
NH,, C;H;NH,, CH;0CH,;, CH,COCH,, HC=C-, RO-
3- Vi sao AICl,, ZnClg, NH4", BF, la nhiing acid.
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Chuong 5

CAC LOAI PHAN UNG TRONG HOA HUVU ¢O VA
KHAI NIEM VE CO CHE PHAN UNG

MUC TIEU HOC TAP

1. Trinh bay dugc cdc co ché phan ng thuong gap trong héa hitu co.
2. Viét va gidi thich duoc cdc co ché phan wng: thé (S), cong hop (A), tdach loai (E)

NOI DUNG

C6 nhiéu phuong phap phan loai phan ting trong héa hiiu co. Trong giio
trinh nay cac phan ing dudc phan loai theo huéng phan ting. Cé cac loai phan
tng nhu sau:

1. CAC LOAI PHAN UNG TRONG HOA HUU CO
1.1. Phan (ing thé (Substitution)
Phan ting thé (ky hiéu S) 1a phan tng trong d6 mét nguyén tit hay nhém nguyén
tl trong phan ti dugc thay thé bang mot nguyén tii hay nhém nguyeén ti khac.
R-I + CN- —» R-CN + I"
R-Li + HoO — R-H + LiOH
Téng qudt: R-A +Y > RY +A
A 13 nhém bi thé (nhém dira) A=1-,Li*, ...
Y 14 nhém thé ( nhém di vao) Y=CN-, H
Trong héa hiiu co tén goi cua mot s6 phan ting duge liét ké trong bang 5-1.

Bang 5.1. Tén goi mot s6 phan ing thé
R-A+Y—>R-Y+A

Nhém th& Y San pham th& R-Y Tén phan tng
Halogen X R-X Phan ¢ng halogen héa

NOy R-NO, Phan ¢ng nitro héa
SO3H R-SO3H Phan tng sulfonic hda.
R' R-R' Phdn ting alkyl kéa
Ar R-Ar Phdn @ng aryl héa
R'CO R'CO-R Phdn tng acyl héa
CHO R_CHO Phén dng formyl héa
N=N-Ar R-N=N-Ar Phén dng azo hda
R'COO R'COO-R Phan @ng ester hda
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Mot s& phan ting thé c6 kém theo su loai nudc, alcol, amoniac ...con goi 1a
phan ting ngung tu. Vi du:

R-CHO + CH;COC¢H; — R-CH=NR' +H,0
RCOOC,H; + CH;COC¢H; —» RCOCH,CO C¢H; + C,H,OH

Tuy theo co ché phan ting va tac nhan phan ing, phan tng thé con chia
thanh cac loai phan ting thé khac nhau:

— Phan ting thé ai nhan.
— Phan ting thé goc tu do.
— Phan ting thé ai dién tu.

1.1.1. Phan ung thé di nhdn Sy

RA+Y — RY + A
Y- goi la tac nhan ai nhan
Vidu: CH;Cl + HO- — CH,OH +CI

1.1.2. Phan ung thé gdc tudo SR

R-A+R —» RR + A"
Re 12 goc tu do (nhiing gbc c6 mot dién ti)
Vidu: SO,Cl, + *CiH;, - CiH;Cl + *SO,Cl

1.1.3. Phan ung thé di dién tur Sg

R-A +E* - R-E +A*
E*1a tac nhan ai dién tu
Vidu: Ar—H + NO, — Ar-NO, + H*

Trong phan co ché phan ting sé dé cap vé cac qua trinh xay ra phan {ng thé.

1.2. Phan (ing cdng hgp (Addition)

Phan ting cong hgp (ky hiéu Ad) 12 phan tng trong d6 hai phan tu (hoic ion)
két hop v6i nhau thanh mot phan ti (hoic ion) chat méi.

Phan ting thuong x4y ra trong cac hgp chat c6 néi doi, noi ba:
C=C, C=C, C=0, C=NH, C=N.
Phan ting cong hop x4y ra c6 su thay d6i trang thai lai héa ctia nguyén ti carbon.
HC=CH + HC1 —» H,C=CHCI: Carbon ¢ trang thai sp thanh sp”
R-CH=CH, + Br, — R-CHBr-CH,Br: Carbon 6 trang thai sp thanh sp?
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Tuy theo ciu tao chat phan ing, ngudi ta chia phan ing cong hgp thanh cac loai:
— Phan ting cong hgp ai dién ti P (Adg, Ag)
— Phan tng cong hop 4i nhan P (Ady, Ay)
— Phan ting cong hop goc P (Adg, Ag)
1.2.1. Phan ung céng hop di dién tu (Ade, Ag)
R-CH=CH, +H,0 — R-CHOH-CH,
1.2.2. Phan ung céng hop &i nhan (Ad,, Ay)
R-CH=0 +HCN — R-CH(CN)-OH

1.2.3. Phan ung céng hop géc (Ad, Ag)

Cl Cl Cl
@ + CI' ., ©/ ; ©/ + Cly —> ©i+ cr
Cl

Phan {ing cong gbc c6 anh sang lam xic tac 12 phan tng day chuyén.

Phan tng cong hop hydro vao lién két doi, ta con c6 thé goi la phan tng
hydro héa hay phan ting khi.
1.3. Phan (ing tach loai (Elimination)

Phan tng tach loai (ky hiéu E) 12 phan ting ma 2 nguyén ti hay nhém
nguyén tu tach ra khoi phan ti va khéng c6 nguyén ti hay nhém nguyén ti nao
thay thé.

Phan ting xay ra c6 su thay ddi trang thai lai héa cia nguyén ti carbon.
H-CH,-CH,-OH — CH,=CH, + H,0O: Carbon 6 trang thai sp thanh sp®.
Br-CH,—~CH,-Br + Zn — CH,=CH, + ZnBr,: Carbon 6 trang thai sp thanh sp”

1.4. Phan uing chuyén vi (Rearrangement)

Trong cac loai phan ting da ké & trén c6 lic c6 thé xay ra su chuyén vi lam
chuyén chd mét nguyén ti hay nhém nguyén ti nao dé trong phan ti. Phan tng
XAy ra c6 su chuyén d6i vi tri trong phén ti goi 1a phdn #ng chuyén vi.

Chuyén vi trf
R R\ .
R_(I:_CHZ'X —— R-C-CH, — R-C-CH;-R
R - X R R
Mbét s6 phan tng thé, tach loai, cong hdp c6 thé xem 1a phan ting oxy héa -
khii. Vi trong qua trinh phan dng c6 su thay doi s6 oxy héa cia modt hay nhiéu

nguyén tu trong phan ti. Cic phan {ing c6 su ting va giam sd oxy héa (hay su
nhuong va thu dién ti) goi 14 phdn #ng oxy -héa khi.
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2. KHAI NIEM VE CO CHE PHAN UNG

Phuong trinh héa hoc théng thudng chi trinh bay cac chat dau va cudi cua
hé phan tng ma khong cho biét qua trinh héa hoc dude thuc hién bang cach nao
va tién trinh dién bién ctia phan tng.

Co ché& phan ting héa hoc 14 con dudng chi tiét ma hé cac chit phan @ing phai
di qua dé tao ra san pham. Cac qua trinh phan anh cac budc ¢o ban cia phan tng,
su cat dat lien két, sy hinh thanh lién két méi, hinh thanh chit trung gian va
phiic hoat dong (trang thai chuyén tiép); tién trinh 1ap thé, su solvat hoéa ...

2.1. C4t dut lién két va hinh thanh cac ti€u phan phan iing

Mot lién két c6 thé bi cit dit theo kiéu di Iy hoic dong ly.

Vi du c6 lién két cong hoéa tri gitia hai nguyén ti ho#c hai nhém nguyén tu
A va B:
2.1.1. Sucat dut di ly

Khi lién két bi cit dit, cap dién ta lién k&t thude A hosc B

A:B —, A" + B- hoic A-4B — A~ + B
, :
A" va B 1a cac ion.

— Néu tiéu phan tao thanh A* hoic B* 1a R* thi tiéu phan d6 goi la
carbocation.

— Néu tiéu phan B - hoéc A -~ 1a R - thi tiéu phan d6 goi 1a carbanion.

Carbocation va carbanion 14 nhiing tiéu phan déng vai trd quan trong trong
cac phan ting thé, cong hgp va tach loai.

2.1.2. Sy cat dut dong ly
Khi lién két bi cit dtt, cap dién ti duge phan déi. Trén mdi tiéu phan mang
mét dién ti tu do. Cac tiéu phan d6 goi 1a gée tu do.

A%B — A" + B’

CH,-CH, , CH,=CH-CH, lacdc goctydo
Cac goc tu do tham gia cac phan ting theo co ché géc.

2.1.3. C4u tao va tinh chét tiéu phéan tao thanh khi cat dut lién két

e Carbocation

Carbocation (ky hiéu R*) 1a nhiing cation ma trung tAm dién tich duong &
nguyén ti carbon (trén orbital p khong cé electron - orbital trong).

Carbocation dugc tao thanh khi cat dit di ly lién két cong tri hoac khi cong
hgp proton H* vao néi déi, néi ba.
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CH3CH=CH, + H—> CH;CH-CH

Carbocation c6 ciu tric phing. Ba lién két cua carbon C* ndm trong mét
mit phang. Orbital trong (khong c6 dién ti) c6 truc d6i xting thing gbéc v6i miét
phang d6.

e Carbanion

Carbanion (ky hiéu R*) 1a nhiing anion ma dién tich Am (2 dién ti) tap trung
chti yéu 6 nguyén ti carbon (trén orbital p c6 2 dién ti). Carbanion dudc tao
thanh khi cit dut di ly lién két cong hoa tri .

H-CH,CHO + HO- — ‘CH,CHO + H,0O

Carbanion c¢6 cadu trdc hinh thap, tAm 14 nguyén ti carbon va 4 dinh 1a 3
nhém thé va cédp dién tu.
e Goéctudo

Gdc tu do (ky hiéu R") 1a nhiing tiéu phan c6 chia 1 dién ti tu do (khéng cip
d6i) 6 nguyén tu carbon (trén orbital p c6 1 dién ti). Goc tu do dude tao thanh do
su cat dut dong ly lién két cong tri dudi tac dung ctia anh sang hoidc nhiét. Géc tu
do c¢6 c&u tric phing. Ba lién két ctia carbon C - nim trong mot mét phing.
Orbital p chiia mot dién tu thang géc véi mit phiang d6. Hinh 5.1 minh hoa trang
thai khong gian ctia carbocation, carbanion va géc tu do.

. B}
CH3CHCH3 CH3CHCH3 CH3CHCH3

Cau tric phdng cla carbocation  C&u tric hinh thap cla carbanion  C&u tric phing cia gdc tu dc
orbital p khong c6 eletron orbital p Vdi 2 electron orbital p vi 1 elctron
Hinh 5.1. C4u tric khong gian cla carbocation, carbanion va géc tu do.
e Carben
Carben ky hiéu RR'C: 14 tiéu phan c6 2 dién ti khéng lién két 6 16p ngoai
ciing cua nguyén tu carbon .
Vi du: HoC: , CloC: , CH9y=CHCH:
Néu 2 dién ti phan phoi trén 2 orbital p, carben ¢ dang ludng goc. Néu 2 dién

tl cung phan phdl trén mot orbital p, trén carbon c6 mot orbital p trong khéng c6
dién ti. Carben c6 dang mot ion ducng déng vai tro mot tdc nhan ai dién tu .
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Ion dudng Ludng gdc
H

orbital tréng

orbital sp2

Hinh 5.2. C4u truc cla carben H,*C: va luéng géc CH,

A A - [N A
e D6 bén cua cdc tiéu phan

Do bén cua cac tiéu phan phu thubc vao cdu tric dién ti. Mat d6 dién tich
trén carbocation va carbanion cang giam thi ning ludng ctia ching cang thip va
ching cang bén (dé ton tai trong cac qui trinh phan tng).

Cac hiéu tng electron I, C va H lam giam mdt dé dién tich c6 anh hudng
quyét dinh dén d6 bén viing cta céc tiéu phan.

Carbocation bén viing khi dién tich duong dudc giai téa. Cac hiéu tng T va
*C c6 tac dung lam cho carbocation bén viing hon.

Vi du: CH,* < CH,CH," < (CH,),CH* < (CH,),C" do hiéu ting *I cua CH..
CH," < C,H,CH,'< (C(H;),CH" < (C4H;);C" do hiéu ting *C cua C.H;

Carbanion bén viing khi c6 cac nhém hut dién ti . Hiéu tng -I va -C lam
tang d6 bén cua carbanion.

Vi dyu: CH, - < (CF,),CH- < (C,H,),CH
CH, - CH,CH, < CH,=CH - CH,” < (CH,=CH),CH"

Cac goc tu do kém bén va c6 kha ning phan ting cao. Cac nhém alkyl, aryl
lam ting d6 bén. Géc phenyl CH; - ¢6 kha néng c6 hiéu tng *C hodc -C

Vidu: CH; < CH,CH, < (CH,),CH < (CH,),C"
CH3 < C4H,CH < (C4H,),CH: < (C4H,),C:
Cac nhém thé c6 hiéu ting I, C va H 6 vi tri para trong géc p-X-C,H,CH,:
lam cho do6 bén cua goc ting lén.
2.2. Téc dd phan (ing
Téc d6 v ctia phan tng A+ B —» C c¢6 thé dudc thé hién qua phuong trinh .
v = Fk[Al[Bl=Fkc
Trong d6: ¢ = [A].[B]
k 12 hang s6 téc do phan dng .
[A],[B] 14 ndéng d6 cua cac chat Ava B.
Theo phuong trinh Arrhenius ta c6 .
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Theo @6 thi & ti 1& thuan véi s6 va cham Z. Nhung khong phai tit ca cac va cham
déu din dén phan tng héa hoc. Vi vay cin c6 mot ning lugng t6i thiéu E, goi 1a ning
lugng hoat héa dé dua cac phan tit dén " trang thai kich thich " lam cho cac phan ti
thanh cac tiéu phan giau ning lugng (carbocation, carbanion, goc tu do).

Dé xay ra phan ting, s cac tiéu phan c6é nang lugng t6i thiéu bing niang
lugng hoat héa E, duge xac dinh bdéi dinh luat phan bd ning luong Boltzmann.
Két qua 1a téc dd phan ting phu thudéc manh vao nhiét dd T. Theo phuong trinh
trén, khi nhiét do tang l1én khoang 10°C thi t6c dd cac phan ting héa hoc tang l1én
gdp 2 dén 3 lan.

Khi cac tiéu phan du ning lugng can thiét thi chi c6 nhitng va cham cta cac
tiéu phan & nhiing vi tri khéng gian thich hop méi lam cho phan tng xay ra. Tri
s6 k thuc nghiém thuong nho hon rit nhiéu so v6i gia tri tinh toan duge tu E,, T
va Z. Gia tri k 1y thuyét va k thuc nghiém khac nhau bdi mot dai luong P. Dai
lugng P duge goi 1a hé s6 khong gian hay 1a hé s6 xac suét .

Khi nghién ciiu vé co ché phan ting, toc do phan @ing con dugc tinh toan theo
ly thuyét phiic chdt hoat dong (hay con goi 1a trang thdi chuyén tiép) dé giai thich
cac trang thai dong hoc cua phan tng.

Ly thuyét nay gia thiét ring trén buéec dudng dén sdn phadm cudi clung, cac
phan ti tham gia phan @ing hgp lai véi nhau thanh mot phic chdt hoat déng (hay
la trang thai chuyeon tiép). Trang thdi chuye?n tiép dudc dic trung bang mot cuc dai
nang luong (diém A trong hinh 5-3a) cia cac phan ti tham gia phan ling Phiic
chat hoat dong khong phai 14 mét chét trung gian vi né khéng cé cuc tiéu ning
lugng. Cuc tiéu nang lugng cta chit trung gian trinh bay trén hinh
5-3b (diém B).

A1 Phitc chit hoat dong Al

Ning lugng hoat h6aE, Eal /2 _____ Eal

Cha't trung gian\B

Cha't ban dau
AH

ChAi't cubi

Tién trinh phdn ing i Tién trinh phdn ng
(a) (b)
Hinh 5.3. Gian db nang lugng va tién trinh phan ng

C6 thé xem ning lugng hoat héa E, tuong duong véi entanpi hoat héa AH”.
Mtic d¢ trat tu khéng gian & trang thai chuyén tiép duge dic trung béi dai lugng
Entropi AS” hoat héa. Gia tri AS” hoat hoa cta trang thai chuyén tiép cang Am sé
phan anh mtic d6 cac chit phan ing tuong tac da phan ti hay don phan ti. Biét
gii tri AS” va AH” tiic 1a biét dudc tién trinh vé co ché phan ing xay ra.
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Thuc t& khéng phai néng lugng hoat héa E, ma 14 nang lugng tu do AF” hoat
héa méi 1a yé&u t6 quyét dinh dé chuyén phan ti tir trang thai ddu 1én trang thai
chuyén tiép .

AF# = AH#* - TAS*#
2.3. Co ché phan ing thé
2.3.1. Co ché phan ung thé di nhan

Phan ting thé 4i nhan xay ra theo 2 co ché chinh.

Co ché ludng phan tli Sy, va co ché don phan ti Sy;.
e Coché& Sy,

Co ché ludng phan t& Sy, thé hién trong phuong trinh téc do phan tng c6
nong d6 cua 2 chat phan dng. Phan ting xay ra mot giai doan va cé trang thai
chuyén tiép gitta chit phan tng va tac nhan ai nhan Y -.

Vidu: CH;,C1 + HO- —» CH;0H + CI

Phuong trinh téc d6 phan tng: v = k [CH3Cl] [HO"]

Trang thai chuyén tiép:

H - H
AN - /
HO- + H||7C_Cl — HO— -—-Cl —— HO— C{"H + Cl-
H H
Tdcnhdn dinhdn  Chdtphdndng  Trang thai chuyén ti€p S&n phdm cudi

O trang thai chuyén tiép lién két cii sp bi cit dtt va lien két méi sip tao
thanh. Tac nhan 4i nhan HO - (t6ng quat Y -) tdn céng vao carbon tit phia sau cta
Cl (nhém di ra X) San phdm cta phan tng c6 thay ddi cAu hinh. Néu chit phan
ting ban dau c6 c4u hinh R thi sdn ph4m phan tGng s& c¢6 cdu hinh S va ngudc lai.

e Coché Sy,

Xay ra theo 2 giai doan. Giai doan cham 1a giai doan quyét dinh téc do
phan tng. Trong phuong trinh téc do6 phan dng chi c6 néng d6 ctia chat phan
ting. Giai doan cham quyét dinh tdc dd phan ting 12 giai doan tao ra carbocation
trung gian R".

Vidu: HO- + (CH,);C-Br — (CH;);C-OH + Br-
Phuong trinh téc d6 phan tng: v =k [(CH;);C-Br]
Giai doan cham: (CH,;);C-Br — (CH,,C* + Br-
Giai doan nhanh: (CH,),C* + HO- — (CH,),C-OH
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Phan ting xay ra theo co ché Sy, c6 su racemic héa. Cé su racemic héa vi
carbocation R* tao ra ¢ giai doan cham cé c&u tric phing va tac nhan ai nhéan
HO™ t&n c6éng vao carbon vé 2 phia ciia méat phang véi kha niang nhu nhau. Vi vay
c6 2 san phim véi cdu hinh ngugde nhau da dude tao thanh va ¢ su racemic hoa.
C6 thé minh hoa qué trinh lap thé nhu sau:

HO N HO -
CH, CH,
d \C—OH
AOCmen, — oy
CH, CH;
S&n phim cudi Carbocation S&n phim cudi

Phan ting x4y ra theo co ché& Sy,, ¢6 carbocation R hinh thanh nén kha
niang cé su chuyén vi va tao thanh san phu la thé hoidc tach loai (xem thém &
phan alcol).

Cac tac nhan ai nhan Y™ trong phéan thé ai nhan c6 thé 1a anion (HO-, Cl-,
Br -, I-), carbanion (-CH,CHO ...), cac tiéu phén c6 cap dién tu lién két (anion
CH,O- ..), ho#c cac phan tl c6 cip dién ti khong lién két (NH....)

Chiu y: Tinh base cia Y cang manh thi tinh 41 nhan cia Y cang manh.
Ngudc lai tinh 4i nhan ctia Y manh khong nhat thiét n6 1a mot base manh.

Vi du: HO™ 1a mot base manh dong thdi HO™ ciing 14 mét tac nhan 4i nhan manh.
Ngugc laiion I”1a mot base rat yéu nhung né 1a mot tac nhan 4i nhan manh.

Co ché phan ting thé Sy, xay ra c6 tinh chat ion gitia tac nhin 4i nhan Y va
carbocation R (hinh thanh ¢ giai doan cham).

Phan tng thé nhém X trong phan ti R —X va tac nhan 4i nhan Y, néu X gin
truc tiép véi carbon bac nhat RCH,— X phan ing cht1 yéu x4y ra theo co ché Sy,

RCH,-X + HO- —» RCH,-OH + X-:cd ché Sy,.

Phan ting thé nhém X trong phan ti R — X va tac nhan ai nhan Y-, néu X gén

truc tiép vé6i carbon bac ba (R),C — X phan ting cht yéu xay ra theo co ché Sy,
(R),C-X + HO - (R);C-OH + X- coché Sy,

Phan tng thé nhém X trong phéan ti R —X va tac nhan ai nhan Y-, néu X gén
tryc tiép v6i carbon bac hai (R)oCH-X phan ting xay ra theo cd ché Sy, hodc Sy,
phu thudc vao cac yéu td ciu tric hodc dung moi.

R),CH-X + HO —» (R),CH-OH + X- coché Sy, hoic Sy,

Dung moéi c6 anh hudéng dén co ché phan ting. Dung méi phan cuc lam cho
phan ting uu tién xay ra theo co ché& Sy;. Dung méi khéong hoic it phan cuc lam
cho phan ting uu tién xay ra theo co ché Sy,.
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2.3.2. Coché phan ung thé di dién tuor S,

Phan ting thé ai dién ti chu yéu xay ra & cac hop chat ctia hydrocarbon thom
va di vong thom (xem thém & phan hydrocarbon thom va di vong). Tac nhan ai
dién t Y * la nhiing tAc nhan mang dién tich duong (*NO,, Br*) hoic phan ti
thiéu dién ti (SO, CO,...). Chat phan tng la nhiing hgp chat vong cé cau tric
thom Ar -H (phu hgp véi cong thic Huckel) .

A Phic T E+

ChA't phdn dn
P e __¥_ E
©/ San phdm

Tién trinh phdn ting

Hinh 5.4: C4c qua trinh cGa phéan (ing thé ai dién ti

Phan ting thé ai dién ti xay ra qua nhiéu giai doan.

— Giai doan tuong tac gitia E* va Ar -H dé tao phic n.
— Giai doan chuyén phtic © & hinh thanh phtc o.

— Giai doan tao san phdm cudi cung.

Thuc té trong phan tng thé ai dién ti thudng c6 vai trd ctia xuc tac (xem
phan hydrocarbon thom).

e — (}_.@_,@ @

Phic u' San phadm

Tt chat phan dng ban dau dén san pham cudi da trai qua su hinh thanh cac
phtic hoat déng (trang thai chuyén tiép tng véi cac cuc dai niang lugng trén gian
d6 néng luong (hinh 5-4).

2.3.3. Co ché phan uing thé géc tu do Sg

Phan ting thé theo co ché goc 1a phan ting day chuyén cé ba giai doan:

— Giai doan khoi mao.

— Giai doan phat trién mach va tao san pham.

— Giai doan tat mach va két thdc phan tdng .
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Vi du: Phan ting clor hoa alkan xay ra nhu sau .

Giai doan khoi mao: Cl-Cl - Cl- + ClI-
Giai doan phat trién mach: R-H+Cl- -» R- +HCI
tEP tUC..eeeereeeerreeeeree e,

Giai doan tat mach va két thdc phan Gng: R+ +R- - R_R
Cl- +Cl- » CL-CL

Giai doan quyét dinh téc @6 phan tng 1a giai doan phat trién mach .

Géc tu do c6 ciu tric phdng, phan ti Cl, t4n cong tit 2 phia clia mit phéng
(tuong tu co ché thé Sy,) vi vy san phdm phan tng dan dén su racemic hoa.
2.4. Co ché phan (ng cdng hgp (ky hiéu Ad)
2.4.1. Co ché phan ung céng hop di dién tur Ad.

Phan ting cong hop x4y ra giti phan ti E —Y va chat phan tng c6 lién két doi
C =C va lién két ba C =C 1a phan ting cong hgp ai dién ti c6 cac giai doan:

— Giai doan tao tac nhan 4i dién tit E*va anion Y "t phanti E-Y

— Tuong tac cua E* v6i chat phan ing c¢6 nd1 déi, ba tao thanh carbocation R*

— Tuong tac gitia carbocation R* va Y va tao thanh san phdm céng hop.

Tuong tac cua E* véi chat phan tng c6 néi do6i, ba tao thanh carbocation R* xay
ra cham nén né6 la giai doan quyét dinh téc dé phan tng.

Vi du: Phan ting cong hgp ciia HBr vao propylen CH,CH=CH, x4y ra nhu sau:

H-Br - H" + Br H*la tacnhan ai dientd E*; BrlayY -.

/H\
+

N\,
AN

CH,—CH—CH, p
CH,—CH=CH, + H* —[: hodic CH,—CH——CH,

+
Cham CH,—CH,—CH,

+

CH,—CH—CH, + Br” —» CH,—CHBr—CH,
+ } Nhanh

CH,—CH,—CH, + Br- — CH,—CH,—CH,Br

Carbocation tao thanh 1a vong tam giac cdu tao phang. Mat d6 dién tich
duong trén hai nguyén ti carbon 14 nhu nhau. Y - (Br") t4n céng vé hai phia cua
mét phang véi xac sudt nhu nhau. Vi vay cing ldc hai san phdm cong hgp duge
tao thanh. Giai thich diéu d6 theo so @6 duéi day:

Br-
H JH l I|3r
| Vv N
CH3—C|?H— CH, <«—— CH;—CH + CH, —— CH3—?H— CH,

B
r Br- H
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Dung mb6i va ciu tao phin ti E -Y c6 anh hudng quyét dinh dén su hinh
thanh tac nhan ai dién tu E*.

2.4.2. Coché phan ung céng hop di nhan
Phan ting cong hgp 4i nhan thuong xay ra gitia tac nhan 4i nhan Y = véi cac
hop chat c6 néi déi C =0, C=N- ----

Phan ting c6 cic giai doan nhu sau:

e Su tudng tac gitia tdc nhén ai nhan Y - vao trung tdm mang dién tich duong
cta carbon trong nhém carbonyl ( C=0 < *C — O") dé tao thanh ion mang
dién tich am trén oxy.

RCH=0 + Y- » RCHY-O-

e Jon 4m tao thanh sé két hgp ion duong (H*) d€ tao thanh san pham cuéi ciing.

RCHY-O-+ H'-» RCHY-OH

Nhiéu hgp chat c6 chiia nhém chic carbonyl tham gia phan ting cong hop ai
nhin va déng thoi kém theo su tach loai. C6 thé xem loai phan tng nay nhu la
mot loai phan ting thé hoic “phan ting cong va tach"

Il Il
R—C—X +Y ——> R-C—Y + X-

Dién tich duong trén nguyén ti carbon ciia C =0 cang I6n thi kha ning
phan tng cang cao. Thay X bing nhém thé& c6 anh hudng dién té thi kha ning
phan tng thay doi.

0] O (0] O (0]
< TR = il i il

R—C—Cl > R—C—Q— —R' > R—C-—0—H > R—C—Q<R' > R—C—O
b\f N O Y

2.5. Co ché phan ing tach loai (ky hiéu E)

Phan ting tach loai tao lién két doi xay ra theo 2 co ché: co ché ludng phdn
tw E, va cd ché don phan tu E,.
2.5.1. Co ché'tdch loai E,

Phan ting xay ra theo cac giai doan.

e Tuong tac gitia mot base manh v6i chat phan tng hinh thanh trang thai
chuyén tiép.

e Su tach loai xay ra va tao san pham c6 lién két déi.

Téng qudt:

| || |
Y+ H-C—C—X — YS—_——H—-C|=‘C|——-X6_—> YH+ C=C + X

Base manh  Chit phan tng Trang thdi chuyén ti€p San phiam
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Vi du: Phan tng tach loai HBr tit ethylbromid duéi tac dung cia C,H,0 la
mét base manh dé tao thanh ethylen c6 co ché& nhu sau:

H. Br H, /Brg_ H. .H
"C . c— c — o=c"
7N o e CON B
H 3
+ 57 +
CrH50 " CoH50 CoH50H

Trang thai chuyén ti€p

Diéu kién vé hoa lap thé cho co ché E, xay ra khi 4 trung tdm phan tng
(H - C = C - Br) ¢ trén mét mit phing. H va Br & vi tri trans v6i nhau (vi tri anti).

Minh hoa cd ché theo cach biéu dién hinh chiéu Newman:

Br Br
~_H CHy; _H

CH, H CH,4 nn- C
3 +CyH50 " @ L ”
H H > H H  -CyHs50H _C—
H H

H

2.5.2. Co ché'tdch loai E,
Phan ting xay ra theo 2 giai doan.
— ChAat phan ting tao carbocation R* 14 giai doan cham-
— Tach H* va tao néi d6i 1a giai doan nhanh.

Téng qudt:
| | | I

HoG=¢—X ™ H-C—C* 4 X* Chim
Chat phan ng Carbocation

| N/
H_-C_?-'- - /C=C> + HF Nhanh
Carbocation San pham

Vi du: Tach HBr khoi 2-Brom-2,3-dimethylbutan .

FH3FH3 CH3 FH3 CHz\C _CH3
H-C—C—Br —_ .~ H-C—CT ——
- Br- -H+t CHy” ““cn
lCH3 kH?, r &H:; bH3 3
Carbocation

Cac phan tng c6 su canh tranh 1in nhau. Khi tién hanh phan tng thé&
thuong kém theo phan tng tach loai. Cac diéu kién nhu dung moéi, néng do, nhiét
do c6 anh hudng dang ké dén co ché phan tng.
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Chuong 6

CAC PHUONG PHAP HOA HOC VA VAT LY
XAC DINH CAU TAO CHAT HUU CO

MUC TIEU HOC TAP

1. Hiéu va biét cdch st dung cdc phuong phdp héa hoc va vdt ly dé xdc dinh
cdu tric cua phén t

2. Ung dung ctia quang phé tiz ngoai, héng ngoai va céng hudng ti hat nhéan
trong viéc xdc dinh cdu triic phdn tu.

NOI DUNG

Mot chat hiiu co dude ting dung trong thuc té phai bao dam do tinh khiét,
phai théa méan vé thanh phan cac nguyén t6 héa hoc va cong thiic cadu tao. Xac
dinh cong thtic cdu tao ctia mdt chat hitu co tach/chiét dugde tit ngudn géc thién
nhién hay téng hgp dude 1a cong viéc rat can thiét va quan trong trong héa hitu
cd. C6 thé xac dinh c&u tao chit hitu co bing phuong phap héa hoc hay vat ly.

1. PHUONG PHAP HOA HOC

Ung dung phuong phap phap héa hoc dé xac dinh cdéng thic phan ti va
nhoém chtic héa hoc bang cac phan ting dic trung.

1.1. Pinh tinh va dinh lugng nguyén té

Dinh tinh va dinh lugng cac chat hitu ¢ 1a xac dinh sy hién dién cac nguyén
t6 va thanh phan dinh lugng ctia cac nguyén t6 trong mot chat hiiu co.

1.1.1. Dinh tinh cdc nguyén té va nhom chuc

DPé xac dinh su c6 mét cac nguyén td c6 trong chat hiiu co, thuong tién hanh
vb cd héa, nghia 1a chuyén cac nguyén t6 vé dang ion va dung cac phan ting dinh
tinh dé xac dinh cac ion d6.

Vi du: V6 co héa hop chét hitu co thi carbon sé chuyén thanh CO, hoic CO,%,
nguyén ti halogen (X ) chuyén thanh X -, nguyén t& N chuyén thanh CN - ...
Dung cac phan tng dinh tinh déc trung dé xac dinh cac ion CO,*, ion X-, ion CN-.

Pinh tinh cac nhém chtic bang cac phan tdng dic trung. Vi du: Chic OH
alcol tac dung véi natri c6 hydro thoat ra. Chiic aldehyd cho phan ting trang
guong v6i thude thi Tollens...

Ngay nay c6 cac phuong phap vat 1y dé x4c dinh cac nhém chiic mét cach
nhanh chéng va chinh xac.
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1.1.2. Dinh luong cdc nguyén té
Xac dinh thanh phan phan tram vé khéi lugng cic nguyén t6 trong chat hiiu
co theo 2 phuong phap chu yéu sau:

o Phuong phap Dumas
Dinh lugng cac nguyén t6 C, H, N, S va halogen c6 trong cac chat hitu co.
Nguyén tdc: Dot chay chét hitu co bang mot ludng khi oxy. Cac nguyén to
chuyén thanh CO,, H,0, N,, SO,, X,. Hdp thu cac khi sinh ra vao cac chit thich
hgp. Xac dinh khoi lugng cac khi d6 va suy ra thanh phan phan tram cac nguyén
t6 c6 trong hgp chit hitu co. Ngay nay c¢6 cac may moéc tinh vi dé dinh lugng chinh
Xac cic nguyeén to.

o Phuong phap Kjendall

Ung dung phuong phap Kjendall dé dinh lugng nguyén t6 nitc c6 trong cac
ch&t hitu co. Phuong phap nay rat phé bién dé xac dinh nito trong cac chit amin
va acid amin. Nguyén tic cia phuong phap Kjendall 14 chuyén nite vé dang NH,
hay NH," sau d6 dung phuong phap chuén d¢ xac dinh ham lugng NH, hay NH,*
va suy ra thanh phan phan tram cta nito ¢6 trong chit hiiu co.

2. PHUONG PHAP VAT LY
] ﬁng dung cac phuong phap vat ly d@::’ xac dinh céc tiéu chudn vé d6 tinh
khiét va xac dinh cac nhém chiic, cac lién két c6 trong hop chat hiiu co.
2.1. Cac tiéu chuan vat ly
2.1.1. Nhiét dé nong chady va nhiét do séi
e Nhiét do nong chay

Céc chat hiiu co dang ran tinh khiét c6 nhiét @6 néong chay xac dinh. Nhiét
do néng chay cta mot chat 1a nhiét do ma tuéng ran va tuéng long néng chay caa
ch&t d6 & trang thai cAn bing v6i nhau. Nhiét d6 ma tat ca cac tinh thé déu néng
chay dugc coi 1a diém két thuc cta khoang nhiét d6 néng chay.

o Nhiét d6 soi
Ch4t hiitu co 16ng tinh khiét dude dic trung bang nhiét do so6i. Nhiét do sbi
ciia mot chat 1a nhiét do ma tai d6 chat 16ng bién thanh hoi. Tuéng long va tuéng

hoi 6 trang thai cAn bang. Nhiét do séi cta chat 16ng phu thudc vao ap suat. Chat
10ng tinh khiét luén c6 nhiét do séi xac dinh.

Nhiét d6 néng chay, nhiét d6 s6i 1a nhiing tiéu chudn xac dinh do6 tinh khiét
ctia chét ran hodc chat 16ng.

2.1.2. Chi sé khiic xa

Chi s6 khic xa 1a mot tiéu chuén dé danh gia d6 tinh khiét ctia chat 10ng.
Theo dinh luat Snellius, néu anh sang don séc bi khic xa tai bé mét ranh giéi
gitia hai moi truong ta co:
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Moi truong 1 n=—— =—

! sinp Cy

[}

X Méi truong2  C1 va Cpla tdc do dng sdng trong moi trudng 1 va
I

Thuong ngudi ta 14y khong khi 1am méi trudng so sanh. Chi s6 khiic xa phu
thudc vao ndong do, nhiét do va budc séng cua anh sang.
2.2. Cac phuong phap sac ky

St dung cac phuong phap sic ky dé tach riéng cic chét trong hdn hgp va con
dung phuong phap sic ky dé xac dinh d6 tinh khiét ctia mét chét.

Sic ky 14 mét phuong phap vat 1y dung dé tach cac thanh phan ra khéi hén
hop bang cach phan bd ching thanh 2 pha: mot pha c6 bé mat rong goi 1a pha cé
dinh va pha kia 12 mét chét 16ng ho#c chat khi goi 1a pha di dong, di chuyén di
qua pha cd dinh. C6 2 loai séc ky: sic ky 16ng va séc ky khi.

2.2.1. Séc ky Iong

Sic ky 16ng 1a phuong phap sic ky dung chit 1ong lam pha di dong. Trong
séc ky 1ong c6 cac ky thuat:
o Sdc ky gidy: Pha tinh (pha cd dinh) 1a gidy.

— Séc ky 16p moéng: Pha tinh 14 mét 16p méng chat hap phu dude trang bing
phing va déu dan trén mot tAm kinh hodc kim loai.

— Sic ky cot: Pha tinh 1a chit rdn duge nhoi thanh cot. Trong ky thuat sic
ky cot, tily theo ban chat ctia chit ran lam cot con duge chia thanh:

+ Cot c6 dién: Cot don gian véi chét h&p phu thong thudng vé co hoic hiiu co.
Cot trao d6i ion: Cot 1a chat trao d6i ion Am (anion) hodc dudng (cation).

+ Cot gel hoic loc gel (gel filtration) : Pha c6 dinh 1a mot loai gel t6ng hgp
¢6 16 x6p xéac dinh dung dé loc cac chat c6 kich thude phan ti khac nhau.

e Sdc ky long cao dp (high pressure liquid chromatography) con goi 14 sic ky 16ng
hiéu nang cao HPLC (high performance liquid chromatography).

2.2.1. Sdc ky khi

Sic ky khi 1a phuong phap sic ky dung chéat khi lam pha di dong. Dua vao
pha cd dinh, con chia ra:

e Sdc ky khi -rdn: Pha c¢6 dinh 14 chét rén.
e Sdc ky khi -1ong: Pha c6 dinh 14 ch&t 16ng.
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2.3. Cac phuong phap phé

Khi mét chét hiiu c6 h&p thu ning lugng biic xa dién tit thi phan ti c6 thé
trai qua nhiéu dang kich thich. Cac kich thich c6 thé 1a kich thich chuyén dich
dién tu, kich thich quay, kich thich lam thay d6i spin hat nhan nguyén tt, kich
thich 1am bién dang lién két, néu néng lugng cao c6 thé gy ion héa phan tu.

Bang 6.1: Ving b(c xa dién tir

Vung phé dién tir Do dai séng Nang lugng kich thich Dang kich thich
Birc xa gama, tia X <100 nm > 286 Kcal
Va tia vi tru
- Tia tir ngoai
Xa (vung chan khong) 100-200 nm 286 - 143 Kcal bién ti
Gan (vung thach anh) 200-300 nm 143 - 82 Kcal Dién tir
- Kha kién 350-800nm 82 - 86 Kcal Dién t&
- Héng ngoai
Héng ngoai gan 0,8-2,0 um 36 - 14,3 Kcal Bién dang lién két
Héng ngoai 2-16,0 um 14,3 - 1,8 Kcal -nt-
Héng ngoai xa 16,0-300 pum 1,8 - 0,1 Kcal -nt-
- Vi séng cm 104 Kcal Quay
- Tan sé radio mét 106 Keal Thay d8i spin hat nhan

Mbi dang kich thich d&u can dén mot ning lugng nhat dinh va su hap thu
tuong dng v6i mdi muc ning luong sé xay ra 8 mdi viung khac nhau trén phé
dién tt .

Bang 6-1 liét ké viing phd electron, d6 dai séng, niang lugng kich thich va
dang kich thich khi chiéu btic xa vao chat hiiu co.

Néu chiing ta vé do6 thi phu thudc ctia nang lugng btc xa dude truyén qua véi
tan sd (v), s§ séng (v), bude séng (L),ching ta nhan duge mot phd hdp thu. Cac
phén td hiitu cd c6 cdu tao khac nhau thi ¢6 phd hap thu khac nhau. Vi vay quang
phd hdp thu 1a phuong phap xac dinh ciu tric phan ti rat chinh xac va hiéu qua.

Ghi nhitng phd hap thu dudc tién hanh bang nhiing thiét bi (may quang
phd) gom c6 nhiing bé phan cha yéu 1a ngudn biic xa A, mot cuvet do B dé dung
chat khao sat, mot may don séc C (cach ti hay ling kinh) va mot thiét bi phat
hién biic xa D v61 may ghi cac tin hiéu da duge phéong dai E.

Hinh 6.1: So d6 m6t quang phé ké&

Ty thudc vao vi tri tan s6 hap thu trong dai tan s6 cia btic xa dién ti ma ta
goi ching 1a quang phd Ronghen, quang phd electron, quang phé héng ngoai hay
quang phd vi séng. Ngay nay quang phé ti ngoai (UV), quang phé héng ngoai
(IR), quang phé cong hudng tit hat nhan (NMR) va khéi phé 14 nhiing phuong tién
quan trong va chinh x4c dé xac dinh c4u tao cac chit hiiu co.

70



2.3.1. Quang phé tirngoai (UV)

Su hap thu trong viung tl ngoai va kha kién phu thudc vao ciu tric dién ti
cta phan ti. Su hdp thu Ay gay ra su chuyén dich cac dién tu tit orbital co ban 1én
orbital c6 néng luong cao hon 6 trang thai kich thich.

Phé tt ngoai chi ap dung dé xac dinh ciu tric cua phan ti c¢6 hé théng lién
két n-n va p -n. Trén phé té ngoai cac vi tri bang (hay con goi 1a dai) hdp thu dudc
do bang d6 dai séng A (lam- da).

Pon vi d6 dai séng trong vang ti ngoai thudng dude biéu thi bing nanomet
(Inm = 107cm). Cudng d6 hap thu dude biéu thi bing d6 h&p thu phan ti &,
hoic 10ge.. - Su hdp thu cé nhiéu tng dung trong quang phd ti ngoai 1a trong
vung tir 200 - 380 nm, goi 1& viing ti ngoai gan.

Ning luong cta mot phan ti 14 téng cic ning lugng electron, ning lugng dao
dong va néng lugng quay cua ching. D6 16n cac ning ludng nay giam theo thii tu:

Ning lugng dién ti > Ning lugng dao dong > Nang lugng quay

Ning lugng hap thu trong viing td ngoai giy ra su bién d6i nang lugng
electron, do su chuyén dich dién ti héa tri trong phan tu ti orbital trong trang
thai co ban (thuong 12 orbital p khéng lién két hodc orbital  lién két) 1én orbital
c6 nang luong cao hon (orbital phan lién két n* hodc c*).

Bang 6.2: Trinh bay c4u truc dién t va su chuyén dich clia ching
trong mot s6 hgp chét hitu co.

Cau trac Hgp chit Chuyén dich Amax (nm) € max Bing
electron electron hép thu
c Etan 6 —> G 135 - -
n H,O n— o 167 7.000 -
Methanol n— o 183 500 B
n Ethylen T 165 10.000 -
Acetylen * 173 6.000 -
m™T — T
T o— 150 - -
mvan Aceton * 188 1.860 -
n—e 279 15 R
n—nx
-7 1,3-Butadien T o— 217 21.000
mvan Acrolein T o— 210 11.500
n —= 7 tham 180 60.000 Eq
n thom Benzen * 200 8.000 E
T — n*thdm 255 215 82
n — 7 thom
n-G Toluen n —= 7 thom 208 2.460 Eo
% 262 174 B
n —s 7 thom
n-n tham Phenol 1 —» 1 thom 210 6.200 Eo
270 1.450 B
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Mot sé thudt ngit thuong dung trong quang phé'ti ngoai:

Nhom mang mau (Chromophore): 14 nhiing nhém khong no giy ra hép
thu dién ti. Cac nh6m nhém mang mau c6: C=C, C=0, NO.,.

Nhom tang mau (Auxochrome): 12 nhiing nhém chitic no hoéc cé dién ti p
khong lién két. Cac nhém chtic nay cé tac dung kéo dai hé théng lién hop.
Khi gin cdc nhém nay v6i nhom mang mau thi anh huéng dén do dai
song hap thu va cuong do hap thu.

Cac nhém tang mau thuong gdp: -OH, -NH,, - Cl

Hypecromic (Hypechromic): 1a su tang cudng dd hap thu.
Hypocromic (Hypochromic): 12 su giam cuong doé hdp thu.

Chuyén vi huwdng héng hay chuyén vi bathocromic (Bathocromic shift): 1a
su chuyén dich bang hap thu sang budc séng dai hon do c6 cAc nhém thé
hoidc anh hudng ciia dung méi.

Chuyén vi hudng lam hay chuyén vi hypsocromic (Hypsochromic shift): 1a
su chuyén dich bing h4p thu sang budc séng ngin hon do cac nhém thé
hosc dung moéi. C6 thé trinh bay su chuyén dich dién ti trong mét s6 hop
chit nhu sau:

+ Su chuyén dich dién ti ciia phan ti butadien va hexatrien duge mo ta
theo mo6 hinh dudi day:
T, ——— I
T, ——— —
T, —— —_— n, — —
hy 3
T h ; T, —H— 258 nm —
—V 5
T, _H_ 217 nm —— T, —4H— ——
T, —H— —hH— T, —H— —
Trang thdi cd bdn Trang thdi kich thich ~ Trang thdi ¢ ban Trang thai kich thich
cla butadien cta butadien clia hexatrien clia hexatrien
+ Su chuyén dich dién ti ciia phan ti aceton va methylvinylceton:

) m,
TE3
hy hy \ hv (n-7r%)
T T n T T —H—n
TCZ *
Ay T —H—
Aceton Methyl vinyl ceton



— Hap thu dic trung cia mdt s6 nhém chic hitu co.

+ Cac hop chit no chi cé lién két o hoéc electron khéng lién két (n hoic p)
khéng cho cac bang hap thu trong vong ti ngoai gan. Vi vay alcol thudng

duge dung lam dung méi trong viéc do quang phd ti ngoai.

+ Cac hgp chat hitu co chita nhém chiic ¢6 lién két n (C=C, C=N-, C=0,
N=0, S=0) thudng c6 cac bang hap thu dic trung trén phé ti ngoai. Cac
nhém chiic nay goi la nhém mang mau.

Bang 6.3: Do dai song va chuyén dich dién t{f cac nhém mang mau

Nhém mang Ciu tao Vi du A max € max Chuyén dich
mau (nm) electron
Ethylenic RCH=CHR CH,=CH, 165 15.00 T-T
193 10.00 T-7
Acethylenic RC=CR CH=CH 173 6.000 T-T
Carbonyl RR,C=0 CH,COCH, 188 900 n-T
279 15 n-n
RCH=0 CH,CHO 290 16 n-=
Carboxyl RCOOH CH,COOH 204 60 n-n
Amid RCONH, CH,CONH, 208 - n-n
Azometin C=N- (CH,),C=N-OH 190 5.000 n-m
Nitril -C=N CH,C=N 160 - T-T
Azo -N=N- CH,-N=N 347 4.500 n-n
Nitroso -N=0 C,Hy-N=0 300 100
Nitrat -ONO, C,H;ONO, 270 12 n-n
Nitrit -ONO C4H,,NO 218 1.120 n-m
Nitro -NO, CH,NO, 271 18.60 n-n
Sulfon -SO,- (CH;),S0, 180 -

+ Neéu trong phan ti c6 nhém ting mau hodc c6 hé thong lién hgp thi budc
séng A sé tang lén. Vi du:

Bang 6.4: Anh hudng cac nhém tang mau dén budc séng

Hgp chat A A s
CH,COOH 204 - -
CH,4(CH=CH),COOH 254 - -
CeHe 204 256 -
CeHsCl 210 265 -
CgHsOH 210 270 -
CgHsNO, 252 280 | 330
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200 250 300 350 400 A (nm)

Hinh 6.2: Phé tf ngoai clia ceton oxyd mesityl (CH,),C=CHCOCH,

2.3.2. Quang phé héng ngoai (IR)

Cac chat hiiu co hap thu biic xa hong ngoai ¢ nhiing tdn s6 trong ving tu
10.000 -100cm*(1-100pm) va bién thanh ning lugng dao déng ciia phan ti. Trong
nhiing dao déng cta phén ti, cac nguyén ti c6 thé chuyén déng theo chiéu cua
lién két goi 1a dao dong héa tri hodc chuyén dong cia nguyén ti lam bién dang
(quay) lién két goi 1a dao dong bién dang. Nang lugng dao dong bién dang thap
hon niang lugng dao dong hoa tri.

Phéan ti H,0 c6 cac dao dong nhu sau:

3756cm-! 3655cm-! 1595¢cm-!
Dao dong héa tri Dao dong héa tri Dao dong bi€n dang
khong ddi xung doi xung goc lén két

Hinh 6.3: Cac dao dong cla phan t& nuéc

Tan s6 hay d6 dai séng hap thu cta mdi chat phu thudc vao khéi lugng
tuong d61 cua cac nguyén td, vao hing s6 luc lién két, vao cau tric hinh hoc caa
phéan tu.

L K _ mj.m)
Vaa = 2V 7 H m{]+m)
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v 12 tan s6 dao dong cua lién két.
u 1a khéi luong rat gon
m, va m, la khéi lugng ctia 2 nguyén ti lién két véi nhau

K 14 hing s6 luc lién két.

Vi tri dai hap thu dude do bang d6 dai séng A hoic bang s6 séng v,
Don vi d6 dai séng A st dung trong vung hong ngoai 14 micromet - pm (um =

10® m). Don vi s6 séng dugc dung 1a cm .

1o

um

Cm']- =
Cuong do hép thu dugc biéu thi bing do truyén anh sang (Transmittance)
viét tat 1a T, hoac bing d6 hap thu (Absorbance) viét tat 1a A.
A =1log (&
og ()

Xu4t hién mét s6 dai hdp thu nh4t dinh trong phé hdng ngoai 1a dac trung
su ¢6 mat clia mét s6 nhém chiic x4c dinh trong phan tt. Vi vy phé hong ngoai cé
¥ nghia dé phén tich c&u tric phéan ti cic chit hitu co. Cac chit hitu co thudng
hap thu trong ving hong ngoai tit 4.000 - 400cm™ (2,5-25um).

Bang 6.5: Tan sd dic trung céac chiic hitu co

Hgp chat Tan sé cm -1 Cudng do Dao ddng lién két
Alkan 2850-3000 s C-H dao déng hoa tri
1450-1470 s }
1370-1380 s CH, va CHj, bién dang
720 - 725 m
Alken
RCH=CH, 3080-3140 m =C-H
1800-1860 m }
1645 m
990 s C=C
910 s C-H
R,C=CH, 3080-3140 m =C-H
1750-1800 m }
1650 m c=C
890 f C-H
Alkyn
RC=CH 3300 f =C-H
2100-2140 m Cc=C
600-700 f =C-H
RC=CR 2190-2260 tf Cc=C
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Bdng 6.5 (tiép)

Hop chat Tan sé cm -1 Cudng dd Dao déng lién két
Alkyl halogenid
R-F 1000-1350 tf C-F
R-CI 700-850 f C-CI
R-Br 500-600 f C-Br
R-I 200-500 f C-l
Alcol
RCH,OH 3600 % O-H
3400 f O-H
1050 f C-0
R,CHOH 3600 v O-H
3400 f O-H
1150 f C-0
R;COH 3600 v O-H
3400 f O-H
1200 f Cc-0
Ether 1070-1150 f C-O
Acid R-COOH 2500-3300 % O-H
1760 f C=0
Aldehyd R - CHO 1725 f Cc=0
2720, 2820 m C-H

Hinh 6.4 14 phd hong ngoai IR ctia phan tt 2-methylprophanol

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
T ] T T T T T T T T T T
T e
\J\[ |
3360 1200

Hinh 6.4: Phd héng ngoai (IR) clia phan t& 2-methylpropanol.

2.3.3. Quang phé céng hudng tir hat nhan (RMN)

Cac hat nhan nguyén ti cé proton va notron. Nhiing hat nhan cé so 1é
proton ho#c s6 18 notron déu c6 momen ti p.
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Bang 6.6: Tu tinh ca mot vai hat nhan nguyén ti

Hat nhan S6 proton S6 notron Spin Momen tu
H 1 0 1/2 2,79267
2Cc 6 6 0 0.00
8C 6 7 1/2 0,70216
“N 7 7 1 0,40357
%0 8 8 0 0,00
°F 9 10 1/2 2,6275
3p 15 16 1/2 1,1306
325 16 16 0 0,00

Néu mot hat nhan nhu vay ndm trong mot tit trudng tng dung H, (ti trudng
tinh, t¥ truong c6 dinh, tif trudng bén ngoai) thi momen ti u cia hat nhan cé hai
kha ning dinh huéng khac nhau. Kha ning dinh huéng cia p phu thudc vao s6
lugng tu spin cua hat nhan. Pinh huéng tht nhat song song véi hudng cua tu
truong ing dung H, ky hiéu la spin o. Dinh huéng tht hai d61 song véi tit truong
tng dung ky hiéu spin f.

BREES ng

_) N
N\ to
o a
Ho
Momen tir hat nhin Momen tif hat nhan trong tir trudng

Hinh 6.5: Su dinh hudng clia momen ti hat nhan

Spin 6 trang thai dinh huéng song song - spin o ¢6 miic ning lugng thap.
Néu tac dung mot tan sd biic xa thich hgp 1én phan ti hitu co dang dit trong tu
truong H,, proton c6 spin a h&p thu ning lugng, bi kich thich va chuyén dich 1én
mtc ning luong cao hon lam thay d6i dinh huéng thanh spin . Hién tugng dé goi
1a su céng hudng tit hat nhan. Ghi lai nhiing tin hiéu cong hudng, thu dude phd
cong hudng tit hat nhan (NMR).

TL,E

HO

Hinh 6.6: Su thay déi dinh huéng spin do h&p thu nang luong

DPé do trudng hop céng hudng, ngusi ta dua mau hop chit khao sat (chat
16ng hay rén) vao tit truong khong ddi H, (trudng tGng dung). Hop chit dudc bao
quanh bdi mot bobin cam ting tao ra mdt trudong xoay chiéu cao tan cé tan so v.
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Cuong d6 H, cta trudng dugc thay d6i cho dén khi thu dudc trudng hdp cong
hudng. Mau tiép nhan ning lugng clia truong xoay chiéu va nhan biét bdi sy bién
thién ctia nguon phat séng cao tan. Su bién thién dong dién dude do va ghi lai bdi
may ghi.

So @6 may cong hudng tit hat nhan dudc trinh bay trén hinh 6-7

Ong dung miu

5l | S Cuc tir trudng H
() My ghi

Ngudn phit séng cao tin

H, Cyc tu trudng N

Hinh 6.7: So d6 may cong hudng ti hat nhan

Hinh 6.8 1a phé c6ng hudng tit hat nhan ctia ethanol véi do phan giai thap
CHj3

CHp

HO

Hinh 6.8: Phd RMN clia ethanol véi d6 phan giai thap.

e Cdc théng sé phén tich phé RMN:
— Hdng s6 chdn va d6 chuyén dich héa hoc
Néu hat nhan bi che chin bdi mot vo dién ti thi vo dién ti lam yéu tu
truong chung quanh hat nhan. Ta c6 biéu thtc:
Hyisn dung — H, - oH,
o 12 hang s6 che tit (hing s6 chan)

Tin hiéu céong hudng chi xudt hién 6 mot cuong do ti truong bén ngoai H,
16n hon so v6i mot hat nhan khong bi che chén. Hiéu tng nay dude goi la chuyén
dich héa hoc (Chemical shift), béi vi né phu thudc vao thudc tinh dién ti bao
quanh hat nhan (c&u tric héa hoc). P chuyén dich héa hoc ky hiéu 1a 8.
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P& xac dinh vi tri cia mdi dang proton trén phé NMR ngudi ta dung mot
chat lam chuén. Chit chudn thuong dung 1la TMS (tetramethyl silan (CH,),Si).
Miic d6 chénh léch vé vi tri hdp thu gitia proton chat thi va proton chat chuén la
d6 chuyén dich héa hoc cta chit thi. Pon vi ding dé biéu thi @6 chuyén dich héa
hoc 14 § (delta) hodc ppm (phan triéu).

Néu pic cia TMS tai vi tri hap thu 60 Hz (v 60) trong tan so btc xa dién tu
60MHz thi 6 sé 1a 1, 00 hodc 1, 00 ppm.

60

60.106

Trong hé théng don vi & (hodc ppm) ngudi ta qui uée vi tri hap thu caia TMS
12 0 Hz (5 = 0 ppm). D6 chuyén dich héa hoc cta proton chat thi sé dude so sanh
v6i tri s6 nay.

8 (hoic ppm ) = 106 = 100

Con c6 hé théng don vi khéc goi 1a t (tao) ciing dude st dung dé do do chuyén
dich héa hoc. Theo hé thong don vi nay thi tri s6 hdp thu cia TMS 1a 10.

T=10,00 -

Phé NMR ctia ethanol (hinh 6-8) ¢6 3 tin hiéu cong hudng tuong ducng véi
nhan hydro ciia nhém OH, CH, va nhém CH,, vi proton cta cdc nhém trén cé
mién phu can khic nhau vé mat héa hoc. Cac proton ctia nhém methyl bi che
chin manh nhéat, proton cia nhém OH bi che chin y&u nhit.

— Su twong tdc spin - spin va hang sé tuong tdc spin -spin J

Khong phai lidc ndo mdi dang proton duong lugng ciing cho mot dinh riéng
biét. Nhiéu truong hgp, mot dang proton lai thé hién sy h&p thu ctia né biing mot
vach hap thu nhiéu dinh. C6 hién tugng dé 14 do cic proton diéng canh nhau
tuong tac spin - spin v6i nhau.

Hién tugng tuong tac spin -spin xay ra 1a vi cac dién ti lién két c6 xu huéng
ghép ddi spin clla né véi spin ciia proton gan nhat bén canh. Spin ghép do6i nay lai
anh hudéng dén proton bén canh tiép theo va giy nén cac ti trudng cua cac hat
nhan bén canh. T truong nay tac dong lén proton va xuit hién su cong hudng
dong thoi cho cac tin hiéu. Cac tin hiéu nay chinh 1a cac dinh ddi (doublet), dinh
ba (triplet), dinh tu (quartet)..., dinh da (multiplet) trén phé NMR. Khoang cach
gitia 2 dinh tach ra dugc do bang Hz goi 1a hang s6 tuong tac spin -spin ki hiéu J
(con goi 12 hang s6 ghép spin).

Can ct vao cac gia tri 8 va J thu dude trén phd NMR ngudi ta bién luan va
tim cong thic c4u tao phu hgp ctaa chat hitu co.

Vi du: Do ethanol trén may c6 d6 phan giai cao, phd NMR ctia ethanol c6 cac
dinh 3, dinh 4.., (hinh 6-9).
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-CH3

-CH»-
ol n TMS
!
5 4 3 2 1 0 ppm

Hinh 6.9: Phd RMN ctia C,H;OH v&i do phan giai cao

2.3.4. Ph6 khéi (MS)

Phé khéi 14 phuong phap phén tich st dung mot chium dién ti c6 nang lugng
cao (70 von electron) ban vao chat can xac dinh cdu tric, pha ching thanh ting
manh (fragmentation) ion mang dién tich duong. MAay phat hién cac ion nay va
ghi thanh pic v6i cuong d6 khac nhau tuong ting v6i khéi lugng ctua chung. D6 1a
khéi phd.

Vi du: Cac manh ion tao thanh khi bidn chum dién t& vao phan tu
2-methylpentan. Trudc tién phan ti mat mot dién ti va bi ion héa. Phan ti ion
nay bi phan chia thanh cac manh mang dién tich duong c6 khéi luong tuong tng:

i i +
CHy;CH,CH,CHCH; + €= —»  2e- 4 | CHyCH,CH,CHCH,|

CH
—  CHCHCH 4+ *eHom, ™Y
CH, CH,
[cHicH,CHyCHCHy T ——  cHy +  CH;CH,CH,CH* m/e 71
m/e 86 CH
>  CH;CH, + CH3gHCH3 m/e 57

Céc tin hiéu vé khoi lugng va cudng d6 ctia cac manh dude ghi lai trén phd
khéi. Hinh 6-10 1a khéi phd ctia phan tt 2-metylpentan.

Ngay nay cac may quang pho c6 thém cac bé phan may tinh, cho nén cac qua
trinh tinh toan va vé phd déu dudc tu dong va két qua phan tich ngay cang dudc
hoan thién hon.
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Cudng do
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80 L

60 |

40

71
20 57
| 86 M+
R ||| 11l ||||| ||,I |
T T T T T T T T |
10 20 30 40 50 60 70 80 90 100 m/e

Hinh 6.10: Phé& khéi clia 2-methylphentan
Trén day chi trinh bay khai quat cac phuong phap héa hoc va phucng phap

vat 1y dé xac dinh c&u tric chét hitu co. C6 nhiéu tai liéu chuyén siu vé linh vuc
nay. C6 thé tom tat cac giai doan xac dinh cdu tao chat hitu co theo sé d6 sau:

S¢ dd cac giai doan xac dinh cdu tao chit hitu co

Cha't hitu co tach chiét
hoic téng hop

l Tinh ché (ké&t tinh, chung cit, sic ky)

‘ ChA't hitu co tinh khiét

Xac dinh cac hiing s¢ vat Iy

v
toc s ]
! l

Pinh tinh, dinh lugng
cdc nguyén to

DPinh tinh nhém chidc

‘ uv ’ IR ’ RMN MS

K&t luan vé ciu tric
cha chat hitu co
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Chuong 7

ALKAN - HYDROCARBON NO
(CyHay.2)

MUC TIEU HOC TAP
1. Doc duoc tén cdc alkan thong dung

2. Néu duogc héa tinh cia alkan va ng dung ctia chiing trong cudc séng.

NOI DUNG
1. NGUON GOC THIEN NHIEN - CAU TAO, PONG PHAN, CAU DANG
1.1. Ngudn gdc thién nhién

Alkan 14 nguyén liéu tu nhién c6 tit dau md, khi thién nhién.

Khi thién nhién chta cac khi v6i thanh phan khéng c§ dinh, thuong chta
75% metan, 15% etan, 5% propan, phan con lai 1a cac alkan cao hon va nhiéu chat
khac. Khi thién nhién dugc dung lam nhién liéu va trong qua trinh kj nghé.

Nguon alkan chu yéu 1a ddu mo, thudng thu dudc cac chat sau:

Bang 7.1: Céac alkan trong dau mé

Cac chat Thanh phan t° soi
Khi C,-C, <20
Ether dau hda Cs;—Cq 20-60
Xang Ce—Cq 60-200
Ligroin C, 60-90
Gazolin Cs—Cy, 85-200
Keroxin C,—Cys 200-300
DAau mazut Cis—Cyy 200-400
DA&u béi tron Cis—Cy 300

Atphan dung phuong phap hydro héa than ndu bing cach nghién nhé than
véi dau nang c6 xdc tac sit va H, 6 nhiét do 450°C, ap sudt 200-300 atm, thu dudc
san phém thé, sau khi chung cat thu dudc khi, xang va san phdm diu ning.

1.2. Cau tao

Alkan la hydrocarbon no (hydrocarbon béo hoa, parafin) c6 cong thic chung
C.H,,.,. Chat don gian nhat 1a metan CH,. C&u tao mach thang hay phan nhanh.
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H H H
Hy

metan iso- pentan

1.3. Déng phan

Alkan c6 dong phan mach thing va phan nhanh. S6¢ déng phan ting khi s6
carbon tang.

Bang 7.2: S6 dong phan clia mét sé alkan

Sé carbon Tén chat S6 déng phan Sé carbon Tén chit | S& dong phan
1 Metan 1 7 Heptan 9
2 Etan 1 8 Octan 18
3 Propan 1 9 Nonan 35
4 Butan 2 10 Decan 75
5 Pentan 3 20 Eicozan 366319
6 Hexan 5 30 Tricozan 4,11.10°

1.4. Cau dang

Do tinh ch&t déi xting truc ctaa lién két o, hai nguyén ti carbon lién két véi
nhau c6 thé quay tu do quanh truc lién két. Su quay tu do d6 kém theo su tiéu
hao ning lugng. Chinh vi ¢6 su quay tu do quanh truc lién két C — C nén cac
alkan c6 cdc ddng phan cdu dang (dong phan hinh thé - conformer).

Etan tén tai duéi nhiéu cdu dang khac nhau. Hai dang cidu dang thong
thuong nhat 14 dang che khuat (it bén) va dang léch (bén), hinh 7-1

oS et T,

N Kh t
Cong thitc 1ap thé ua Léch Khuft Lech

thdng thudng Cong thitc phdi cdnh Cong thitc Newman

Hinh 7.1: Céach biéu dién cac cau dang clia etan

Kol B

Che khuat

Mo hinh phan t& etan
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Khi géc nhi dién bang 0; 120 ; 240 ; 360° c6 cac dang che khuét.
Khi géc nhi dién biang 60; 180 ; 300° ¢6 cac dang léch.

0 60 120 180 240 300 360
¢ goéc quay —=

Hinh 7.2: Gian d6 phu thudc nang lugng va géc quay cla cac ciu dang clia etan

(Kj/mol

0 60 120 180 240 300 360
¢ (gbc quay) —=

Hinh 7.3: Gian dé phu thudc nang luong va gbéc quay cac cdu dang cla n-butan
CH; ky hiéu la ©

Dang che khuit c6 niang lugng cao hon dang léch.

Su phu thudc ning lugng dude biéu dién trén hinh 7-2. Etan c¢6 mét cuc dai
va mot cuc tiéu ning lugng. Su chénh léch d6 c6 gia tri 11,7 kj / mol

Phan ti butan ton tai nhiéu cdu dang va gian d6 ning lugng ciing phic
tap hon.

Gian d6 ning lugng ctua phan tu butan CH,~CH,~CH,—CH, trinh bay trén
hinh 7-3
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2. DANH PHAP
Cac hydrocarbon no déu cé tiép vi ngii 1a “a an”
2.1. Tén goi cac gdc hydrocarbon thudng gap
CoHonre = CoHon-
an — yl
Nguyén tdc:
Thay vi ngiz "an" trong tén goi clia hydrocarbon no bang tiép vi ngii "yl"

e Cdc goéc bac 1

CHS_ CH3CH2_ CHSCHZCHZ_
methyl ethyl n-propyl
CH3CH2CH2CH2— CH; - QH -CH, -
n-butyl CHj isobutyl
cr
CH,CH,CH,CH,CH,- CH3?HCH2CH2— CH3(FCH2—
- tyl .
n-penty CH; isopentyl CH, neopentyl
G
CH3CH2CH2CH2CH2CH2- CH3(FHCH2CH2CH2- CH3$CH2CH2—
CH
n-hexyl 3 isohexyl CH, neohexyl

e Cdc géc béc hai

CH,GH- CH,
isopropyl
CH, propy CH3CH2éH- sec-butyl

e Cdc géc béc ba

CH;, CH,
CH3é_ CH,CH #-

| tert-butyl 32 tert-pentyl

CH;, CH,

2.2. Danh phap quéc té
. Chon mach chinh 14 mach thing dai nhat.

. Danh s6 carbon trén mach chinh sao cho téng cac chit s6 chi vi tri cia nhém
thé& 12 mot s6 nhd nhat (theo IUPAC). Néu mach nhanh khac nhau 6 khoang
cach nhu nhau so véi hai carbon dau mach chinh thi phai danh s6 ti dau
nao c6 mach nhanh véi s6 carbon it nhat (theo danh phap Genéve).
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cac
vGl

Néu mach nhanh cé sy phan nhanh thi phai danh s6 mach nhanh bat dau ti
vi tri gdn véi mach chinh.

1 2 34 5 6 7 8 . F e . .
CH,~ CH,- CH- CH - CH~ CH CH,- CH bénh s6 theo nguyén tac tong s6 nhd nhat

g3 7 26l 5 2|4 2y 345 < 4'+6'
CH,CH, CH3 3-etyl-5-methyl octan
8 7 6 5 4 302 1
CH,- CH,~ CH- CH - CH,- CH- CH,- CH,  Nhom methyl quyé&t dinh vi tri danh s&
CH,CH, CH, 3-methyl ,6-ethyl octan
8 7 6 5 4 3 2 1 } . . .
CH - 3 CH- CH2 CH2 CH2 CH- CH- CH Pdnh s theo nguyén tac tdng s6 nhd nhit
122 3t 4 S5 el T8 24347 < 246'+7'
CH, CH; CH,
2,3,7-trimethyl octan
CH Chon mach chinh 12 mach dai mhat
9 8 32 3 , C e y
CH, —CH CH; —C—CH —CH, va ddnh sb theo quy tac tong sd nhd nhat
CH CH CH CH gHz CH CH; 243+6+7 < 3+4+5+7
CH , CHs— CH CH3 Mach nhdnh ¢6 phan n?énh va ddnh s§
mach nhanh tai vi tri gan vao mach chinh
CH,

- 5-(1.1'-di |
2,3,6,7-tetramethyl -5-(1',1'-dimethylpropyl) nonan CH,—C— gH2_ CH,
I ' 3

11 '—dimethylpiopyl
Cach goi tén:
Tén cac géc (mach nhanh) va chii s chi vi tri cac goc gdn vao mach chinh.
Tén goc (mach nhanh) 1an lugt tit don gian dén phiic tap.

Dung cac tit Hylap (di, tri, tetra, penta, hexa, hepta, octa) dé chi s6 luong
nhém thé gidng nhau va goi tén ctia hydrocarbon no cé s carbon tuong ting
s0 carbon trong mach chinh.

3. PHUGNG PHAP PIEU CHE ALKAN

3.1.
3.1.

Pd,

86

Phuong phap giir nguyén mach carbon
1. Khir hoa hydrocarbon chua no

Tac nhan khi 12 hydro phan ti v6i xtc tac ¢6 hoat tinh cao nhu kim loai Pt,
Ni. Phan tng c6 thé xay ra ¢ nhiét d6 thuong.

Ni
R—CH—CH—R + H, ——>» R—CH,—CH,—R

Ni
R—CH=CH—R' + 2H, R R—CH,—CH,—R



3.1.2. Khir hoa dan xuét halogen
Téc nhan khi c6 thé 1a Zn /H* hoac acid hydroiodic dic (HI)
R-X + Zn +H* -»R-H + Zn* + X
R-I + HI —- R-H + 1,

3.1.3. Khir hod alcol

Tac nhan kht 1a HI dic (80%), nhiét do 180-200°C va c¢6 mit phosphos do6
Khi dun néng: 2HI —» 2H + I,

Ban dau alcol chuyén thanh sdn phidm trung gian 14 din xu4t iod va chit
nay lai bi khii é nhiét do cao hon thanh alkan

R-OH + HI - R-I + HOH

R-I + HI - R-H + I,
Vidu:
CH,-CH,-CH,-CH,-OH + 2HI —» CH;-CH,-CH,-CH; + H,O0 + I,
Alcol n-butylic butan

Su c6 mit cua phosphor dd lam ting cuong kha niang khi héa cua HI.
Phosphor tac dung iod tao phosphor triiodid PI, va chit nay khi tac dung véi nude
lai tai tao HI.

3.1.4. Khir hoa acid va dan xuét acid

R-COOH + 6HI — R-CH;, + 2H,0 + 3I,
Phan ing dung diéu ché& alkan c6 mach carbon 1én.
Kh ester d& hon acid.

3.1.5. Thuy phan hop chéat co kim

C,H,,.,Br + Mg/ether khan — C,H,,,;MgBr
C,H, ..MgBr — CH,,., + MgBrOH

3.2. Phuong phap lam tang mach carbon
3.2.1. Phan ung Wurtz

Dan xuét halogen tac dung natri kim loai sé tao hydrocarbon no do hai gdc
ctia dan xuat halogen két hop lai nén mach carbon sé ting gap doi.

2R-X + 2Na — R-R + 2NaX (hiéu suat 80%)
Vi du:
9CH,-CH,I + 2Na - CH,-CH,-CH,-CH, + 2Nal

_ Phan tng diing han ché trong téng hdp cac dan xuat doi xtng. Néu dung hai
dan xuét khac nhau sé thu dude hon hop san pham:

3R-X + 6Na + 3X-R* -» R-R + R-R" + R-R* + 6 NaX
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3.2.2. Phan ung dién phan dung dich muéi acid (phan ung Kolbe)

CH3CHQCOON3
anod catod
CH3CH,COO" Na*
e +e
CH,CH,COO Na
.co, H,0
CHSCHQ . NaOH + HZ

N

CH;CH,CH,CHj4 CH;CH; + CHy = CH,
chinh phu

3.3. Phuong phap l1am giam mach carbon

C4t khan mu6i kiém, kiém thé cta acid carboxylic v6i voi toi, xdt sé thu
dudc hydrocarbon c6 mach giam 1 carbon so véi acid carboxylic.

R-COONa + NaOH — R-H + Na,CO,
CH,COONa + NaOH — CH, + Na,CO,

4. TiINH CHAT LY HOC
Nhiét do s6i va nhiét @6 néng chay tiang dan khi s6 carbon ting.

Cac alkan phan nhanh c6 nhiét d6 soi thap. Alkan khong tan trong nuéc. D&
tan trong ether, trong cac hydrocarbon khac va trong cac dan xuat halogen.

Pho hong ngoai:

e Cdc tan sé'dao déng hoa tri :
Lién két C-H c6 dao dong héa tri trong khoang 2850-3000 cm™; lién két
C-C c6 dao dong yé&u va thay doi.

e Cdc tan sé'dao dong bién dang

Goc methyl —CH, va methylen —CH,— c6 dao dong bién dang dac trung cta
C-H tu 1400-1700 cm™
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Bang 7.3: Tinh chat vat ly clla mot s6 alkan

Hydrocarbon Nhiét do soi Nhiét dd chay Ty khoi
Metan CH, -161,7 -182,0 -
Etan C,Hq - 88,6 -183.3 -
Propan C;H, 42,6 -187,7 0,5005
Butan C,H,, -0,5 -138,3 0,5787
Pentan C;H,, 6,1 -129,8 0,5572
HexanCgH,, 68,7 - 953 0,6603
Heptan C;H,¢ 98,4 - 90,6 0,6837
Octan CgH ;4 125,7 - 56,8 0,7026
Nonan CgH,, 150,8 - 53,5 0,7177
Decan C,yH,, 170,4 - 29,7 0,7299
Undecan C,H,, 195,8 - 25,6 0,7402
Dodecan C,,H,q 216,3 - 9,6 0,7487
Tridecan C,5Hyg 235,4 -55 0,7564
Tetradecan C,,H;, 253,7 59 0,7628
Pentadecan C,sH,, 270,6 10,0 0,7685
Eicosan Cy,H,, 343,0 36,8 0,7886
Triacontan CgyyHg, 449,7 65,8 0,8097

5. TINH CHAT HOA HOC

~ Trong phan ti alkan chi c6 2 loai lién két: C-H va C-C. Ching la nhiing lién
két hau nhu khong phéan cuc.
5.1. Phan Ung thé - Tinh chat cla lién két C - H
5.1.1. Phan ung halogen hoa -Tdc dung vdi halogen
C.Hy+X, — C.H,. X+HX

Phén ing xay ra theo co ché gdc tu do, c6 xtic tadc Anh sang hodc § nhiét do cao.

Kha néng phan ting ctia halogen sip xép theo F,> Cl, > Br, > I,.

Kha nang phan ting cuia C-H bac3 > C-Hbac2 > C-Hbacl

CH, + 2F, — C + 4HF

Phan ting clor héa metan xay ra qua cac giai doan sau:

Cly ﬂ) . 2CI' AH = +270kcal
CHy +CI' —> CHy + HCl A= -lkel
éH3 + C]2 —> CH3C1 +CI' AH = -23kcal

CHy + Clp — CH3Cl + HCI
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Thuc t& phan tng tao thanh hén hgp san phdm CH,Cl, CH,Cl,, CHCI,, CCl,
Phan tng sé ngiing hén khi cac géc tu do két hop véi nhau.

CI'+Cl" —>  Ch3 Cl +CH3 —> CH3Cl 5 CH3+CH3 —»  CHyCH

Phan (ng clor hda phan tlr propan tao ra nhiéu chat:
CH,—CH,—CH,
Iy y+ CL

v v
CH,—CH, _,L (J:rHéla + CH, _Cﬁ-Clc , CH,
2 2

v Voo v

CH,CI—CH,—CH,Cl + CH;—CHCI—CH,Cl + CH;—CCl,—CH,

+ Cl
2 l+ Cl,

Y '

CH,C1—CHCI—CH,Cl + CH,—CCl,—CH,CI

Brom héa c6 tinh chon loc cao hon qua trinh clor héa. Khi clor hba isopentan
thu dugc hén hop san pham. Con khi brom héa isopentan san phdm thé& brom chu

yéu xay ra ¢ lién két C —H bac 3.

Theo dinh luat Hess, hiéu ting nhiét AH, 1a hiéu s6 ning lugng lién két méi
dugc tao thanh trong phan @ing va nang lugng phan ly cta lién két bi phén cit.

. - 8]
ClI' + H-CHyCH3 —>  CLH+ CH)CHj AH = 98- 103 = - 5 kcal. mol-!
Lién k&t phan ly Lién két tao thanh Lién két tao thanh  Lién k&t phan ly

Lién két H-Cl bén viing hon lién két C-H. Phan ting cua goc F* véi mot lién
két C—H c6 hiéu ting nhiét 16n, nghia 14 phan ing xay ra manh liét. Phan ting
gitia goc brom Br® vé6i lién két C—H xay ra cham hon. Nhu vay chiing t6 rang hoat
tinh halogen cang 16n thi d6 chon loc cang nho va ngugc lai.

o Clor hoa:
Gt
CH; —C—CH,—CH,
H
hy ¢ +Cl,
GH: Gt GH: g
CH,Cl=C—CH,—CH;+ CH,—C—CH,—CH,CI + CH;—(—CHCI—CH, + CH,—C—CH,—CH,

H 30% H 15% H 33% Cl  22%
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e Brom hoa:

Hs h GH;
CH3_$_CH2_CH3 + Br, T CH3—$—CH2—CH3 + HBr
H Br

Phan ting iod héa alkan 14 qua trinh thuan nghich:
RH + 1, &> RI + |
Trong diéu kién thudng, phan tng c6 khuynh huéng chuyén vé phia trai tai
tao alkan. Ngudi ta thém mot chit oxy héa nhu acid iodic HIO, dé tach HI va
phan tng chuyén vé phia tao iodoalkan.
5.1.2. Phan ung nitro hoa - Tdc dung vdi HNO,
Phan ting nitro héa 1a phan tng thé nguyén ti hydro cta alkan bang goc NO,'.

O nhiét do thuong alkan khong phan Gng véi acid nitric.  nhiét d6 cao (150-
450°C) alkan tac dung véi acid nitric lodng hodc khi NO, dé tao thanh dAn xuit
nitro. Néu dung acid nitric déc thi alkan bi oxy héa.

(6]
RH + HO-NO, (loang) —»450 RNO, +H,0
Trong phan tng nitro héa ngoai san phdm thé, c6 thé xay ra su cit mach
carbon. Vi du khi nitro héa propan tao thanh hdn hop san phidm sau:

CH3-CHp-CH3 + HNO3 —> CH3-CH»-CH»-NO; 4 CH3—FH—CH3 + CH3-CH»-NOy+ CH3-NO;
25% NO, 409 10% 25%
1-Nitropropan 2-Nitropropan Nitroetan Nitrometan

Phan {ing nitro héa xay ra uu tién thé& vao hydro & carbon bac cao.

Go6c NO,® sinh ra do tac dung ctia nhiét do:

to N
HNO, + HNO, » HO + 2 NO,

Vai trd clia goec NO," trong phan tng nitro héa gidhg vai trdo X trong phan
tng halogen hoa.

5.1.3. Phan Ung sulfon hoa
e Tdc dung vdi acid sulfuric

Acid H,SO, dam d#c 6 nhiét d6 thuong khong tac dung véi alkan. Acid
sulfuric béc khéi (c6 hoa tan SO, - oleum) tic dung véi nhiing alkan c6 mach 6- 8
carbon va tao thanh alkansulfoacid.

H_ SO

2 4
CH,, —> C.H SOH
S0,
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e Tdc dung vdi SO, va Cl, - Phan tng sulfoclor héoa

Alkan tac dung truc tiép vé6i hdn hgp SO, va Cl, 6 nhiét do 20 - 30°C cb
chiéu sang bang dén ti ngoai hodc c6 peroxyd lam chat khoi méao thi thu dudc
alkansulfoclorid.

h
RH + SO, +Cl, ———»RSO,Cl + HCI
hoéc peroxyd

Khi thuy phan hgp chat alkansulfoclorid ¢6 mach carbon 16n (> 10 carbon)
bing NaOH sé thu duge cac mudi sulfonat 14 nhiing chat c6 tac dung tiy rua tot.

RSO,Cl + 2NaOH —> RSO, Na + H,0 + NaCl

e Sulfo oxy hoa

Khi cho hdn hgp SO, va O, véi ti 1& ddng phan tu tac dung véi alkan c6 mach

6- 8 carbon 6 nhiét do 20-30°C, c6 chiéu sang sé& thu dugde hop chat alkansulfoacid.
1 hy

RH + SO2 +§O2 —> RSO ;H

5.2. Cac phan ing thudc lién két C-C
5.2.1. Nhiét phan va cracking

0 nhiét d6 cao khong c6 oxy khong khi, cac phan ti alkan bi phan hay hoac
bé gay mach carbon tao thanh alkan va hydrocarbon chua no ¢6 mach carbon
ngan hon. Qua trinh d6 goi 1a qua trinh cracking.

CiHans = CHuw  + CH, (n=x+y)

Khi cracking n-pentan, phan ing xay ra theo cd ché goc.

CH3 + CH3CH,CH,CHy
CH3CHpCHCH,>CHj3 A

CH3CH, + CH3CH)CH)
CH3 + CH3 —> CH3CH3
CH3 + CH3CHy —> CH3CH)CH3
CH3CHp + CH3CH,CH,CHy — CH3CHpCHpCHpCHpCH3

CH3CHy + CH3CHCHy  — » CH3CH3 + CH3CH=CH,
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5.2.2. Oxy hoa va dét chdy

O didu kién binh thuong, alkan khong tac dung véi oxy khong khi va cac
chit oxy héa manh nhu H,SO, dic, KMnO,. Nhung 6 nhiét d6 cao, alkan bi oxy
hoa tao thanh cac san phidm chia oxy. Khi dun néng cé6 xtc tac, cac alkan bi oxy
héa béi oxy khong khi tao thanh acid hiiu co tuong tng.

3 xuc tdc
RCH, + = O, —>» RCOOH + H(
37 9 2 © 2

Néu oxy héa manh hon c6 thé xay ra su cit dut lién két C-C va sau d6 oxy
héa tiép dé tao thanh cac acid c6 s6 nguyén ti carbon it hon.

CH,~(CH,),CH, —> CH,(CH,)xCOOH + CH,(CH,6);COOH
oxy hoa n=x+y+2

Khi dot chay alkan tao CO, va hoi nuéc déng thoi giai phéng nang luong.
3n+1

ChH h+, +

oty 0, —>nCO, + (+1) H,0 +Q

CH4+ 202 —»CO2 + 2H20+ 885 kj

Chinh vi vay cac alkan nhu metan, butan, octan ... dugc ding lam nhién liéu.

6. CHAT DIEN HINH

Metan CH,
Téng hop metan:
Be,C + 4H,0 — CH, + 2Be(OH),
ALC, + 12H,0 _»  3CH, + 3A1(OH),
CS, + 2H,S + 8Cu — CH,; + 4Cu,S
Trong phong thi nghiém, diéu ché metan bang cach nhiét phan muéi acetat
kim loai kiém
CH,COONa + NaOH - CH, + Na,CO,
Tinh chdt va vng dung:

Metan 1a khi khong mau, khéng mui, it tan trong nuéc, chay cho ngon lta
xanh nhat va toa nhiéu nhiét (8560 kcal/m®) vi vay lugng 16n metan dugc dung
lam nhién liéu.

D6t metan trong diéu kién thiéu khong khi va trong thiét bi dic biét tao ra
carbon 6 dang b6t min dung lam chat don trong san xuit cao su.

CH, + O, - C + H,0
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Cho metan qua hoi nuéc xtc tac Ni ¢ 850°C thu dugc hén hgp hydro va
carbon monooxyd dung lam nguyén liéu trong téng hop.

CH, + HLO - CO + 3H,
Metan con diung lam nguyén liéu tong hgp acetylen, cac dan xudt clorometan,
acid cyanhydric. . .
BAI TAP
1. Nhiing tén goi sau day ¢6 ding khong :
a- 2-Ethylhexan
b- 2,2,5-Trimethylheptan
c- 3-Ethylheptan
d- 2-Methyl,3-isopropylpentan
e- 1-Methyl,3- ethylnonan
Hay viét lai nhiing tén goi dung.

2- Etan phan tng véi clor theo ty 1& thé tich va trong lugng nao khi diéu ché
ethylclorid ?

3- Khi nitro hoéa va clor héa cac hydrocarbon sau:

Butan, isobutan, n-pentan, 3-methylbutan thi c6 bao nhiéu dan xuat mot
1an thé c6 thé dugc tao thanh ? .
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Chuong 8
CYCLOALKAN

MUC TIEU
1. Goi duoc tén cdc loai cycloalkan: 1 vong, 2 vong.

2. Viét va trinh bay duogc cdu dang cua cyclohexan.

NOI DUNG

Cycloalkan 12 nhiing hydrocarbon no mach vong. Nguyén ti carbon ¢ trang
thai lai hoa sp®. C6 nhiéu loai hdp chit vong no.

Hop chat don vong: Monocycloalkan
Hop chat da vong: Polycycloalkan.
Phan chia hgp chat da vong thanh cac loai sau:
Hop chat da vong ngung tu,
Hop chat da vong c¢6 mach cau carbon,

Hop chat da vong spiran.

1. MONOCYCLOALKAN
1.1. Danh phap

— Goi tén alkan tuong ting va thém tiép dau ngii "cyclo"

— Néu trong phan ti c6 mach nhanh thi goi tén mach nhanh ti don gidn
dén phiic tap.

— Danh s6 cac nguyén ti carbon trén mach vong xuat phat tt mach nhanh
don gidn va danh s6 theo chiéu sao cho tdng s6 cac chii s6 chi mach
nhanh 14 nho nhat.

CH,4 CH,

CH, CH, ,
A @\ t *CH,CH,CH,;

CH,CH,4
Methylcyclopropan Methylcyclobutan  1-Methyl 3-ethylcyclopentan 1-Methyl, 3-(n-propyl) cyclohexan

1.2. Déng phan

Monocycloalkan c6 s6 dong phan nhiéu hon s dong phan cua alkan cé s6
carbon tuong ting. Vi du: CgH ¢ c6 cAc dong phan vong 3, 4, 6, 7, 8 canh.
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Trén mdi loai déng phan vong c6 cac mach nhanh nén sé dong phan ting lén.

CH,CH3

CH3 CH3 CHS
CHs
CHj;

Ethylcyclohexan 1,2-dimethylcyclohexan 1,3-dimethycyclohexan 1,4-dimethycyclohexan

Khac véi cac alkan, cycloalkan c6 déng phan hinh hoc cis - trans

CH, CH
- |
&
CH,
cis 1,2-dimethylcyclohexan trans 1,2-dimethylcyclohexan

1.3. Do bén vitng clia vong

Céc hgp chit c6 vong 3, 4 canh kém bén hon so véi vong 5, 6 canh. D& giai
thich hién tugng d6, Bayer dua ra gia thuyét rang: T4t ca cac vong déu cé cdu tao
phéng. Goéc lién két bi bién dang (c6 d6 16n khac 109°28' - goc ti dién) va xuét
hién stic cing cua vong (Stic cing Bayer). Do bién dang cua géc lién két cang 16n
thi stic cing Bayer cang 16n. Vi vay vong c6 ning lugng cao nén kém bén.

Géc bién dang dude tinh nhu sau:

0= 71 [109928'- @ (gbc lién két trong vong phing)

Bang 8.1: S(ic cang Bayer clia mot s6 cycloalkan

Hop chat 0 0 AHO ()
Cyclopropan 60° +24°64' +12,7
Cyclobutan 90° +9°64' +6,8
Cyclopentan 108° +0°64' -18,4
Cyclohexan 120° 5036’ -29,5
Cycloheptan 128°34° 9053 -28,2
Cyclooctan -29,7

135° -12°86'

(*) kcal.mol-1
Theo thuyét stic cang Bayer thi cyclopentan 1a hgp chat bén nhat, tu
cyclohexan tinh bén giam dan. Diéu nay khong phu hop vi thuc té& cyclohexan 1a
hop chat rat bén viing. Cyclohexan khong c6 cdu tao phang, chiing té riang thuyét
stic cing Bayer chi ding véi nhiing chat c6 ciu tao phing .
Do bén cua hgp chit vong con phu thudc nhiéu yéu t6 khac dic biét 1a cau
hinh va nhiét tao thanh. Nhiét tao thanh cang thap thi vong cang bén.
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Cac hop chat & cdu hinh léch c6 nang lugng thap. Do dé néu cac nhém CH,
ké nhau cua vong khong 6 cau hinh léch ma 6 c&du hinh che khu&t thi phai c6 su
tuong tac 1an nhau. Su tuong tac dé goi 1a Stic cang Pitzer .

Dé giam bét stic cing Bayer, stic cing Pitzer, hgp chat vong c6 xu huéng phan bd
khong dong phéng sao cho thuan lgi vé& ning lugng (ndng lugng thap nhat).
1.4. Cau dang cua cycloalkan
1.4.1. Cyclopropan

Ba nguyén ti carbon cing ndm trén mot mit phing. Bayer giai thich tinh
khéng bén ctia vong bing su bién dang cta lién két. Trong cyclopropan cac lién
két H —-C-H tao thanh géc 120°. Do d6 ngudi ta cho rang cac lién két C -C bi uén
cong va su xen phu cuc dai bi vi pham mot phan (hinh 8-1).

Hinh 8.1

@ o S -

Su xen phu cyc dai Su xen pht cuc dai bi vi pham Su xen pht caa cac orbital sp2
va lién két C-C bi udn cong dé tao thanh cyclopropan

1.4.2. Cyclobutan

Cyclobutan cé cau dang gay gap - cAu dang xé&p (hinh 8-2)

H H
%H MH
H HE/TJ
Sy tuong tdc gdy ra sic cingPitzer

Hinh 8.2: C4u tao khdng dong phing ciia phan t& cyclobutan

1.4.3. Cyclopentan

Cyclopentan c6 cdu tao khéng phing. Bén nguyén ti carbon caa cyclopentan
nam trén mot mat phang. Nguyén ti carbon tht 5 ndm ngoai méat phang nay.
Vong cyclopentan c6 hién tugng " gia quay " (pseudorotation) (hinh 8-3).
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H H
HXxUG 4
H Pa—
J) H 3

MO0 hinh phan ti cyclopentan Su tuong tac gay ra stc cang Pitzer

Hinh 8.3: Su bién déi clia phan ti cyclopentan
1.4.4. Cyclohexan
Cyclohexan c6 2 cau dang: dang ghé va dang thuyén (hinh 8- 4) .

Su tuong tdc g@:ra stic cing Pitze

H A
HH n— —H
H u HegH  H)-H
H —_—
H H H H
H H H H
Dang ghé Dang thuyén
Hinh 8.4

Trong cadu dang ghé& cua cyclohexan khong cé stic cang Bayer va stic cing
Pitzer, vi vy dang ghé c6 ning lugng thap va bén viing hon cyclohexan cdu dang
thuyén. Cac lién két C — H trong cau dang ghé& dugc chia thanh 2 loai.

Sau lién két C — H song song véi truc d6i xtng goi la lién két axial (a, lién
két truc).

Sau lién k&t C — H sép xép gan song song véi mit phing trung binh goi 1a
lién két equatorial (e, lién két xich dao, lién két vanh) (hinh 8-5).

’ H H
Truc doi xing

H H
—_— H
M - H H

Lien k&t axial Lién k&t equatorial

Hinh 8.5. Lién két axial va lién két equatorial
Lién két equatorial c¢6 nang lugng thap va bén viing hon lién két axial (hinh 8-6).

CH,
a

CH;
Axial o Equaterial
(a)-Methylcyclohexan (e)-Methylcyclohexan

Hinh 8.6: Su chuyén ddi lién két axial thanh lién két equatorial

98



Cac nhém thé c6 thé tich 16n va cidu tao phtc tap thudng tén tai ¢ dang
equatorial. Hgp chat thé 2 1an ctia cyclohexan ton tai cac dong phan hinh hoc.

CH,4 CH, CH; CH;4 CH,4 C CH,4
SN & O
CH,
CH, CH;

Trans1,2 Cis 1,2 Trans1,3 Cis1,3 Trans1,4 Cisl,2

Hinh 8.7: C4c déng phan hinh hoc cla dimethylcyclohexan

T cac ddng phan hinh hoc (hinh 8-7) lai ¢6 cac cadu dang khac nhau.

CHy H CH,8 CH,
& € a (5
H CH, &(‘:Hﬁ CH, w CH,
CH, H CH
& a CH3 e 3¢ a

Cisa,e H Cis e,aCHs Cisa,a Cise,e Cisa,e CH; Cisea

Hinh 8.8: Cac dong phan cdu dang cla cis - dimethylcyclohexan

Trén hinh 8-8 1 cac cdu dang cua cis-dimethylcyclohexan & cac vi tri khac
nhau. Tuong tu cling c6 cic cdu dang trans-dimethylcyclohexan (hinh 8-9)

CH
CH, i CH, 3 H
: CH
H eCHg 3 —7&CH, SCH,
CH; - H 7 CH, S
Pi e
CH H CHj € CH, H '
Trans a,a Trans e,e Trans a,e Trans e,a Trans a,a Trans e,e

Hinh 8.9: C4ac dong phan cdu dang cla trans - dimethylcyclohexan

1.5. Tinh chat héa hoc cua cycloalkan

Cac vong 3, 4 canh thé hién tinh ch&t chua no. Phan tng céng hgp va vong
bi pha va.

Cac cyclopropan khong tac dung véi kali permanganat va ozon.

2H HB Br
JANELR CH3-CH,-CHj ; /N\ Bl cHy-CHOBr /N 2 CH,Br-CH,-CH,Br

Cac cyclohexan thé hién tinh ch4t cta hydrocarbon no. Cé phan ting thé halogen
khi c6 xtc tac 14 anh sang. Khi c¢6 mit xuc tac thich hdp, cyclohexan c6 thé bi oxy héa
tao thanh cyclohexanol, cyclohexanon hoéc vong bi pha vé tao acid adipic.

Cyclohexan bi dehydro héa khi ¢6 xtc tac la Pt hoac Pd.

H Cl
H H Cl Cl
hy
+ 6Cly . + 6HCI
H H Cl Cl
H Cl
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Xic tac

> OH
Cyclohexanol Pt
O 0, | Xic tdc @ . — + 3H
e, o
L Cyclohexanon
Xuc tac
.———> HOOC (CHj)4 COOH
Acid adipic

Tinh chét dic biét cta cac hgp chit cycloalkan 1a ¢6 thé tham gia phan tng
chuyén vi dé tang hay giam d6 16n cua vong.

CH,CH, CH,
AICI; AICl3
e I CH, . —
A ; A
Ethylcyclobutan Methylcyclopentan Cycloheptan Methylcyclohexan

2. HOP CHAT DA VONG
2.1. Hgp chat da vong cd lap

Hogp chat c6 2 vong 6 1ap lién két véi nhau truc tiép hodc bdi moét mach carbon.

OO Qe

Bicyclohexyl 1,2-Bicyclohexyletan
2.2. Danh phap hgp chat vong ngung tu

Hogp chat vong ngung tu 12 nhiing hgp chat ma cac vong ¢6 canh chung v6i nhau.

10 ) 2
8 P 4 4 3 8
7 5 5 7

Bicyclo[4.4.0] decan Bicyclo[4.3.0] nonan
2.3. Hgp chat da vong c6 mach ciu carbon

Hop chat vong c6 cdu 1a hop chat khong c6 canh chung nhung cé cac nguyén
ti carbon chung cho ciac vong. Nguyén ti carbon chung 14 nguyén ti dau cau.

Bicyclo[2.2.1] heptan Bicyclo[2.2.2] octan
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C6 thé c6 hgp chit 3, 4 vong

Tricyclo[3.3.1.37] decan Tricyclo[3.3.1.029] decan  Tetracyclo [2.1.1.0 26,0 3->] hexan

Chi y: 1*7 chi rd mach c6 1 carbon va 2 carbon dau cau la carbon s6 3 va s6
7; 0% chi rd mach khong c6 carbon va 2 carbon diu cau la carbon s6 2 va s6 6.

Hé théng hgp chit da vong c6 danh phap phiic tap. Theo danh phap IUPAC,
dé goi tén hop chit da vong phai xac dinh s6 mach carbon. S6 mach carbon tuong
tng vé6i s6 vong (bicyclo, tricyclo, tetracyclo). Tim vong chinh cé s carbon nhiéu
nhat. Chon mach ciu 14 mach dai nhat tao bicyclo chinh. Panh s6 trén vong
bicyclo chinh xuét phat ti carbon dau cau va dén dau cau kia tit mach cau dai
nh&t dén ngén nhit (chd ¥ nguyén tic téng sé nhé nhat). Sau d6 xac dinh tiép cac
mach cau con lai va chi rd s6 nguyén ti carbon cé trén mach cau dé. S6 nguyeén tu
carbon trén mdi mach cau (khéng ké carbon dau cau) dudc dit trong ngodic vudng
theo thii tu ti 16n dén nhoé. Tén ctia hdp chit da vong 1a tén cua hydrocarbon cé
téng sé carbon tao vong.

2.4. Hgp chat vong spiran

Tt "spiro" ¢6 nghia 1a xodn. Hydrocarbon no loai nay chi rd cac vong lién két
v6i nhau bang nguyén tu carbon chung. Nguyén ti carbon nay goi la carbon spiro.
Co6 hop chat spiro, dispiro, trispiro .. .

Panh s6 carbon xuat phat tit vong bé va bat dau & carbon gan carbon spiro
va theo chiéu sao cho carbon spiro (carbon chung) c6 s6 bé nh4t. S6 carbon trén
moi mach dit trong ddu méc va theo chiéu danh sé.

10 1112 1
6 T X DX, (O
4 2
Spiro[3.4] octan Spiro[2.4] heptan Spiro[4.5] decan Dispiro[2.1.4.1] decan Dispiro[2.1.5.2] dodecan
BAI TAP
1. V& cac dong phéan hinh hoc c6 thé c6 cua cac ddng phan caa cyclohexan cé
CTPT CyH,s. Goi tén cac dong phan doé.
2. V& cac cdu dang c6 thé c6 cua diclocyclohexan.
3. Viét CTCT cua cac chat c6 tén goi sau:
a. Bicyclo[4.1.0] heptan; b-Bicyclo[3.2.0]heptan ; c-Tricyclo[5.1.0.0**]octan
d. Spiro [3.3] heptan; e-Spiro [4.4] nonan; f- Dispiro [5.1.6.2] hexadecan
4. Goi tén theo danh phap IUPAC cua céc chat ¢6 cong thic sau:
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Chuong 9

ALKEN - HYDROCARBON ETYLENIC
[GNHZN]

MUC TIEU HOC TAP
1. Trinh bay duoc cdu tao alken, xdc dinh déng phdn hinh hoc va danh phdp
Z -E cua ching.
2. Néu dugc cdc tinh chdt héa hoc cua alken.

Alken con goi la olefin. Chung la nhiing hydrocarbon chua no, khong vong,
trong phan ti c6 mot néi doi. Alken c6 cong thiic tong quat C H,,.

Déi v6i hop chat vong c6 mot ndi doi cé cong thiic tong quat C,H,, , va goi la
cycloalken, cycloolefin, hydrocarbon vong chua no.

1. CAU TAO CUA ALKEN

Sau nguyén ti cta phan ti ethylen ndm trong mét miat phing. Lién két o
cia C —C tao thanh do xen phu cta orbital sp® Lién két n dugc tao thanh do 2
orbital p tu do xen phu véi nhau. Mt phéng chia lién két n thing géc véi mat
phéng chiia cac nguyén ti carbon va hydro ciia ethylen. Orbital s caa hydro va
orbital sp? cia carbon xen phu véi nhau tao thanh lién két o cua H-C (hinh 9-1).

—;

SP _Csp2

Hinh 9.1: Cic nguyén tit H,C clia ethylen Lién két o tao thanh do Lién két  tao thinh
ndm trén mot mit phing 2 carbon lai héa sp? do 2 orbital p tw do
D6 dai lien két cia H-C 14 1,076 A, ctia C =C 12 1,330 A
Goc lién két H-C-H 1a 116, 6° . Goc lién két H-C=C 1a 121,70 -
2. PONG PHAN
2.1. Déng phan ciu tao

Ngoai déng phan vé mach carbon, alken con cé cac déng phan do vi tri cua
noi déi. Do d6 alken c¢6 s6 dong phan ciu tao nhiéu hon alkan c6 cung s6 carbon
tuong tng.
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Alken S6 déng phan Alkan S6 déng phan
Buten CyHg 3 Butan C4Hqq 2
Penten CgHqq 5 Pentan CgH 1o 3
Hexen CgH42 12 Hexan CgH14 5

2.2. Pong phan hinh hoc - Péng phan cis-trans

Cac nhém thé khong thé quay tu do chung quanh lién két d6i ma ton tai méot
cach tuong ddi vé hai phia cua lién két d6i. Do d6 alken c6 déng phan hinh hoc.
Hai nhém thé cung phia so v6i mét phing = thi goi 1a déng phéan cis. Hai nhém
thé khac phia so v6i mat phéng n thi goi 1a déng phan trans.

a . a c CH3\ /CH3 CH3\ /H
N / N, /7 c=C c=C
_C=C =C / /7N

b \b b Nd H H H CH,

C6 dong phan cis-trans (g ddng phanz-E Cis -2-buten Trans -2-buten

C6 thé hinh dung mé hinh phan ti 2-buten nhu sau.

= 2l

Dang trans bén hon dang cis vi dang trans c¢6 ning lugng thap. Trong dang
cis cac nhém thé ciing phia c6 tac dung diy nhau.

CH3\ B /H CH\;\C_C/CH3
AN -~ AN < CH,CH,CH=CH,
H CH, H

Trans -2-buten (74%) Cis-2-buten (23% ) 1-buten (3%)

Déng phan cis-trans ton tai khi cic nhém thé chung quanh lién két déicoa=b

Cac nhém thé chung quanh lién két déico a#b #c = d thicé déng phan Z - E.

CH;CH,CH,CH, CH; ~ CHCH,
C= C\ / = C\
/
H CH,CH, H CH,CH,CH,
Z -3-ethyl-2-hexen E -3-ethyl-2-hexen

Chu y: Cac tu cis - trans hoac Z (zusammen - cung phia) - E (eintgegen -
khdc phia) 1a cac danh phap dé chi d@éng phan hinh hoc trong cac trudng hgp
khéac nhau.

103



3. DANH PHAP
3.1. Danh phap théng thudng

Goi tén alken bang cach 1ay tén alkan c6 s6 carbon tuong tng thay tiép vi
ngt "an" thanh "ylen".

CH =CH CH_CH=CH CH_.CH CH=CH
2 2 3 2 3 2 2

Ethylen Propylen Butylen

Danh phép nay chi dé goi tén nhiing alken don gian

3.2. Danh phap ethylen

C6 thé xem cac alken don gian nhu la dAn xudt cua ethylen. Nguyén tu
hydro cta ethylen lan lugt duge thay thé bdi cac goc alkyl. Su thay thé nay cé thé
doi xting hodc khéng déi xting 6 hai dau lién két dai.

G
CH3CH=CH2 CHS—CH=CH—CH3 CH3_CZCH2
Methylethylen Dimethylethylen d8i xting Dimethylethylen khong ddi xtiing

3.3. Danh phap IUPAC
— Goi tén nhu hydrocarbon no va thay vi ngii "an" bang vi ngii "en"
— Chon mach chinh 14 mach dai nhat chtia lién két dai .

— Danh s6 carbon trén mach chinh sao cho néi déi ¢6 s6 bé nhat.

Vi tri nhanh + Tén nhanh + S& chi vi tri ndi doi + Tén mach chinh + en

1C|H3

3 4 1 2C|2H33 4 s i
CH3CH=CH, > CH3-CH=CH-CHj3 ; CH3-C=CH-CH3 ;§H3—EH—§H2—4CH2—3&—CH2—CH3
Propen 2-Buten 2-Methyl-2-buten 6-Methyl-3-ethyl-3-hepten

3.4.Danhphap Z - E

Danh phap Z- E dung dé goi tén cac dong phan hinh hoc méa cic nhém thé
chung quanh lién két d6i hoan toan khac nhau. Theo quy uéc 2 nhém thé trén 2
carbon cua lién k&t d6i c6 @6 16n nhat sdp x&p vé mot phia cia mit phing thi goi
14 dong phan Z va ngudc lai goi 1a déng phan E.

N /€ a\c_c/d

. . c=cC =
Khia>bvac>d b~ \d b~ Ne
DPéng phan Z DBdng phan E

Xac dinh do6 16n nhém thé theo quy uéc Cahn -Ingold-Prelog, danh phap R,S
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R- Rectus - bén phai, S - Sinister - bén trai

CICH,CH, C/CH2C1

C=
= AN
LN CH,CH CH,
CH; H Cl

CH,CH,( CH,CH,

Z -3-methyl-3-hexen E -1,4-diclo,2-methyl-3-(2-clorethyl) -2-penten

4. PHUONG PHAP PIEU CHE
4.1. Tach hydro halogenid tir cac dan xuat monohalogen

Cac dan xuat monohalogen no, dic biét 1a dAn xuat bac ba, khi tuong tac véi
cac dung dich base manh nhu KOH, NaOH, EtONa trong alcol va dun néng sé bi
tach mot phan ti hydrohalogenid tao ra alken tucng ting. Tuy cadu tao ctia dan
xuét halogen no, alken thu dugc c6 thé 1a mot hdén hgp dong phan va mot lugng
nhd san pham cua phan tGng thé 4i nhan 14 ether.

Su tach loai HX theo kha néng: R-I>R-Br >R-CI>R-F.
Vi nang lugng lién két: C-1 51 keal.mol-1; C-Br 585 C-C181; C-F 116

H
¢ Dung dich KOH / alcol GHs
R—CH—C—CH, > R-CH=C-CH, + HX

H X

Dung dich KOH/alcol khi dun néng da xay ra su cin bang sau:
ROH + OH®W «—— RO~ + HZO
Su tach loai HX tuén theo qui tic Zaixep.

Khi tdach HX khoi dan xudt halogen, X sé bi tdch cung vdi nguyén ti hydro
gan tai nguyén tu carbon 6 lién bén canh cé bdc cao nhdt.

Qui tic Zaixep ding ca trong hai trudng hgp tach loai E7 va Eg.
4.1.1. Phan ung tdch loai Eq 6 alkylhalogenid

Cham + -
R—CHZ—FH—CH:; —> R-CHp-CH-CHj3 + X
X

+
+ hanh > R-CH=CH-CH; + H (D)
R-CH)-CH_CH; —2n 3

L+ R_CH,-CH=CH, + H® (1)

Néu X cung tach loai véi H 6 bac cao hon sé& hinh thanh olefin (I). Olefin (I)
c6 ning lugng thap hon so v6i olefin (II) vi hiéu Ging siéu lién hgp cua CH, v6i lién
két doi C =C c6 s6 lién két C -H nhiéu hon.
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+ + H H +
R-CH,-CH-CH3 ~ =— R—CH,—CH=C}H — R—@}CH—CH3
H H

Cé6 3 lién két C-Hsiéuliénhgp  C6 2 lién két C-H siéu lién hop

H H
R—CH=CP{QDH Cé6 3 1ién két C-H ; R@Hchlz Chi c6 2 lién két C-H
(I H H (D)

4.1.2. Phan ung tdch loai E, 0 alkylhalogenid

Phan tng E, xay ra trong diéu kién c6 base manh va dung moi kém phan cuc.

EtOK
CH3CH)CH,CHBIrCH3 —— > CH3CH,CH=CHCH3+ CH3CH,CH,CH=CH4+ CH3CH,CH,CH(OEt)CH,
EtOH 41% 25% 20%

Trong cd ché E, c6 thé hinh thanh trang thai chuyén tiép sau:

HO ...H
CH3CH2&H—C=HCH3

Br® Brd

Trong trudng hop tach loai theo co ché E, (ciing nhu E;) san phdm tao thanh
tuan theo quy tic:

Khi tdach HX khoi dén xudt halogen sé thu dudc olefin c6 s6 nguyén tu H, doi
vdi lién két doi la 16n nhdt
CH,
CH3-EH-CHy~CH=CH-CH3  C6 5 H,,
CH,
CH;-CH-CH=CHCH,~CH3 C63 H,

CH,
CHy-CH-CHy-CH-CHy-CHs
X

Hiéu suat olefin thu duge phu thudc vao diéu kién phan ting .

EtOK GHy
CH3CHyCBr(CHz)y ———» CH3CH=C(CH3), + CH3CH,C=CH,
CH4),COK
&, 28% 72%
(CH3);COH
GH3OK 1105 89%
(C,Hg)3COH

Tée d6 phan ting E, phu thudc vao néng d6 cia alkylhalogenid, nong d6 base
va phu thudc vao ban chit cia nhém X.
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Phan tng c¢6 anh hudng bdi cac lién két: Lién két C—X dé bi cit ddt hon lién
két C-H.

Phdn ing c6 tinh ldp thé: Nguyén ti hydro va nguyén ti X bi tach phai luén
luén & trén cing mot mat phéng.

® CgH CGH‘F\ H H H
CgH ". o5 \f—é/ ° 5_. HBr +/C:{ = g;é 5

N\
C6H Base Br CgHs

(R,R) 1,2 -dibromo-1,2-diphenyl etan (Z) 1-bromo-1,2-diphenyl ethylen

H )—Cetis H\C T e N H H __CgHs
- — 65 c:< —
H > CHs _B”]_é/ ——> HBr + J/ B@\

AN Base CeHs CgHs CeHs

Meso-1,2 -dibromo-1,2- diphenyl etan (E) 1-bromo 1,2-diphenyl ethylen

4.2. Tach loai nudc tir alcol
C6 thé tién hanh tach loai nudc khai alcol no theo 2 phuong phap:

4.2.1. O pha Idng
DPun néng alcol v6i acid manh (H,SO,, H;PO,) hodc v61 KHSO, sé tao alken.

H2$O4
RCH,CH,OH —_— > RCH=CH, + H>O
180°C

Phan tng xay ra qua giai doan tao ester vo co sau d6 sé hinh thanh alken
hoic san phdm phu la ether .
H7S504
RCH,CH,OH —2—4» RCH,CHy0803H  +  Hy0
1400C
RCH,CH,OSO3H _ RCH=CHy +HySOy4

RCH2CH20H
RCH,CH,OSO3H > RCHyCH,OCHyCHyR + HySOy4

Déi v6i nhiing alcol bac 1 ¢é s6 carbon n > 4 thi tao hdn hdp cac alken. Vi du
khi loai nuéc khéi 1- octanol ¢6 thé tao thanh hén hgp cac alken:

H3POy4 ,A

CH3(CH;)gCH,OH CH3(CH,)sCH=CH, + CHj3(CHy)4CH=CHCH;

C6 hién tugng trén 1a do su chuyén vi cta hydro trong carbocation tao thanh.

H H H/3
CH3(CH2)6CH20H—O>CH3(CH2)6CH CH2—> CH3(CH2)5CH CH- CHz— CH3(CH2)4C H-CH,—CH3— -
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Phuong phéap nay dudc dung dé thay déi vi tri ciia chic alcol.

Alcol bac 2, bac 3 dé loai nuéc trong méi trudng acid. Phan tng theo co ché E,.

OH
é HySO4 62%
CH3CH2CH2 HCH3 95—0> CH3CH2CH=CHCH3 + HyO
Coché E,
OH +OH2

+ _ + g+
CH3CHZCH2&HCH3 E»CH3CH2CH2JZHCH3 19 cHycnycHyCHCH; Ha CH3CH,CH=CHCHj
C6 truong hop xdy ra sw chuyén vi:
CH, OH CH, CH,
Ht "\%’“ + |
CH3-|C——CH-CH3 - CH3-C— H—CH3 — CH3-C——CH-CH3

t |

H

|
|
CH, CH, CH,

.\ ?H3 CH, ?H3
+
CH3—F—CH—CH3 -H CH2=F_EH_CH3 + CH3—?=C—CH3
CH;4 CH, CH,4

4.2.2. O pha hoi

Alcol duéi tac dung ciia Al,O;3 350 - 400°C ciing tao alken theo co ché:

A1203
CH3CH20H —> CHp=CHp + H,O
300-400°C
R+
~ H
O/
I OH + R¥ TOH, T
—Al— — —Al— _ A —> _—Al— 4 alken —» __ A1, HO

4.3. Tir dan xuat dihalogen

Su tuong tac gitia dihalogen trén 2 carbon lién nhau véi bot kim loai (Zn,Cu)
sé thu dugc alken.

Cl Cl

|
RCH-CHR' + Zn —> RCH=CHR' + ZnCl,

4.4. Phuong phap dehydro hoa, cracking hydrocarbon no

Trong cong nghiép cac alken thudng dugc diéu ché bang cach dehydro héa

cac alkan dudi tac dung cla xuc tac thich hop (Vi du crom trioxyd & 450°C). T
butan, isobutan diéu ché& dugc buten va isobutylen.
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CI‘O3
CH3CH,CH,CHj3 W CH3CH2CH:CH2 + Hj;

Cac alken cting dudce tao thanh khi nhiét phanC, cracking cac hydrocarbon no.
n-CeHy4 700-800C CHy + CHy=CHp + CH3CH=CH, + Sénphdm khic
15% 40% 20% 25%

Propen 1a nguyén liéu dé san xuét polypropylen. Alken quan trong trong
cong nghiép 1a buten va ethylen dudc diéu ché bang phuong phap dehydro héa
hodc cracking nguyén liéu thu dugde tit dau mo.

5. TINH CHAT LY HOC

Ba thanh phin dau tién cta day dong déng ¢ diéu kién thuong la cac chit
khi. Cac thanh phin trung binh 1a nhiing ch4t 16ng. Cac thanh phan cao hon la
chat ran. Tinh chat vat Iy dac trung clla mot vai chat hitu co duge trinh bay trong
bang 9-1.

Bang 9: Tinh chéat ly hoc cla cac alken

Cong thife Tén goi {Ochdy | t9s6i | T§ khoi
CHp=CH, Ethylen -169,4 |-103,9 | 0,566
CH3CH=CH, Propylen -1852 | -47,0 | 0,609
CH3CH,CH=CH, 1-Buten -130,0 5,0 | 0,668
CH3CH=CHCH3 cis 2-Buten -139,0 35 | 0,635
CH3¢=CH) isoButylen -140,0 6,0 | 0,566

CH,
CH3CH,CH,CH=CH, 1-Penten -138,0 +29,9 0,640
CH3CH,CH=CHCHj 2-Penten -139,0 | +36,4 | 0,651
CH%II{{S CH=CH, 3-Methyl-1-buten | -135,0 | +25,0 | 0,648
CH3{=CHCH3 2-Methyl 2-buten | -124.0 | +384 | 0,668
CH,

Phé hong ngoai:

Lién két -C=C- alken c6 vach h&p thu gan 1650 cm -1. Tuy nhién cuong do
va tri s6 ctia vach nay con phu thudc vao cdu tao phan ti cta alken (lién hgp véi -
C=C- ho#c -C=0). Cac vach hap thu do dao dong cta lién két C -H cia nhém
-CH=CH, c6 tin s6 khoang 3100, 1420 va 915 cm -1

. Lién két doi dé bi phan cuc. Phan ti alken c6 momen ludng cuc thay déi tiuy
thudc vao ciu tao cua alken.
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TN N d A TNy M Ty
R—>CH=CH, —C& >:c :c >
H \Cl H \H H \
n=0 u= 295D u= 1,97D u= 171D

6. TINH CHAT HOA HOC

Trong lién két doi, ning lugng lién két ¢ 16n hon niang lugng lién két n. Do
chénh léch vao khoang 20 kcal.mol™. Diéu nay giai thich tinh kém bén cua lién
két m va kha nang phan tng cao cua lién két doi. Lién két do6i 1a trung tAm phan
ting cua alken. Cac phan ting quan trong nhit déi véi alken 1a phan tng cong,
phan ting oxy héa va phan ting trung hop.

6.1. Phan ing céng hop

Lién két n bi bé gay va két hgp véi hai nguyén ti hodc 2 nhém nguyén ti
méi tao hop chat no. Lién két ddi -C=C- c¢6 tinh 4i nhan. So d6 chung cta phan
tng cdng hgp vao nodi déi nhu sau:

6.1.1. Phan uing hydro hod cd xtic tdc

Cong hop hydro vao alken tao alkan. Phan tng chi x4y ra khi ¢6 xtc tac. Xuac
tac thuong dung 1a Pt, Pd hodc Ni. Phan tng tda nhiét (AHO= - 32,7 kcal.mol) .

Nec”
e + H2
N xuc tac (F\

Dang nickel hoat dong manh la "nickel Raney”. Nickel Raney dugdc diéu ché
ti hop kim nickel -nhém. Khi ché& héa hgp kim nay véi dung dich NaOH, nhom bi
hoa tan. Nickel thu dudc 6 trang thai bot rat min va dé boc chay. Nickel Raney
hinh thanh theo phan ting.

2Ni-Al + 2HO + 2H,0 —>  2Ni + 2A10; + 3H,1

Cac hgp chat ctua luu huynh, phosphor, arsen lam mat tac dung hoat héa
cua cac xuc tac. Phan ting hydro héa alken xay ra trén bé mit ctia xtc tac va theo
co ché cong hop cis.

Hy H C2H4 H M CHyrCHy  H_CH,-CH,-H
T -— —> IITTI77N777077

Bé mit xiic tic
Su cong hdp cis vao lién k&t d6i ¢6 thé trinh bay trong phan tng sau:

H;C COOH HOOC COOH HOOC, H
e’ H \ ! H3C
) H3C \ //CH3 _ 3 \ ((/\\
— V:—C\ = /C— ~CHj
H
H,C COOH H OOH

Phén tng hydro héa c6 xtc tac do Sabachiqe va Sendoren phat minh nam
1899 va trd thanh phuong phap quan trong va pho bién ctua héa hiiu co.
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6.1.2. Phan ung céng hop di dién tur (Ag)

Phén ting xay ra gitia alken va tac nhan ai dién td (electrophile). C6 2 giai
doan sau:

Giai doan I

Tac nhén 4i dién ti két hop véi carbon cta lién két d6i giau dién té n hon dé
hinh thanh ion carboni. Day 1a giai doan cham quyét dinh téc d6 phan tng.

) 8- &5t A
Y—X o+ >;\=)=Q _Chim x—%:—é/ + Y

N
Giai doan I1
Ion carboni ké&t hgp véi phan con lai ciia tac nhan tich dién Am.
+ ] |
B G T S
|

Cac tac nhan phan tng halogen X, (Cl,, Br,, I,), cac hydrohalogenid HX
(HC1, HBr), cac acid hypohalogenoc HOX (HOCI1, HOBr), nudc, acid sulfuric déu
cong hop vao lién két doi cia alken theo co ché 4i dién ti va tao thanh hop chat
no tuong ting.

+ Bry —%j_ #)—
Br By HOP cha't dibromo
+ HOCI é #
. —C —
¢l On  Hop chit clorhydrin
0" &t + H»SO
==8< 2774 _I&_ IE_ Ester ciia acid sulfuric
H OSOH
+ HCI y
- > —C—C—  Hop chit monocior
H I
+ HyO ,H*
— —&_ l&— Alcol don chiic
| OH

o Coéng hop HX
2-Methylpropen cong hop véi HCL. Trudc tién lién két doi tac dung véi
proton H ¥ tao thanh carbocation trung gian. Sau d6 carbocation két hop véi ion
clorid C1 - va tao thanh tert —butylcloid.
~ -

H—ClI

CH H CH3._ H ;

}/C=c\ — o — Se— ey
CHy H CH3 H cf H
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Alken khong dé6i xting tac dung véi proton tao thanh carbocation bén viing.

CH, CH, CHy
CH3b=CH2 + HCl — » CH3—&—CH3 khong tao thanh CH3—4:—CH2
+

H

Phan ting xay ra theo qui tic Markonikov
Cac hydrohalogenid cong vao lién két doi theo kha nang HI > HBr > HCI

Tac dung cua dung dich nuée clor hodc brom véi alken tao san phim
halogenohydrin. Trong trudng hdp nay tac nhan phan ting 1a acid hypocloré HOC1
hoac hypobroms HOBr

CH,CH,CH=CH, + HOCl —» CH,;CH,CHOH-CH,Cl (Butylen clorohydrin)

Carbocation trung gian cé thé bi chuyén vi hydro cho nén khi alken tac dung
v6i HX c6 thé tao ra hdn hop cac alkylhalogenid.

CH3CH2CH = CHCH3 + HBr
2-Penten

H N 3-Bromopentan
[cH,cH,CH, -CHCH, Br] —» CH,CH,CH, -CHBICH,

2-Bromopentan

+ -
{ |:CH3CH2CH -CH,CH, Br| —» CH,CH CHBr -CH CH,

e (Céng hop vdi nudc H,O

Hydrat héa alken 1a phuong phap quan trong dé diéu ché alcol trong coéng
nghiép. Phan ting cong hop nudc thuong xay ra trong moi truong acid. Phan ting
qua giai doan tao carbocation trung gian. Carbocation tac dung véi nude dé tao
thanh alcol.

CH,4 CH CH; CH,4
| + [ 3 + HyO | | +
CH3C=CHy + H _— CH3g_ CHj3 = CH3?— CHjy - CH3‘F— CH3+ H
*+OH, OH
Isobuten Carbocation t-Butanol

Cac quy tac dinh huéng trong phan ting cong hdp vao alken

e Quy tdc Markonikov

Trong phan ting cong hgp, tac nhan khong d6i xting (HX...) tac dung v6i mot
alken khong déi xting thi nguyén ti hydro cia HX sé tdn cong vao nguyén tu
carbon ctia néi déi c6 nhiéu hydro hon, con X sé tdn cong vao nguyén ti carbon
con lai ctia néi doi.

CH3CH=CH, + HCl— CH3?H — CHj3
Propylen Cl isopropylclorid
C6 thé giai thich theo cac trang thai ciia phan tng.
o Trang thai tinh

Trong phén té propylen do tac dung ddy dién ti ctia nhom metyl vé phia
lién két doi (hiéu tng +I va hiéu ting siéu lién hgp) 1am cho lién két nay phan cuc.
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Mat d¢ dién tu n dich chuyén vé phia nhém CH, (carbon bac th&p) va nhém nay
mang mot phan dién tich 4m &, con nhém methyl =CH mang mot phan dién tich
duong §°.

Do d6 su phan bd mat do dién ti trong phéan ti propylen cé thé trinh bay
nhu sau.

N (Y
H(I{::—»gﬁ = éi_Hz

Khi cho H*CI” tac dung véi propylen, phan cation H* (tac nhan ai dién ti) sé
tan coéong vao carbon mang dién tich 4&m § va phan anion Cl” tdn cong vao carbon
c6 dién tich duong &*.

e Trang thai dong
Vi phan tng xay ra theo co ché& cong hop ai dién ti (Ay), giai doan quyét

dinh téc d6 phan ting 1a giai doan cia H* tdn cong vao phan ti propylen. Gia thiét
c6 2 carbocation tao thanh:

H H H
+ + + +
CH3-CH - CH3 (1) H(@CH@H(I) va CH3-CHy - CHy (1I) CH3@ CHy (1)
H H H

Phan ting xay ra theo qua trinh nao 1a phu thudc vao ning lugng va do bén
cua carbocation trung gian. Carbocation cé ning lugng cang thap va do bén cang
16n khi dién tich duong trén nguyén ti carbon ctia carbocation cang dudc giai toa.

Diéu d6 xay ra khi dién tich duong cta carbon lién hdp véi cang nhiéu dién
tl o cua cac lién két C -H.

Carbocation c6 d6 bén cang 16n thi thoi gian ton tai cang lau va dé hinh thanh.

Carbocation (I') lién hop véi 6 lién két oy . Carbocation (IT) chi lién hgp véi
2 lién két o oy. Do d6 ion (I) bén va dé hinh thanh hon ion (II).

Diéu d6 giai thich vi sao khi cong hgp HCI vao propylen thi isopropylclorid
1a san phadm cht yé&u. Trén co s6 giai thich su cong hgp vao alken theo quan diém
trang thai dong, c6 thé phat biéu quy téc Markonikov nhu sau:

Phan ing céng hop di dién tiz vao alken xdy ra chi yéu qua dang ion carboni
trung gian cé6 dé bén lon nhdt

e Phdn ing céng trdi qui tac Markonikov - Hiéu iing Kharasch

Khi cong hop HBr vao hop chat c6 néi doi véi su c6 mat ciia mot it peroxyd
thi san ph4m tao thanh trai quy tic Markonikov
peroxyd
CH3CH=CH2 + HBr ———» CH3CH2—CH2BI‘

peroxyd
CH,=CHCH,Br + HBr

BrCH,—CH,>CHy

Cac peroxyd nhu dibenzoylperoxyd (CcH;CO),0,, Peracetic CH;COOOH.
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Anh hudng ctia peroxyd d6i vé6i phan ting cong hop goi 1a hidu tGing peroxyd
hoac hiéu ting Kharasch. Phan ting x4y ra theo cd ché& cong hop géc qua cac giai
doan sau:

R-O-O-R ——> 2R-O- AH = +35 kcal
R-O- + HBr—> ROH +Br AH = -23 keal
Br' + CH3CH=CH) — > CH3CH-CH,Br AH= -5kcal

CH3CH-CHyBr + HBr— > CH3CHy CH,Br + Br AH= -1k

Phan ting két thic khi cac goc tu do két hop véi nhau  Bre + Bre — Br,

C6 thé giai thich su tao ra san phadm trai véi san phdm Markonikov bing d6
bén cua goc tu do tao thanh. Khi nguyén ti brom Bre tac dung véi alken c6 kha
ning tao ra 2 goc tu do (I) va (IT). Géc tu do (I ) bén va dé hinh thanh hon ( II).
Gdc tu do (I) chiu anh hudng ctia 2 géc diy dién ti vé phia carbon mang dién tu
don doc .

—> CH3CH-CHyBr (I) = CHy—> CHe— CH,B
Br + CH3CH=CHy—

> CH3CHBr_CH, (I) = CH3CHBr—> CH,

Kha nang tao thanh va dd bén cta géc tu do gidm dan theo thi tu:

Goc bac 3> Goc bac 2 > Goc bac 1

o Qui tac Wagner

Tac nhan khong ddi xting tac dung véi alken, trong d6 hai nguyén ti carbon
mang ndi doi 1a dong bac lién két véi 2 goc alkyl khac nhau 14 methyl thi phan
anion X~ctia tac nhan sé& két hop véi carbon cia néi d6i mang nhém methyl.

CH3CHy—-CH=CH-CH3 + HBr —= CH3CH,-CHy—CHBr—-CH3

C6 thé giai thich quy tic trén theo quan niém:

— Tao carbocation trung gian bén viing.

— Giai thich theo hiéu ting cam tng va hiéu ting siéu lién hgp.
o Céng hop Halogen

La phan {ing quan trong cua lién két doi

|
>C==< + Xy > X__(E__(‘j__X Xy =Clp,Brp.)

Phan tng xay ra nhanh. Cé thé xem phan tGing nay nhu 14 mot phan tng thé

41 nhan vao nguyén tu halogen. Alken 13 tac nhan 4i nhan. Phan ti alken tin
cong vao phan ti halogen theo so d6 sau:
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~ ) Br .
ﬁ;\BrﬁBr — | + Br ; Br—l?—E<+ Br — Br—F—?—Br

PN ~C
Trén carbocation c6 nguyén ti carbon thiéu dién ti va nguyén ti halogen

c6 3 cip dién ti khong lién két. Ching c6 kha ning tao thanh ion halonium vong.

X X - Q X< X
\ +.-7 D tad . - S~ /+\ e
FK = ) /Z %\ A

Sy tao thanh ion halonium vong

Vi vay su cong hgp halogen c6 tinh 1ap thé. Anion halogen X - tuong tac véi
vong halonium tit phia ngudc véi halogen trong vong. Su cong hgp halogen thucng
tao thanh san pham trans. Piéu d6 thuong thay trong cac hgp chit vong chua no.

Br

- - Br
X b
SN I O e [ G

Cyclopenten :]_-3{
Trans 1,2-dibromocyclopentan

San pham cong hgp halogen véi alken 14 chét trung gian trong téng hdp hiiu co.
6.2. Hydroboran héa

Phan tng cta lién két doéi véi diboran B,Hg 12 mot phan {ing quan trong cta
alken. Lién két B-H cong vao lién két d6i v6i hiéu suét cao va nhanh dé tao thanh
trialkylboran

6RCH=CH, + B,H; - 2(RCH,CH,),B

6.3. Phan (ting oxy héa
Alken bi oxy héa bdi cac chat oxy héa khac nhau.
6.3.1. V6i KMnOy4

Alken tac dung nhanh véi kali permanganat KMnO,. San phdm tao thanh
phu thudc vao néng do ctia cac chat phan tng.

V61 dung dich kali permanganat lodng thi tao thanh diol canh nhau (glycol)

N e loding .\ e
3 C=c{_+ 2KMnO4 * 4H0 24 3 _C—_ + 2Mn0, + 2KOH

-~ OH OH
Phan {ing xay ra theo co ché& cong hop cis
H o /H
3 \ ~2O| H,0 OH
) o 3 [OF ] 2. O
to O O \ OH
H ‘H
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Vé6i dung dich kali permanganat dam dic, lién két doi bi cit va tao hdn hgp
ceton va acid carboxylic.

R! R KMHO4 R: I KMnO
R">C==<H — R“>C==O +HO-C-R ; RCH=CH, —3* RCOOH +CO,

6.3.2. Vdi ozon (0O;)

Phan ting oxy héa alken bang ozon tao thanh aldehyd, ceton hodc acid tity thudc
ciu tao cua alken. Phan ting trai qua giai doan tao chat trung gian 1a ozonid.

Ozonid kho6 phén riéng duge va bi thuy phan tao thanh san pham.

O
/C_C\_>> \é Cl/ “\ />
< N 0—0
Molozonid Ozonid
O
~~~ N~
C C N ~
TN _J Tt H0 T _C=0+ 0=C + Hy0y

C6 thé dung phan tng nay dé xac dinh ciu truc caa alken.

CH;  _CHCH; 05 CH3\C/O\ .CH,CH,4
CH/ —Q > CH»;/ \ / \H E— CH3—E—CH3 + CH3CH2CHO + H202
3 H > 0 H>O o)

Ozonid
6.3.3. Vdi cdc peroxyd
Alken bi oxy héa bing cac peracid. San pham tao thanh I cac oxiran (epoxyd)

0
C6H5\ H
H/c:< + CH3COO00H —» CgHs --C C-H *+ CH3COOH
CoHs H CeHs

Trans-Stilben Trans-2,3-diphenyl oxiran

I(é)OOH CH £\ COOH
3(CHp)3CH—CH),
— 1-butyl oxiran +
CH3(CHp)3CH=CH,  + a 1-2-epoxyhexan c
1-Hexen Acid 3-cloro peroxybenzoic ~ 1-oxydhexen Acid 3-cloro benzoic

6.4. Phan ung trung hgp (phan (rng polymer héa)

Phan ting trung hop cac alken hoic cac hgp chat chua no khéc c¢6 tam quan
trong dac biét trong cong nghiép héa hoc. C6 thé c6 s6 d6 chung nA — (A)y,.

A '1a cac monomer, (A) n la chat cao phan ti (polymer), n 12 hé s6 trung hop.
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Tuy theo ban chat va diéu kién phan ting, su trung hop xay ra theo cac co ché
khac nhau. Polymer tao thanh c6 ciu tao khac nhau va hé s6 trung hgp khac nhau.
Co ché phan ting trung hop c6 thé 1a co ché goc, co ché ion (anion hoic cation)

6.4.1. Phan ung polymer hoa theo co ché géc tu do
Xay ra qua céc giai doan.
. Su tao goc tu do:
Y+ CHy=CH, —» Y-CH,CH,

. Su phat trién mach:

Y-CH,CH, + CHy=CHy —3%  Y_-CH,CH»-CH,CH, —3 Y-(CH,CHy);-CH,CHj

. Su két thic phan tng:

Y-(CHQCHz)n-.CH2CH2 —» Y-(CHyCH»),-CH>CH3+ Y-(CHyCHy)n-CH=CH;
Y—(CHzCHz)n-.CH2CH2 —> Y-(CH2CH2)n-CH2CH2CH2CH2-(CH2CH2)H-Y

6.4.2. Phan ung polymer hod theo co ché cation
C6 cac qua trinh
. Qua trinh tao cation: (CH,),C=CH,+ H* —» (CH,),C*
. Qua trinh phat trién mach polymer.
« Qua trinh két thic
« Trong qua trinh trung hgp c6 cac dimer, trimer dudc tao thanh

CH
cham + I
(CH3)2C=CHy —3 (CH3)3C-CH,-C(CH3)y —» (CH3)3C-CH=C(CH3)p+ (CH3)3C-CH;-C=CH,
20%
80%

6.4.3. Phan uing theo co ché anion
Xuc tac tao anion thudng la cac hdp chit co kim.
(CH,),” Li* + CH,=CH, - (CH,),C-CH,-CH, Li*

Hén hop gom R,Al + TiCl, goi 1a xtc tac Zigler -Natta dudc st dung trong
phan ting polymer héa theo co ché anion.

Cac polymer thuong gap: Polyethylen (PE), Polypropylen (PP), Teflon X-(CF-
CF),-Y, Polystyren.

6.5. Phan ung thé
6.5.1. Thé 6 vi tri allyl

Tuy theo c4u tao su thé vao vi tri allyl xay ra 6 cac diéu kién khac nhau
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500-600°
CH3-CH=CH, + Cl, ——— CICH,-CH=CH, +HClI

Nhiét do phong
CH3—C|:=CH2 + C12 —_— > CICH2—|C:=CH2 +HCl
CH, CH,

Phan ing xdy ra theo co ché nhu sau:

CH3—F=(§H2 + c1@ — CH3_J¢_CHZC1 +ClI

CH; CH,
+ d
+ -H | CH2=|C_CH2C] San pham chinh
CH;-C-CH»Cl
CH,4 Cl
+CI CH3—¢—CH2C1 S4n phim phu
CH,4

6.5.2. Thé vao vi tri vinyl

X3y ra ¢ diéu kién khoé hon su thé& vao vi tri allyl. Nguyén ti hydro lién két véi
carbon cé néi ddi (goi 1a hydro vinyl) bang lién két oqy. Lién két ooy ¢6 ning lugng
lién két 16n hon nhiéu so véi cac lién két C — H khac. Phan ting theo co ché goc.

200-600°

CHy=CHy + Cly CHy= CH-CI + HCI

Su thé ¢ vi tri allyl con thé hién qua phan t@ng tu oxy hoa

Cac alken dé xay ra phan tng oxy héa tai vi tri allyl va tao thanh cac
peroxyd. Su oxy héa xay ra & nhiét d6 thuong va bang oxy khong khi. Phan tng
nay la nguyén nhan cac dau, md bi oxy hoéa.

CH3CH2CH2—CH=CH2 + Oy — > CH3CH2?H—CH =CHp
O-O-H

7. CHAT DIEN HINH

Chat khi khong mau, khong mui, hau nhu khong tan trong nuéc, héa 16ng 6
-105°C. Ethylen chay cho ngon ltia sang hon metan, tao thanh CO, va hai nude

Hoén hgp ethylen va oxy né manh vi phan tGng d6t chay téa nhiéu nhiét, c6
thé dung hén hgp nay dé céit han kim loai nhu acetylen.

Ethylen két hgp véi nudc tao alcol ethylic.

Ethylen tac dung v6i dung dich clor trong nudc tao ethylen clorhydrin va tu
clorhydrin c¢6 thé diéu ché ethylen oxyd
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Cly KOH

CH,—CH, ——>» CH,—CH, — CH,—CH,
HO 4 om 0
ethylen clorhydrin ethylen oxyd

Ethylen tac dung v6i benzen xtc tac AlCl; tao ethylbenzen, tu ethylbenzen
tao styren diing san xuét polystyren va cao su tong hgp BuNa -S.

AlCl, H,
@ + CHy—CHy; ——> CH,CH; —> @— CH = CH,

ethylbenzen styren

Trung hgp ethylen tao polyethylen 14 hgp chat cao phan ti c6 nhiéu tng
dung trong ky thuat va doi séng

Ethylen cé t:élc dung kich thich sy hoat dong cua cac enzym lam qua mau
chin, dugc ding dé ddm chin qua xanh nhu ca chua, chudi . . . § néng dd rat loang.
BAI TAP
1. Viét cong thiic cau tao cua cac chit sau:

a. 3-Methyl-1-penten; c. 2,2-Dimethyl-3-ethyl-1-octen.

b. 2,4-dimethyl-1-penten,; d. Dipropylethylen khong déi xting.

e. Diisopropylethylen d61 xting.

Goi tén theo IUPAC cua cac chat c6 CTCT duéi day:

cl
|
CH3\C JCHy . BrCH, ~ CHC(CHy);  CH,CH,CHCH, ~ H 4. c,=¢
a- X=C > b- A=K ;e A= T CH,CH,CH(CH
H CHZCH3 CH3 CHg H CHZC H3 2072 ( 3)2

_CH,CH,Br

2. Khi dun néng 3- bromo-2-methyl pentan véi kiém rugu thu dugec mot
hydrocarbon chua no. Viét phuong trinh phan tng. Trong cic diéu kién 4y sé
nhan duge hydrocarbon nao, néu di tu:

a. Isobutyl iodid. d. 4- Bromo-2,2 -dimethyl pentan.
b. 2-bromopentan. e. 2- Bromo-2-methyl butan.
c. 3-cloropentan.

3. Nhiing hgp chit nio dugc tao thanh khi oxy héa cac chat duéi day bang dung
dich KMnO, loang ¢ nhiét do thap:

a. 2-Hepten.  b. Metyl isopropyl ethylen d61 xting.  c. Trimethylethylen.

4. Hay viét CTCT cta cac hydrocarbon ethylenic biét rang ozonid ctia ching bi
thuy phan trong méi truong acid thi tao thanh cac chat:

a. Formaldehyd HCHO va aldehyd methylacetic CH;CH,CHO
b. Aceton va aldehyd propionic CH,CH,CHO
c¢. Methylisopropylceton CH,COCH(CH,), va formaldehyd.
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Chuong 10

ALKYN - HYDROCARBON ACETYLENIC
(cNHZN-Zl

MUC TIEU HOC TAP
1. Trinh bay duoc cdu tao va goi tén cdc alkyn.
2. Néu dugc cdc tinh chdt héa hoc cua alkyn.
3. Viét duoc so dé cdc phdn ing chuyén héa tao thanh sin pham.

Alkyn hodc hydrocarbon acetylenic 1a hgp chit khong vong chua no ¢6 chta
mot lién két ba ting véi cong thic chung C, H,, .,

1. CAU TRUC DIEN TU

Alkyn 1a nhiing ch4t chta lién két ba -C=C-. Nguyén ti carbon ctia néi ba 6
trang thai lai hoa sp. Lién két ba gom mot lién két o va 2 lién két n. Lién két o
C-C dugc tao thanh do sy xen phu véi nhau cua 2 orbital lai héa sp cta carbon.
Su xen phu cua orbital lai héa sp cua carbon v6i orbital s ciia hydro tao thanh
lién két o C-H. Lién két © ctia alkyn dugc tao thanh do su xen phu tiing déi mot
cta cac orbital p tu do ctia nguyén tu carbon lai héa sp. Hai lién két n ctia alkyn
nidm trong 2 mit phing thing géc véi nhau.

T - -
#F5K o5 Cs O
Carbon lai h6a sp  C4c electron p tu do ctia carbon 2 orbital p tu do ciia carbon  orbital s ctia hydro

Acetylen ¢6 c&u tao thdng. Do dai lién két C =C (1,24 ) ngén hon lién két C -C.

Lién két C -H (1,06A) ngén hon lién két C -H trong ethylen (1,083) va trong
etan (1,104 ). Hinh duéi day mé ta su tao thanh lién két ba:

0
0
1,20 A e}
I,QA / Hyg Csp CS%FCSp Hlsﬂcsp
wegeon (02O <)
C C H
180 ° H
D6 dai va géc lién két Su tao lién k€t o trong phn ti acetylen Su xen phi ctia cdc orbital p

Ndng luong kién két:

Déi véi lien két ba 14 199,6 kcal.mol ™, ctia lién két doi 1a 145,8 kecal.mol ™! va
cua lién két don 1a 82,6 kcal.mol™'. Mat do dién ti © tap trung chu yéu & khoang
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gitia hai hat nhan cta 2 nguyén ti carbon. D6 Am dién cua carbon lai héa Csp >
Csp? > Csp®. Diéu d6 giai thich kha ning phan tng cong hop 4i dién ti cua lién
két ba kém hon so véi lién két doi.

2. DANH PHAP VA PONG PHAN

2.1. Danh phap IUPAC

Céac alkyn déu c6 tan cung 14 yn. Mach chinh 1a mach dai nhat c6 lién két
ba. Danh s6 mach chinh sao cho lién két ba c6 s& nhé nhat.

Vi tri nhanh + Tén nhanh + Vi tri lién két ba + Tén mach chinh + yn

CH
4 372 1 1

CH;
- 2 5 6l 77
CH3—CH—CECH 3-Methyl-1-butyn, CH,—C

3 4
C-CH,-CH,~CH-CH, 6-Methyl-2-heptyn

2.2. Danh phap hgp ly - Danh phap acetylen

Cac alkyn don gian dugc xem nhu dan xuét clia acetylen
CH,C=CH Methyl acetylen
(CH,),CHC=CCH, Methylisopropylacetylen

F,C-C=CH Trifluoromethyl acetylen
2.3. Tén cac gdc
-C=CH Etynyl CH,;C=CH Propynyl CH,.C=C-CH,- 2-Butynyl

Dc=CH Etynylcyclopentan - <:>—CECCH3 Propynylcyclohexan
- Cyclopentylacetylen Methylcyclohexylacetylen

2.4. Dong phan

Cac alkyn c6 déng phan cdu tao vé mach carbon va déng phan cé vi tri ctia
néi ba . Khac véi alken, cic alkyn khong c6 ddng phéan 1ap thé.

3. PHUONG PHAP PIEU CHE
3.1. Tach loai 2 phan t& HX tir hgp chat gem va vic -dihalogen
Nguyén tac: Tt gem dihalogen - — -C=C- + 2HX
Tw vic -dihalogen - CHX-CHX- — -C=C- +2HX
Phan @ng xay ra qua 2 giai doan:

-CBrp-CH>- Nhanh Cha
——> _CX=CH- ==
-CHBr-CHBr-
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Su tach loai xay ra khi c¢6 mat cia KOH hodac NaOH trong alcol va nhiét d5 .

Icol
cH,cH cHBr, KOMTCO oy c=cH + 2 1B

tO
B
Br, |r ]|3r KOH alcol
CHCH=CHCH, ———> CHCH-CHCH, — o > CgHsC=C-CHs +2HBr
ete 6577-81%) 3 t (66-69%)
Stilben 1,2-Dibrom-1,2-diphenyletan Diphenylacetylen
Br Br

[
— cHcH-cH, RO oy c=cH 4 omBr
Methylacetylen

CH,CH=CH, + Br,
1,2-dibromopropan

Propen
Natri amidid NaNH, 14 mét base manh c6 thé st dung dé tach HX trong

phan ting diéu ché cac 1-alkyn.

RCX5-CHj
NaX NaNH2 - +
RCHX-CHy X + 2NaNH, NaAL R_C=C_H ——> R-C=C-Na + NH3
- NH3

RCH,-CHX»

R-C=C-Na' + H,0 —»  R.C=C-H + NaOH

Phan ting tach HX trong diéu kién c6 mdt base manh va nhiét @6 thuong cé6
thé xay ra su chuyén vi cia néi ba.

o
KOH alcol t CH,-C=C-CH,

CH,;CH,-C=C-H
2-Butyn

1-Butyn

3.2. Phuong phap alkyl héa acetylen
Anion acetylid 12 mot tAc nhan 4i nhan manh (mot base manh) dé dang tac
dung véi alkylhalogenid dé tao thanh alkyn c6 mach carbon dai hon.

RX
H-C=C-H +Na —> H-C=C-Na +—> H-C=C-R +NaX

+ CH3CH21
—>  CH;-C=C-CH,CH;5 + Nal

CH;-C=C-H + Na —> CH;-C=C-Na
2-Pentyn

Propyn
C6 thé st dung natri amidid dé tao acetylid trong phan ting alkyl héa acetylen.

n-C4HqBr _
479 CH,(CH,);-C=C-H

NH3_(10n§) H-C=C-Na H 1 (89%)
exyn- 0

_C=C_H + NaNH
H-C=C-H 2 -330C Natri acetylid

3.3. Tir hgp chat tetrahalogen
Céc hop chit c6 4 halogen gén trén 2 carbon canh nhau tac dung véi bot Zn
kim loai trong diéu kién thich hgp cling tao dugc lién két ba.
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X X
|

R—F—?—R' + 27Zn —> R-C=C-R' + 27ZnX,
X X

4. TINH CHAT LY HOC

Su tao thanh lién két o C-C= dugc tao thanh do xen phu cua orbital lai héa
Csp?® cua metyl va orbital lai héa ctia carbon acetylenic . Mot orbital sp cé tinh
chat cta orbital S nhiéu hon orbital sp®. Két qua la lién két c6 chénh léch vé do

am dién. Mat d6 dién ti trén lién két o C—C= 1a khong doéi xting va xuit hién
momen ludng cuec.

CH,CH,C=CH (sp®’va sp) CH,CH,CH=CH, (sp® va sp?) CH,C=CCH,
u=0,80D u=0,30 D u=0

Hop chat alkyn khéng c6 dong phan hinh hoc nhu hgp chat alken vi acetylen
c6 ciu truc thing.

Mot vai tinh chat vat 1y cta alkyn duge trinh bay & bang 10-1.

Bang 10: Tinh chat vat ly clia cac hgp chat alkyn

Hop chat t° soi t° néng chay Ty khai
Etyn - 84,0 - 89
Propyn -23,2 -102,7
Butyn-1 8,1 -122,5
Butyn-2 27,0 -32,3
Pentyn-1 39,3 -90.0
Pentyn-2 55,5 -10,0
Hexyn-1 71,0 -132,0 0,7152
Hexyn-2 84,0 - 88,0 0,7317
Hexyn-3 81,0 -105,0 0,7231
Phenylacetylen 143,0 -43,0
Diphenylacetylen 300,0 -63,5

5. TINH CHAT HOA HOC
5.1. Tinh acid cta alkyn

Lién két C -H phan cuc manh vé phia carbon ctia lién k&t ba "C=C>«H" lam
tang momen ludng cuc cua lién két va tiang kha ning tdch hydro duéi dang
proton. Do d6 tinh acid ctia acetylen 16n hon so véi etylen va etan.

Gia tri pKa cia mot s6 chat sau day:

Hgp chét H,O Alcol Acetylen NH, Ethylen Metan
pKg 15,7 16-19 25 35 44 50
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CH3- CH4
Luyc base CHy=CH ~ CHy=CH, Luc acid
HC=C- HC=CH

Tinh base cua cac anion khic nhau vi nguyén tti carbon mang dién tich 4am 6
cac trang thai lai héa khac nhau.

H H
N NS =
Hc< ) — Hc=c )
/C \sp3 /C C\ ~ Sp2 A sp
H H H
Anion methyl Anion vinyl Anion acetylid

Cac alkyn c6 ndi ba 6 ddu mach (cac 1- alkyn) ciing rat dé tao carbanion khi
tac dung véi anion amidid trong amoniac 16ng.

R-C=C-H +NHy" == R-C=C" + NH3

Céac carbanion RC =C-, CH,=CH- va H,C" c6 d6 bén khac nhau.
e Nguyén ti hydro trong lién két =C—H con thé hién cdc phdn tng sau day:
— Acetylen va 1-alkyn tac dung véi kim loai kiém, CuCl trong amoniac,
AgNO; trong amoniac déu tao thanh acetylid hosc alkynylid kim loai.
R-C=C-H + AgNO, +NH, —= R-C=C-Ag + NH,NO,
R-C=C-H + Cu(Cl +NH3 — R-C=C-Cu + NHyClI
— Acetylen cOng hogp véi aldehyd formic nhu 14 mot tac nhén ai nhén.

H-C=C-H + 2HCHO — HOCH,-C=C-CH,0OH
Aldehyd formic 1,4-Butyndiol

— Alkyl lithium tach proton khoi alkyn.
CH,(CH,),C=CH + n-C,H,Li -» CH4(CH,),C=CLi + n-C,H,,
5.2. Phan g cdng hop
5.2.1. Céng hop voi hydro
Alkyn tac dung v6i hydro c6 xic tac tao thanh alkan

Pt (Pd, Ni
R-C=C-R' +2Hp EGEEND

R-CHyCHy-R'
Phan ting thuong xay ra 2 giai doan. Giai doan mot toa nhiét hon giai doan hai.
HC=CH +H, — CH,=CH, AH =-41.9 kcal mol-1

H,C=CH,+H, — CH,CH, AH =-32,7 keal mol-l
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Su hydro héa c6 thé ding lai & giai doan tao alken khi dung xtc tac da dude
lam giam kha n#ing hoat héa mot phan. Héon hogp xic tac d6 14 Pd—CaCO,, Pd-
BaSO,-Quinolin.

Pd-BaSOy4 CzHS\C_ _C,H;

CH,CH,-C=C-CHCH; + Hy  ~oroom 0 "

3-Hexyn cis-3-Hexen

Su cong hydro ciing c6 thé xay ra khi st dung natri kim loai trong amoniac 10ng.

Gy /
Na/NH3(16 N —
C,H,C=CC,H, a/NHz(long)  NH,OH H/C—C\C "
4
5-Dekyn Trans- 5-deken

5.2.2. Phan ung céng hop i dién tu

Phan ting cong hop ai dién ti x4y ra tai lién két ba theo 2 giai doan va
tuan theo qui tdc Markonikov. Céc tac nhan cong &i dién ti c6 thé 1la X,
(halogen), HX, H,O0.

+X
Re=cR X2, Rex=CxR T2+ Rex,—CX,R'
+HX

RC=CH RCX=CH, RCX,—CH;

Khi cong hgp vao néi ba, carbocation dang vinylic R -C*=CH,, dugc tao thanh
va dé dang tac dung véi cac tac chat 4i nhan cé trong moi trudng phan dng. Vi du
su tao thanh vinyl clorid:

CH=CH + H* - CH,=CH™; CH,=CH* + CI- - CH,=CHCI

+CI-

+
HC=C—CH=CH, + H* — H,C=C—CH=CH, H,C=CCl—CH=CH,

Phan tng cong hdp véi nude c6 xdc tac xay ra qua giai doan tao chit trung

gian enol. Enol khéong bén dé bi chuyén vi dé tao thanh aldehyd hoéc ceton .

(@)

HgS04-H,S0, H"y I

R—C=C—H + Hy0 ———= [R—'C:CHJ — R-C—CHj,
1- Alkyn Dang enol Ceton

0
= HgSO,4-H,SO I
CHy—C=C—H + Hy0 224 727% ¢y —C—CH,
1- Hexyn Methylbutylceton

5.2.3. Cong hop ai nhan

Khac véi alken, cac alkyn tham gia phan tng cong hgp v6i cac chdt 4i nhan
nhu alcol, amin, acid carboxylic, amid, HCN dé tao thanh cac hdp chat tuong tng.
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ROH
RoNH

H,C=CH—OR Ether vinylic
H,C=CH—NR, Vinyl amin
RCOOH

H-C=C—H H,C=CH—OCOR  Ester vinylic

| RCONH) H,C=CH—NHCOR Amid

HCN H,C=CH—-CN Acrylonitril

5.2.4. Phan ung carbonyl hod vao lién két ba

Khi cé xic tac 1a cac carbonyl kim loai va ap suét, acetylen tuong tac véi hon
hgp gdm carbon oxyd (CO) va cac chat c6 hydro linh dong (nuéc, alcol, amin bac
mdt va hai) thi tao cac chit nhu acid, ester, amid...

CO+HO_ H,C=CH—COOH Acid acrylic

+ H
H—C=C—H €0+ RO >

H,C—CH—COOR Ester acrylat

+
CO RzNH, HyC—CH—CONR; Amid cuya acid acrylic

5.2.5. Phan ung vdi diboran B,H;

Alkyn tac dung diboran & 0°C tao cac ch4t trung gian trivinylboran. Khi c6
mat cua acid acetic thi tao thanh alken ¢ dang cis.

1

R R 3 CHACOOH e
3R—C=C—R' + %B2H6 _,(H/C:C/ >3B 3 _C=C__

AN H

H
A=

H
3 = 1 ReerH) B 3 cHzcOOH RS =
R—C=C—H + 7B2H6 . /C_C\ 3 q
H
Phan tng ciing c6 thé xay ra véi bor dialkyl va theo cd ché cong cis
CH,CH,—C=C—CH,CH, CH3CH2} _CH,CH; CH3CH2\C: <
R | 0°C

B
R cis 3-Hexen (90%)

CH,CH,

H

Lién két C-B trong hop chat vinylboran dé bi oxy héa bdi nudc oxy gia
(H,0,) dé tao thanh enol va sau d6 chuyén vi thanh aldehyd ho#c ceton.

BoH Hy0p CiHo — H
C,H,C=CH —=% = C4HgCH,CHO

OH- H™ 0) Hexanal
1-Hexyn
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5.3. Phan ung trung hgp

O cac didu kién thich hop vé xdc tac, nhiét do va ap suit, cic alkyn c6 thé bi
nhi hop, tam hgp dé tao thanh cac chit tuong dng.

Cu(NH»)»Cl

2 HC=CH M HC=C—CH=CH, Vinylacetylen
Carbon ,600°C

3HC=CH © Benzen

O 200 - 300°C khi ¢6 bot déng lam xtc téc, acetylen bi trung hdp tao polyacetylen
con goi 1a chat cao phan ti Cupren.

0
nHC=CH 200-3009C
u

—CH=CH; Cupren hay viét (CH)n

6. CHAT DIEN HINH
Acetylen C,H,

Diéu ché
— Thuy phan carbur calci (dat dén)
CaC, + 2H,0 — HC=CH + Ca(OH),

— Tu khi thién nhién: Phan tng quan trong trong cong nghiép dé diéu ché
acetylen la dién cracking va cracking oxy héa nhiét metan.

+ Dién cracking:

Cho CH, di qua céc dién cuc, dién thé mot chiéu 8000V, nhiét d6 phan tng
1600°C, toc dd dong khi 1000 m /s. Hén hop khi thoat ra duge 1am lanh ngay.

2CH, — HC=CH + 3H, AH%q4s = 91 kcal/mol

Hoén hgp khi chita 13% acetylen

+ Cracking oxy héa nhiét

6CH, + 40, — HC=CH + 8H, + 3CO + CO, +3H,0

Ty 1¢ CH,: O, = 1:0.65. Nhiét d9 16 phan ting 1500°C, tdc d¢ khi di qua 16
rat 16n. Lam nhanh sé& thu dugc hén hgp khi v6i khoang 8% acetylen.

Tinh chdt va ng dung.

Acetylen 1a ch4it khi khong mau, nguyén chit khong mui, nhe hon khong
khi, it tan trong nudc, tan nhiéu trong cic dung méi hiiu co nhu alcol, ether, tan
rat nhiéu trong aceton.

Acetylen khéng bén vé méit nhiét dong, né c6 thé bi phan huy tao C va H,
kém theo hién tugng nd. Phan ting nd tod nhidu nhiét, AH g = -54.9 kcal/mol,
nhiét d6 khi ldc d6 1én téi hang ngan do.
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Acetylen chay trong khéng khi cho ngon lia sang, tao CO, va nudc, nhiét
lugng téa ra rat 16n. Khi dung hén hgp C,H,-O, lam khi han, cit kim loai mau,
muén han tét phai dung khi tro (Argon) dé oxy khoéng tiép xuc truc tiép lén bé
mat kim loai han.

BAI TAP
1. Viét cong thtc cau tao ctia hydrocarbon sau:

a- 2- butyn; b- 2- methyl-3-hexyn; c- 2,2,5-trimethyl-4-hexyn; d- isopropylacetylen.

2. Goi tén nhiing hgp chit sau:

GHs CH;  CH,
a- CH3- i CH2 CHp- FH ;b CH3—|b{EC—§—CH3 ; c- D—CECH
HC= CH; CH3-CHp CH;

3. Viét phuong trinh phan ting gitia dung dich kiém - rugu du véi cac chat duéi day:
a- 1,1- dibromobutan;
b- 2,2- dibromo-3,3- dimethylbutan;
c- 2,2- diclopentan
4. Viét phuong trinh phan tng gitia B,Hs-H,0, - OH" véi cac chat sau:
a- 1-butyn; b- 2-butyn; c- 2- pentyn; d- methylisopropylacetylen.
5. Viét so @6 phan ting cla acetylen v6i nhiing chat sau:
a- alcol ethylic;
b- acid cyanhydric;
c- aldehyd formic;
d- aldehyd acetic;

e - aceton .
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Chuong 11
AREN - HYDROGARBON THOM

MUC TIEU HOC TAP
1. Gidi thich cGu tao ctia nhén thom.
2. Goi tén dudc cac hydrocarbon thom.

3. Trinh bay cdc tinh chdt héa hoc ctia benzen: co ché Sy,

Aren hay 1a hydrocarbon ma trong phan ti c6 mit cia mot hay nhiéu nhan
benzen. Aren con goi la hydrocarbon thom - hydrocarbon huong phuong

1. BENZEN VA NHAN THOM
1.1. Cau tao benzen

Benzen c6 cong thiic phan ti CgHys. Nam 1825 1an dau tién Faraday M. phat
hién benzen trong khi d6t. Nam 1834 Mitscherlich E. A. diéu ché& benzen ti acid
benzoic thu dudgc tit cAy Styrax benzoin. Nam 1845 Hofmann tim thay benzen
trong nhua than da. Benzen c6 mot s tinh chat dic trung goi 1a " tinh thom ".
Dé giai thich tinh ch&t dic trung d6 cAc nha héa hoc da dua ra cac dang cong thic
cau tao cua benzen.

1.1.1. Cdc dang céng thitc cé dién

0=0 g ¥ @ O O

Kekule Closs Ladenburg Amstrong Dewar Thiele

Cac cong thiic trén khong gidi thich day du tinh chat héa hoc dic trung ctua
benzen. Coéng thiic benzen theo Kekule c6 3 lién két doi suy ra benzen dé tham gia
phan ting cong hop hon phan ing thé va benzen khéng bén véi tac nhan oxy hoéa.
Trén thuc t& benzen dé tham gia phan tng thé, khé cong hop va rat bén véi cac
ch4t oxy hoa.

Cac cong thiic Closs, Ladenburg, Amstrong, Dewar va Thiele déu chua thoa
man diy du cac tinh chat héa -ly ctia benzen nhu do dai lién két va kha ning
phan ting.
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1.1.2. Khdi niém hién dai vé cdu tao benzen
Bing cac phuong phap vat hién dai: phuong phap Ronghen, quang phd va
nhiéu xa dién ti, cdu tao cua ben zen da dudc xac dinh nhu sau:
. Benzen c6 cdu tao vong phing, 6 nguyén ti carbon va 6 nguyén td hydro
déu nam trong mot mit phang. Vong benzen hoan toan d6i xtng.
. Khoang céich giiia cac nguyén ti carbon trong vong déu bing nhau 1,398 A
14 dai lugng trung gian gitia d6 dai lién két don thuan tay va (1,54) va lién
. . N .~ , A , N A N N
két doi (1,35A ). Goc gitia cac lién két C—C-C va C-C-H déu bing nhau va
c6 gia tri 120° (hinh11-1 a)

Hinh 11.1:

Lién két n

H)I 200

H H
¢1,3‘98A ‘

H =7 H o

H

a b c

GO6c va do dai Sy xen phi cdc orbital Cdc orbital ptwdo  Xen pht cédc orbital p ty do

lién k€t tao lién két 6 C-C va 6 C-H  trén cdc nguyén ti carbon v tao lién két r

e MBbi nguyén ti carbon tao 3 lién két 5. Trong d6 c6 2 lién két ¢ do su xen phu
ctua 2 orbital lai héa sp? giiia carbon—carbon bén canh nhau. Con moét lién két o
gitta C-H do xen pht cta orbital lai héa sp? ctia carbon va ctia orbital s ctia hydro
(hinh11.1b).

. Trén mdi nguyeén ti carbo con mét orbital p chua lai héa.
. Truc cac orbital nay thdng goc véi mit phing ctia vong benzen (hinh 11.1c).

Tat cad cac orbital nay xen phu lan nhau tao thanh mot orbital phén ti =
chung duy nhat (hinh 11.1d). Nhu vay cac orbital p trong vong benzen da lién hgp
v6i nhau thanh mot hé théng lién hop hoan chinh. Do hé théng lién hgp nay ma
khoang cach gitia cac nguyén ti carbon trong vong benzen hoan toan déng nhat.

Benzen tré nén bén viing, khé tham gia phan tng cong hdp, khé bi oxy héa va dé
tham gia phan ting thé. Tinh chat dic trung nay ctia benzen goi 1a "tinh thom".

Vay: "Tinh thom " 14 kha ning cia mot hgp chat: D& cho phan ting thé, kho
cho phan ting cong hop va phan ting oxy héa

C6 thé tugng trung cong thiic cAu tao ctia benzen nhu sau:

Q O 9 €
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1.2. Ning lugng cdng hudng cua benzen

Néu dehydro héa cyclohexan dé tao thanh cyclohexatrien phai cdn nang
lugng 81,4 kcal.mol™'. Néu chuyén héa cyclohexan thanh benzen thi chi cAn mot
ning luong 12 49,3 kcal.mol™.

Diéu d6 khéng dinh ring benzen khong phai 1a cyclohexatrien.

Hé thong lién hgp hoan chinh ctia benzen 1a nguyén nhan giam ning lugng 6
trén. Hiéu s6 ning lugng ctia 2 truong hgp trén goi 1a ning lugng cong hudng cua
benzen (hay con goi nidng lugng thom hoéa, nang lugng lién hgp) Ag = 81,4-49,3 =
32,1 kcal.mol™ (hinh 11-2).

Nang luong cong hudng _4 _______ ©

-1
-30 kcal mol / 0 -
AH = -24,5 kcal mol !

o-{T.5

AH = 26,5 kcal mol !

0o -
AH = -28.4 kcal mol

0 -1
AH = -49,3 kcal mol

1

Hinh 11.2: Gian d6 nang lugng cong hudng cla benzen

1.3. Nhan thom

Benzen 12 hop chat c6 tinh thom co ban nhat .

Nhiing hop chat khéc c6 cdu tao vong phéng, chua no va lién hgp c6 s6
electron p tao hé thong lién hgp théa man voi cong thic Huckel 4n+2 déu cé tinh
thom tuong tu benzen. Trong cong thiic Huckel, n 14 s6 tu nhién n = 0,1,2, 3...
Nhiing phan tt ho#c ion théa mén céng thiic trén goi 1a nhdn thom. Céac ion c6 thé
la carbocation hoéc carbanion.

Vi du: Vé cac nhan thom véi cac gia tri n khic nhau.
+

- A
2 electron Cation cyclopropenyl
S |
n=1 | .
6 electron N/ ITI
Anion Cation T H
Toluen cyclopentadienyl cycloheptatrienyl ~ Pyridin Pyrrol
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n=2
10 electron

Anion Dianion
Naphthalen cyclononatetraenyl cyclooctatetraen

Cyclooctatetraen khong c6 tinh thom; khéng phai 12 nhan thom vi
cyclooctatetraen chi cé 8 electron va khong c6 cdu tric phang (khéng lién hgp).

2. DANH PHAP VA PONG PHAN

Néu thay thé mot hay mot s6 nguyén ti hydro trong phan ti benzen biang
mét hay mot s6 goc alkyl thi thu duge cac ddng déng cia benzen. Cac dong ding
benzen dugc goi tén bang cach goi tén goc alkyl theo thi tu ti don gian dén phtic
tap c6 kém theo vi tri trén nhan thom va cudi cing thém chii benzen.

Vi tri nhdnh + tén nhanh + benzen

C CH,-CH ' s GHs

Hy ,—CH;, CH,CH,CH ] |

©/ @ ©/ 2 2 3 CH—CH3 CHZCHCH3 (Ij_ CH3
i: CH,4

Toluen Ethylbenzen n-Propylbenzen Iso-Propylbenzen  Iso-butylbenzen Tert-butylbenzen

Néu céc déng déng c6 2 goc alkyl gdn vao nhéan benzen thi 2 nhém nay cé
thé & cac vi tri khac nhau. Chuing 14 nhiing d6ng phan caa nhau.

CH,4 H
CH, CH, CH,
iy
CH CH _
3 CH, 3 CH;—CH
1,2-Dimethylbenzen 1,3-Dimethylbenzen 1,4-Dimethylbenzen 1-Methyl-4-isopropylbenzen
0-Xylen m-Xylen p-Xylen p-Xymen

Céac tiép dau ngit ortho (0), meta (m), para (p) dudc dung dé goi tén céc dong
phan c6 hai nhém thé. Ortho chi 2 vi tri canh nhau. Meta chi 2 vi tri trén vong
cach nhau mot nguyén ti carbon. Para chi 2 vi tri d61 dién nhau.

b &

Orto (0-)

Meta m- Y Para
Vit : 1,2 ( & (p

Hop chat c6 3 nhém thé trén vong: Vicinal (vic-) chi 3 nhém thé hoan toan

canh nhau. Asymmetrical ( as-) chi 3 vi tri khong d61 xting. Symmetrical ( s-) chi 3
vi tri d61 xting.
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1 Y 5 |
2
3 3
5 5 Y
i Z 4 275 Y
Z
. Vicinal (vic-) Asymmetrical (as-) Symmetrical (s-)

Vitri: 1,2,3 13,4 1355

Danh phap cac géc:

Néu 18y b6t mot nguyén ti hydro ciia benzen hodc dong déng sé thu dude
goc hoéa tri mot va cé tén goi nhu sau:

T oot o ot

Phenyl o-Tolyl m-Tolyl p-Tolyl

Néu 14y 2 nguyén ti hydro trén vong benzen ta cé goc héa tri 2 va cé tén goi:

o O o o" oF

o-Phenylen m-Phenylen p-Phenylen Benzylyden
1,2-Phenylen  1,3-Phenylen 1,4-Phenylen Benza Benzo

Theo danh phap IUPAC cac hydrocarbon thom don gian thuong duge quy
uéc goi theo tén thong thudng va danh s6 theo nhiing quy tac nhat dinh.

6

5
_CH CH 8 8 9 1 4 7 10
g 6 306 3 9 ’

CH; 5 4 5 10 4 1 10

Toluen 0-Xylen Naphthalen Antracen Phenantren Pyren

3. PHUGNG PHAP DPIEU CHE

Nhua than da 1a ngudén nguyén liéu chti yéu va quan trong cung cip cac
hydrocarbon thom. Ung dung mot s6 phuong phap héa hoc dé diéu ché cac
hydrocarbon thom.

3.1. Phuong phap dehydro héa cac cycloalkan

Cac cycloalkan don vong va da vong nhu cyclohexan, decalin (perhydronaphtalen)
khi ¢6 xudc tdc va nhiét d6 thich hgp c6 thé bi dehydro héa va tao thanh
hydrocarbon thom tuong tng.

Xic tac , t© . Xic tac , tO
ey + 3Hy > - + Hy
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3.2. Phuong phap trimer héa

Benzen, mesitylen (1,3,5- trimetylbenzen) c6 thé duge diéu ché tit acetylen,
propyn hoéc aceton khi c6 cac xdc tac phu hgp .

CH, CH,

Carbon . © 3 CH\—C=CH M.
3CH=CH 600°C. ’ 3P N 600°C. Mesityllen
ropyn CH,

CH, CH,

CH;” "0 HySO, (16%)
0 CH, + 3H0
CH /lL PN CH, CH,

7 “CH; 07 CH,

3.3. Phuong phap Wurtz -Fittig

Phuong phap nay tuong tu véi phuong phap diéu ché alkan. Cho kim loai
hoat dong tac dung véi din xuit halogen thom va alkyl halogenid.

X N R
+2Na
©/ + R-X + 2 NaX
ete
BrH,C  CH,Br CH;—CH,
OO + 2 NaBr
ete

3.4. Phuong phap alkyl héa theo phan (rng Friedel - Crafts

DAy 1a phuong phap dé diéu ché cac ddng ddng cia benzen (Xem tinh chat
héa hoc ctia hydrocarbon thom).

R
© + RX _AlCl; | ©/ + HX

4. TINH CHAT LY HOC

Cac ddéng déng cta benzen 1a nhiing ch4t 16ng, mét s6 1a chit rdn. Chung
déu c6 mui dic trung.
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Bang 11: Tinh chat ly hoc clia mot s6 hydrocarbon thom

Céng thic Tén goi Vi tri t® néng chdy 0 s61i Ty khoi
CeHe Benzen - +5,51 80,10 0,8790
C HCH, Toluen 1 -95,0 1106 | 08669
C6H4(CH3)2 Q_Xylen 1,2 -29,0 144.,4 08802

m-Xylen 1,3 -53,6 139,1 0,8641

p-Xylen 1,4 +132 138,4 0,8610

CH<C,Hs; Ethylbenzen 1 -94,0 1362 0,8669

C¢HsC,H, Propylbenzen 1 -101,6 159,2 0,8620

C(H,CH(CH,), iso-Propylbenzen 1 -96,9 152,4 0,8618

CH,C4H,CH(CH,),| p-Methylisopropyl| 1,4 -73.5, 176,0 | 0,8570
- benzen

5. TINH CHAT HOA HOC
T cau tao lién hgp cua vong benzen, hydrocarbon thom c¢6 cac loai phan ting:
— Phan ting thé 4i dién ti vao nhan benzen.
— Phan ting cdng vao vong benzen.

— Phan ting oxy hoa.

5.1. Phan (ng thé ai dién tir trén vong benzen
Co ché chung c4c phan ting thé ai dién ti xay ra qua 2 giai doan chu yéu:
— Giai doan mot 1a sy hinh thanh tac nhan ai dién tu Y".

— Giai doan hai 14 su tuong tac gitia tac nhan ai dién t véi vong benzen dé
tao phiic # phiic o va san phdm ctia phan tng thé.

Phan ting thé tién hanh trong méi truong acid manh hodc c6 miat mot chat
xuc téc. Acid manh hodc xuc tac ¢6 tac dung chuyén hoéa tac nhan phan tng thanh
dang ai dién tu Y (electrophile).

Y-X + FeBr; — Y™ + FeBr; X~

Tac nhan Y T sé tuong tac véi nhan benzen tai vi tri c6 mat do electron cao nhat

Y. H Y. H
+ '® \ FeBr3X (
+ YT — -yt — hoic A + HX + FeBrj3

Phiic Phitc o Phic o

(Cation pentadienic)

Cé cac loai phan ting thé ai dién ti vao vong benzen nhu sau:
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5.1.1. Phan ung halogen hoa

Tuong tac cua halogen nhu clor, brom v6i benzen khan & nhiét d6 thuong, c6
mét xdc tac bot sat hodc cac acid Lewis nhu FeCl,, FeBr;, AICL,, SbCl, hodc cac
iod, sé x4y ra phan ting manh liét va tao san phidm la cac dan xudt halogen cta
hydrocarbon thm nhu clorobenzen, bromobenzen. Phan ting brom héa nhu sau:

H
/\ /\ _
+ Br-Br + FeBrj3 _— Br + FeBry
+

Carbocation trung gian c6 hé lién hgp, c6 mot carbon & trang thai lai héa sp?

- H H H 2
4
Br «—-» Br «—— ©<BI‘:| — |\®/l Br
L + + <

g} Trang thdi chuyén ti€p
xdc dinh dong hoc
H Br...Br...FeBr;
Br H...Br...FeBr;

§<
0y
S Trang thdi chL}yén tiép
& dé tao san pham
T
> H Br
Q.
S ©+ FeBry~
S N
& —— Chi' trung gian Br
© + Brj + FeBrj + HBr + FeBr3

ChAt phan tng San phim

Tién trinh phdn ting
Hinh 11.3. Gian d6 thay d8i nang lugng (ing véi cac trang thai trong phan (ing brom hoa

Phan ting brom héa c6 so d6 chung:

H Br
Br

+
@ + Br-Br+FeBr; —» + FeBr4_—> + HBr + FeBrj3

C6 thé trinh bay gian d6 thay d8i nang lugng tGng véi cac trang thai hinh
thanh trong phan ing brom hoa nhu hinh 11-3.
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Clor héa toluen c6 xic tac FeCl, tao ra hon hop o -clorotoluen va p - clorotoluen
CH3

FeCl
CH3 3 + HCI

+ Clp

FeCls + HCI

Phan ting halogen héa vao mach nhanh cta hydrocarbon thom khi c¢é xic tac
12 4nh sing khong phai la phan tng thé ai dién tit ma 14 phan tng halogen héa
x4y ra theo co ché thé gdc.

Clor hoéa toluen khi ¢6 xidc tac anh sang tao ra cac san pham benzylclorid,
benzylyden clorid (benzalclorid) va benzotriclorid.

CH,CI CHCl, CCl,
w O & w &
_HC1 - HCl1 - HCl1
Toluen Benzylclorid Benzylydenclorid Benzotriclorid

Su tao goc tu do benzyl can niang lugng thap. Géc benzyl bén nhd su lién hop.

CH,’

CH CH, CH, CH, CH,
©+ cr—- @ + HCl AH = - 16 kcal.mol"!; @ <——©._.@<—>©}

Goc ty do benzyl

Su tao thanh hdp chit halogen ¢ nhan benzen va 6 mach nhanh 14 nhiing
hop chat hiiu co ¢6 nhiéu linh vuc tng dung.

5.1.2. Phan ung nitro hoa

Phan ting nitro héa l1a phan ng thay thé& nguyén ti hydro ctia hydrocarbon
bing nhém NO, Tac nhan tao ra *NO, thuong 14 hdén hdp sulfonitric
(HNO,+H,SO0, ). Tuy trudng hdp, tdc nhan nitro héa cé thé 1a acid nitric dic hay
lodng hoac hén hop acid nitric véi anhydrid acetic. Nitro héa benzen, toluen bang
hén hgp acid nitric va acid sulfuric xay ra dé dang. San pham tao thanh tuy theo
nhiét do, néng do acid.

NO NO
H,S0,4 NO, NO, NO,. C/NOZ 2 :
+ HNO + HNO
© + HNO3 @ + o “2504 H,S0,

Tiép tuc nitro héa mononitrobenzen phai st dung hén hgp acid nitric c6
nbéng d6 va nhiét do cao hon. San phim tao thanh 14 meta - dinitrobenzen. Pua
thém nhém nitro tht ba vao phai tién hanh trong diéu kién khéc nghiét hon. Ly
do 12 nhém nitro lam giam hoat héa, mat do electron trén cac vi tri cua vong
benzen giam di, su thé ai dién tii tiép tuc vao nitrobenzen sé khé khén hon.

NO,
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Toluen bi nitro héa sé tao thanh hén hgp san phdm gdm o -nitrotoluen va
p - nitrotoluen.

CH,4
NO,
. + HNO3 + HyO  o-Nitrotoluen
3 H,SO
254
— CH,
+ HNO
3 + HyO  p-Nitrotoluen
H,SOy4
NO,

Nhém methyl trong toluen cé tac dung ddy electron (do siéu lién hgp va cam
ing) lam cho mat do electron trong vong benzen tang 1én, dic biét & cac vi tri
ortho va para, vi viy su thé xay ra uu tién tai cic vi tri nay. Anh huéng d6 c6 thé
duge minh hoa béng cac trang thai cong hudng ctia toluen nhu duéi day:

®CH, ®CH, ®CH,

[ip - Q-0 -0

Cac san phidm nitro héa hydrocarbon thom lam phong phd thém ngudén
nguyén liéu dé san xuét nhiéu loai thuéc nhudm, thude né ...

Co ché phdn ing nitro héa

NO,* 14 tac nhan ai dién ti rdt manh, c6 cdu tric thing. Su hinh thanh tac
nhéin nay la do su tuong tac gitia acid nitric va acid sulfuric.

2 H2$O4 + HON02

o
e Q]
@ N* [ A e NO, + H'
ol

+\O-

NO>* + HSO4 + H30*

5.1.3. Phan ung sulfonic hoa

Sulfonic héa 1a phan @ing gin nhém sulfonic -SO,H vao phan ti chat hitu co.
Cac tac nhan sulfonic héa thuong la H,SO, dam dic, hén hop H,SO, + SO,
(oleum). Phan ting sulfonic héa c6 tinh chat thuan nghich.

Ar-H + HZSO4 = Ar—SOSH + HZO

Luong nuéc sinh ra khong nhiing lam loing nong d cta acid ma con gy
nén tinh chat thuan nghich ctia phan ting.
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Céc dong ddng ctia benzen dé xay ra phan tng sulfonic hoa.

cH, CH,
SO;H + sto 4 SO;H
+ HpSO4 — + Hy0 “Hy0 +
SO.H

Acid benzensulfonic Acid o-toluensulfonic

Hop chat da nhan thom nhu naphthalen: su sulfonic héa phu thudc nhiéu
dén nhiét d6 va nong d6 cua acid.

SO,H

< 100° . .

— + HrO Acid o _naphthalensulfonic
N 1600

+ 12504 “/OLO SO;H

1600 . .
+ HpO Acid  _naphthalensulfonic

Acid arenosulfonic 14 nhiing acid manh va nhiét d6 néng chay khong xac
dinh. Cac chat hitu co 6 dang muéi sulfonat dé tan trong nuéc .

5.1.4. Alkyl hoa hydrocarbon thom
Thay thé nguyén ti hydro ciia nhan thom bang goc alkyl.

Tac nhan phan tng 1a alkyl halogenid RX véi xtc tac 1a cac acid Lewis nhu
AICI; khan (phan tng Friedel -Crafts) hoac FeBr;, FeCl;

AICI5 kh /s

_CH 3 khan

© + Cl—HCZ 3 CH\CH + HCI
CH, 3

Co ch€': CH;, CHy 5+ &

CH—CI + AICl3 —»
CH;” Cl3 cpigr CH el oAIC,

@ 8CH c1 - AICI, — @—cg “Cl* AICL, s . +AlCl4 _.©'CH +A'C‘3+ HCI
CH

phtc nt 3 phic o

Téc nhan alkyl héa ciing c6 thé 1a alken, alcol khi ¢6 H,SO, hodc H,PO,lam
xuc tac:

CH,
/
©+ CH3CH=CH, 1280, ©’CH CH,; © CH3CH—CH3 e, +H0
sto4 3

Trong nhiing phan ting nay tac nhan ai dién ti dang carbocation dugc hinh
thanh do alken, alcol tac dung v6i proton H* theo cic phan ing nhu sau:
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+
CH3CH=CHyr H¥ —= CH3CH-CH3; CH3GH-CH3 + H¥—= CH3CH-CHy—>CH3CH-CH3 Hy0
OH +0H,

Phan tng alkyl héa khé dung lai 6 giai doan tao monoalkyl. Tiép tuc phan
tng dé tao di, trialkyl. Su c6 mat cta géc alkyl sé hoat héa nhan thom va lam
thuén 10i cho phan ting thé ai dién ti tiép theo.

San phidm phan tng alkyl héa c¢6 thé 1a mach thing hodc mach nhanh vi cac
tac nhan 4i dién t& hinh thanh c6 thé bi chuyén vi dé c6 carbocation bén viing.

©—CH2—CH2—CH3 + HCI
AICl3
+ CH3CHyCHyCl —
@QH—CHg + HCI

CH,

Su chuyén vi x4y ra CH3?HCH2+ — CH3EHCH3

5.1.5. Phan ung acyl hoa

Thay thé& nguyén ti hydro ctia hydrocarbon thom bang nhém acyl RCO goi
12 phan ting acyl héa. T4c nhan acyl héa 1a halogenid acid RCOX, anhydrid acid
(RCO),0. Xtc tac cho phan ting acyl hoa thuong 1a AICl; khan (phan ting Friedelp
-Crafts) hoac c6 thé dung cac loai xic téc 4i dién ti khéac nhu AlBr,, GaCl,, FeCl,,
SbCl;, SnCl,, BCl,

San pham acyl héa 1a cic ceton:

Alkylphenylceton Alkylphenylceton

=0+

- - + -
—A1C13 —A1C13 ICI)—A1C13 N

) . + .. -

RCOX + AICl3— |R-C-X = R-E-X > R-C-X —= [R-C =O - R_C:(.).] + AIXCl3
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Vidu:

Su Acetyl héa benzen bang acetylclorid hodc anhydrid acetic xay ra theo
phan tng

C-CH
AICI 3
@ + CHjcocl ——=3 ©/ . HCI

Acetylclorid
Acetophenon ( methyl phenylceton)

7
AICI e
@ + (CH3C0)0 =% ©/ +  CH3COOH

Anhydrid acetic

Phan tng acyl héa thuong tién hanh trong dung moéi carbondisulfid (CSZ)
hoic nitrobenzen. Lugng xtc tac AICl, phai dung nhiéu hon vi gitia san phdm va
xuc téc c¢6 thé tao phiic chAt.

0 .....A1c13

I
- C CH

5.1.6. M6t s6 phan uing thé di dién tur khdc
Phan tng thé hydro ctia hydrocarbon thom bang nhém chiic aldehyd - CHO.

e Phan ung Gatterman
Tac nhan phan tng 12 hén hgp HCl + HCN + AICI,

CH, CH,
© HCI , HCN, AICI5 ©/CHO ' @ HCI, HCN , AICI5 ©
CHO

C6 thé giai thich co ché qua cac giai doan trung gian:

ArH + CICH=N-CH=NH.AICI3 L Ar-CH=N-CH=NH.AICI;
Ar-CH=N-CH=NH.AICl; _*H0 _ ArCHO + 2NH3+ HCOOH

e Phan ung Gatterman - Koch
Tac nhan phan tng 14 hén hgp CO + HCI + AICl, .

CH, CH,
© CO+HCI, AICI3 ©/CF(I){C] ; © CO+HCI, AICI;3 © + HCI
CHO
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Coché: CO+HCl— Cl-C-H Ar-H (- HCI)

(0]

Ar-CHO

e Phdn ing thé hydro ctia hydrocarbon thom bang nhém — CH,Cl
Tac nhan phan tng 12 hén hgp HCHO + HCI ¢6 ZnCl, lam xic tac.

e CH,CI
n

© + HCHO + HCI W% ©/ + H0
5.2. Phan (tng cong hop cua hydrocarbon tham

Phan ting cong hgp cua hydrocarbon xay ra khé khén hon su cong hgp vao
alken va alkyn vi nhan benzen 1a mo6t hé théng lién hgp.

5.2.1. Céng hop vdi hydro

Khi c¢6 xdc tac nhu Ni, Pt, Pd va nhiét do, hydrocarbon thom c6 kha ning
cong hgp v6i hydro tao thanh hgp chat vong no (cycloalkan).

CH, CH,
@ Ni, 10at N
+ 3 Hy Ni, t
1300 O : + 3Hyp
Cyclohexan Methylcyclohexan

Déi véi cac chat c6 2 nhém thé nhu dialkylbenzen, su cong hop chi yéu tao
san pham cis. Hoa lap thé ctia phan tng tuy diéu kién va xuc tac.

CH, CH, CH,
5% Rh/ C , 100° CH;
CH, - +
Ap suét CH,
o0-Xylen cis- 1,2-Dimethylcyclohexan (90%) Trans- Dimethylcyclohexan (10%)

Néu trén nhan benzen c6 cac chiic nhu aldehyd, ceton hoic n6i déi thi nhém
chtic hodc no1 ddi bi cong hdp truée tién.

Br

Br
CHO CH,OH
H,-PtOy
CoH50H
OCH, OCH,
2-Bromo-5-metoxybenzaldehyd Alcol 2-bromo-5-metoxybenzylic
Cese . AH Hy-Pt
_C=C{ C¢H;—CH,—CH,—C¢H;
H CeHs  C,H50H
Trans-stilben 1,2-Diphenyletan
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5.2.2. Phan uing céng halogen

Khi cho clor ho#c brom di qua benzen cé nhiét do, 4&nh sang tli ngoai, phan
ing cOng xay ra.

cl

hy Cl Cl

+3Cly —— - o
Cl

Hexaclocyclohexan thu dude 14 mot hén hgp cic dong phan lap thé.
Phan ting x4y ra theo co ché cong hop goc nhu sau .

csc — 2CI
hy

] Cl
or Cl c Cl Cl ¢ Cl
O Qe @ o, O @ T T ot e
cl cl c o cl Cl Cl
Cl Cl Cl Cl

5.3. Phan (ing oxy héa

Nhan benzen bén viing v6i cic tac nhan oxy héa. Cic tac nhan oxy héa nhu
HNO,, KMnO,, CrO, déu khéng oxy héa dugdc vong benzen. Chi 6 nhiét do cao va
¢6 xuc tac V,0; vong benzen bi oxy héa thanh anhydrid maleic.

? Q
+ Oy Va 05 C\ V5 O5 C\
400-4500 Lo i c'O
S 400-450° ;
O (0]
Anhydrid maleic Anhydrid phtalic

Cac déng ddng cta benzen chi bi oxy héa & mach nhanh. San pham tao
thanh c6 thé 1a acid, aldehyd hozc ceton phu thudc vao chat oxy héa.

CH3 COOH . CH3 COOH
+ 3ol _, 10 + €d — + 2Hy0
CH,

COOH

CH,~CH,-CHj COOH CH-CH, COOH
. |
+ dd — + CH3COOH + 2 Hy0’ ©/CH3 + 8[0] — + 2HCOOH+ 2 Hp0

Oxy héa o - xylen bing acid nitric lodng ¢ 155 C thu dudc acid o -toluic.

CH,4 . COOH
@ HNOj lodng @
CH,

1550 CH,
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5.4. Sy dinh huéng trong phan ng thé ai dién tu

Khi nghién cu phan tng thé ai dién ti vao hydrocarbon thom, ngudi ta
nhan thay khi trén nhan thom da c6 s&n mot hay nhiéu nhém thé thi nhiing
nhém thé nay c6 anh hudéng dén kha ning va vi tri thé tié€p theo vao nhan thom.
anh hudng d6 biéu hién nhu sau:

« Nhoém thé lam cho phan ting thé tiép theo dé dang hon (nhém thé ting hoat)
hodc lam cho phan ting tiép theo khé khén hon (nhém thé ha hoat).

« Nhém thé sé dinh huéng cac nhém thé méi va nhan thom 6 cac vi tri ortho,
meta hodc para tuy thudc vao ban chat cdu tao ciia nhém thé giy anh
hudng.

5.4.1. Nnom thé anh huong dén kha nang phan ung cua nhan thom
Ban chat ctia phan tng thé 4i dién ti 14 su tuong tac gitia hé thong electron
7 lién hgp cia nhan thom véi tic nhan ai dién tit mang dién tich duong.
. Mat d electron cia nhan thom tiang, kha ning phan ing thé 4i dién ti dé dang.
. Mat d6 electron giam thi kha néng phan ting thé ai dién ti ngudgc lai.

Nhém thé ddy electron gy anh hudng cam tng duong (+I), anh hudng lién
hgp duong (+C) va anh hudng siéu lién hgp lam ting mat do electron cua
nhanthom.

X la nhitng nhém thé ting hoat Do hiéu tng electron

QX

Q  CHjz, CpHs ,C3Hy +1, siéu lién hgp
NH, , NRy , NHCOR , -O -, OH, OCH3 ,0R,OCOR -1.+C
F,Cl,Br,I -1,+C

C4c nhém thé trén 14 nhom thé loai I

Nhém thé lam gidm mat dd electron cia nhan thom la nhiing nhém thé hut
electron c6 hiéu ing - I, - C.

X X la nhitng nhém thé& giam hoat Do hiéu ung electron
NO, ,SO3H , COOH CN , CHO , COOR , COR -1.-C
+ +
COCl, CONH2 ,CN, CC13, CF3 , NH3 , NHR» -1,-C

Cac nhém thé trén 1a nhém thé loai 1T

5.4.2. Sudinh hudng va quy tac thé vao nhan thom

Cac nhém thé X ting hoat 1am cho mat dd electron & cac vi tri ortho va para
tang 1én. Su thé ai dién tu tiép theo vu tién cht yéu vao 2 vi tri nay.

Cac nhém thé X ha hoat 1am cho mat do electron ctia nhan thom gidm nhiéu
nh&t 6 cac vi tri ortho va para. Phan ting thé ai dién tu tiép tuc xay ra khé khan
va uu tién chi tai vi tri meta.
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Quy tdc dinh hudng - Quy tdc Holleman (Holleman Arnold Frederich
1859-1953)
. Néu trén nhan benzen da c6 mot nhém thé loai I (nhém tang hoat) thi nhém thé
nay dinh huéng cac nhém thé méi vao vi tri ortho va para cia vong benzen.

OCH,4 OH
OCH, — + HBr OH > + HpO
@ + B, FeBrs géH3para(96%) @ , 10, 125%4 ﬁ% para
N
— @ErHBr - @ ?rz Hy0
o-Bromoanisol (4% ) o-Nitrophenol

. Neéu trong nhan benzen da c6 sadn mot nhém thé loai II (nhém ha hoat) thi
nhém nay sé dinh huéng nhém thé& méi vao vi tri meta trén nhan benzen.

COOH COOH CHO CHO
+ By — > + HBr +HNoy H2594 + Hy0
Br NO,
acid m-Bromobenzoic m-Nitrobenzaldehyd

5.4.3. Ly thuyét vé su dinh huong

Mat do electron tit nhém thé chuyén dich vé phia benzen tao ra mét hé lién
hgp méi. Trong hé lién hgp nay méat d6 electron tai cac vi tri ortho va para cao hon
cac vi tri khac. Diéu d6 hoan toan phu hgp véi cac cau tric giéi han cé ning lugng
thap. Trang thai nang lugng thap din dén ciu tric trung gian pentadienyl va san
phdm thé mé ta trén gian d6 6 hinh 11-4.

Trang thai chuy&n ti€p

E
Ho YT Oty

5t >
Z &t ‘s R
& Trang théi chuyén ti€p
il ! f
=
2
=
Ga
]
=
e
=
Sé\
aQ

Chat phdn tng

Tié€n trinh phan tng
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Hinh 11.4. Gidn d6 nang lugng (g vGi cac trang thai thé ai dién ti & vong benzen
e Neéu trén vong benzen c6 nhém thé loai I thi mat do electron téng 1én. Su phan bo

lai mat d6 electron trén nhan duge minh hoa qua cac cong thiic giéi han nhu sau:

‘OH +OH +OH +OH

=0 -0-0- )

O cac vi tri ortho, para c6 mat do electron cao hon va phan tng thé ai dién
tu chu yéu xay ra ¢ day.

Ciing c6 thé giai thich su thé vao vi tri ortho, para bang su 6n dinh bing
trang thai ning lugng thap.

.9 o A7 ’ A s, - A 9 + ~ A A N 9 . ’, ~
Gia thiét tac nhan ai dién tu Y da tan cong vao ca 3 vi tri ortho, para va
meta cua toluen va cac ciu tric ¢ trang thai phtic 6 nhu sau:

P & (D0 -0 ]

Thé vao vi tri ortho va para thi cic cau tric trung gian c6 carbocation bac ba bén
viing. Néu thé vao vi tri meta thi chi ¢6 cac ciu tric carbocation bac hai kém bén.

CH,

o B -

Y

Céc phtic 6 duge 6n dinh nhé nhom methyl ddy electron. Su thé ai dién ti
x4y ra nhanh hon va cht yéu uu tién ¢ vi tri ortho va para.

e Khi trén vong benzen cé nhém thé loai II. Mt do electron trén nhéan thom giam.
Cdc cong thiic gidi han chitng t6 su giam nhiéu nhdt d vi tri ortho va para.

Khi tac nhan ai dién ti Y' tac dung vao nitrobenzen, cac phtic 6 tao thanh
c6 ciu tric trung gian. Trong phtic 6, nhém nitro lam giam méat d6 electron 6 céc
vi tri ortho va para.
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QI"\'I//O O\ft]//o Q +/O Q +/ _ Q +/O

o0& | E—

Trang thai ning lugng phiic ¢ 6 vi tri meta thap hon 2 trang thai ortho va para.

O\+/O Q+/O Q+/O

Qo 1

5.4.4. Su dinh hudng vao hop chat nhiéu nhom thé
Hop chdt c6 2 nhém thé

Nhiing quy téc sau day dugc ap dung dé dinh huéng nhém thé tha ba vao
nhén thom.

— Nhiing nhém thé ting hoat va dinh huéng ortho, para c6 anh hudng
manh hon nhiing nhém ha hoat va dinh huéng meta, nghia la nhém tang
hoat déng vai trd quyét dinh su dinh huéng. Hiéu tng lap thé ciing déng
val tro quan trong trong viéc xac dinh vi tri thé cia nhém thii ba.

©\ N ©3\ © ~ ©/Br N ;X
Cl s
1 Cl NO, T NO,

— Neé&u c6 hai nhém thé cung ting hoat va dinh hudéng ortho, para thi nhém
nao tiang hoat manh sé dong vai tro chu dong .

Céac nhém d4y electron tang din theo thi tu:
(CH,),CH < CH, < CH,CONH- < OCH, < NH, < NHR < NR,

Cac nhém hit electron giam dan theo thi tu
NO,>SO,H>COOH>CN>COCI>CHO>COOR>COR>CONH,>CCl,>NH,>NR,

Vidu:
CH,4 CH,
- H
HNO3 NO, b
H,SOy4 : LA _Oi
CH _CH_ _CH ’ HyS04 No2 NO, HySOy4 NO,
3 CH3 CH3 \CH3 NHCOCH3 NHCOCH3

Khi tién hanh phan ting thé& ai dién ti vao nhan thom thudng thu duge hon
hgp san pham c6 ti 1é khéac nhau.
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CH; COOH

NO NO
HNO3 2 Na2Cr207 2
HySOy4 H,SO,
cH, 2504
NO, NO,
COOH COOH COOH
NO, NaZCr207 HNO3
L >
HyS04 sto4
NO,
Hén h(jp
Br Br Br Br
Bry Br
— >
FeBr * +
3 Br
Para (86,9%) Orto (13%) Meta (0,1%)

Su dinh huéng trong phan ting thé ai dién ti vao nhan thom cé tac dung
gitp cac nha nghién ctu trong linh vuc téng hop hitu co diéu ché duge cac chat
theo mong mudn.

BAI TAP
1. Hay viét cong thiic cdu tao ctia cac hgp chit sau:
a- p-xylen; b- o- etyltoluen; c- p-diisopropylbenzen; d- 1,2,3-trimethylbenzen;
e- mesitylen; f- cumen; g- p-xymen; h-p-clorotoluen; i - 1,3,4-tribromobenzen.

2. Hay goi tén cic goc sau day:

H, - C,Hs CH,4
. c- . d- .
D ©, @CH,
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3. Hay goi tén cac chat sau day:

Cl
Cl
cH, cH, cl CH,CI
e- @[ . & 5 i-
BI' b Cl ’
CH; Cl
CH CH,-NO _
NO, 3 2 Ny CH,
k- ;- ; M- 5 n- @
NO, NO,

4. Nhiing chat nao dudc tao thanh khi dun néng hén hgp sau day véi AlCl, khan:
a. Butylclorid véi toluen; b-Benzylclorid vé6i benzen; c-Alcol propylic véi benzen.
d. Propylen véi toluen; e- 1- Buten v6i ethylbenzen; g- Cloroform véi benzen.
h. Toluen v6i anhydrid acetic; i- Toluen véi carbon oxyd va HCI.

5. Hay chi ro vi tri thé ctia nhom thé thi ba vao cac chat sau:

OH Cl NO, OH
NO,
a- sb- 5 C- s d- ]
NO
Br cl 2
CH
OH CN ’ OH
CH,
e- ; & 5 b- y I
CH, NO, Cl

6. Hay xac dinh cong thitc ciu tao ctua chat C,H,SO,Cl biét rang khi oxy héa né
tao ra acid benzensulfonic, con khi halogen héa tao ra dan xuat monohalogen.
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Chuong 12
HYDROCARBON DA NHAN THOM

MUC TIEU HOC TAP
1. Goi duogc tén cdc hydrocarbon da vong ngung tu thom.

2. Trinh bay duoc cdc tinh chdt héa hoc chinh cua hydrocarbon da vong thom
naphtalen, anthracen va phenanthren.

NOI DUNG

1. CAU TAO VA DANH PHAP
C6 hai loai hgp chit da nhan thom.
Hop chéat da vong tao thanh do cac vong lién két véi nhau béang lién két don.

3 I;Oz Cl, ,
y 1’ 1 4 ! U 1
"\ Y6 Cl'6 5
5 6 6 5 HOOC
Biphenyl P-terphenyl Acid 2,6-dicloro- 2 ’nitro -5'-biphenylcarboxylic
Hgp chat da vong tao thanh do cac vong ngung tu véi nhau.
9 10
6 3 6 3
5 5 10 4 6 5 4 3
Naphtalen Antracen Phenantren

Naphthacen (Tetracen) Pyren Srysen

Nguyén tac danh so
Panh trén chu vi ctia hop chit da nhan ngung tu theo nguyén téc:

o Téng s6'nhén ldn nhét phdi nam theo mét truc ngang
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Huong ding Hudng sai

e S6't6i da cdc nhén khdc phdi ndm cao hon hét vé bén phdi, trén truc ngang.

oy %o

|
Huéng ding Huéng sai

e Cdch ddnh s6 vdi nhin cao nhdt vé bén phdi va tiép tuc theo chiéu kim dong ho
nhung bé canh tiép hop cdc nhan (khéng danh s6 nhitng carbon chung ctia cdc vong).

) 12 1

1 2
1 3 10

10 4 3

9 9 4

5 8 5
8 7 6 7 6
Huéng danh s6 ding theo chiéu kim déng ho

e Dé6i vdi cdc hop chdt da vong ngung tu phiic tap.

Nguoi ta xem ching nhu 14 dAn xuat cia cac hop chat ngung tu don gidn cé
tén goi theo quy udc. Pé goi tén nhiing hop chat nay ngudi ta danh d&u cac canh
bang cac chii a, b, ¢ ...va goi tén nhu cac vi du sau day:

Naphthalen ‘ O » :
& "
b C 1 9 ;

SO SO

7 6 5
Pyren Naphto[ 1,2-a] pyren Naphto[ 1,2-a] pyren

12 2
Benzen benzen 11 13 1 3
14
i a 10 4
QI : :

h“gf“ed ¢ 8 7 6
Antracen Dibenz [a , j] antracen

o8
5%

2. BIPHENYL
2.1. Téng hop biphenyl
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Téng hgp biphenyl theo cac phuong phéap sau:
e Nhiét phin benzen ¢ nhiét d6 cao trong éng sat (phuong phdp Berthelot,M, 1867)

() o

e Nung iodobenzen vdi bét dong (phwong phdp Ullman. Fp, 1903)

2 M1 s a ¢ 2cul

o C6 thé diéu ché cdc biphenyl thé bang phdn tng thé di dién tw hodc phdn wng
chuyén vi benzidin.

HT
NH NH H,N O NH ,
A

Hydrazobenzen

Benzidin ; (4,4'-diaminobiphenyl)

2.2. C4u tao cua biphenyl

0 trang thai hoi hodc dung dich, hai nhan benzen ctia biphenyl 6 trén 2 mit
phang tao mét géc 45°. Su bién dang nay 1a do 2 cdp nguyén ti hydro ¢ cac vi tri
2-2' va 6-6' tuong tac véi nhau (hinh 12-1).

459

O

Hinh 12.1. Hai mat phang tao géc 45°

Su c6 mét cac nhém thé & cac vi tri 2-2' va 6-6' sé can trd sy quay cua 2 vong
chung quanh lién két don va dan dén cac ddong phan quang hoc. Vi du hop chat
acid 6,6'- dinitro 2,2'- biphenyldicarboxylic ¢6 tinh quang hoat (hinh 12-2).
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Mt phing guong

I
HOQC O,N ! O,N  COOH
I
I
NS L S
I
NO, COOH i HoOC NO,
I
OOH | HOO
I
I
HOOG NO, 0, COOH
|
0, | OoN

Hinh 12.2. C4c déi gudng cla acid 6,6'-dinitro-2,2’-biphenyldicarboxylic
Biphenyl c6 nhiing tinh chat héa hoc giong benzen. Phan ting thé ai dién tu

uu tién x4y ra 6 vi tri ortho va para. Nitro héa xay ra 6 vi tri para mot cach dé
dang. Brom héa thu dudgc 4- bromo biphenyl hoéc 4,4'-dibromo biphenyl.

Phan tng thé& xay ra & vi tri 4 dé hon vao vi tri 2. Phan tng acyl héa bang
acetyl clorid xay ra 6 vi tri 4 va 4'.

3. BIPHENYLMETAN VA TRIPHENYLMETAN

Cac hgp chat nay duge diéu ché bang phan tng Friedel -Crafts

@CHZCI + @ - HCl
AICI3
O

CH,Cl, +2
- 2HCI Biphenylmetan

OO
AlICly + 3HCI
CHCl3 + 3
Triphenylmetan

Cac lién két C — H ctia di id triphenyl rat linh dong. D& bi thé va dé bi oxy héa.

]|3r
(0]

20 [CrO3]
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KNH .
2. (CHy )T K+ NHy

2 (C¢Hs); C-Br + HBr
Triphenylclorid trong benzen khi ¢6 mat cia khong khi va bac tao ra dung dich
mau vang. Khi thém vao dung dich nay mét lugng aceton hoéc boc hoi hét benzen thi

thu duge mot hydrocarbon khong mau. Gomberg, M xac dinh dung dich mau vang
chiia goc tu do triphenyl. Géc tu do nay sé tao ra mot dimer khong mau.

o1 (C4Hy ), C— OH

. 8 S

Triphenylmethylclorid Triphenylmethyl 3-Biphenylmethylyden-6-triphenylmethyl-
(mau vang) 1,4-cyclohexadien (khong mau)

Goc tu do triphenylmethyl bén hon cac goc tu do alkyl vi goc triphenylmethyl
ton tai cac cong thiic gidi han do su lién hgp ctia nhan benzen véi electron don doc.

4. NAPHTHALEN
Naphthalen c6 nhiéu trong nhua than da hoéc trong phan con lai khi nhiét

phan ddu mo. Naphthalen c6 dang két tinh hinh ban méng. Céng thiic cau tao ctia
naphtalen dudc xac dinh bing tia X. D9 dai lién két duge trinh bay trén hinh 12-3.

s Lo 1324 A 1,365 A
B'7 2B o
—1,424 A
B'6 3B \
1 (o]
se 4@ 1,393 A
Hinh 12.3. Ky hiéu céac vi tri cla naphthalen Do dai lién két ctia naphthalen

Naphthalen 14 mot hé thong lién hop véi 10 electron n. Nang lugng cong hudng
cia naphthalen (60 kcal. mol') thap hon ning lugng cong hudéng ctia 2 vong
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benzen. Do d6 naphthalen c6 kha ning phan ting cao hon benzen. Cac dang cong
thic gidi han cia naphthalen nhu sau:

Cacvitri 1, 4 c6 ky hiéu la a ; vi tri 2, 3 ky hiéu 1a B.
Vitri 5, 8la o' va cac vi tri 6, 71a B'.

4.1. Cac phan tng héa hoc ctia naphthalen

4.1.1. Phan ung thé &i dién tu

Naphthalen tham gia cdc phan ing halogen héa, nitro héa, sulfonic hoéa,
alkyl héa va acyl héa theo Friedel -Crafts.

Nitro héa naphthalen tao hén hgp san phdm 1- va 2-nitronaphthalen.

CH3COOH “ “
50-70°
o - Nitronapthalen B - Nitronapthalen

4.1.2. Phan ung céng hop

Hydro cong hgp v6i naphthalen c6 xtc tac 6 nhiét dd cao tao thanh tetralin
(1,2,3,4-tetrahydronaphthalen) va decalin (Bicyclo[ 4,4,0]decan).

4H(Ni)1500E:© 6H(Ni)2000<:©

Tetralin Decalin
(1,2,3,4-Tetrahydronaphthalen ) ( Bicyclo [4,4,0 ] decan)

4.1.3. Phan ung oxy hoa

Oxy héa naphthalen bing oxy khéng khi cé xtc tac V,0; tao thanh anhydrid
phtalic. Crom oxyd oxy héa naphthalen trong méi truong acid acetic tao ra 1,4-
naphtoquinon (1,4-dihydro-1,4-naphthalendion).

0.V,0s ©:

CrO3 CH3COOH O

=0

@) @!
N _ 7
o

Se=
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5. ANTHRACEN

Ni4m1867 Dumas tach dugc anthracen tit nhua than da. Cé thé téng hop
anthracen ti 2-methylbenzophenon theo phan ting:

0 QL

CH,

hoic téng hop theo phuong phap Friedel - Crafts qua céc giai doan hinh thanh
acid 2-benzoylbenzoic, dong vong dudi tac dung cua acid polyphosphoric (PPA) va
khti héa:

0
i I Q
o'C AICI5 PPA O‘O [H]
+ — D — —_—
‘C -H,O
I HOOC i

Anhydrid ftalic Acid-2-benzoylbenzoic Antraquinon

Tinh thom cta antracen (AE =351,5 kj.mol™) kém hon naphthalen. Vi tri 9,
10 cua anthracen c6 kha ning phan tng cao: cic phan tng oxy héa, khi hoa,
halogen héa va phan ting Diels -Alder xay ra 6 vi tri 9, 10. Phan tng sulfon héa
x4y ra 6 vi tri 1 va 2.
0

o O
O
2 H[Na ,ROH] O‘O

9,10-dihydro antracen

Cl

a
:
- HCI
cl

9,10-diclo-9,10-dihydro antracen

O
(0]
L QI
O
: ‘
(6]
Anhydrid cta acid 2,3; 5,6- dibenzodicyclo[2,2,2]octa-

2,5-dien-7,8-dicarboxylic
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6. PHENANTHREN

Niam 1872 Greabe tach phenanthren tit nhua than da. C6 thé téng hogp
phenanthren qua cac giai doan sau:

NO, 1,0
-
CHO

COOH

o- Nitrobenzaldehyd Acid phenyl acetic Acid a._phenyl-2-nitro crotonic Acid o._phenyl-2-nitro crotonic

v g
[Cu] A O
-N O‘ O‘ + COy
COOH COOH

Phenanthren 14 tinh thé hinh kim, khéng mau. Nhiét @6 néng chay 99,2°C.
Phenanthren trong dung moéi benzen ¢6 mau xanh huynh quang. Phenanthren c6
tinh thom. Ning luong cong hudng 387,0 kj.mol™". Lién két & vi tri 9, 10 thé hién
tinh chat cua lién két doi -C=C- . Phenanthren tham gia phan ting thé ai dién tu.
Phan ting cong hgp thé hién qua cic phan tng sau:

J 99
O‘ CuO/Cry0O3

9,10-Dihydrophenantren

O Brp O‘ - HBr O
9@ 5
Br Br
Br
9,10-Dibromo-9,10-dihydrophenantren ~ 9-Bromo phenantren

O 30 (Cr03) g
O‘ -Hy0 o)

Phenanthren va cac din xuét cia né 1a nguyén liéu quan trong dé san xuét
thudc nhuém. Khung phenanthren cé trong ciu tric ctia nhiéu hop chat tu nhién
quan trong nhu steroid, alcaloid day morphin.

9,10-Phenantrequinon

BAI TAP
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1- Viét cong thiic cau tao cua cac chit sau:
a- Benzo[c]phenanthren; b- naphto[2,3-a]pyren; c- Perhydrophenanthren.
2- Viét phan ting diéu ché cac chat thé mot 1an cua naphthalen.

a- B-Benzoylnaphthalen; b- - Iodonaphthalen; c- B-Isopropylnaphthalen.
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Chuong 13
HE THONG LIEN HOP VA ALKADIEN

MUC TIEU
1. Gidi thich duoc su lién hop cia cdc hé thong dien.
2. Néu dugc co ché va héa tinh cta cdc dien lién hop

NOI DUNG

Hé lién hop 1a mot hé thong lién két (d6i, ba) luan phién véi lién két don,
hay 1a hé chiia nguyén ti c6 ciip electron p tu do lién két v6i nguyén ti carbon cé
lién két doi.

1. HE THONG ALLYLIC
1.1. Cation allylic: CH, =CH-CH,"

Khi cho 2-butenol-1 tac dung véi acid bromhydric ¢ 0°C thi tao thanh mot
hén hgp gdm 75% 1-brom-2-buten va 25% 3-brom-1-buten. M6t hén hgp nhu vay
ciing thu dudc khi cho 3-buten-2-ol tac dung véi HBr trong cuing diéu kién.

CH3CH =CHCH,OH + HBr \OOCA
CH3CH=CHCHpBr + CH3CHBrCH = CHy

CH3CHOHCH=CH, + HBr 4; 3:1

Diéu d6 c6 thé giai thich 1a do su tao thanh cation trung gian. Dién tich
duong trén cation nay khong dinh vi (delocalisée) trén 2 nguyén tu carbon.

CH3CH CHCH20H2

> |:CH3CH CHCH2 <> CH3CHCH CHéI

Cation Cation
-H,0 ¢+Br' ¢+Br

CH3CH=CHCHBr + CH3CHBrCH = CH,

CH3CHCH CH,

Carbocation trung gian tit phan ing trén 1a su cong hudng cua 2 ciu truc
quan trong. Kiéu carbocation don gidn thudc loai nay la 2-propenyl hay goi la
cation allylic.

L, 1, N

t X — N e
[CHy=CHCHy <—> CHpCH=CHJ = CHy~CH=CHy = CHJ~CH=CH,
Cation allylic Cation allylic Cation allylic
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Ky hiéu téng quat trén duge dung dé mo ta ciu tao dién ti cta cation allylic
Hai c4u tric cong hudng 6 trong ddu moéc biéu hién dién tich duong phan bs dong
déu trén 2 vi tri hoan toan gidong nhau.

Goc: CH,=CH-CH,- goi la goc allyl
CH,=CH-CH,-CI clorid allyl

CH,=CHCH,0OCOCH, acetat allyl

Dac trung quan trong vé ciu tao ctia cation allylic 1a tat ca cac nguyén tu
déu cang & trong mot mit phing. Orbital p tréng cta carbocation xen phu véi
orbital n ctia lién két d6i. Mat do dién tich cua lién két doéi nhu dude phan chia
déu trén 3 nguyén ti carbon. Sy phan bé mat dd electron nhu vay lam cho cation
allyl ¢6 ning lugng thap hon cation c6 dién tich duong tap trung trén mot carbon.

Trong cation allylic ¢c6 su phin bd lai mat d6 elecron n thanh mot orbital
phan tl bao trum lén ca 3 nguyén tu carbon.

+
——

+ + .
CHy=CHCH, <—» CHyCH=CH, <—» (CHy=CH=CH;)* = CHy~CH=CH,

D06 bén viing ctia cation allylic tuong tu véi do bén cua géc alkyl bac 2. Khi
cation tuong tac véi mot tac nhan 4i nhan, phan Ging xay ra tai trung tAm mang
dién tich duong, do d6 mot hén hop san phadm dude tao thanh. C6 phan tng xay ra
theo kiéu chuyén vi allylic.

%

_______ )
Y
YO

Hinh 13.1. Biéu dién cation allylic dusi dang orbital

1.2. Phan ting Sy, - Sy chuyén vij allylic

Céc halogenid va alcol allylic déu c6 kha ning tao carbocation mot cach dé dang
theo co ché& Sy, va ¢6 su chuyén vi néi d6i. Su chuyén vi d6 goi 1a chuyén vi allylic.

4 3 2 1 4 3 2 1
CH3CH=CHCHOH + HBr —» CH3CHBrCH=CHj

Diéu d6 chiing tb ring lién két ddi c6 tac dung 6n dinh trang thai chuyén
tiép va lam gidm miic nang lugng hoat héa (hinh 13-2).
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Hinh 13.2. Trang thai chuyén tiép clia phan (ing gitta bromid allyl
vGi tac nhan ai nhan Nucleophyl theo co ché Sy,

Heé thong allylic ciing dé xay ra phan ting theo co ché Sy;.
4 3 2 4 3 2 1
CH3CH=CHCH,OH + HBr —— CH3CH=CHCH}Br

Vi carbocation CH,CH=CHCH," ciing d& hinh thanh trong diéu kién khéng
xay ra su chuyén vi allylic theo c6 ch& Sy,

CgH5SO,Cl cr
CH3CH = CHCHOH———> CH3CH = CHCH,0S07,CgH5 —— CH3CH = CHCH,Cl
2-Buten-1- ol Pyridin 1-Clor-2- buten

Phan ting nhu vay ciing xay ra khi hop chat allylic tac dung véi thudc thi
Grignard.

CH,=CH-CH,Br + Q—MgBr Q—CH2CH =CH, + MgBr

T70%
Phan tng theo kiéu trén 1a phuong phép tét dé diéu ché 1-alken. Phan tng
nhu thé& khong xay ra d6i véi halogenid alkyl no.
1.3. Anion allylic CH,=CH-CH,"
Thuoc thii Grignard allylic duge diéu ché theo phuong phap thong thuong sau:

CH»=CH-CH»-X + Mg? CHy=CH-CH»-M;

Thudc thi nay bi déong phan héa rat nhanh
4 3 21 Nhanh  CHy-CH-CH = CH
n - - = ,
CH3-CH= CH-CH)-MgX =——> 31& N :
g

C6 thé hiéu ring dién tich Am cta anion allylic d& phan bé trén cac nguyén
ti carbon lién hgp.

——

_ -+ - _ + —
CH;—CH—CHp MgX <—>CHy,—CH=CH, MgX <[ CHy*==CH=CHp] MgX
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Anion allylic bén viing hon anion khong lién hgp. Nhiing anion bén viing
loai khac duge 6n dinh nhd sy cong hudng hoéc lién hop c6 ban chit nguge nhau.

Vi du:
|: O:ﬁ:—O‘ (_)‘ Oo— ?: O:| |:Rzé_ |C=O R2C= ?— O-:|
R R 3
Ion carboxylat R Ton enolat
1.4. Géc tu do allylic: CH,=CH =CH,’

Gdc allylic dude 6n dinh nhd cong hudng

Electron tu do (don) dugc phan chia trén 2 carbon lién hgp. Géc tu do loai
nay bén hon géc tu do no tuong tu (CH,CH,CH,).

Khi brom héa phan ti c6 chta allylic bang N -bromosuccinimid sé c¢6 qua
trinh phan ting xay ra theo co ché goc tu do (Phan tng c6 xtc tac anh sang)

i Br i
H,C—C ccly H ZT—C\NH
+ | NBr - —— LR
H,C—C A 267
W )
N-Bromosuccinimid 83% Succinimid
Co ché
H,C—C

|
A H,C—C

. .
| NBr —— 3 A . .
H,c—¢” Anh sing | N+ B O + Brt —= O + HBr
i H,C—C
0 i
0
. HZC—C\ Hzc—@\ Br .
+ | /NBr —_— | ,N' + :
HoC—C H,C—C ' '
b i

Chii y: C6 thé minh hoa su phan bé lai mat d6 electron trong goc allyl

+ + 3 -
Cqu — CHy— CHZ’{_\H =CH, CHQ CH{\ CHy~— C@, CH QHz CH, -

LCHY CHp—~ CH, Yonx CH,

Cation allylic Anion allylic Goc ty do allylic

2. DIEN

2.1. Cau tao va su bén virng
Dien c6 néi déi cach biét C =C-C-C=C
Dien c6 noéi ddi tiép can  C =C=C-C-C
Dien c6 néi déi liéen hgp C =C-C=C-C
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Dien lién hop cé6 2 lién két doi cach nhau mot lién két don (con goi 1a dien
luan phién, tiép cach). Dien lién hop bén viing hon dien khéng lién hop vi mat do
electron phan bé déu trén cac nguyén tii carbon ctia hé lién hgp. Cau tric nhu vay
¢6 ning lugng thap.

Phéan ti 1,3-butadien ¢6 4 nguyén ti carbon 6 trang thai lai hoa sp?.
Cac liéen két o C-C va C —H dudgc tao thanh do su xen pht ctia cac orbital lai
héa sp? cua carbon véi nhau hoédc véi orbital s cia hydro. Lién két n dudc tao

thanh do cac orbital p ty do trén cac nguyén ti carbon xen phu v6i nhau (trén
hinh 13.3 vé su xen pht dugc minh hoa bang dudng thang khéng lién tuc).

P
Llenketn H; é Ho O@
...... Cip H

Hinh 13.3: C4u tao clia 1,3-butadien

D6 dai lién két trong 1,3-butadien

Lién két doi C,=C, va C,=C, c6 d6 dai la 1,37A 16n hon lién két déi binh thuong
(1,34 A). Lien két don C,—Cs c6 db dai 1,46 A ngdn hon lién két don binh thuong (1,54
A). Diéu d6 giai thich rang trong 1,3-butadien cac electron 7 ctia cac noi doi lién hop
da tuong tac véi nhau. Su tuong tac d6 anh hudng dén do dai lién két, anh hudng dén
do6 bén cling nhu kha ning phan ting cia phan ti c6 hé lién hop.

Vi lién két C,—C, trong butadien c6 mot phan electron m nén kha néng quay tu
do xung quanh lién k&t nay bi han ché. 1,3- butadien c6 thé ton tai 2 dang cu dang
S -trans va S -cis . Dang trans c¢6 niang lugng thap nén né bén viing hon dang cis.

H //C H \c . C/
,c—C Y4 N
H— c/ ~H H- C C-H
~H
~H
S-trans S-cis

2.2. Phan g cdng hop

Quan sat phan tng gitta phan tr brom véi 1,3-butadien

+
CH, = CH- CH -CH,Br

H ]
CHy = CH-CH = CHy + Bry — 3 I Br ——
+
-15% | CH, - CH = CH - CH,Br

—>  BrCHy- CH=CH-CHyBr + CH; = CH-CHBr- CH;Br
54% 46%

163



Pun hén hgp thu dugde 6 60°C thi tao thanh 90% (E)-1,4-dibromo-2-buten

BrCHy— CH=CH- CHyBr (54%)
+ —
CHp =CH-CHBr- CHyBr ~ (46%) H

600 BrCH, _ _H

 SCH,Br

e

90%
S& di cac dien lién hop tao dude hdn hop san phdm cong hop -1, 4 va san
phdm cong hop -1, 2 vi cation trung gian cé cdu tric carbocation allyl
+ +
CHy=CH-CH=CH, + H+—> CH»=CH-CH-CH3 <«—» CH)-CH=CH-CH3;<—> CH;=CH=CH-CH3
L
C&u tric carbocation allyl C&u triic carbocation allyl ~ Cau tric carbocation allyl

Céac dien lién hgp ciing c¢6 thé cong hop theo co ché 4i nhan hodc co ché goc.

ffofeg v =Yt s e e

2.3. Dien -1,2 allen

Propadien-1, 2 dugc goi 12 allen CH,=C=CH,. Hai lién két d6i tiép can nhau
va d6 dai lién két doi bi ngin di (1,31 A). Day la gia tri trung gian gitia lién két
d6i1,34 A (C=C) va lién két ba 1,20 A (C=C). C4u tric electron (hinh 13-4) bidu
hién 2 hé théng lién két d6i thing géc véi nhau.

Hinh 13.4: C4u tao orbital cla allen

Tinh ch&t dic trung cta allen 1a phan ti khong déng phing. Hai lién két =
nim trong 2 mit phing thng géc véi nhau. Vi vay phan ti allen thé c6 tinh chat
bat d61 xting (c6 tinh quang hoat).

24. Tc“;ng hop cac dien

Phan 16n cac dien dugdc diéu ché tit hop chat c6 2 nhém chiic.

OH OH Al,O4 CH,=C-C=CH, + 2H,0
E — |
(CHy),C——C(CHy), 454 4700 CH;CH;  79-89%
2,3-dimethyl-1,3- butadien
5750

CH3COOCH,CH,CH,yCHyCHyOOCCH3 — 2 CH3COOH + CHy=CHCHyCH=CH,
1,4-pentadien 63-71%
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Thay thé halogen trén phan ti halogenid allyl bing g6c vinyl tit halogenid-
vinylmagnesi

ether
CH»=CHCH,Cl + CHy=CHMgBr—> CH,=CHCH,CH=CH, + BrMg

Phan ung Wittig:
+ -
CHp=CHCHCl +P(CgHs5)3—>  CH,=CHCH,P(CgH5)3Cl
Allytriphenylphosphin clorid
+ C2H50L1 - + C6H5CHO
CHy=CHCH,P(CgHs)3 —s | CHy=CHCHP(CgHs)3°-3  CHy=CHCH =CHCgHs + (CgHs)3
1-Phenyl-1-3- butadien
2.5. Polymer héa

Cac dien bi polymer héa. Polymer héa butadien c6 xic tac Ziegler -Natta
(Alkyl nhom va titan clorid).

nCH,=CH-CH=CH, @ — (-CH,-CH=CH-CH,"),
Xdc ta
N CHy=CH-CH=CH, auc tac —ECHZ-CH=CH-CH2}n

nCH2=F-CH=CH2 MC —ECHz-?=CH-CH£—n

CH,4 CH,
2-Methyl-1,3- butadien (isopren ) Polyisopren
N CHy=CH-CH=CH, + NCH=CH, Xie e {CHz—CH:CH-CHﬁH-CHﬂﬁ
CeHs CeHs
1,3-Butadien Styren Cao su Buna S

Cao su luu hoa

~—————

\/\/\/\/\(\
S S
_— \/\/L/\l/\/k
S
\/\/\/I\/\/\
3. HE THONG LIEN HOP BAC CAO
/\/\/

Hé thong trans 1,3,5-Hexatrien = = =

Hop chit c6 nhiéu néi doi lién hgp bén viing hon cac hop chat no ¢ s6
carbon tuong ting. Su bén viing d6 1a do su lién hdp n, n gitia cac noéi d6i. Cac ion,
gbc tu do hodc cic trang thai trung gian c6 nhiéu néi doi duge 6n dinh nhd cb su
lién hgp va su phan bd déu mat do electron trén cac nguyén tii carbon.
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CHy=CH-CH=CH-CH=CH, + Ht ——>

+
CH, = CH- CH = CH-CH-CH3

¢ S5t St ot
CH, =CH="CH=CH=CH - CHjz

+
CH, = CH - CH-CH=CH-CH,

+
CH, —-CH=CH - CH=CH-CHj

4. PHAN UNG DIELS - ALDER

Hé théng dien lién hgp cong hgp véi mot lién két kép (ndi ddi hoidc néi ba goi
14 dienophyl) tao hgp chat vong 6 canh c6 noi doi 6 vi tri 2, 3 cia hdp chit dien
lién hgp ban dau. Phan ting nhu vay 14 phan @ng Diels-Alder. Cac dien lién hop
cdu dang cis dé& xay ra phan tng téng hop Diels -Alder.
Phan ting don gian gitial,3- butadien va ethylen:
CH
Z 2 CH, CH\ZCH2
.t — | |

CH, _

CH
CH, oy

Céc dienophyl thuong dugc hoat héa bing cac nhom hit electron (-COOH,
—COOR, -CHO, -COR, —-C=N, NO,)

= COOCH; COOCH,;
+ 3
\ W

Dien Dienophyl 4-Methyl cyclohexencarboxylat
7~
G
R CHO 0~ >cHo
Acrolein
(OO Hs COOC,H
= (lj 2475
S + I - >
G COOC,H;
COOC,H,

Diethyl 1,4-cyclohexa
Diethylacetylendicarboxylat 1,2-Dien dicarboxylat

Co ché€ phan ting dugc trinh bay trén hinh vé 13-5. Bén electron n ctia hé
thong dien lién hgp da xen phti véi 2 electron « ctia alken (dienophyl).
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Hinh 13.5. Trang thai chuyén tiép cla phan tng Diels-Alder

Phan tng xay ra theo co ché 1ap thé cis .

_ COOCH, H COOCH,
+
NS
COOCH, I COOCH,
COOCH,
Z SH C H CH3COOCH3
[]1]
N ’ (lj A COOCH
COOCH, B 8
@ N l s (79-91%)
coocH, ~ 75-80°C
COOCH,
Ester methyl bicyclo[2,2,1]-
Cyclopentadien Ester methylacrilat hepten-5 endo carboxylat

BAI TAP

1. Viét coéng thiic cac san pham khéc nhau ctia phan tng giiia
(R)-2-hydroxy (E)-3-hexen va HBr

2. T halogenid allyl hay trinh bay phan ting diéu ché:
4,4- dimethyl-1- penten va 4-methyl-1-hexen

3. C6 san phadm nao dudc tao thanh khi cho 3-cloro-1-penten tac dung véi Mg
trong dung moéi ether. Sau d6 tac dung v6i CO, va thiy phan trong méi truong
H,SO, loang.
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4. Hay viét phan tng gitia N -bromosuccinimid véi cac alken sau:
a- 2-Methyl propen ; b- Cyclopenten ; c- 2-Penten

5. a- Viét cong thiic cdu tao clia cic san pham tao thanh khi cho cac ceton sau tac
dung v6i D,O trong moi truong base:

0 0 0 0o
| CH, CH,
[ j J [ ] ; [ j; /Ej
CH;

b. Viét phuong trinh phan ting ctia 4-methyl-3-penten-2-on véi cac chit sau:
n-C,H,Li; n-C,HHgBr , CuBr; Hy/ Pt; HCN, (C,H;);N; Br,, CCl,
6. Viét cac phuong trinh phan ting Diels -Alder ctia cyclopentadien véi cac chat sau:

Vinylacetat; Acid acrylic; Ester dimethyl acetylendicarboxylat CH,00CC=
CCOOCH,; (Goi tén cac san phdm tao thanh)
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Chuong 14

DAN XUAT HALOGEN

MUC TIEU

1. Goi duoc tén cdac alkylhalogenid va arylhalogenid
2. Trinh bay va so sanh dugc tinh chdt héa hoc cua RX va ArX

NOI DUNG

Néu thay thé& moét hay nhiéu nguyén ti hydro ctia hydrocarbon bing mot
hay nhiéu nguyén ti halogen thi thu dugc dan xuat halogen.

CiHppooe = CHgpio o X
C6 cac loai hgp chat halogen sau:
Halogenoalkan, Halogenocycloalkan.
Halogenoalken, Halogenocycloalken.
Halogenoalkyn
Halogenoaren.

Tuy thudc sé lugng nguyén ti halogen c6 trong phan ti c6 thé c6 hop chat
monohalogen va polyhalogen.

Cac halogen hydrocarbon c6 nhiéu ting dung quan trong. Chiing c6 kha néing
phan tng cao vi vay hop chit halogen 1a nguyén liéu dau trong téng hgp hitu co.

1. DANH PHAP
1.1. Danh phap IUPAC

Goi tén hydrocarbon tuong ting va thém tén halogen nhu mot tiép dau ngii.
Chon mach chinh 14 mach dai nhat chita halogen. Danh s sao cho vi tri halogen
la bé nhat. Goi tén theo thu tu:

S6 chi vi tri va tén halogen + S6 chi vi tri va tén mach chinh

+ Tén hydrocarbon (ng véi mach chinh

Br
|
CH3-CHy—Cl Cl-CHp—CH»-F CH,»=C-CHj3 Cl—C=C-Cl
Cloroetan 2-Fluor-1-cloroetan 2-Bromopropen dicloroacetylen
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3-Br cl !
L Cr "
[ Br F
2,3-dibromocyclohexen Clorobenzen 6-fluoro-2-bromo-1-iodonaphtalen
Né&u phan ti c6 nhiéu halogen ciung loai thi dung cac chit di, tri, tetra...dé

chi s& lugng nguyén ti halogen. N&u phan ti c6 nhiéu halogen khac loai thi goi
tén halogen theo thi tu a, b, c.. hodc theo thi ty "d6 16n ".

6 5 4 3 2 1
Cl-CH,-CH,-CH,~CH-CH,-CH,-CI CH; ~ CI CH,
CH —CH-CH- —CH- - — =C-CH=
°H, GH,~(CH-CH-CH,-CH-CH,-CH,-CH;  CH,=(-CH=CH,
CH,-Cl Br CF,

1,6-dicloro-3-(2-cloroethyl) hexan  4-cloro-3-bromo-6-methylnonan 2-(trifluoromethyl) -1,3-butadien

1.2. Danh phap thong thuéng
Nguoi ta xem dan xudt halogen 14 san phdm thay thé& cia HX (HX — RX).
Vi vay cé tén goi:
Tén goc hydrocarbon + tén halogenid.

CHLCI CH,Br, CH,=CH-F  CH,=CH-CH,I
Methylclorid Methylendibromid Vinylfluorid Allyliodid

Van thuong goi tén mot s& hgp chat halogen theo tén quen diing nhu cac haloform.
CHCI, CHBr, CHI,
Cloroform Bromoform Todoform
2. PONG PHAN

S6 dong phan tuy thudc cdu tao cia mach carbon va vi tri ciia halogen.

CH,;CH,CHCI, CH,CCl,CH; CH,CICH,CH,CI
1,1-dicloropropan 2,2-dicloropropan 1,3-dicloropropan
1,1-propylydenclorid 2,2-propylydenclorid 1,3-propylendiclorid

3. PHUONG PHAP DIEU CHE

C6 thé diéu ché& cac hop chédt halogen nhu alkylhalogenid, vinylhalogenid,
allylhalogenid, halogenoaren, benzylhalogenid theo cac phan ing héa hoc da c6 6
phan hydrocarbon. Can chid ¥ ring cidc hop chat fluor khé diéu ché theo cac
phuong phap nhu diéu ché cac hgp chat clor, brom va iod.

3.1. Halogen héa alkan (xem phan alkan).

3.2. Cdéng hop HX vao alken (xem phan alken,).
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3.3. Phan (ng giira HX véi alcol
3.3.1. Turalcol
Khi alcol tac dung véi HX tao thanh din xuat halogen theo so do:
ROH + HX —» RX + H,0

cH, cH,
CH;—C—OH + HCl —» CH;—C—Cl + H0
CH, CH,

ZnCl
CH,-CH,—CH,—OH + HCl ~——# CH,— CH,—CH,—Cl + H0

Téc dd phan ing phu thudc vao ciu tao cia alcol va ban chat ctia halogen.
Déi véi alcol kha ning phan ting giam theo thi tu sau:
Alcol bac 3 > Alcol bac 2 > Alcol bac 1
Do1 v6i cac HX thi kha néng phan ing giam theo thi tu
HI > HBr > HCl.

Phan ting gitia HCl véi alcol thudng cé xtc tac 12 ZnCl,. Phan ting tao dan
xuat halogen tit alcol va HX xay ra theo 2 giai doan:

Giai doan 1 tao acid lién hgp cua alcol.

ROH + H+ — = ROHy acid lién hgp ctia alcol

Giai doan 2 14 giai doan cham, giai doan xac dinh téc d6 phan ting.

C6 hai kha ndang xay ra phan ng:

+
1) ROH, — RT + Hy0
Rt +X — RX
Phan {ing xay ra theo co ché& nay sé tao thanh hén hgp racemic.

Néu phan ting x4y ra qua giai doan tao thanh carbocation R* thi c6 kha
niang tao alken va mét san phdm phu do su chuyén vi. Diéu d6 c¢6 thé minh hoa
theo phan ting:
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H
(HCHy CH; CH,8

CH3_C_<1;3_H CHy—C—C—H
CH,Br
Br CH,
T+Br' T+Br'
CH, CH3 CH, (|3H3 H CH, (|sz CH3(|3H3
CH3—C— (E—H L cnp— C—G—H H 220 ch, F—C—H —  CH3—C—C—H
CH,OH CH, OH, chuyén vi T CH,
Ht
l -Ht / \4
CH, CH, CH, GHs CH,
CH3— F—CH =CH, CH3—C=C-CH3 CH}=C—C—H
CH, CH,
& 5t

- + #
@ X /_}R—[(')Hg — > [X..R.OHy] ' — XR +Hy0
Phan tng xay ra theo cd ch& thé 4i nhan ludng phan ti. San pham tao thanh
¢6 hién tugng nghich quay Walden (hién tuong thay d6i c&u hinh)
Phan ting xay ra gitia alcol bac 1 hodc bac 2 vé6i HCI ¢6 xtc tac ZnCl, theo
co ché:

I Ny ZnCl,
Cl+ CH=0_  —= RCHyCl + HOZnCl +CI

R

3.3.2. Phan ung giita phosphor halogenid hodc thionylclorid vdi alcol.

— Alcol tac dung véi phosphotriclorid ho#c phosphopentaclorid déu tao
thanh din xudt monohalogen.

3ROH +PCl, —  3RCl+ H,PO,
ROH + PCl; - RC1 + POCI; + HC1
— Alcol phén ting véi thionylclorid SOCIL, xay ra theo co ché sau:

6. IRl
R-OH +S0OCl, —> R” S Q  » (-Cl S Q—>R Cl + SOy

-HCl1 C.l ‘>

3.3.3. Diéu ché dan xuat monofluor
Cho dan xu4t monoclor tac dung véi bac fluorid:

RCl + AgF —» RF + Ag(Cl
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3.3.4. Diéu ché cdc hop chat monohalogenoaren

Thuc hién phan ting thé ai dién ti gitia halogen va aren hodc dun néng mudi
diazoni (phan ting Sandmeyer).

+ -
N=N: X A X

3.3.5. Diéu ché cdc dan xuat polyhalogen

Cac dihalogen dudgc diéu ché bang cach cho aldehyd hoic ceton tac dung véi
phosphopentahalogenid PX;.

Cl
|
R_I(Ij_R'(H) +pc15 — R—IC—R'(H) +POC13
O Cl

Cac phan ting cong hgp halogen vao alken, alkyn déu c6 kha nang tao thanh
cac chat di hoic tetrahalogen.

Su clor héa toluen cé xic tic Anh sang thuong thu dude hén hgp mono va
polyclorid

CHCI CCl1

A T Gl Te
B =

©/ -HCI -HCl -HCl1 o

Benzylclorid Benzalclorid Benzotriclorid

Cac haloform dudc diéu ché& ti ethanol va clor theo so d6 phan ting sau:

Cly +H,0 —» HCl + HCIO ; HCIO — H*+CIO-

0 +3CIO- o) -
CH,CH,0H+CIO- —> CH-¢7 — cal-¢Z Y chely + Heoor

- RN
-Cl", -H»O _ -
Ethanol 2 H 30H Cloral H Cloroform

Hop chat hexaclocyclohexan diéu ché ti benzen va clor c¢6 xuc tac tia ti
ngoai xay ra theo co ché goc.

cl
1 Cl Cl
@ I Cl 1cr- Lo
— R —_—
. Cl Cl Cl
cl

Hexaclocyclohexan ton tai 8 déng phan lap thé. Trong d6 chi c6 dong phan y
c6 tac dung tru sau bo.
Cl H

H
H c1  Y—1.2.3,4.5,6-hexaclocyclohexan

H Cl
Cl e,e,e,a,a,a-hexaclocyclohexan
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1,1,1-Tricloro-2,2-bis(4'-clophenyl) etan 1a hgp chat halogen c6 tac dung diét
con trung thuong goi 1a DDT. DDT dugc diéu ché ti clorobenzen va cloral.

H,SO,
2 Cl@ + (I:HO _— Cl@CH@C] + HpO
CCl4 [
CCl,
1,1,1-tricloro-2,2-bis (4,4'-clorophenyl) etan

4. TiINH CHAT LY HOC

Ngoai mot vai chat & trang thai hoi nhu fluoroetan, clorometan,
bromometan... phan 16n cac dan xuat halogen la cac chat 1ong khéng mau hoéc
cac chat ran. Hop chat halogen khong tan trong nuéc nhung tan nhiéu trong cac
dung moéi hiiu co. Mot sd tinh chat vat 1y cia din xuit halogen dugc trinh bay
trong bang 14-1. Lién két C —X 1a lién két phan cuc vi vay hgp chit halogen c6
momen ludng cuc (n)

Bang 14.1: Momen ludng cuc va doé dai lién két C-X clia moét vai hgp chat halogen

CHX  C-—X Po dailien két d (A ) Momen Iudng cuc p (D)
CH,F 1,385 1,82
CH,CI 1,784 1,94
CH,Br 1,929 1,79
CH| 2,139 1,64
p=qd q= 21%

u la mot dai lugng vecto

q la luc tuong tac gitia 2 hat nhan
e,;, e;1a dién tich ctia 2 hat nhan.
d 12 do dai lién két

r 12 khoang cach gitia hai nhan nguyén ti

5. TINH CHAT HOA HOC
5.1. Cau tao va kha nang phan (ng

Trung tAm phan ing ctia cac dan xuat halogen 1a lién két C —X. D6 Am dién
ctua halogen 16n hon cua carbon. Lién két C —X 1a lién két cong héa tri phan cuc.
Dau am cua lién két léch vé phia halogen.

Kha nang phan ting ctia cac dan xuat halogen phu thudc vao ban chat ciia halogen.

Kha nang phan ting ting theo thi tu RI > RBr > RCl > RF.

Dan xuét iod c6 kha ning phan {ing cao vi d6 phan cuc cua lién két C —I 16n
nh&t so véi cac lién két C —X khac. Dd phan cuc ctua céc lién két C —X phu thude
vao do Am dién va kich thudc cua nguyén ti X. Do am dién cua X cang nho va
kich thuéc nguyén ti X cang 16n thi lién két C —X cang dé phan cuc.
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Bang 14.2: Tinh chat vat ly cdia moét vai hop chéat halogen

Hop chat Cong thic ciu tao Nhiét do chdy | Nhiét do soi
Fluorometan CH3F -141,8 -78,5
Clorometan CH;Cl 97.7 23,7
Bromometan CH3Br -93,7 3,6
Iodometan CH3l -66,5 42,5
Cloroetan CH3CH,Cl -138,7 12,3
1-Cloropropan CH3CH,CH,Cl -122,8 47,2
2-Cloropropan CH3CHCICH3 -117,0 35,4
Vinylclorid CH»= CHCl -159,7 -13,8
Allylclorid CH,=CHCH,Cl -136,4 44,6
Methylenclorid CH,Cly -96,8 40,2
Cloroform CHCl3 -63,5 61,2
Carbontetraclorid CCly -22,9 76,7
Fluorobenzen C¢Hs-F -41.9 84,7
Clorobenzen C¢Hs-Cl1 -45.2 131,7
Bromobenzen C¢Hs5-Br -30,6 1565
TIodobenzen C¢Hs-1 313 1885
Benzylclorid C¢H5-CH,Cl 411 1793
Benzalclorid C¢H5-CHCl, -16,4 205.2
Benzotriclorid C4H5-CCl3 -4.8 220.,8

Kha ning phan tng cta dan xuat halogen con phu thuge vao dic diém cua
goc hydrocarbon lién két véi halogen. C6 thé chia thanh 3 loai dan xuat halogen
theo kha ning phan tng:

e Kha ning phan ting binh thuong 1a cac dan xuit alkyl va cycloalkyl halogenid.

O

e Khi ning phan ting thap 12 cac dan xuit chta cac géc hydrocarbon chua no
va gbc hydrocarbon thom, trong d6 nguyén ti halogen X lién két truc tiép
v6i carbon c6 lién két déi hodc nhan thom. Nguyén nhan kha nang phan Ging
th&p 12 do cip dién ti p trén halogen da lién hop véi géc hydrocarbon.

N N
CH3C = CHp cﬁ?: CH Q_Br
«Cl Cl?>
2-Cloropropen vinyl clorid Bromobenzen

CH3 CH,CH),Cl
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¢ Kha ning phan ting cao 12 hgp chat c6 cdu tao allylic.

CH, = CH-CH,—Cl & )—cnal

Allylclorid Benzylclorid
Su khac nhau cta 3 loai hop chat trén dude cin ct vao phan ting thiy phan:
RX + HOH —» ROH + HX

CH3z CHpCH-Cl + HOH — CH3 CH,CH,-OH + HCI Pun néng véi dung dich kiém

®—Cl + HOH — @-OH + HCI Kho, dun néng & 380°va ap suét

CH, = CH-CH,—Cl+ HOH —» CH, = CH-CH,-OH + HCl Rat dé bi thiy phén

@—CHZCI + HOH — @—CHZOH + HCI R4t dé bi thity phan

Kha niang phan ting gidm dan theo cau tric ctiia goc R nhu sau:
RCH=CH-CH,-X > ArCH,-X > R-X > Ar-X > RCH=CH-X > RC=C-X
5.2. Phan (ng thé ai nhan

Cac dan xuat halogen tham gia nhiéu loai phan ting th& khac nhau nhu
phan {ing thiy phan, thé amin, tao ether....

5.2.1. Phan ung thé di nhan cua hop chat alkyl halogenid

Phan ting thé xay ra gifia alkyl halogenid RX va tdc nhan 4ai nhan Y - theo
so do:
RX+Y - RY+X

Tuy thudc vao cdu tao cua dan xuat halogen, tdc nhan ai nhan, dung moi
phan ting c6 thé xay ra theo co ché ludng phan ti Sy, hodc don phan ti Sy,.

SN2 Y+ RX —» [Y R X]—= YR + X V=k dD;'t][RX]
SN1 R-X Chim o+ + X3 RV 4 y~Nhaghy V= kd[CI;tX]

Bang phan ting thé ai nhan, tit hgp chat halogen tao ra nhiéu hgp chét c6
cac nhom chiic khac nhau.
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Phan g thé& clGa hgp chat alkylhalogenid

Aminbic1  RNHp+ HX <3 ~HO® | v.., ROH  Alcol

Aminbic2 RNHR'+ HX-<RNHj | | RO” _ y-, ROR'  Ether

Amin bdc3 RNHR'5 + HX <_R'2ﬂ | R'COO . X -+ R'COOR Ester

Nitril RCN + X~ = RX H3” . X+ RSH  Thioalcol

Alkyn R'C:CR+X < RC( | _RS” X -+ RSR' Thioether

Alkan R-R' + MX < RM | | HOO"_ x-4 rRooH  Hydroperocyd

Nitroalkan RNOy + X © 4& __ROO0° X -+ ROOR' Perocyd
RCH(COOR), + X t(R'QOC), CH SCN -

Esteralkyl malonat X7+ R-SCN-+ R-NGS

Thiocianat  Isothiocianat

Dan xuat halogen tac dung véi cac alcolat hay phenol trong méi truong kiém
tao thanh ether ROR' hodc ArOR' (phan ting Williamson).

OH NaOH OCH;,
CH3-Br + ©/ a , + NaBr + H>O

Anisol

e Hoéa ldp thé cia phdn i#ng thé di nhan
Né&u hgp chat halogen cé carbon bat d6i xting thi tuy thudc huéng tdn cong

ctia tdc nhan 4i nhan ma carbon b4t d6i xting c6 thay do6i cAu hinh hay khong.
Né&u huéng tan cong cua Y - cung huéng di ra ctia X - thi khéong c6 su thay
ddi c&u hinh
CH;<_ _H v CH; _-H
+ +
CH,cHY NI CH3CH2/C Ny
(R) (R)

I

Né&u huéng tan cong ciia Y - di vao ti phia sau huéng di ra ctia X - thi c6 su
thay doi cau hinh xay ra.

H13C\6 P
Y + H/’C_I — FC“~H + T
/ \CH
CH3 3
(S (R)

Su thay d6i ciia c&u hinh carbon qua giai doan trang thai chuyén tiép
(phiic hoat d6ng).
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(S) (R)
Minh hoa cac trang thai c6 thé c6 trong qua trinh phan ting Sy, qua hinh 14.1

A

E
SV N R 1
Trang thdi chuyén ti€p Y-5C-X
T \
5‘\C
7/
Y \C X @
+ . C—
/

Cha't phan tng

Tién trinh phdn tng —>

Hinh 14.1: Cac trang thai nang lugng (ing véi co ché phan (ing Sy,

Vi vay cac hop chit tao thanh tit din xuédt halogen quang hoat c6 thé la
quang hoat véi su thay d6i c&u hinh (thé& Sy,) hoic mot hén hgp racemic (thé Sy,).
Phan ting gitia tert - butylbromid véi alcol ethylic tao ether tert - butylethyl
(CH,),COC,H; 12 phan ting thé ai nhan theo co ché Sy,. Phan {ing qua giai doan
tao carbocation (hinh 14-2).

EA

T

(CH3)3C" + Br-+ HOC,

(CH3)3CBr + CoH50H

5—H
(CH3)3COC + Br~ Ea—
C,H; (CH3)3COCoHs + HBr

Ti€n trinh phdn Gng th& Sy, —>

Hinh 14.2: Cac trang thai nang lugng (ing véi co ché phan (ng Sy,
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Cha
(CH33C-Br —> (CHz)3C* + Br

+
(CH3)3C+ + C2H50H — (CH3)3C—(I)CH2CH3 o (CH3)3COCH2CH3 +Ht
H
Gian d6 minh hoa tién trinh phan ting thé& Sy, ting véi cac trang thai ning
lugng va su hinh thanh carbocation.

Carbocation (CH,);C*cé cdu tao phing. Néu din xudt halogen bac 3 ¢6 tinh
quang hoat thi carbocation tao thanh bi alcol t4n cong vao ti 2 phia cua mat
phang véi x4c sudt nhu nhau, két qua 1a thu dugc mét racemic khéong quang hoat.

5.2.2. Phan ung thé di nhan cua hop chat allylhalogenid

Ngoai san phdm thé 4i nhan con c6 san phdm thé& do chuyén vi allylic.

- + +
R-CH=CH-CH,-Cl —-% R-CH=CH-CH;  <— R-CH-CH=CH,
+Y ¢ ¢ +Y °
R-CH=CH-CH,-Y R-CH-CH=CHj
Y
San phdm thé S | San ph4m thé cé chuyén vi

5.2.3. Phan ung thé di nhan cua hop chat halogenoaren
Su thé xay ra khé khin, doi hoi nhiét dd cao va ap suét.

OH
NaOH , 3000q©/ + NaCl
cl
©/ . NH,
H3.2
o P
2

Néu trén nhan thom cé nhém hit dién ti thi phan tGng xay ra dé dang hon.
Phan ting thé giiia clorobenzen va NH, xay ra theo co ché "tach -cong" hoic "co
ché& aryn"

+ NH,
—> +H-"
©/ Ny ©| +H3 4
‘NHj3, - CI 8%,
1,2-dehydrobenzen L5 +H"
(aryn) 5205 2

Phan ting thé loai nay ciing xay ra déi véi cac tic nhan 4i nhan 1a cyanid CN-

ArCl + CuCN —> ArCN + Cu(Cl
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5.2.4. Anh hudng cua co chéat va dung méi Ién phan ung &i nhén.

Cau tao goc alkyl va dung méi c6 anh huéng dén téc do va co ché ctia phan
Ging thé& 41 nhan. Anh hudéng su phan nhanh ctia mach carbon 1én téc d6 phan tng
Sye trinh bay trong bang 14.3:

Alkyl halogenid Téc dd tuong doi
CH.- 30,00
CH,CH,- 1,00
(CH,),CH- 0,02
(CH,) 5C- ~0

Téc @0 Sy, Methyl > gdc bac nhat > gbc bac 2 3> gdc bac 3

Toc dd Sy; Methyl < géc bac nhat < goc bac 2 < goc bac 3

Dung méi phan cuc thuan 1gi cho phan ting thé 4i nhan theo co ché Sy;

Dung mbi it phan cuc thuan 1gi cho phan ting thé 4i nhan theo co ché& Sy,.

Phan {ing thé ai nhan cta hgp chat halogen bi canh tranh bdi phan tng
tach loai.

5.3. Phan ing tach loai (Xem phan diéu ché alken)
5.4. Phan (rng véi kim loai
5.4.1. Tdc dung voi natri

Cac dan xudt halogen mach thing ciing nhu vong thom déu tac dung véi
natri kim loai tao thanh hydrocarbon (phan ting Wurtz va Wurtz - Fittig).

Eth
R_X +2Na+ X-R—»> R-R +2NaX  Phin dng Wurtz.

Ether
Ar—X +2Na + X-R—2% Ar—-R +2NaX  Phin tng Wurtz - Fittig

Phan ing nay cho phép diéu ché nhiing hydrocarbon c6 sé lugng carbon tuy y.
5.4.2. Dan xuét halogen tdc dung vdi nhiéu kim loai hoat déng khédc

Dan xuat halogen tac dung vé6i kim loai tao thanh hop chat co kim c6 nhiéu
ting dung vé thuc té€ ciing nhu ly thuyét. Dic biét 12 phan tng ctia hgp chat
halogen véi magnesi tao thudc thi Grignard (xem phan hgp chat co kim).

RX + Mg —» RMgX

BAI TAP

1. Viét cong thiic cAu tao cac chat c6 tén goi sau day:
a. 1,2- Diclobutan; b- 1-Cloro- 2-bromo-3-methylpenten;
c. 3-Cloro-4,4-dimethylpentyn d- Propylbromid;
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e. Isohexylclorid; f- Vinylfluorid;

g. Allylbromid,; h- Ethylidenclorid
1. Tetracloroethylen; j- Trimethylenclobromid;
k. Benzylidenbromid; 1- Methylenbromid

2. Trinh bay phuong phap diéu ché cic chat sau:
a. 2,2-Diclorobutan tu 2,3-diclorobutan; b- sec- Butylbromid tu butylbromid.
c. 2,2-Diclopropan tu aceton; d- Benzalclorid ti aldehyd benzoic.

e. Acid 4-cloro-3-nitrobenzensulfonic tut benzen; g- Acid 4-nitrobenzoic ti toluen.

3. Trong cac hgp chat sau day: ethylclorid, vinylclorid, allylclorid thi lién két C —ClI
ctia chat nao bén viing hon trong phan ting thuy phan? Sip xép theo thi tu ting
dan va giai thich. Phan tng xay ra theo cd ché& nao ?

4. Hay viét phan ting ctia cic hdp chat dudéi day véi methylat natri:
a. 2-Bromopentan; b- 1-Bromo-4-methylbutan; c- 3-Bromo-2-methyl-2-penten;
d. 1-Bromo-3-methyl-2-buten; e- Isopropyliodid.

5. Viét cac phan ting tao cac chit trung gian va chit cudi trong cac so d6 phan tng

HBr , ddNaOH . HI

a- Isobutylen ; — % C

b Allyliodid  N» o ZHBr  ddKOH

6. Viét phan ting cta cis-1-iodo-4-methylcyclohexan véi ion iodid. Gidi thich co ché.
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Chuong 15
HOP CHAT CO KIM

MUC TIEU HOC TAP
1. Doc duoc tén theo danh phdp cdc loai hop chdt co kim.
2. Trinh bay duoc héa tinh cia hop chdt co Magnesi (thuéc thou Grignard.
3. Néu duoc iing dung ctia cdc hop chdt co kim trong tong hop hitu co.

NOI DUNG

Hop chat co kim 1a nhiing chit hiiu co c6 nguyén ti kim loai lién két truc
tiép v6i nguyén ti carbon trong gdc hydrocarbon. Khac véi cac chat vo co, hgp
chat co kim & dang khi, dang 16ng hoic dang ran c6 nhiét do néng chay thap. Hgp
chat c¢o kim tan dudge trong dung méi it phan cuc nhu hydrocarbon va ether.

1. CAU TAO
Lién két C - M c6 tinh chat ion. M 1a kim loai

e Cdc kim loai (trong truong hop nay) thiéu dién ti.
- 84

|: R—M R f\'-/l = R—M
o Tuy thudc héa tri cia kim loai hop chdt co kim c6 cdc loai:

RM ; R,M ; RMX (X la halogen) ; R;M.

e Hop chdt Grignard (thuéc thi Grignard): RMgX (X = Cl, Br).

Trong dung moi ether hgp chat dialkyl magnesi tao lién két phoi tri véi 2
nguyén tu oxy cua ether. Trong dung dich ether lodng (0,1M), thuéc thi Grignard
ton tai dang monomer. Magnesi phoi tri v6i 2 phan ti dung méi ether. Trong
dung dich dam dic hon (0,5-1M) thudc thi Grignard tén tai 6 dang dimmer.

R /O(C2H5)2 Br\\ /O(Csz)z Br
Mg Mg R—Mg/ \Mg—R
R AN r L .
O(CaH5)7 O(C2H5)7 Br

2. DANH PHAP

2.1. Tén gdc hiru co + Tén kim loai
CH,) ,CLa t-Butyllithi (CH,),S1 Tetramethylsilan
(CH,CH,),Mg Diethylmagnesi (CH,CH,),Pb Tetraethyl chi
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(CH,CH,) ;B  Triethylboran
CH,Cu Methyldong

(CH,) ;Al

(CHy),Hg

Chi y: Cac hop chit caa bo, thiéc, silic goi tén theo dan xu4t hydrid ctia ching
BH; boran ; SnH, Stannan ; SiH, Silan

Trimethyl nhom
Dimethyl thuy ngan

2.2. Doc tén nhu mudi vé co

Hoéa tri cua kim loai khong st dung hét dé lién két véi goe hitu co ma lién
két véi cac nguyén t& khac. Hop chat loai nay xem nhu muéi vé co c6 goc hiiu co.

CH,CH,MgBr Ethyl magnesi bromid
CH,HgCl1 Methyl thuy ngan clorid
CH,;CH,AICI, Ethyl nhém diclorid

3. TINH CHAT LY HOC

Bang 15.1: Tinh chat ly hoc clia mot s6 hdp chét co kim

Hop chat t°c t°s Hop chat t°c t°s
CH3CHoLi 95 95,0 (CH3CH2)2Hg - 159
(CH3)2Mg 240 - CH3CH2Hgl 186,0 -
(CH3)3 Al 0 130,0 CH3CH2HgCI 193,0 40
CH3AICI2 73 97-100* (CH3)3Ga -19,0 56
(CH3)4Si - 26,5 (CH3)3lIn 89,0 89**
(CH3CH2)4Si - 153,0 (CH3)3Te 38,5 147
(CH3)2Zn -42 46,0 (CH3)4Ge - 88,0 43
(CH3)2Cd -45 106,0 (CH3)4Sn - 55,0 78
(CH3)2Hg - 96,0 (CH3)4Pb 27,5 110

t°c = nhiét d6 nong chay; t°s = nhiét d6 so1; * mmHg ; ** thing hoa

4. PHUONG PHAP PIEU CHE CAC HOP CHAT CO KIM
4.1. Phan ng giira alkyl halogenid véi kim loai
Trong phong thi nghiém st dung dé diéu ché hop chit co lithi va co magnesi.

Dung méi 1a ether hoéc hydrocarbon

(A4l

RMgX ——» RR'+ XMgX

I . |
Co Chéf H R-X + J,I\/Ig — R + X_ll\/[g
|

R + X—llvlg —>»  R-MgX
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Trong phong thi nghiém, thudng st dung alkylbromid. Diéu ché& hgp chat
co lithi.
Hop chat co Na, K khong diéu ché theo phuong phap nay vi c6 phan ting Wurtz:

ether
2CH3CH2CH2BI‘ + 2Na — CH3CH2CH2CH2CH2CH3 + 2NaB

Co cheé:
CH3CH9CHgBr +2Na — CH3CH9CHg'Nat + NaBr
CchHchz' + CH3CH2CH2BI‘ —> CH30H2CH2CH20H20H3 + Br-

Phén ng cta hdp chat alkyldihalogenid véi Zn hoidc Mg thuong tao hodp
ch4t chua no hoac hgp chit vong

BrCHpCH»Br + Mg ——> MgBrp + CHp=CHjp

BrCHpCHpCH7Br + Zn——» ZnBrp + A (80%)

4.2. Phan (ing cla hop chit co kim véi mudi
Tao hop chat co kim méi va mudi méi
RM +MX — RM' +MX
e Phdn tng xdy ra theo chiéu tuy thuéc thé’ khi cua 2 ion kim loai

Bang 15.2: Thé khir tiéu chuan

Phan g Eo, vol
Li+ + e = Li - 3,045
Mg* + 2e- = Mg - 2,370
AP+ 3e- = Al - 1,660
Si**  + 4e- = Si - 0,840
Zn** + 2e- = Zn -0,763
Cd* + 2e- = Cd - 0,402
H* + e = 1/2H, 0,000
Sn* + 4e- = Sn 0,014
Cu* + e = Cu 0,522
Hg?* +2e- = Hg 0,854
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Ether
2CH3CH2MgC1+ CdC12 — (CH3CH2)2Cd + MgCly

E° = 20,402 E® =-2.370

4CH3MgCl + SiCly —»  (CH3yuSi + 4MgCl

E° = -0,840 E®=-2370
CHzLi + Cul —» CH3Cu 4+ Lil
E®=.0,522 E° = -3,045

4.3. Thay kim loai vao lién két C -H
CH3CH9CHoC=CH +n C4HgLi — CH3CHoCH5C=CLi +nC4Hq(
1 - Pentynyl liti

e Phdn ing acid -base : Pentyn 1a acid; n-Butyl lithi 14 base phan tng chuyén
dich vé phia phdi. Chiing t6 1-pentyn c6 tinh acid manh hon n -butan. Day 1a
phuong phap chung dé thay dsi lién két C -H thanh C -M (M 14 kim loai). Thuéc
tht Grignard duge st dung dé thay kim loai vao alkyn.

ether
HC=CH + CH3CHyMgBr —> HC=CMgBr + C,Hg

Ethyl magnesi bromid Ethyl magnesi bromid

4.4. Phuong phap diéu ché dac thu
Hgp chat co kim c6 thé diéu ché bang cach cong hgp vao alken hodc alkyn.

o Hydrurboran héa
6CHy=CHy + BpHg —> 2(CH3CHp)3B

e Céng hop mot lién két Al -H vdi alkyn.

i
EH3 (CH3CHCH3)2A1\C_C M
CH;CHCH»AIH + CH3CHC(=CH @—> 2TEN
(cH 32 H CH,CH,
Diisobytyl nhém hydrid (DIBAI) (E) 1-Butenyl diisobutyl nhom

Hop chét co kim tac dung v6i kim loai tu do c6 thé tao thanh 2 hgp chét co kim.
6CHy=CH, + BoHg —_—> 2(CH3CHy)3B

(CH3),Hg + 2CH3CHyLi — (CH3CHjp),Hg +2CH3Li

5. CAC PHAN UNG CUA HOP CHAT CO KIM
5.1. Tac dung véi hgp chat cé hydro linh déng
Hop chit co kim tac dung véi nhiing hop chat ¢6 hydro linh dong tao hydrocarbon.
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Trong hgp chat co kim, kim loai ¢6 dién tich duong
R4t dé tac dung véi hop chat c6 hydro linh dong

e Thuy phéan
(CH3)3Al + 3H,O —— 3CHy + Al(CH)3

e Phdn ttng vdi alcol va acid carboxylic

Cle C|H3
HC—¢7Li + CH30H  —> H,c—¢—H +CH30Li*
CH; CH,
C|H3 (|IH3
H3c—$—Li + CH3COOH —— H,C—(—H +CH3COO Lit
CH; CH,

e Phan ung vdi thiol va amin RSH, RNHo

Khéng thé tao dude thudc thit Grignard ti hop chat alkyl halogenid c6 chiia
chtic hydroxy hoéc chic acid (vi ¢6 hydro linh dong)

5.2. Phan g véi halogen

Hop chat co kim tac dung rat manh véi clor va brom

Cly + 2e" = 2C1- E© = +1,358 vol

RM +Cly — RCl+M*Cl-
Phan tng it dung dé téng hop alkylhalogenid RX. (Vi diéu ché RM tit RX).

5.3. Phan (ing vGi oxy

Hop chat co kim rat nhay cam véi oxy. C6 thé béc chay trong khong khi. Cac
phan ting cua hgp chdy co kim thuong tién hanh trong moéi truong tro (khi nito,
khi argon).

Oxy héa thuéc thi Grignard 14 phuong phap diéu ché alcol.
RMgX + O9 -» ROOMgX

ROOMgX + RMgX —> 2ROMgX

ROMgX + HCl — ROH + XMgCl
Phan {ing oxy héa canh tranh véi phan ting tao thuéc thi Grignard.
Viéc diéu ché thudc thii Grignard thuong tién hanh trong méi truong khi tro.
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5.4. Phan (g véi hop chat carbonyl, dioxydcarbon va epoxyd

Lién két C -M phéan cuc c6 dang C "~ M* nén c6 kha nang phan ting cao véi
carbon tich dién duong cia nhém carbonyl trong aldehyd va ceton.

Cl
+
Mg HCHO H O/CHZOH
> — > — >
ether H,O

ether H
(CH3),CHMgBr + CH3CHO —> —> (CH3),CHCHOHCH3

HyO0  3.Methyl-2- butanol (53-54%)

OH
ether ¥ CHx),CHCHoCCHACH
CoHsMgBr +(CH3),CHCH,COCHy  —»  —» (CH3)2 2(CCHyCH3

H,O CH,
3,5-Dimethyl-3-hexanol

Ung dung dé diéu ché alcol bac 1, bac 2, bac 3. Phan Gng caa thude thi
Grignard vé6i aldehyd formic tao alcol bac 1; v6i aldehyd tao alcol bac 2 va véi
ceton tao alcol bac 3.

Il
CH3MgBr + CH3CHpCCH,>CH3
CH3CHpMgBr + CH3CCHCH3CH3 —>CH3CH2CfCH2CH2CH3

CH3CH>CHpMgBr + CH3CCH,CH3

e Cdc phan ung phu:
I T
(CH3),CHMgBr + (CH3),CHCCH(CH3)2—»  (CH3),CHCHCH(CH3), + CH3CH=CHy

Hop chat co lithi duge st dung nhiéu hon thuéc thi Grignard vi né hoat
dong hon va phan ting xay ra 6 nhiét do thap. Phan tng kht va su enol héa xay ra
c6 tAm quan trong.

' ether H»O
(CH3)3CLi + (CH3)3C-C-C(CH3)3 —»  —> [(CH3)3d 3C-OH
t-butyl liti di-t-butylceton -700

Su cong hop cac mudi natri ho#c lithi ctia alkyn véi aldehyd hoic ceton.

CH3COCH3 Hy,O OH
—

CH3C=CH + NaNHy _» CH;C=CNa s CH3C=CC(CHy),
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Thuéc tht Grignard tac dung dé dang véi carbondioxyd. San phdm trung
gian cua phan ing 12 mudi magnesi cta acid carboxylic. Muéi nay tac dung véi
acid v6 co lodng tao thanh acid carboxylic. Pay 1a phuong phap diéu ché acid
carboxylic tt cac alkyl halogenur.

c|1 l\lflgCI coomgCl COOH
2
CH3CHCH,CH3 + Mg —»CH3CHCHyCHy —# CH3CHCH, CHy —> CH3&HCH2CH3
Phan ting xay ra giiia carbon dioxyd va hgp chat co lithi.
CO, Li COOH

Li
co +
@ 2 H;0%

Phenyl liti Acid benzoic

Thudc thi Grignard tac dung véi ethyl ortoformiat tao acetal. Thiy phan
acetal tao aldehyd.

H3 H3 CH3 CH3
Mg CH(OC,Hs)3 Ht
—_— —_— e
Br

MgBr CH(OCyHs ), CHO
Co ché:
-+ .
CH(OCpHs5)3 + MgBry <=—= Br2Mg|OC2H5 —=
CH(OC,Hs5),
- + +
BryMgOC,Hs + [ CoH50-CH-0C)Hs <—>CyH5O=CH-OC,H5 | RMgBr  RCH(OC2H3))
e Phdn ing gitta hop chdt co lithi va epoxyd xdy ra theo co ché Sy,
PR
PN . P Li Hy0 ¢
CeH5CH — CHjp + CgHsLi —> CeH5CH— CHyCgHg —=> CeH5CH— CH>CgHs

1,2-diphenyletanol (70-72%)

o [fng dung dé ting 2 nguyén t carbon trén mach carbon:

0}
Mg H,C——CH HY
RCI —>Eh R-MgCl "22——3"% —»  R-CH,-CH,OH
ther
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5.5. Phan (tng véi cac hop chat co kim khac

Phan ting véi hop chat co kim tao ra mot hgp phiic co kim khac ¢6 nhiéu ting
dung trong téng hdp hitu co

CH3Li + CH3Cu —» (CH3)>CulLi

e C6 thé'tao hop phitc co kim bang phdn ing
2CH30H2CH2L1 + Cul _>(CH3CH20H2)ZCuLi + Lil

e ng dung: Su cong hdp 1 — 4 vao cic nguyén tu o - ethylenic

o 9&

N -
R/C\|T‘\+ (CH3)yCuLi ~ —> R jl\
L CH,~ ™R

BAI TAP
1. Trinh bay c&u tao cua hgp chat co kim.

2. Hgp chat co kim c6 cac loai phan ting nao? Cho vi du.
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Chuong 16
ALCOL

MUC TIEU HOC TAP
1. Doc duoc tén cdc alcol theo danh phap IUPAC va tén thong thuong.
2. Trinh bay duoc héa tinh cia alcol va polyalcol.
3. Viet duoc so dé chuyén héa téng hop cdc alcol.

NOI DUNG

Alcol 1a nhiing hgp chat c¢6 nhém hydroxyl - OH gin truc tiép v6i nguyén ti
carbon trang thai lai héa sp® cia géc hydrocarbon. C6 nhiéu loai alcol khac nhau:

— Alcol no, alcol chua no, alcol vong, alcol thom.
— Monoalcol va polyalcol.
Cong thtc téng quat ctaa alcol: C,Hy, 190.,(OH),,; n>1;k>0;m>1

1. MONOALCOL
1.1. Danh phap
1.1.1. Danh phdp IUPAC

Alcol c6 tiép vi ngii 12 ol. Chon mach chinh 14 mach carbon dai nh4t chia
nhém chiic OH. Danh s6 sao cho chiic alcol ¢6 s6 bé nhAit.

Vi tri va tén nhom thé + Vi tri cla OH + tén hydrocarbon tuang (ng + ol

CH,4 -CIJH-CHZOH CHy=CH-CH,OH  CH= C-CIJH-CHZOH CegHs—CH,OH

CH,4 CH;
2-Methylpropanol Propenol 2-Methyl-3-butyn-1-0ol ~ Phenylmethanol
CH3—CIH—(|3H—CH20H CH;—CH-CH—CH,O0H CH3—C|?H—(|3H—C|?H—CH3
CH, (1 CH; CH,-CH,F CH;-CH,-CH, Br OH
2-cloro-3-methylbutanol 2-isopropyl-4-fluorobutanol 3-bromo-4-methyl-2-heptanol
OH
CH, OH
e —aon
CH,OH
1-methylcyclopentanol cis-4-(hydroxymethyl) cyclohexanol cyclopropyl methanol
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1.1.2. Danh phdp théng thudng
Goi tén goc hydrocarbon tuong ting va thém tiép vi ngii ic
CH3OH Alcol methylic CH9=CHCH9OH Alcol allylic
CH3CH9OH Alcol ethylic = CgH5CH9OH Alcol benzylic

CH3CH,CH9CH9OH Alcol butylic  (CHg)3C-OH Alcol tert-butylic

1.1.3. Danh phdp carbinol

Alcol methylic duge goi 1a carbinol. Cac alcol don gian khéac duge xem la
dan xuat thé hydro ciia carbinol.

CH,

I

CH.-CH.OH CH;-CH,~CH~CH, CH;-C-OH CHy=CH-CH,OH  CH;-CH-CH,0H
’ ? OH CH3 CH3

Methylcarbinol Ethylmethylcarbinol ~ Trimethylcarbinol ~ Vinylcarbinol isopropylcarbinol

Danh phap nay chi goi cac alcol don gian.

1.1.4. Bé4c alcol

Chiic alcol OH lién két vé6i carbon c¢6 bac khac nhau ta dudgc alcol bac 1, alcol
béac 2, alcol béac 3.

CH,
7
CH3CH,CH,CH,OH CH3CH,CHCH3 CH,-C-OH
OH CH,
Alcol bac 1 Alcol bac 2 Alcol bac 3
1.2. Déng phan
Déng phan do mach carbon va do vi tri nhém OH
Phan ti alcol C,H,OH cé cac dong phan.
i
CH,~CH,~CH,~CH,0H  CH,~CH—CH,0H  CH;~C—OH  CH,~CH,~CH—CH,
CH, CH, OH
n-Butanol Isobutanol Tert-butanol Sec-butanol

Phu thudc c&u tao cta alcol c¢6 thé c6 déng phan quang hoc.

1.3. Phuong phap diéu ché alcol

C6 nhiéu phuong phap diéu ché alcol xuat phat tit tinh chat héa hoc cta cac
hgp chat tuong tng.

1.3.1. Tiralken
Hydrat héa alken (xem phan alken).
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Trong cong nghiép alcol ethylic duge san xuit theo phuong phap hydrat héa ethylen.
3000 ,H5PO,
CHy=CHy + H)O———F— CoH50H

Cac alcol isopropylic, alcol tert-butylic ciing dudc diéu ché bang phuong
phap hydrat héa cac alken tuong tng.

1.3.2. Thuy phén dan xuét halogen (xem phan dan xuat halogen).
RX +H,0 HO_  ROH +HX

1.3.3. Khir hoa cdc hop chét aldehyd, ceton
Khti hoa hgp chit carbonyl tao thanh alcol bang cac phuong phap khac nhau.

e Hydro héa hop chdt carbonyl cé xiic tdc

H, [Ni] Hj [Ni]
R—CHO —>» R—CH,OH R—l(ll—R' _— R—CH—R'
0] OH
Aldehyd Alcol bac 1 Ceton Alcol bac 2

Néu hop chat carbonyl chua no thi néi doéi ciing bi hydro héa.
4H [Ni
R—CH=CH-cHO " R CHCH,~CH,0H
o Khit héa bang natri trong alcol
Aldehyd, ceton bi kht thanh alcol bac 1 va bac 2.

R—C-R — 20 o R_CH-R

|
& [Na-CoH50H] g

o Khir héa bang cdc hydrid kim loai AlLiH4, NaBH. 4

2 H [H,LiAl]
Aldehyd R-CHO ————

2 H [H,LiAl]
Acid R-COOH W

2 H [H,LiAl > R-CHOH
Ester R—-COOR TROH | Alcol
Clorid acid  R_co(] 2 H [H,LiAl]

-HCI

Khti héa bang lithi nhém hydrid tién hanh trong dung méi ether. Cac
aldehyd, ceton, acid, ester va clorid acid déu bi khit ho4 dé tao alcol. Trong trudng
hgp nay néu hgp chat chua no thi néi d6i C =C khéng bi khii héa.
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2H [HyLiAl]
R—CH=CH-CHO —~» R—CH=CH—CH,OH

Natri bo hydrid NaBH, 1a tic nhan khi héa c6 tinh chat chon loc. Chi c6
aldehyd, ceton va halogenid acid bi khit béng natri bo hydrid. Natri bo hydrid
khéng tan trong ether, tan trong alcol methylic va ethylic.

1.3.4. Khir hoa ester cua acid carboxylic

o Khu hoa theo Buve - Blanc
Chat kh 14 natri va alcol ethylic.

4H [Na+CyHsOH |
RCOOR' — s

RCHyOH +R'OH

e Hydro hoa ester co xtc tdc

C6 thé khit héa ester bing hydro c6 xtc tac 14 hdn hgp dong oxyd (CuO) va
crom oxyd (Cr,0s).

2Hy [CuO+Crpy0O3 |
RCOOC4H9 - > RCH,OH + C4H90H

1.3.5. Tirhop chat co magnesi RMgX (xem phan hop chét co kim).

Hgp chat co magnesi tac dung véi aldehyd, ceton va ester thi tao thanh cac
alcol bac 1, bac 2 hodc bac 3.

o Vi aldehyd, ceton

IOMgX

HCHO +RMgX —s y_C-R +H0 RCH,OH + HOMgX
Aldehyd formic H Alcol bac 1
IOMgX + H»0
R'CHO +RMgX —» R-C-R 3 R_CpH—R+ HOMgX
Aldehyd H OH
Alcol bac 2
OMgX OH
R=C-R"+RMgX —> p—C—r "13° R—C-R + HOMgX
0 R" R"
Ceton Alcol bac 3

e V(i ester

Ester ctia acid formic tac dung véi thude thi Grignard tao alcol bac 1. Ester
cia nhiing acid khéc tac dung véi thudce thi Grignard tao ceton. Ceton tao thanh
lai tiép tuc tac dung véi phan ti thudc thi Grignard thu dude alcol bac ba.
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PMeX +RMgX (MgX OH

\ H,0O
HCOOR'+ RMgX —» H-C-R 2%’ RCHO —s R—-C-R +29 R—C-R + HOMgX
[}

Ester alkyl formiat (I)R' -ROMgX H I
Alcol bac 2

(I)MgX

R R
n 1 +RM X
R'COORY RMgX —> Ri—¢—R T30 pr—c—p "258% poo b gt 20 b L b L oMo
] ]

Ester OR' -ROMgX 6 OMg OH

1.3.6. Oxy hoa hop chéat co magnesi
Oxy héa hgp chat co magnesi (thudc thii Grignard) va sau d6 thiuy phan.

+H»,O
RMgX + O —»=  ROOMgX —2» ROH +HOMgX

1.3.7. Thuy phén ester

Ester bi thuy phan trong méi truong kiém hoéc acid tao alcol

Hthoic HO
RCOOR' +H,O — RCOOH + R'OH

Alcol ethylic, alcol butylic ¢6 thé diéu ché theo phuong phap 1én men.
Trong céong nghiép, san xudt alcol methylic bing phan t@ng hydrat héa
carbon monooxyd véi xuc tac thich hgp va ap suat.

4000C , 200atm
CO + H)O ——————— > CH30H AH=-284kcal
Zn0 - Cr203

1.4. Tinh chat ly hoc
1.4.1. Nhiét do séi va nhiét dé nong chay

Cac alcol c6 s6 carbon thap 6 dang 10ng, c6 mui va vi dic trung. Cac alcol c6
s6 carbon cao ¢ dang ran, khong mui. Nhiét do s6i tang dan theo phan ti lugng.

Lién két hydro anh hudng 16n dén nhiét do séi cua alcol. Su lién quan gitia
nhiét do soi cua alcol bac 1 va phan ti lugng trinh bay trén hinh 16-1
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{056 300
T 200

100

alcol bac 1

22001 1 ; 1 L 1 1 L1
200 40 60 80 100120 140 160 180 200
Khoi lugng phan tdf —

Hinh 16.1. Quan hé giira nhiét do s6i va phan t lugng cda alcol bac 1

1.4.2. B¢ tan cua alcol

Methanol, ethanol,1-propanol, 2-propanol, 2-methyl-2-propanol tan rit
nhiéu trong nuéc vi ching tao lién két hydro véi nude. Cac alcol khac c6 do tan
trong nuéc giam.

H R H R H R H R

Bang 16.1. Tinh chat vat ly cia mot s alcol

Céng thic Tén thong thudng | Tén theo [UPAC tOchay | tOsoi
CH30H Alcol methylic Methanol 97,1 64,7
CH3CH,OH Alcol ethylic Ethanol -114,5 78,3
CH3CH,CH,OH Alcol propylic 1-Propanol -126,1 97,2
CH3CHOHCHj3 Alcol isopropylic 2-Propanol -89.5 82,3
CH3CH,CH,CH,0H | Alcol butylic 1-Butanol 898 1172
CH3CH,CHOHCH, Alcol sec-butylic 2-Butanol -114,7 99,5
(CH3),CHCH,OH Alcol isobutylic 3-Methyl-1-propanol i 107.9
(CH3)3C-OH Alcol tert-butylic | 2-Methyl-2-propanol | 255 82,5
CH,=CHCH,OH Alcol allylic 1-Propenol -129,0 97,0
CgH5CH,OH Alcol benzylic Phenylmethanol 15,3 205.4
CeH11OH Alcol cyclohexylic Cyclohexanol 23,9 161,5




1.4.3. Cdc ddc trung vé quang phé héng ngoai

e O trang thai hoi cac alcol khong c6 lién két hydro, nhém chic OH tu do c6

vach dic trung trén quang phé hong ngoai é 3700 cm .

e O trang thai dung dich, vach dic trung cia nhém OH trén quang phd hong
ngoai c6 gia tri 3640- 3350 cm™. Dai hdp thu dic trung cia nhém OH md
rong ra 1a do céac alcol & trang thai dung dich cé lién két hydro. Lién két
hydro it tao thanh khi dung dich alcol cang lodng trong cac dung méi khong
phan cuc. Dung dich alcol cang dam déc, lién két hydro gitia cac phan ti
alcol cang dé hinh thanh.

1.5. Tinh chat héa hoc
1.5.1. Tinh acid -base cua alcol

Tinh ch4t quan trong cia nudc 1a tinh tu phéan ly.

Ke
+ - -
HyO + Hy0 == H30 + HO ; Ke = [H30][HO] = 10~

K, 14 hing s6 tu phén ly cia nuéc K, = [H,0*][ HO -].

Nong dd ctua [Hz0"] va [HO] rat thap va bang 10 mol/lit.

Hang s6 tu phan ly caa alcol methylic con thap hon ctia nuée.

Ke + +
2CH30H === CH30H; + CH30" ;  Kcy,on = [CH30H,I[CH30 7] = 1,2.10°17
Cac déng déng caa alcol methylic gia tri K, con thap hon.
Tinh acid cta alcol gidam dan khi s6 carbon ctia alcol ting lén.

Tinh acid cua alcol trong nude duge xac dinh theo phuong trinh:

K, + -
+
ROH + HyO == RO- + H30 ; Ka:w]
[ROH]
Alcol c¢6 tinh acid yéu hon nuéec.
Tinh acid: alcol bac 1 > alcol bac 2 > alcol bac 3.
Alcol c¢6 tinh base manh hon tinh base cua nudec.
e Cdc phdn tng thé hién tinh acid cia alcol:
2ROH +2Na —— 2RONa+ Hp
&t~ 5 st
CoHs0H + Na-NHy —» CoH50-Na + NHj
Natriamidid Natri etoxyd
5t o~ & &t
Natri hydrid Natri etoxyd
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e Cdc phdn tng thé hién tinh base ctia alcol:

.o + - l.-!+
R-Q-H + BF3 == R-O-H  CHFQ'H + HBr === CHFQ'H + Br-
-BF?, Methyloxoni

Tinh base cta alcol con thé hién qua phan tng véi acid Lewis nhu Bo triflo
BF; hoédc kém clorid (ZnCl,).
+
R-O- H + ZnCly —> R—(;)'— H
-ZnC12
Ton RO™ ¢6 tén goi la alkoxy. Cac alkoxy la nhiing base manh.

RO"+H90 — ROH + HO-
CH30- CoH50" (CH3)9CHO- (CHg)3C-Or
Metoxy Etoxy Isopropoxy t-Butoxy.

Ion methylat  Ion ethylat  Ion isopropylat Ion t-butylat.

Gia tri pKa cia mot s6 alcol va cta acid dudce trinh bay trong bang 16-2

Bang 16.2. Gia tri pKa clia mot s6 alcol va acid

Hop chat pKa Hdp chat pKa
H,0 14,0 HCI 2,2
CH30H 15,5 HpS04 -5,0
C,oH50H 15,9 H3POy4 2.15
(CH3)C-OH 18,0 HF 3,18
CICH,CH,OH | 143 HyS 6,97
CF3CH,OH 12,4 HOCI 7,53
CgHs50H 10,0 H,0, 11,64
CH3COOH 4.8

1.5.2. Phan ung loai nudc tao ether hodc alken
e Hai phan tt alcol tac dung v6i nhau khi ¢6 acid manh nhu H,SO, tao ether.

H,SO
JR.O-H —24, R-O-R + Hy)0
t9= 140°C

e (Cac alcolat RO - (alkoxy) la nhiing tadc nhin ai nhin manh tac dung véi alkyl
halogenid tao ether. Alcol tac dung véi alkyl halogenid xay ra rat cham.

R-O- + R—-I—> R-O-R' + I" Nhanh ; ROH +RI—> ROR'+HI Raitcha
Ion alcolat Ether
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e Cac alcol duéi tac dung cua acid sulfuric ddm déc va nhiét @6 (>140°C) tao alken.
CpHope1OH — CpHop + HyO
1.5.3. Phan ung tao ester
e Alcol tac dung véi acid htu cd, anhydrid acid, halogenid acid tao thanh

ester httu co.

HT
RCOOH + R'OH -— RCOOR' + HyO

(RCO), 0 + ROH  _HY RCOOR' + RCOOH
Anhydrid acid Ester

RCOCI + ROH Pyridin  RCOOR' + HCl.Pyridin
Clorid acid Ester

Phan tng ester héa 1a phan tng thuin nghich. D& cho phan ting chuyén dich
vé phia tao ester ngudi ta thudng st dung cac chat lam giam néng dd cua nuéc,
acid tao thanh trong phan tng. Cac chit thuong st dung la acid v6 cd (H9SOy,
H3POy, acid 4-toluensulfonic), cac base htiu co (pyridin).

Hang s6 can bang cta phan tng ester héa dugc tinh theo cong thiic:
[RCOOR'][ HyO]
[RCOOH][ R'OH]

Kep =

Acid sulfuric dam dic trong phan tng ester héa dong vai trd cung cip proton
lam xtc tac dong thoi déng vai tro hit nuée lam giam nong d6 cia nuée sinh ra
trong qua trinh phan tng. Phan ting c6 téc d6 nhanh hon va chuyén dich cin bing
vé phia tao ester.

Co ché phan ting ester héa 1a co ché "cong - tdch" dudce trinh bay theo 2 cach:

e Coché&AAc?2

(}O’:}J” +_OH+R'OH H(.)/\I]I Hz(,):/ -H»0 +f‘(')ﬁ\ Ht 0
R=CT <% R=CT == R—C—0—R+= R—CLo0—R == R—C{ == R—C?
OH -H OH-ROH 5 1770 +Hy0 OR' +H* OR'

Theo so do trén thi HgO sinh ra trong phan ting do tach hydro H cta alcol

R'OH va nhém OH cua acid. Phan ting xay ra theo cach nhu trén pha hgp véi cac
alcol bac 1

Theo co ché nay, néu acid c¢6 dinh thi téc d6 phan ting phu thudc vao ciu tao
cta alcol. Kha nang phan ting ester héa cua alcol giam dan theo thi tu sau:

Alcol bac 1 > Alcol bac 2 > Alcol bac 3
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o Coché&AAlk 1

Céac alcol bac 3 x4y ra theo cd ché nhu sau:

. ot +
ROH +Ht —= R\OrHZ == R + Ho
Mo N +_OR  HT OR'
R_c’/ v R — R—({ < R—C]
“OH OH  +H*

+
Giai doan tao carbocation R’* tu acid lién hgp cua alcol R°'OH, 1a giai doan
x4c dinh téc d6 phan ting.

Cac alcol tac dung véi cac hgp chat cé cong thiic chung RCOX tao ester 1a
qua trinh acyl héa alcol theo co ché:

N 6?1 :0

R_C’/O o ' R(;C}\IBR' P R—C//O HX
: Y HOR = R— c OR — o >
X X X\ OR'

X=Cl,Br,R"COO"
o Alcol tac dung vdi acid vé co tao ester vo co.

HONO (H1) acid nitro

\]

R-ONO +Hp0O  Alkylnitrit
HONO,(H") acid nitric

\]

R-ONO»> +H»O  Alkyl nitrat

R_OH POCljtriclor oxyd phosghor PO(OR)3 + 3HCI Trialkyl phosphat

H»SOy4 acid sulfuric

» R-OSO3H +HyO Alkyl hydrosulfat

SO4 tri oxyd luu huynh

R-0503H 29 SO2(0R); + Hy0
Dialkyl sulfat

Nhiéu ester cua acid vo cd nhu acid phosphoric, acid thiophosphoric dugc st
dung lam thuéc tri sau.

O-CH,-CH,

O CH,-CH,4 O—CH,4
S=PJO-CH,-CH; g= P O—CH,-CH, S:Pﬁo—CH>
O NO, “o- CH,-CH,-S—CH,-CH, $-CH,-C-NHCH,4
(0]
Parathion (thiophos)  Sistoc (mercaptophos) Dimetoat ( phosphamid)

Mubéi natri alkylsulfat cta cac alcol tit C10 —C20 nhu natri lauryl sulfat
C,,H,;080,Na dudc st dung lam cac chat nhit héa trong dude phdm, trong thudc
danh rang va trong mot sd chit cé tac dung tdy ria khac.

Alcol cetylic n-C,;H;;0H ¢6 trong sap ong.
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1.5.4. Phan ung oxy hoa

Tuy thudce vao vi tri cia nhém OH, alcol bi oxy héa tao ra cac san pham khac
nhau. Alcol bac 1 bi oxy héa thanh aldehyd va sau d6 thanh acid:

0 0
R-CH,—OH 151_](; R-CHO }[1—1)> R-COOH
-Hp -Hy

Alcol bac 2 bi oxy héa tao ceton:
R’ R’
>CH-OH +[0] —= _>C=0 + Hy0
R R
Vé mit ly thuyét, trong méi truong kiém va trung tinh cac alcol bac ba
khéng bi oxy héa. Trong moi trudng acid manh alcol bac ba bi oxy héa tao ceton
va acid c6 s6 carbon bé hon rugu ban dau.

R + R
R;cl—OH +300] o 3c=0 4 R"COOH + Hy0

CH,R"

Céac chit oxy hoa thudng st dung dé oxy héa alcol 1a mot s6 oxyd kim loai nhu

dong oxyd (CuO), crom oxyd (CrO,). Trong phong thi nghiém CrO, dudc diéu ché tu

kali bicromat (K,Cr,0,) va acid sulfuric dam dic trong dung méi acid acetic. C6 thé
trinh bay co ché oxy héa alcol bang crom oxyd theo cac qua trinh sau:

; CH; CHs X
CH-OH + 2Cr03+ 6Ht— 3 C=0 + 2Cr3t + 6H20
CH3/ CH3/
CHa~
e CH
Co che CH-OH + CrO 3N

CHy” s = cHo-CioH

CH;
CH3\C/>H :O:E — CH3\c o) H;0+ + HCrO

. =0 + + HCr

CH{” "0zCroH CHy” 3 3

H,0* + HCrO, —> H,0 + H,CrO,
60T + 3H,Cro, —> CrO, + Cr3*+ + 6H,0

Cac alcol chua no bi oxy héa bdi CrO3 tao hgp chit carbonyl ma lién két doi
khong bi oxy héa, nhung oxy héa bang KMnO, thi néi do6i bi oxy héa thanh alcol
da chic.

K5CrpO7 + Hy SOy R_CH=CH_CHO
i ——

R-CH=CH-CH,OH

KMnO
4 R_CHOHCHOH-_CHOH
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2. ALCOL CHUA NO

Trong phan ti c6 lién két d6i hoéc lién két ba. Nhém chtic OH lién két truc tiép
vé6i carbon ¢6 noi doi thudng khong bén va dé chuyén thanh aldehyd ho#c ceton.

N N RN 9

& —> c—c// ; C—C—CH, «—— H—C—C—CH
SN — H~ N / 3 / 3
H H H H H H
Alcol vinylic Aldehyd acetic 2-Propenol Aceton

Alcol vinylic khéng bén nhung ester va ether ctia né thi bén viing va dudc
diéu ché& bang phan ting cong hgp gitia acetylen va acid hoéc alcol tuong ting.

H-C=C—H + CH3COOH —» H,C=CH—OOCCH;

Ester vinylacetat

H—C=C—H + CH3CH,OH — H,C=CH—OC,H;
Eter ethyl vinyl

Alcol chua no ¢6 nhém OH lién két v6i carbon lai héa sp? thi bén viing.

H,C=CH-CH,0OH CH,CH=CH—CH,0H H—-C=C—CH,0H HOCH,—C=C—CH,OH
Alcol allylic Alcol crotonic Alcol propagylic
Propenol 2-Butenol Propynnol 1,4-Butyndiol

Alcol chua no propagylic va 1,4-butyndiol c¢6 thé diéu ché tu acetylen va
aldehyd formic
Cu—C=C—Cu
H-C=C—H + HCHO B— H—-C=C—-CH,0H

Cu—C=C—Cu
H-C=C—H + 2HCHO —_— HOCH,—C=C—CH,0H

Trong thién nhién ton tai nhiéu loai alcol chua no c¢6 s6 carbon cao nhu
citronellol, geraniol, linalol, pharnezol, phytol c6 nhiéu ing dung trong cong
nghiép huong liéu va duge pham.

CH3—$=CH—CH2—CH2—?H—CHZ—CHZOH CH3C|=CHCH2CH2C|=CHCH2OH
CH3 CH3 CH3 CH3
Citronelol ( 3,7-dimethyl-6-octenol) Geraniol ( 3,7-dimethyl-2,6-octadienol)
(I)H
CH3C|I:CHCH2CH2(|ICH:CH2 CH3—(F:CH—CH2—CHz—(F:CH—CHz—CH2—$:CH—CH2 OH
CH3 CH3 CH3 CH3 CH3
Linalol ( 3,7-dimethyl-1,6-octadien-3-ol) Pharnezol ( 3,7,1-trimethyl-2,6,9--dodecatrienol)

CH3—ﬁ1H—CH2—CHZJ;CH2—CH—?HZ—CHQJFZCHZ—$=CH—CH2 OH
CH, CH; CH;
Phitol ( 3,7,11,15-teramethyl-2--hexadekenol)
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3. ALCOL VONG

Alcol vong c6 thé 14 no hoc chua no. C6 cac loai alcol vong thudng gip sau day.

CH,

ol . Q, O™
OH CH(CHy), OH

(Menthol)
Cyclohexanol 2-Isopropyl-5-methylcyclohexanol 2-Cyclohexenol Cyclohexylcarbinol

Cac alcol vong bi oxy héa thanh ceton vong.

CH,4 CH;
CI‘O3, Ht
—_—
OH 0
CH(CHy), CH(CHy),
Menthol Menthon

Oxy hoéa cyclohexenol bang dung dich KMnO, trong mdi trudng trung tinh
tao polyalcol vong.

OH

@\ KMnOy, @iOH
—

OH pH 7 OH

2-Cyclohexenol 1,2,3-Cyclohexatriol

Mot sb alcol vong c6 nhiéu tng dung. Menthol cé trong tinh dau bac ha dudc
tng dung nhiéu trong y dudc. Cyclohexanol 14 dung moi can thiét dé hoa tan cac
polymer tng dung lam keo dan. Hgp chat 1,2,3,4,5,6-cyclohexahexanol c6 nhiéu
dong phan trong d6 chi c6 dong phan Inositol c6 déng phan quang hoc va c6 tGng
dung trong dudc phim.

OH OH

OH OH OH OH
o G K
HO OH
OH OH OH OH OH
1,2,3,4,5,6-Cyclohexahexanol (+) - Inositol (-) - Inositol

4. POLYALCOL - ALCOL PA CHUC
Polyalcol 14 loai hgp chit trong phan tii ¢6 hai hay nhiéu nhém chic alcol OH.

4.1. Phan loai polyalcol

C6 cac loai polyalcol sau:
e Cdc nhom hydroxyl trén cung mét nguyén ti carbon.

R-CHyC(OH)9CH3, R-CH(OH)s, R-C(OH)3
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Nhiing polyalcol nay khéng bén. Chiing chi tén tai trong dung dich nudc.

e Nhitng polyalcol cé cac nhoém alcol lién két véi cdc nguyén ti carbon canh nhau
CH9OHCHOHCHOHCH5O0H

CH5OHCH9OH ;

Cac polyalcol nay c6 tinh chat ddc biét hon so v6i monoalcol.

e Nhitng polyalcol cé cdc nhém hydroxyl ¢ xa nhau
CHoOHCH,CHyCHOHCH

CH9OHCHoCHOH ;

Loai polyalcol nay c¢6 tinh ch4it gidng monoalcol.

4.2. Danh phap polyalcol
Céac polyalcol dudge goi tén theo danh phap théng thudng hodc danh phéap

IUPAC.
Theo danh phap IUPAC tén goi cac polyalcol xuidt phat tu tén goi cua

hydrocarbon tuong ting thém céac ti€p vi ngit diol, triol, tetraol... dé chi s& lugng
nhém OH va cac chii s6 chi vi tri cic nhém OH.

Bang 16.3: Tén goi mét sé polyalcol

Cong thifc ciu tao

Danh phdp thong thudng

Danh phép qudc t&

HOCH,-CH,0H
CH,—CHOH—CH,0OH
HOCH, —CH,—CH,0H
HOCH,—CH,—CH,—CH,OH
Gugh
CH,~(—C—CH;
OH OH
CH,-CH—CH,
OH OH OH
CH,~CH—CH—CH,
OH OH OH OH
CH,~CH—CH—CH—CH,
OH OH OH OH OH

CH,-CH—CH—CH—CH—CH,
OH OH OH OH OH OH
CH,OH
HOH,C—C—CH,0H
CH,0H

Ethylenglycol
Propylenglycol
Trimethylenglycol

Tetramethylenglycol

Tetramethylethylenglycol

Glycerin

Erytrit

Pentit

Hexit

Pentaerytrit

1,2-Etandiol
1,2-Propandiol
1,3-Propandiol

1,4-Butandiol

2,3-Dimethyl-2,3-
butandiol

1,2,3-Propantriol

1,2,3,4-Butantetraol

1,2,3,4,5-Pentahydroxy
petan

1,2,3,4,5,6-Hexahydroxy
hexan

Tetrahydroxyneopentan
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4.3. Diéu ché polyalcol

Thiy phdn cdc dan xudt polyhalogen:
CH,CI-CH,CI  +2H,0 —» CH,0H-CH,0H +2 HCI

CH,CI-CHCI-CH,Cl +3H0 — CH,0H-CHOH—CH,0H +3 HCI

Oxy héa olefin bang dung dich KMnO,:
3 CH,=CH, +4 H,0 + KMnO, — 3 CH,OH-CH,OH + MnO, + 2KOH

T clohydrin diéu ché glycol:
CH,CI-CH,0H + Hy0 —»> CH,OH-CH,0H +HCl

Clohydrin tac dung véi Ca (OH), va sau d6 thuy phan trong méi trusng acid.
O

N
2 CHCI-CH,OH + CaOH) —»>  2CHA—CH, + CaCly +2Hy0

0
N Ht
CHj CH, +H0 —» CH,0H-CH,0H

Khiz héa aceton bang dién héa hodc tdc dung vdi magnesi va iod:

CH

CH3 CH, CH; op,0 CHs. A
— S 25 LC—C

2 cH—C=0 +2Mg+l, —» CH{? §\CH CHy | | “CH,
" OMgl OMgl ° OH HO

Diéu ché glycerin tu propylen:

Trudc tién ngudi ta clo héa propylen 6 500°C thu dugce allylclorid. Sau d6 cho
allylclorid tac dung véi dung dich clor véi nude thi thu duge glycerin.

CH3CH=CHgq + Clg —> CH9CICH=CH9 + HCl
CHyCICH=CHy + Cly + HoO —» CHyCICHOH-CHoCl+ HCI
CH9CICHOH-CH9Cl +2H20 —> CH20H-CHOH-CH20H + 2HC

Ciang c6 thé diéu ché glycerin ti aldehyd formic va aldehyd acetic bing

phan tng khii theo Oppenauer -Meerwein-Ponndorf dé tao thanh aldehyd allylic.
Sau d6 hydroxyl héa aldehyd nay bang hydro peroxyd.

-H90 .
HCHO + CH3-CHO —» HOCHp-CHp-CHO ——> CHg=CH -CHO Acrolein

CHp=CH-CHO + CoH50H Al(OR)3 cH, CHO +CHy=CH-CH9OH Alcol allylic

CH9=CH-CH9OH + H909 — CHoOH-CHOH-CH9OH Glycerin
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4.4. Tinh chat ly hoc va héa hoc cua polyalcol

Phan 16n cac polyalcol tan dudc trong nudc va cd vi ngot. Glycerin rat hao
nude, c6 do nhét cao. Glycerin duge diung lam ch&t hut 4m va st dung rong rai
trong huong liéu, thuc phdm va duge pham.

e Cdc polyalcol c6 mot s6 tinh chdt héa hoc co ban nhu sau:

— Cac glycol tac dung v61 HCl, HBr tao thanh clohydrin va bromhydrin.
Chitc OH kho tac dung v6i HC1 va HBr.

CH9OH-CH9OH + HCl - CH9Cl-CH9OH + H90
— Cac glycol tac dung véi acid hitu co c6 kha ning tao 2 loai ester.
HOCHy-CHy-OCOR va RCOOCH, -CHs-OCOR
— Oxy hoéa glycol tao aldehyd hodc ceton.

0 0
CH,OH-CH,OH 1%’ CH,OH-CHO !5 OHC-CHO
Ethylenglycol 2 "2 Glyoxal ( aldehyd oxalic)
Epp—t HIO, R
R=CH—CSL. o, R—C-H +
OH OH hozc (CH3COO)4Pb i ISR

e Phdn ting dehydrat héa glycol (loai nudc):
— Duéi tac dung cta acid vo co hodc kém clorid ZnCl, ethylenglycol bi loai nudc
tao aldehyd acetic. Phéan ting xay ra c6 su chuyén vi anion hydro (H-).

a

CH,—CH H,—C—-H CH,—C-H + Ht
et i . EH ~ — 3
\H* OH! OH O~<H 0
Loai nuGc Chuyén vi H" Aldehyd acetic

— Phan ti pinacol (tetra methylethylenglycol - 2,3-dimetyl-2,3-butadiol)
dudi tac dung cua acid vé cd bi dehydrat tao thanh ceton 1a pinacolon.
Trong phan tGing nay xiy ra su chuyén vi nhém methyl. Su chuyén vi nay
goi 1a su chuyén vi pinacol.

CH CHy; | CH,+ 1° CH,_ |
CH3/\(|3_—§iCH 10 SC—CCHy —» SC—C—CH; + H
3 IOH OH 3 CHy O2H o O
[}
HE .
Pinacol Chuyén vi CHy" Pinacolon
e Glycol bi mat nuée tao ether vong.
ooy o
cf, CH, HpSO4 g7 Scy
| o 2H,0
+
& ,CH2 CH, _CH, 2
OH OH ~0
Ethylenglycol Dioxan
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e Anh hudéng cta cac nhém OH lam cho polyalcol c6 tinh acid manh hon
monoalcol. Cac polyalcol hoa tan duge dong hydroxyd (Cu(OH),) tao dung
dich mau xanh.

H\
-CH,OH -CH,—O—_ /o-(lez
2 CHOH  +Cu(OH)y  —= CH—02"" O-CH + 2Hy0
CH,OH CIHZ—OHH HO—-CH,
BAI TAP
Monoalcol

1. Viét cong thiic cau tao ciia nhiing chat sau:
a. Alcol tert- butylic ; b- Alcol isoamylic ; c¢- sec-Butylethylmethylcarbinol;
d. 2-Propanol: e- 2,2-Dimethyl-2-pentanol; f- Alcol cetylic. g- Alcol lauric.

2. Viét cong thiic cdu tao tat ca cac dong phan cla alcol cb cong thiic phan ti 1a
C;H,;0. Goi tén nhiing dong phan d6 theo danh phap thong thudng, danh phap
IUPAC va danh phap carbinol. Pong phan nao cé tinh quang hoat.

3. Nhiing alcol nao dugc tao thanh khi thay phan bang dung dich kiém tit cic hop
chat halogen sau:

a. Isobutylbromid; b- sec-butylbromid; c- Ethylenclohydrin; d- 1-Brom2-buten ;
4. Viét phan tng xay ra trong cac truong hop duéi day:

a. Hydrat héa propylen, trimethylethylen, isobutylen, 2,2-dimethyl-3-hexen.

b. Phan tng loai nudc cua hgp chit (CH3)9C(OH)CH9CH9CH9OH.

c. Oxy hoa céc alcol n -butylic, sec-butylic bang hdn hgp kali bicromat va H,SO,.

d. Cho alcol octylic tac dung 14n lugt véi cac chat POCIL,, HNO,, HNO;, SO,

5. Giai thich co ché phan ting x4y ra khi cho acid acetic tac dung véi alcol n-butylic c6
xuc tac la H,SO,

6. Hoan thanh va can bang cac phan @ng oxy héa - khtt dudi day:
a. (CH3CHoCH9)CHOH + CrOg = (CH3CHoCHg)C=0 + Cr*
b. CH3CHoCHoCHoCH90H + HoCrO, = CH3CHoCHCHoCOOH + Cr**
c. CHgOH + CuO =HCHO + Cu

Alcol chwva no

7. Viét cong thiic cau tao cac chat sau:

a- 2,2-Dimethyl-4-hepten-3-ol; b-Alcol allylic; c-Alcol 11-dodekenol; d-Alcol
propagylic
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8. Viét cac phan ting xay ra trong cac truong hop sau:
a. Alcol allylic tac dung véi dung dich brom, dung dich KMnO,, dung dich HC1.

b. 2-Cyclohexenol tac dung véi dung dich KMnO, va hén hgp kalibicromat va
H,SO,.

c¢. Cho linalol tac dung véi1 acid acetic c6 H,SO, lam xtc téac.
Alcol vong
9. Viét cong thiic ciu tao cua cic chat sau:
a. 2,3- Dimethylcyclohexanol; b- 2,6,6-Trimethylbicyclo[3,1,0]heptanol-3.
10. Viét phan tng oxy héa cyclohexanol bing CrO,.
Polyalcol
11. Viét cong thtic cau tao cia cac chat sau:
a-2,3-Dimethyl-2,3-butadiol; b-1,4- Butyndiol; ¢- 1,2,3-Cyclohexantriol;
d- (+)Inositol.

12. Viét phan ting loai nudc trong méi trudng acid kém theo su chuyén vi pinacol
cua hgp chat tetraphenylethylenglycol.

13. Giai thich vi sao polyalcol ¢6 tinh acid manh hon monoalcol. Cho phan ting
chting minh diéu dé.

14. Vi sao polyalcol dé tan trong nudc hon monoalcol.
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Chuong 17
PHENOL

MUC TIEU HOC TAP
1. Goi duoc tén cdac phenol va polyphenol.
2. Trinh bay duoc cdc tinh chdt héa hoc ctia phenol.

NOI DUNG

Phenol 14 hop chéat c6 nhém hydroxyl - OH gin truc ti€p v6i nhan benzen.
Dai dién don gian nh4t cta loai hdp chat nay la hydroxybenzen. Phan loai phenol
thuong dua vao ban chit cua géc hydrocarbon thom va s6 nhém OH c6 trong phan
ttt. Cong thiic tdng quat cta cac phenol thusng gap:

— Monophenol Ar-OH hoiac C,H,,,OH
— Polyphenol  Ar'(OH),, C.H,, 6.,(OH), M > 2

1. MONOPHENOL
1.1. Danh phap va déng phan
Tén goi phenol thong dung goi theo danh phap thong thusng.
Xem phenol 1a dan xuat cia hydrocarbon ma hydro duge thay thé béi nhém OH

Goi tén cac phenol khac nhu 1a dan xuat cia phenol don gian nhat.

OH OH OH OH
© 0" © Q
CH; CH,4
Phenol 0-Cresol m-Cresol p-Cresol
Hydroxybenzen o-Hydroxytoluen m-Hydroxytoluen p-Hydroxytoluen
Acid Phenic 2-Methylphenol 3-Methylphenol 4-Methylphenol
OH OH
/@CH (CHy), OH
QO
Thimol
3-Hydroxy-p-cymen 1-Hydroxynaphthalen 2-Hydroxynaphthalen
5-Methyl-2-Isopropylphenol  -Naphtol B-Naphtol
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© > OO

o QO
N
1-Phenantrol 10-Phenantrol p-Hydroxydiphenyl (1,4)

Déng phan ctia phenol phu thudc vao vi tri cia nhém OH trén nhan benzen
va phu thudc vao vi tri hodc sy phan nhanh ctia goc hydrocarbon.

1.2. Diéu ché& phenol
1.2.1. Thdy phén cdc halogeno aren
Halogeno aren bi thuy phan bang dung dich kiém dac & ap sudt va nhiét

do cao.

3000C
Ar—Cl + NaOH — Ar-OH + NaCl
Ap suit

1.2.2. Nung nong chay acid aren sulfonic voi NaOH

300°C
2Ar-SO3H + 2NaOH—> 2Ar-OH + NaySO3 + Hy(

1.2.3. Thuy phdn muéi aren diazoni

+ Nhiét do +
Ar-Ny + 2H,0——> Ar-OH + H30 + N;

1.2.4. Oxy hod hop chaét aryl magnesi halogenid ArMgX

Ar-MgCl 2H,0
Ar-MgCl+ O, —> Ar-OOMgCl —> 2Ar-OMgCl—> 2Ar-OH+2Mg(OH)Cl

hoac cho hgp chat co magnesi tac dung véi ester cua acid boric va sau d6 oxy
héa bang hydro peroxyd H,0.,.

+B (OR) +H,O
Ar-MgCl —»3 Ar(OR )y ﬂ), Ar-B(OH ), #; Ar— OH
- Mg(OR)CI -2ROH -H3BO;3

1.2.5. Oxy hoa cumen

Trong cong nghiép phenol duge diéu ché bang cach oxy héa cumen. Sau dé6
tac dung véi acid sulfuric thu dugc phenol va aceton. Phan ting oxy héa xay ra
theo co ché goc.

CH(CH,), HOOC(CH;),

OH
- > H,SO,
t 02 i 3 + CHy—C—CH,
Cumen Cumen hydroperoxyd O Aceton
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1.3. Tinh chat ly hoc

Su c6 mat nhém hydroxyl gan truc tiép vao nhan benzen quyét dinh tinh chat
vat 1y cia phenol. Do tuong tac véi nhan benzen, lién két O-H bi phan cuc manh hon
OH ctia alcol. Lién két hydro trong phenol bén hon lién két hydro cta alcol.

Phan 16n cac phenol déu & dang rén, khé tan trong nudc va it bay hoi. Tinh
chat vat Iy mot sé phenol duge trinh bay trong bang 17-1 :

Bang 17.1: Hang sé ly hoc mét s6 hgp chét phenol

Tén chit Cong thifc tQ tOg | pKa
Phenol CeH50H 43 181 10.
o-Cresol 0-CH3CgH4OH (1,2) 30 191 1 10,2
m-Cresol m-CH3CgH4OH (1,3) 12 201 10,01
p-Cresol p-CH3CgH4OH (1,4) 35,5 | 201 10,17
Thymol (CH3) CH(CH3),CgH3OH (1,5,2)| 51 233
a-Naphtol C1oH70H 96 288 8
B-Naphtol C1oH70H 122 | 291,8
o-Clorophenol CICeH4OH (1,2) 8 176 9,11
m-Clorophenol CICgH4OH (1,3) 29 214
p-Clorophenol CICgH4OH (1,4) 37 217 | 9,39
o-Nitrophenol OpNCgH4OH (1,2) 44,5 214 7.21
m-Nitrophenol 0,NCgH4OH (1,3) 96 8.0
p-Nitrophenol O,NCgH4OH (1,4) 114 7.16
2.,4-Dinitrophenol (OpN),CgH30H (1,2,,4) 113 4,
2,4,6- Tribromophenol Br3CgH3OH (1,2,,4,6) 95

1.4. Tinh chat héa hoc cua phenol

Nhém OH gén truc ti€p vao hé théng lién hop ctia nhan benzen. Phenol c6
cdu tao nhu mot enol CH =C-OH bén viing. Tinh chat ctia phenol do nhém OH
quyét dinh. Phenol c6 tinh acid. Nhém chiic OH phenol 12 nhém thé loai I, phan
dng thé& xay ra trén nhan benzen tao hén hop dong phan ortho va para.

1.4.1. Tinh acid - base

Phenol c¢6 tinh acid manh hon alcol do cdp dién ti trén oxy cua nhém OH
lién hgp v6i nhan benzen khién hydro cia nhém O — H tré nén linh ddng. Phenol
c6 cac trang thai cong thic trung gian sau:

+ + +
‘:OH OH OH OH
Ve e
({ -
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Phén tng thé hién tinh acid ctia phenol:

OH ONa OH ONa

©+Na—> ©+[H]; ©+NaOH—>© + HpO

Phenol c6 tinh acid y&u hon acid carbonic. Phenolat tac dung véi acid carbonic:

OH
+ CO2 + HZO > @ + NaHCO3

Phenolat ¢6 tinh base:

ONa

Tinh base va tinh 4i nhan cta phenolat yéu hon tinh base va tinh 4i nhan
cua alcolat RO~ vi cép dién ti trén oxy cua phenolat lién hgp v6i nhan benzen lam
giam mat do dién tu trén oxy. Phenolat natri tan trong nuéc, phan ly thanh ion:

CgHsONa  — CgH5O" + Nat
Ion phenolat ton tai cac trang thai trung gian do su cong hudng:

O 0 (0] (0]
<> -© <> @3 <> @ )
(, -

Tinh acid ctia phenol tang khi trén nhan benzen c6 cic nhém hit electron
nhu Cl, NOg, COOH... (c6 hiéu tng -I,-C). Cac nhém ddy electron nhu CH, lam

giam tinh acid cta phenol.
1.4.2. Phan ung ester hoa cua phenol

Phenol tac dung truc tiép véi acid hiiu co tao ester v6i hiéu sudt thap. Phan
ting xay ra kh6 khin hon su ester hoa ctua alcol. Phan ting ester hoa cua phenol 1a
phan ting thu nhiét:

CH3COOH + CgHs0H <= CH3COO0CgH5 +Hy0 AHO =+ 1,5 kcal.mol-!
CH3COOH + CoHs0H <> CH3CO0CoHj5 +Hy0 AHO = - 4.6 keal.mol-1

Phan tng tao ester ciia phenol dé xay ra hon khi phenol tac dung véi cac
clorid acid hodc anhydrid acid ¢6 xic tac base hoéac acid:

OH OCOR

Ba
+ RCOCI 25 + HCI

210



COOH COOH

OH H3PO4 OCOCH;
+ (CH3CO),0 —* +  CH3COOE

Acid salicylic Aspirin

Ester ctia phenol tham gia phan tng chuyén vi Fries tao ceton thom khi c6
xuc tac AlCl,:

OH
t=160° G R
OCOR — > 0 o- Oxyphenylceton
AlCly
- 2 1 OH
—>600 p- Oxyphenylceton
t=
0=C—CH;

1.4.3. Phan ung tao ether cua phenol
Cac phenolat tac dung véi alkyl halogenid tao ether (Phan ting Williamson):

ArO- + RX —> ArOR + X-

Duéi tac dung ctia nhiét do, ether chua no allylphenylether tham gia chuyén
vi Claisen

OCH,CH=CH, OH
CH,CH=CH,
200°C
—
Chuyén vi Claisen

Eter allylphenyl o- Allylphenol
Co ché chuyén vi Claisen:

OH CH

1.4.4. Phan ung thay thé nhom OH

Nhém OH phenol c6 thé bi thay thé bdi Cl hoiac NH, khi tac dung véi PCl;
hoéc NH; véi xac tac AlCl,:

Cl
OH O,N NO,
PCls _PCls
—
-POCl3,-HCl -POC] 3,-HCl NO,
Phenol Clorobenzen Acid picric Picrylclorid
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OH NH,
NH3 (AICI3) , A
Q) = ) e
o - Naphtol o - Naphtylamin

1.4.5. Phan ung vdi aldehyd

Phenol tac dung véi aldehyd formic trong méi truong base tao hon hdp
alcol ortho va parahydroxybenzylic:

o-

©/CH20H
—>
OH o- 0"
+ HCHO — 0"
+ HO" —» + H0 3 i

CH,0H

Phan tng xay ra khoé diéu khién vé téc d6. Cac alcol tao thanh tuong tac véi
nhau tuong tu phan ing triing ngung va tao thanh polymer goi la bakelit.

Phan tng ciing c6 thé xay ra trong méi truong acid. Alcol o-hydroxy
benzylic duge tao thanh (alcol salicylic). Phenol tac dung véi formaldehyd va amin
bac 2 tao hdp chit o -aminomethylphenol.

+
OH Su OH
+ CH,OH H CH,0H
+ . 2 —
HCHO + H¥ —» CH,OH ; @ =t ©<CH20H — ©/

OH OH

HCHO +RyNH CH,NR,
— < 5
-H,O

1.4.6. Phan ung téng hop Kolbe. Téng hop acid salicylic.

Phenolat natri tac dung véi CO2 c6 ap suat va nhiét d@, tao natri salicylat.
ONa

p {0 COONa COONa COOH
+ COy
+ HJr

Co ché’phdn wng:

B & & G

Thudng ap dung phan tng nay dé san xuét acid salicylic trén quy mé cong nghiép.
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1.4.7. Phan ung Reimer -Tieman

Phenol tac dung véi cloroform trong moéi trudng kiém manh tao thanh
hydroxybenzaldehyd. San ph4m phan tng c6 thé 14 hdn hop déng phan ortho

va para.
OH
CHO
+ CHCl; + SKOH —> + 3KCl + 2H,0

Aldehyd salicylic

OH

Phan ting xay ra theo co ché tao diclorocarben do cloroform tac dung véi KOH.

Ko ol
'IIOZEI:*—C c1 —» KCl+HyO + CC1~
Cl

Diclorocarben (CCly) nhu 1a mot tac nhan ai dién ti t4n céng vao phenol & vi
tri ortho hodc para va sau d6 xay ra su thuy phan.

<V CHCI, CHO CHO
+ ZKOH +H O
—2KC1 H20

HO'

Tuy theo c&u tao, diclorocarben cé thé 1a tac nhéan ai dién ti (ca 2 electron déu
sip x€p trong mot orbital va c6 mot orbital khong c6 electron. Co dién tich duong (+)
trén carbon) hoic ciing c6 thé 14 mot ludng géc (trén moi orbital chi c6 mot electron):

X e @
cl == . 2 ’

Cl
Tac nhan 4i dién ti Ludng goc
1.4.8. Phan ung ghép doéi vdi hop chét diazoni

Phenol tic dung v6i mudi diazoni trong moi truong kiém tao hgp chat
arylazophenol. DAy 14 mo6t phan tng thé ai dién ti vao nhan thom hoat dong véi
mot tac nhan ai dién ti kém bén 12 mudi diazoni:

+ Base
wofy ) 2 O
A

Mudi diazoni Phenylazophenol
1.4.9. Cdc loai phan ung thé di dién tu khadc

Phenol tham gia cac phan tng thé ai dién ti khac nhu nitro hoa tao cac hgp
chat nitrophenol; phan tng halogen héa tao hop chit halogenophenol; phan ting
sulfon héa tao acid hydroxybenzensulfonic:

213



Nitro hoa OH OH OH OH

O,N NO
O,N 2 2
r HNO; O)N 2 HNO
3 HNO§ 3
Hp804 H)S0, H,S0y4
NO, NO,
2-Nitrophenol 2,4 Dinitrophenol 2,4,6-Trinitrophenol
OH OH
Halogen hoa Y CS
& @ + Bry _2> + HBr
& Br
¢H OH
v Br Br
+ 3Brp, H20, + 3HBr
Br
Sulfon hoa
OH OH
HO5S
+ HQSO4 — + 2H2O

o-Nitrophenol c6 lién két hydro néi phan ti. p -Nitrophenol chi c6 lién két

hydro gitia cac phan ti v6i nhau

1.4.10. Phan uing tao mau boi dung dich FeCl,.

V6i dung dich FeCl; phenol tao hgp chat C;H;OFeCl, ¢6 dung dich mau tim -

do; Cresol tao dung dich mau xanh va cic phenol khac tao dung dich mau vang.

1.4.11. Phan ung oxy hoa phenol

Phenol dé bi héa nau bdi oxy khéng khi. Nhiéu phan tng oxy héa cua

phenol xay ra rit phtc tap. Tinh chit cta san ph4m phu thudc vao ban chit caua
nhém thé. Trong qua trinh oxy héa, hydro ctia nhém O-H bi phan cit va tao
thanh géc phenoxy—-ArO.

SuO-O -G~

Cromoxyd CrO; oxy héa phenol tao p -benzoquinon. Phan ting xay ra qua

giai doan tao acid phenylcromic.



0- CrO;H ' 103H 2 OH
OH i H2C r03 HyCrOy
@ + CrO3

H O H OH OH e)

p- Hydroquinon p- Benzoquinon

a-Naphtol bi oxy héa tao san pham 4,4'-dihydroxy-1,1'-dinaphtyl. Phan tng
x4y ra theo co ché:

OH
OH o 0 o
Y . C1>
> > —>
“ w2 (1)
OH

4,4'-Dihydroxy-1,1'-dinaphtyl

Trong truong hop 2,4,6-tri-tert-butylphenol, géc tu do 2,4,6-tri-tert-
butylphenoxy c6 mau xanh sinh ra cé d6 bén cao. Chiing tac dung véi oxy tao hgp
chit mau vang:

(CHy);C C(CH2)3 (CH3)3 C(CH3)3 (CH;);,C _C(CHy); (CHg)3 C(CHy),
-H+

C(CHy); C(CH;), C(CHy), C(CHy),
C(CH,)
(CH;),C 3)3
02 373 Bu Bu
o0— Bu = (CH3);C
(CH3)3C R C(CH3)3
Mau vang

2. POLYPHENOL

Polyphenol 1a hop chét cé hai hay nhiéu nhém OH gén truc ti€p trén vong
benzen. Cac polyphenol 1a cic chét ran.

OH
OH Ol OH
OH OH
Catechol (t; =1049) Resorcinol (¢, = 1149) Hydroquinon (t; = 169°)
1,2 -Dihydroxybenzen 1,3 -Dihydroxybenzen 1,4 -Dihydroxybenzen
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OH

OH OH
O o
HO OH
Pyrogalol (t; =1329) Phloroglucinol (t; =2189) Hydroxyhydroquinon (t. = 140°)
1,2,3 -Trihydroxybenzen 1,3,5 -Trihydroxybenzen 1,2,4 -Trihydroxybenzen

Polyphenol dudc diéu ché theo cac phuong phap co ban trong diéu ché
monophenol:

Cl
Cl OH OH
NaOH,H20 H+
e e
Cull, 2000C
SO;H
* SOH M on
NaOH H+,H20
Néng chéy'
NH, 0 OH
© NayCrpOy 2[H]
H2$O4
O OH

HO OH Pun néng HO OH
e
-COy

COOH Acid Galic

COOH COOH
O,N. i ,NO, H,N NH, HO OH
> >
Sn,HCI H,0, 100°C
NO, NH, OH

Polyphenol tu do khéng ton tai trong thién nhién. Ching chi ton tai 6 dang
ether hoic ester. C6 thé chung cit polyphenol. Ching d& thing hoa va dé tan
trong nudc, alcol ; khéng tan trong hydrocarbon.

Cac phan ting ctia polyphenol ciling gidng phan ting cia monophenol. Kha ning
phan ting cua polyphenol cao hon monophenol. Cac chit catechol, hydroquinon,
pyrogallol dé bi oxy héa trong moéi truong kiém. Khé phan riéng cac san phadm oxy
héa. Hydroquinon dudc st dung lam ch4t hién hinh trong kj nghé anh:
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OH
OH
Ag20 Nachzo7
MgSO4,ether H2$O4
Catechol o-Benzoquinon 0

Hydroqumon p-Benzoquinon

Resorcinol kho bi oxy héa hon. Khi bi oxy héa khéng tao thanh m -quinon.
San pham oxy hoa resorcinol 12 mot hdn hgp phiic tap.

Resorcinol ¢6 kha ning hd bién do su di chuyén hydro cia nhém O-H do d6
resorcinol dé bi hydro héa bdi hén héng natri tao thanh 1,3-cyclohexandion:

OH/) o
—»
+2 H S
N0, 0
Resorcinol 1,3 -Cyclohexandion

Phloroglucinol cling c6 kha nang hd bién tao ceton:

o) o
O, = L

Phloroglucinol 1,3,5 -Cyclohexantrion

Polyphenol tao dung dich c6 mau véi FeCl;. Catechol cho mau xanh.
Resorcinol cho mau tim. Pyrogallol cho mau dé.

BAI TAP

1. Hay viét cong thiic ciu tao cic chat sau day:
a. m-Cresol,; b. p-Ethylphenol; c. 2,4- Dinitrophenol;
d. o-Nitrophenol; e. Acid picric; f. Acid 2,4-Phenoldisulfonic
g. Pyrogalol; h. Phloroglucinol; 1. Acid galic.

2. Hay goi tén cac chat sau day:

a- CHz@OH ; b- QOH 5 c Cl@OH ; d- QOH
H,C

2 Cl

OH HO
conlCpons e o o s v
H;C; Cl
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3. Viét phuong trinh diéu ché cac phenol:
a. p-Bromophenol, Tribromophenol tiu benzen.
b. Acid picric tu clorobenzen; tu acid 2,4-phenoldisulfonic.
c. 0-Cresol tu o -clotoluen.

4. Hay sip xép cac chit sau day theo thi tu tang din tinh acid:

OH ‘o, OH o, OH OH OH CH,OH
@ ; ©/ ; © ; @ ; @ ; @
NO, NO, Cl OCH,4
5. Viét cac phuong trinh phan ting trong cac truong hop sau:
a. Cac chat methyliodid, isoamylbromid, allylbromid tac dung v6i kaliphenolat.
b. 0-Cresol tac dung v6i hén hgp KOH va CHCI,.

c. p-Cresol tac dung vé6i aldehyd formic trong moi trucng acid.

d. Thuc hién su chuyén vi Fries ctia cac chit ester p -hydroxyphenylacetat,
m-metoxyphenylacetat.

6. B6 tic va hoan thanh cic phan tdng theo so do:

H>SO4 NaOH H (CH3)2S04 HNO
Benzen 5% > p 120 c 3 D 3 .
Nung chdy Ht NaOH
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Chuong 18
ETHER

MUC TIEU HOC TAP

1. Doc duoc tén cdc loai ether.
2. Trinh bay duoc tinh chdt héa hoc cia ether mach thc%ng, ether vong.

NOI DUNG
Khi thé H ctia OH trong ROH, ArOH bang géc R, Ar, ta sé dugc ether.
RO-H —» R O-R RO-H —» R-OAr Ar-O-H - ArO-Ar

Phéan loai ether:
— Ether mach hé

— Ether mach vong.

1. ETHER MACH HG

1.1. Cau tao
Oxy cua ether lién két truc tiép véi 2 géc R, Ar giong nhau hoéc khac nhau.

CH3-CHy-O-CHy-CH3 CH3-CHy-O-CH3  CH»=CH-O-CHj3 QO-CH2CH3
Diethyl ether Ethylmethyl ether Methylvinyl ether Cyclohexylethyl ether

Diethyl oxyd Ethylmethyl oxyd Methylvinyl oxyd Cyclohexylethyl oxyd

enmo—cn, {Ooeny (OO0

Methylphenyl ether ~ Methyl , B—naphtyl ether  Diphenyl ether
Methyl , B—naphtyl oxyd  Diphenyl oxyd

Benzylmethyl ether
Benzylmethyl oxyd Methylphenyl oxyd

1.2. Danh phap

Goi tén cac goc alkyl va thém tit ether hodc oxyd.

Tén gbc hydrocarbon tuong (ing + ether (hoac oxyd)
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Caing c6 thé xem ether 1a din xu4t cta hydrocarbon ma hydro dudc thay thé
bang nhém alkoxy RO —» aroxy ArO-

(CH3)90 Dimethyl ether Dimethyl oxyd Metoxymetan
CH30CH9CH9CHg  Methylpropyl ether Methylpropyl oxyd Metoxypropan
CH30OCH(CHg)9 Methylisopropyl ether Methylisopropyl oxyd 2-Metoxypropan
CgH50CHg Methylphenyl ether Methylphenyl oxyd Metoxybenzen
p-CH3C5H4O0CoHy  Ethyl,p-tolyl ether Ethyl,p-tolyl oxyd, p- Etoxytoluen

1.3. Phuong phap diéu ché ether
1.3.1. Diéu ché ether theo phan ung Williamson

Phuong phap phd bién hay dung dé diéu ché ether c6 géc hydrocarbon khac
nhau 1a cho natri alkoxyd tac dung véi dan xuat halogen (Williamson,1850):

CoH50Na + ICH3 ~ —> CgH50CHg + Nal
CH2:CHCH20Na + ICzH5 —> CH2:CHCH20C2H5+N31

Phuong phap Williamson rat thuan 1gi dé diéu ché& cac ether c6 goc aryl. Cac
tac nhan alkyl héa 1a dan xuat halogen, alkylsulfat, ester alkyl-p-toluensulfonat
(alkyl tosylat):

CgHsONa + ICHg —> CgHgOCHg + Nal.
CgHsONa + SO9 (OCHg)9 —>» CgH50CHg+ CH30S090Na

CgH50Na + p-CH3CgHy—0-S0O»-OCH3y —» CgH50CH3 + p-CH3CgH4-O-SOp-ON:
Ester Methyl-p- toluensulfonat Anisol Natri p- toluensulfonat

CgHsONa + BrCgHjp —> CgH50CgHg5 + NaBr.

1.3.2. Diéu ché ether tiralcol
2ROH —> ROR + Hq0
Phan ting x4y ra c6 xdc tac H,SO, dam dic (140°C) ho#c Al,O, 6 nhiét do
200-300°C. Phuong phap nay c6 hiéu suat cao déi véi cac alcol khé tao alken.
1.4. Tinh chat ly hoc

Ether khong c6 kha niang tao lién két hydro nén nhiét do soi cua ether thap
hon nhiét d6 sbi cua cac alcol tuong ting va khong tan trong nuéc, tan trong dung
moi hiu co.

Cac ether thuong c6 mui thom - "Mui ether"
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Bang 18: So sanh nhiét do séi cla ether véi alcol va phenol

Ether t% Alcol, phenol %
(CH3)20 -24°C CH30H 66 °C
(CoHg)90 +359C CoHgOH 78°C
C4HgOCH3 70°C C4HgOH 118°C
CgH50CH3 155°C CgHsOH 183°C

e Cdn ci vao phd héng ngoai cé thé phdn biét cdc loai ether:
Dialkylether c6 vach dic trung trén quang phé héng ngoai IR cta lién két
ether ¢ viing 1060 - 1150 cm-1.

Vach dic trung IR cta lién két ether trong alkylarylether ¢ vung 1230-
1270cm-1.

1.5. Tinh chat héa hoc

Ether c6 kha nang phan ting kém hon alcol vi lién két C —O-C 1a lién két
kém phan cuc va kho bi tach ra. Ether thuong duge dung dé 1am dung méi trong
tong hgp hitu co. Khac véi alcol, ether khong c6 tinh acid va khong c6 phan ting
v61 base.

1.5.1. Phan ung tao mudi oxoni

Ether c6 tinh base yéu. Khi tac dung véi acid manh (H,SO,, HC1O,, HBr)
ether tao thanh muéi oxoni khong bén:
HT
CoH5-0-CoHs + HBr —»  CoHs5—Q-CoHs +Br -
Diethyloxoni

Ether tac dung véi acid Lewis (BF,;, RMgX) tao phiic phéi tri tuong d6i bén:

F F

CoH5-0-CoHs +BFy; —>  CoH5-Q-CrHs
Botriflorid etherat
Ion dialkyloxoni nhay cdm véi phan {ing thé 4i nhan va phan tng tach loai
hon phéan ti ether trung hoa. Vi vay trong moéi trudng acid manh ether c6 thé xay
ra phan tng thé cho san phdm thé& va phan ting tach loai tao olefin:

H

o I +Br~
CoH5-O-CoH5; + Ht &2 C2H5—9—C2H5 —S> CoH5-O-H + BrCyHj
N2
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. | HSO,
(CH3)3C-O-C(CHg)3 + H*== (CH3)3C-0-C(CH3)3 ?ﬁ‘ (CH3),C=CH, + HO-C(CH3)$ H,S0,
Di-tert-butyl ether Di-tert-butyloxoni
(CH3),C=CHy + H,0

1.5.2. Phan ung oxy hoa ether

Ether mach hé 12 ch4t tu oxy héa. Ether ethylic tiép xtc lau ngay véi khong
khi (d4c biét khi ¢6 anh sang) sé tao hydroperoxyd va peroxyd:

CH3-CHy—-O-CHy)—CH3z + Op —> CH3—FH—O—CH2—CH3
OOH Hydroperoxyd
Hydroperoxyd sé bi loai mét phéan ti alcol etylic va chuyén thanh hgp chat
peroxyd polymer, ethyliden peroxyd (-CH(CH,)-O-0-), v6i n = 4-8 va mot s6 hgp
chit chta oxy khéc.

Peroxyd polymer 1a chat 1éng sanh nhu dau, d& gy né khi c6 va cham va
chung cat.

Khi st dung ether phai kiém tra peroxyd bing phan ting v6i mudi sit (II),
titan sulfat (IV).

Peroxyd bi pha v& khi tinh ché ether v6i natri kim loai, muéi sit (II), mudi
mangan (II).

Ether rat nhay cam véi su tan cong cua goc tu do. Vi vay ether khong phai 1a
dung moéi tét cho cac phan tng c6 co ché goc tu do. Cac ether thong dung nhu
ether ethylic, dioxan, tetrahydrofuran thuong bi nhiém peroxyd.

e Cdc ether chua no cé géc aryl dé tham gia chuyén vi Claisen:

Trong thién nhién ton tai nhiéu hop chat ether c6 ting dung trong y dudc.

OH OH
OCH; OCH,4 OCH;, OCH,4
OH @/OCH3

CH,-CH=CH, CH=CH-CH;
Eugenol Isoeugenol
2-Metoxyphenol 1,2-Dimetoxyphenol 4-Allyl-2-metoxyphenol 4-Propenyl-2-metoxyphenol

Gaiacol Veratrol

OCH,4
O\ O\
CH,=CHCH, CH, CH,CH=CH CH,
/ /
(@) (0]
CH=CHCH,
Anetol Safrol Isosafrol

4-Propenylmetoxybenzen 4-Allyl-1,2-methylendioxybenzen 1,2-Methylendioxy-4-propenylbenzen
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2. ETHER VONG

A0 00 Q)

Epoxy Tetrahydrofuran Tetrahydropyran 1,4-Dioxan
Ethylen oxyd Tetramethylen oxyd Pentamethylen oxyd
Ethylen oxyd 1a ether vong don gian nhat. Vong ethylen oxyd dé& bi pha vd.

Ethylen oxyd 12 nguyén liéu tao nhiéu chat hiiu co c6 nhiéu ting dung quan trong nhu
ethylen glycol, diethylen glycol, clohydrin, xelozol va chat cao phan ti carbowax:

H, CH,
MO HocH,cH,0H 97, (HOCH,CH,),0
Ethylen glycol Diethylen glycol
- HSL cicH,cHy0H
c | Ethylen clohydrin
N CH3OH AN
—> HOCH,»CH,OCH3 -2 5 CH30(CH,O)CH,OR
Ethylen oxyd Base Methyl xelozol Methylen carbitol
L 5 HO—-(CH,CH,0),,-H

Carbovac

Phan ting trung ngung cua ethylen oxyd tao thanh ch4t cao phan ti 1a
polyethylenglycol (PEG) dung lam ch&t nhii héa trong dugc phdm va k§ nghé dét:

PEG HO-CH9-CH9-O-(-CH9-CH9-0O-),,—~CH9-CHo-OH

Céc ether ciia monoalcol bac cao nhu octadecylic C,sH,;,OH hoic alcol thom
c6 mach nhanh dai ¢6 ing dung 1am chat nhi hoa. Cong thiic chung c6 dang:

C1gH370(CH9CH50),CHyCHOH ; RCgH4O(CHyCH50),,CHoCHy0H

BAI TAP

1. Doc tén va viét cong thic cau tao cia chat tao thanh khi cho cac chat duéi day
tac dung v6i acid HBr.

a- CH=CHCH,OCH; 3 b-CH3CHyOCH=CH, ; C- (CH3)3CCHyOCHj3 3 d-CgH50CH;3

o o
e-A 5 f-D) ;g-@ ;h-O ;i'[oj

2. Viét cong thiic cau tao cua cac chat: Gaiacol, cineol, eugenol, anetol, safrol, PEG
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Chuong 19
ALDEHYD, CETON VA QUINON

MUC TIEU HOC TAP
1. Goi duoc tén cdc hop chdt carbonyl.
2. Gidi thich duoc co ché Ay va hoat dé di nhan cua hop chdt carbonyl.
3. Néu duoc cdc héa tinh ciia aldehyd va ceton dong thoi cho biét phuong phdp

héa hoc dé nhdn biét ching.

NOI DUNG

1. CAU TAO
Aldehyd, ceton, quinon 12 nhiing hgp ch4t chita nhém carbonyl C = O.
Téng quét:

I i Il O
H—C—H R—C—H R—C—R, O 0

Aldehyd formic Aldehyd Ceton Quinon
Tuy thudc cdu tao ctia cac goc R, R,, R, ma aldehyd, ceton 1a nhiing hgp chat
no, chua no, thom hoéc aldehyd vong ceton vong.
Nhém chic CHO trong aldehyd goi 1a chic aldehyd hay nhom formyl
Nhém carbonyl C = O trong ceton goi la chiic ceton hay nhom oxo

Quinon 14 san phidm oxy héa céc diphenol. Quinon phai 14 mét hé théng lién hap.
C6 thé xem quinon 1a diceton vong chua no. Chiic ceton lién hop véi lién két déi cta
vong. Ton tai 1,2 -hay orto-quinon va 1,4- hay para-quinon. Khong c6 1,3-quinon.

0
& O
1,2-hay orto-Quinon 1,4- hay para- Quinor

Aldehyd, ceton, quinon thudc loai hop chdt carbonyl - chiia nhém carbonyl

1. ALDEHYD VA CETON
1.1. Danh phap
1.1.1. Danh phdp cua aldehyd
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e Theo danh phdap IUPAC:
Goi tén hydrocarbon tuong ting va thém tiép vi ngii al

Tén hydrocarbon tuong Gng + al

9 9 CH;

I
CH3CH,—C-H CH3CH,CH=CH-C-H CH3CHCH=CH-C-H
3 2 1 5 4 3 2 1 5 74 3 2 1
Propanal 2-Pentenal 4-Methyl-2-pentenal

Danh s6 1 ti carbon ctia chiic aldehyd.

o Tén thong thuong:
Goi theo tén thong thuong theo acid tuong Gng.

Aldehyd + Tén acid tuang (ng hay Tén g6c Acyl RCO- + aldehyd

0]
|
H—y}—H CH;—C—H CeH;—C—H CHy=—~CH—C—H
Aldehyd formic Aldehyd acetic Aldehyd benzoic Aldehyd af:rylic
Formaldehyd Acetaldehyd Benzaldehyd Acrolein

1.1.2. Danh phdp cua ceton
o Theo danh phap IUPAC

Goi tén hydrocarbon tuong ting va thém tiép vi ngii on

Tén hydrocarbon tuong (ing + ON

Bang 19.1: Tén goi va tinh chat ly hoc clia mét s6 aldehyd va ceton

Coéng thic cau tao Tén thong thudng Tén quéc té 0 0
H_CHO Formaldehyd Metanal - 92,0 -21,0
CH,—CHO Acetaldehyd Etanal -123,0 20,8
CH,—CH,—CHO Aldehyd propionic Propanal - 81,0 48,8
CH,—CH,—CH,—CHO Aldehyd butyric Butanal -99,0 74,7

Aldehyd isobutyric 2-Methylpropanal - 66,9 61,0
CH;~CH-CHO y Y yiprop
CH;,
CH,=CH—CHO Acrolein Propenal - 87,7 52,5
CH=C_CHO Aldehyd propagylic Propinal - 60,0
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Bdng 19.1 (tiép)

e,

Cong thiic ciu tao Tén thong thudng Tén quéc té 0 0
CH,—CH=CH—CHO Aldehyd crotonic 2-Butenal -74,0 104,0
Benzaldehyd Benzaldehyd - 56,0 179.5
e
Aldehydphenylacetic 2-Phenyletanal -10,0 190.4
@—CHZCHO
Aldehyd cinnamic 3-Phenylpropenal - 252.0
@—CHzCHCHO
CH,COCH, Aceton Propanon -95,0 56,1
CH,—CH,—CO—CH, Methylethylceton Butanon - 86,4 79,6
C,H;COC,H; Diethylceton Pentanon-3 -42,0 101.7
CH; ) ) )
| Pinacolin 3.3-Dimethyl-butanon-2
CH;-C—COCH;5 Methyl,tert- Butylceton 525 | 1062
CH;,
CH,—CO—_CH=CH, Methylvinylceton Butenon-3 - 791
- Cyclopentanon -51,3 130,6
D=0
- Cyclohexanon -31,2 156,7
(=0
- Cycloheptanon - 179,0
(o
Methylphenylceton Acetophenon 19,6 202,3
Creocn
Diphenylceton Benzophenon 49,0 305,4

Mach chinh 12 mach dai nh4t chta chtic ceton. Danh sé chi vi tri cua chitc
ceton. S6 1 bat dau tai carbon ctia mach chinh va gin chiic ceton nhat.

I
Hs~ CH, - CH,-C~CH

2-Pentanon
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CH,=CH-CH,-C~CH,-CH-CHs
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e Goi theo danh phdp ceton

Goi tén 2 gdc hydrocarbon lién két v6i nhém carbonyl va thém tén ceton.

Tén cac goc hydrocarbon + Ceton

i 2 Q ot
CHz-CH,-C-CH,3 CH,=CH-C-CH=CH, CH,=CH-C-CH-CH;
Methylethylceton Divinylceton Vinylisopropylceton

1.2. Diéu ché& aldehyd va ceton

Aldehyd va ceton déu c6 nhém chitic carbonyl C =0, vi vay phuong phap diéu
ché& aldehyd va ceton gin gidng nhau. Tuy vay van c6 moét s6 phuong phap dic thu
dé diéu ché aldehyd va ceton.

1.2.1. Oxy hoa (hay dehydro hoa) alcol. (Xem phan tinh chit ctia alcol).

CHs CH,
Na,Cr,07
D 222 QL one
° OH H2S04 “H,0 0
CH;™ "CH, CH3/\ CHs

Dbiéu ché aldehyd va ceton bing phan tng oxy héa alcol theo phuong phap
Oppenhauer.

Oxy héa alcol bac 2 bing aceton ¢6 xtc tac nhom isopropylat - [(CH3),CHOJ3AL
R. CHs Al R. CHs
CH-OH , " ceg LEMCHOL =0 . ™ CH-OH
rR” cny” R CHy

Néu oxy héa alcol bac nhat RCH,OH sé tao thanh aldehyd RCHO.

1.2.2. Ozon hoa alken
Thuy phan hgp chat ozonid sé thu duge aldehyd hoic ceton.

Tién hanh phan tng ozon hoéa trong dung moéi diclometan ¢ nhiét do
thap.Sau d6 pha vong ozonid bang acid acetic va kém kim loai thu dugc aldehyd.

)\/\/\ criaclz : O_j.<H ACOH)\/\/CHO
X +03 —= 0>y zn - + HCHC

- 780

(xem lai phan tinh chat héa hoc ctia alken)

1.2.3. Téng hop oxo (hay goi 1a hydroformyl héa - Phan ting Rouelle).
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Duéi tac dung cua xuc tac dicobanoctacarbonyl CO, (CO)s va ap suit, olefin
tac dung véi hdn hgp H, va CO sé tao thanh aldehyd.

CO, (CO)g R-CH,—CH,-CHO
R-CH=CH, +CO+H
2 2 T E R-CH—CHO

CH,

1.2.4. Hydrat hoa acetylen va alkyn (xem phan hydrocarbon alkyn).
1.2.5. Nhiét phdn muéi cua acid carboxylic (RCOO),M

Khi nhiét phan cac mudi calci, bari...ciia acid carboxylic 6 nhiét dé6 khoang

300°C sé tao thanh ceton.

_ o AN
2RCO0O — /C:O + CO;
R Phan tng Perrier

Nén st dung hén hop 2 mudi trong d6 c6 muodi ctia acid formic sé tao aldehyd.

0]
RCOONa + HCOONa L3 RCHO + NayCOs
1.2.6. Téng hop aldehyd theo phan ting Rosenmund (1918)
Hydro héa hgp chit acylclorid véi xtc tac 1a palladi trén chat mang BaSO,.

0 Pd - H,80, A0
e+ m, R—C< + Ha
Sa H

Acylclorid Aldehyd

1.2.7. Téng hop aldehyd theo phan ting Stephen (1925)

Khti héa hgp chat nitril RC =N bang thiéc clorid SnCl, trong méi trudng acid
thuong tao thanh aldehyd. Phan ting qua giai doan tao chat trung gian 1a aldimin.

0
H20 Y4

R—c=N NCI22HCI g op=nH S R—CL_+ NHg
Nitril - SnCl4 Aldimin H

1.2.8. Phan ung cua ester vdi thudc thu Grignard
Tuy theo cdu tao cua ester, khi tidc dung véi thudc thi Grignard tao thanh
aldehyd hoéc ceton (xem phan hgp chat co kim)

O + R'MgX 0

g 74

RO—C{ — > R'—C<
H - Mg(OR)X H

Ester alkylformiat Aldehyd
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OR OR o

| + R'MgX | + Hy0 HY) Y
RO—C—OR ———> R—C—OR —— —77> R'—C<

1|{ - Mg(OR)X I|{ -2 ROH H

Ester alkyl orthoformiat Acetal Aldehyd
0 + R"MgX R
R=C — Sc=0
OR' - Mg(OR")X Rn/
Ester Ceton

Thuéc thii Grignard tac dung véi nitril ciing tao thanh ceton.

RMgX AN R R
R—C=N —g>R/C:NMgX i, \C:NH +Hy0 (HY) \C—O
, B P — > =
Nitril MgOHX g7 " .NH; R~
Cetimin

1.2.9. Acyl héa vao nhén thom theo phan uing Friedel -Craft

Xem lai phan hydrocarbon thom.
Phan tng acyl héa theo Friedel - Crafts c6 thé xay ra trong noéi phan ti dé

tao ceton vong.
A1C13 5 3
A5
O 7

Cl
3-Phenylpropanoylclorid Indanon-1
1.2.10. Phan ung Vilsmeier (1927)

Cac alkylformamid tdc dung vé6i aren, phenol, ether..khi c6 miat cua
tricloroxydphosphor POCI, x4y ra phan ing formyl héa va tao thanh aldehyd.

O 40
7 C
N(CH,),
Dimethylformamid Aldehyd benzoic

1.3. Tinh chat ly hoc cua aldehyd va ceton

Aldehyd va ceton la nhiing chat 16ng hodc ran. Chi c6 aldehyd formic 1a chat
khi. Aldehyd formic, aldehyd acetic, aceton tan v6 han trong nudec. Aldehyd va
ceton thudng c6 nhiét do séi thap hon alcol tuong tng.

Vach dic trung trén quang phé héng ngoai cia nhém carbonyl C = O trong
aldehyd va ceton trong khoang 1660-1740cm™. Gia tri d6 giam khi c6 hé théng
lién hgp.
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Bang 19.2: Dao dong héa tri cla nhém carbonyl trong aldehyd va ceton

Aldehyd Ye=or cm-1 Ceton Te=o, cm-1
R_CHO 1720.....1740 R_CO_R 1700......1725
Ar_CHO 1695......1715. Ar_CO_R 1680......1700
R_CH=CH_CHO 1680......1705 Ar—_CO_Ar 1660......1670

R_CO_CH=CH-R 1665......1685

1.4. Tinh chat héa hoc cua aldehyd va ceton
1.4.1. C4u tao va kha nang phan ung cua nhom carbonyl C =0

Nguyén ti carbon cua nhém carbonyl 6 trang thai lai héa sp®. Nguyén tu
carbon va oxy tao 1 lién két o va 1 lién két n (Hinh 13-1). Do dai lién két C =0

121,22 A
I' A/ Seor
C—o

1200

Hinh 19.1: C&u tao nhém carbonyl C = O

Nhém carbonyl cé tinh chat khong no va phan cuc da tré thanh trung tam
tdn cong cua nhiing tdc nhan ai nhan. Nhom carbonyl hoat héa cac nguyén tu
hydro & vi tri a ctia gbc hydrocarbon. Vi vay xay ra kha ning enol héa trong cac
hop chat carbonyl ¢6 nguyén ti hydro o linh dong.

Ngugc lai nhém carbonyl sé lam giam kha ning phan @ng ctua nguyén tu
hydro trong nhan thom.

Phan ting cua hop chit carbonyl rat phong phi. Cé 3 loai phan tng chinh:
— Phan ting cong hgp vao nhém carbonyl.
— Phéan ting thé vao goc hydrocarbon.
— Phan tng oxy -hoa khu.
1.4.2. Phan ung céng hop di nhdn vao nhom carbonyl
T4c nhan 41 nhan t4n cong vao nhém carbonyl theo cac giai doan:
N | .- H+ |
e /cgg\g: — Y=C-0° —— Y-C-OH

Mboi truong acid thich hgp thuan 1gi cho phan ting cong hop vao nhém carbonyl.
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Kha ning cong 4i nhan vao nhém carbonyl ctia aldehyd dé hon ceton. Ceton
c6 hai goc hydrocarbon lam gidm mat dd dién tich duong trén nguyén ti carbon
va c6 can tré khong gian su tuong tac ciia tadc nhan ai nhan vao nhém carbonyl.

R R
8- NG B N 5
c=0 > C=0 > C=0 OF> 8 >58¢
H H™ U A

e Gemdiol
Aldehyd va ceton tac dung véi nude tao thanh gem-diol.

R R OH
N
C=0 + HO — c”
R “ R TOH

Gem-diol 14 nhiing chat khong bén. Phan ting cong nuéc 1a phan tng thuan
nghich. N&u c6 nhém hit dién ti tai goc R cua aldehyd va ceton thi gem-diol 1a
chat bén viing.

g o cl OH
c-¢-cZ y T H20 — C=C=C~0H == CI;C—CHO. H0
cl Cl H
Cloral Cloral hydrat

Formaldehyd bi hydrat hoa gan nhu hoan toan, trong dung dich nuéc né ton
tail dudéi dang gem-diol CH9(OH)o.

Mitic d6 hydrat héa ctia hgp chit carbonyl tuy thudc vao ciu tao.

Bang 19.3: M(c d6 hydrat h6a clia mét sé hop chat carbonyl

Hop chat Mc d6 hydrat

carbonyl
HCHO 99,99%
CH,CHO 58%
CH,COCH, ~ 0%
CgHs CHO vét.
Cl,CCHO 100%
F,CCHO 100%

e Acetal va cetal

Coéng hdp mot mol alcol v6i aldehyd hoédc ceton sé tao thanh ban acetal
(hemiacetal, Semiacetal) hoidc ban cetal (hemicetal, semicetal).
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Aldehyd tac dung véi mot mol alcol

OH OH
0] O
R—Z  + ROH —> R—(lj—OR' ; CHy—CZ  + CH;0H —> CH3—(|3—OCH3
H H
H H
Aldehyd Alcol Hemiacetal Acetaldehyd Methanol Hemiacetal

Ceton tac dung véi alcol theo tilé 1: 1 vé s6 mol:

OH (l)H
(0] (0]
R—Z + R'OH —> R—C—R ; CHy7—CZ  + CHO0H —> CHy—C—CH,
R CH
OR" ’ OCHj
Ceton Alcol Hemicetal Aceton Methanol

Cong hgp 2 mol alcol v6i aldehyd hodc ceton sé tao thanh acetal va cetal.

0 .
I H+ OR Q He OCHs
R-C-H +2ROH = R-C-H  CHy=C-H + 2C,H;0H— R-C-H
OR OC;Hs
Aldehyd Alcol Acetal Aldehyd Alcol Acetal

Kha nang tao acetal phu thudc vao ciu tao cua aldehyd va alcol.

Bang 19.4: M(c d6 acetal hba aldehyd véi cac alcol

Aldehyd Mirc do
Ethanol Cyclohexanol 2-Propanol
CH3—CHO 78 56 43
(CH3),CH-CHO 4 - 23
(CH3)3C—CHO 56 26 L
CgH5-CHO 39 23 13

Ceton khong tac dung truc ti€p véi alcol dé tao cetal. C6 thé diéu ché cetal
bang cach cho ceton tac dung truc ti€p véi ester ctia acid orthoformic H -C(OR),

9 OC;Hs
CHy=C-CHs + HC(OCHs); —  CHy— C=CH;  + HCOOC,Hs
OC,H5
Ceton Ester ethyl ortoformiat Cetal Ester Ethylformiat

Ceton va aldehyd tac dung véi diol tao cetal va acetal vong:

R
R |
| . 0—C—H
R HO—C—H H R/
_C=0 + | —> /C\ + Hy0
B HO——H R “0—~(—H
R R
Ceton 1,2-diol Cetal vong
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Acetal va cetal 14 mot loai hgp chat quan trong. Cac acetal va cetal vong c6
tng dung dé diéu ché nhiing aldehyd va ceton chua no khéc.

R R
R‘c—o HO—C;t—H Ht  Rr_ O—C-H
~C=0 + — C + H0
R HO—G-H R” ~0—C-H
R R
Ceton 1,2-Diol Cetal vong
o__0O o__0O

CH,CH,C=CLi 4+ BiICH,CH,” "H —> CH3CH2CEC—CH2CH2><H + LiBr

o__0O

CH,CH,C=C—CH,CH,” “H  + H'0 —> CH,CH,C=C—CH,CH,CHO + HOCH,CH,CH,OF

Khi téng hop cac chét hitu cd, mudn bao vé nhém carbonyl ngudi ta thudng
chuyén né vé dang acetal hoic cetal.

o (Céng hop vdi acid cyanhydric HCN tao a-cyanoalcol hay cyanohydrin.

CN
A° . |
CH3—C\ + HCN - CH3—(|J—H
H OH
Acetaldehyd  Acid cyanhydric Cyanohydrin acetaldehyd
CN
7 o a— !
CH3—C< + HCN «— CH3_CI_CH3
CH, HO
Aceton Acid cyanhydric Cyanohydrin aceton

Phan ting cong hgp HCN véi aldehyd hoéic ceton phai c6 xic tac base. Base
lam ting nong do tac nhan ai nhan -C=N. Hgp ch4t cyanohydrin duge dung dé
diéu ché acid hydroxycarboxylic (hydroxyacid) RCH(OH)CN — RCH(OH)COOH.

o (Cong hop vdi natrihydrosulfit (NaHSO3)

Aldehyd va ceton (methylceton) tac dung véi dung dich dam déc
natrihydrosulfit tao thanh san phdm cong & trang thai tinh thé goi la hop chét
hydrosulfitic.

OH
C.H —C// + NaHSO3 _—~ C6H5—CH/\
3 >y - SO3Na
Benzaldehyd Natri hydrosulfit Hydrosulfitic benzaldehyd

233



OH

0] |
CH3—C// + NaHSO3 -« CH3_(|:_CH3
\CH3 SO;Na
Aceton Natri hydrosulfit Hydrosulfitic Aceton

Hop chat hydrosulfitic thuc chat la muéi ctua acid o-hydroxysulfonic
RCH(OH) SO;H. Vi nguyén ti luu huynh c6 tinh 4i nhin manh tac dung vdéi
nguyén ti carbon ciia nhém carbonyl theo co ché :

-+
O—Na OH
O -+ | |
R_CV}-§—0—Na - R—C—R" —— R—C—R
R' OH SO;H SO;Na
Ceton Natri hydrosulfit Hydrosulfitic Ceton

Hop chat hydrosulfitic dé bi thiy phan trong moi trudng acid tao thanh hop
ch4t carbonyl ban dau va SO,. Vi vay phan tng cong hydrosulfitic duge dung dé
tach aldehyd hodc ceton ra khéi hén hop.

Aldehyd tac dung véi thude thi Schiff (acid fucsinsulfurc) tao dung dich c6
mau héng. Phan ting véi thudc tht Schiff chi dic trung cho aldehyd.

e Cong hop vdi hop chdt co kim. (Xem phan hop chat co kim).

Hop chat carbonyl cong hgp véi ion acetylid tao hgp chat etynyl carbinol ¢
ting dung dé diéu ché alcol loai allylic.

O ONa
% -+ NH; H30 o
H—C=C—Na C=C-H —» =C—
C=C—-H
-330
Cyclohexanon Etynyl pentamethylen carbinol
O—Na O—H
2O e NH3 I H30 L
R—C\ + Na—C=C—H — R—C—R 35 R—C—R
Al - 0
R 33 dec—n C=C-H
Ceton

Etynyl dialkyl carbinol
e Phan ing céng hop vdi cdac hop chdt c6 nhém methylen linh dong.
Phan ttng aldol hod:

Cac nguyén ti hydro 6 vi tri a trong géc hydrocarbon cta aldehyd va ceton
rat linh dong. Hai phan ti aldehyd trong méi trudng base lodng ngung tu véi
nhau tao hgp chat aldol (hgp chat c6 chiic aldehyd va chitic alcol)

2R-CH,—cHO ~ —H9 . R—CH,~CH—CH-CHO
OH R
Aldehyd Aldol
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Co ché aldol héa:

Lién két C — H 6 vi tri a so véi nhém carbonyl ¢6 hydro linh déng tac dung
v6i HO" tao carbanion RC HCHO. Carbanion nay la tac nhan ai nhan céng hop
vao nhém carbonyl cia phan ti aldehyd thi 2 va tao thanh hgp chat aldol.

o
R—CHQ—C///_\

- H>O
N + CIH—CHO — R—CHZ—(IZH—(IZH—CHO +—2> R—CH,—CH—CH—CHO + HO"
H R 0. R OH R
Trong hop chat aldol con hydro linh dong 6 vi tri o, dudi tac dung ctua nhiét
do, aldol bi loai mot phan ti nude tao aldehyd chua no.

o
A
R—CHy—CH—CH—CHO —>» R—CH,—CH=—C—CHO + H,0

OH R R

Phan {ing loai nuéc ti aldol theo co ché trén goi 1a phan ing croton héa.

Phan ting aldol héa cling xay ra gitia 2 phan ti aldehyd khac nhau.Trong
d6 mot aldehyd c6 hydro o va phan ti kia khong c6 hydro a.

HO to
C¢H;CHO + CH3CHO —O> CGH5—|CH—CHQCHO —>» CgH;—CH=CHCHO
OH
Benzaldehyd  Acetaldehyd Aldol Aldehyd cinnamic

Phén tng ngung tu aldol xay ra gitia acetaldehyd va formaldehyd tao thanh
pentaerythrid (c6 phan ting Cannizaro chéo).
CH,OH CH,OH

0 0 Ca(OH), O HCHO,H,0
sH—cZ _+ CHy7—CZ = ——> HO—CH,—C—CZ,; ——— HO—CH,—C—CH,0H
H An ii - HCOOH
Phan tng aldol CH,0H CH,OH
Formaldehyd Acetaldehyd Phan tng Cannizaro chéo Pentaerythrid

Hai phén ti ceton ciing xay ra phan tng kiéu ngung tu aldol nhu aldehyd.

2 CH;—C-CH;, - CH3_?_CH2_C_CH3
CH,4
Aceton 4-Hydroxy-4-methylpentanon-2

Phan ting ngung tu aldol cling xay ra gitia aldehyd va ceton.
OH O
250
—>

i 0
CHO H “OH 4 gio
o
@ * 250 Q
—
10 ngay ~
Benzaldehyd Cyclohexanon + Hy0

235



o

7 HO- = —C—
@C\ + CH—C—CH, —— @CH CH—C—CH;,
H B 0

-H,O
Benzaldehyd Aceton 4-Phenyl-3-butenon-2 (Benzalaceton)

Phan ting ngung tu aldol ciing xay ra khi c6 xtc tac acid. Co ché xay ra qua
giai doan tao enol. Khi aldehyd tac dung véi ceton, ceton thuong déng vai tro cé
hydro linh déng & vi tri o (thanh phin metylen) dé tao carbanion - tac nhan cong
ai nhan.

e Cdc aldehyd - ceton tdc dung vdi cdc dan xudt cua acid carboxylic.

Phan @ng Perkin:

Phan ting cua aldehyd thom véi anhydrid acetic va natri acetat.

CHO CH = CHCOOH
CH5COONa
+ (CH5C0),0 + CH3;COOH

Benzaldehyd Acid cinnamic

A~ . 2 . N ., 2 R . 2 A s A
Co ché: Natri acetat déng vai tro xic tac base dé tao cabanion - tac nhin ai nhan.

CH3C00" + H—CH,CO-O-COCH; —> CH,CO-O-COCH; + CH3COOH

CHO CH —CH,C0O-0—COCH; CH —CH,C0-0—COCH,
@( + CH,C0-0—COCH, —» o. ©0H
+ CH 3COOH + CH 3C00 -

(;,H—CHZCO—O—COCH3 CH=CHCO-0—COCH;4

@ CH=CHCOOH
e
-H,O +H,0 + CH;COOH

Phan ting Perkin chi xay ra dé6i véi aldehyd thom.
Phan @ng Knoevenagel:

Cac aldehyd tac dung theo kiéu ngung tu croton véi acid malonic, cac hgp
chat ¢6 hydro linh dong nhu CH; —-C=N, CH3-NO9

COOH

CHO COOH CH=CH CH=CH—COOH
~ Amin \COOH
+ HZC\ — R i C02
COOH - HyO
Acid malonic Acid Cinnamic

e Phan ung ngung tu benzoin

Khi ¢6 mit KCN lam xtc tac, cic aldehyd thom tham gia phan tng dic
trung tao hgp chat mang chiic -CH(OH)-CO- goi 1a phan ing ngung tu benzoin.
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I—0=0

9
CN c—C
OHH

Benzaldehyd Benzoin

I
oy
Il
@)

Co ché phan ung:
Anion "CN coéng vao nhém carbonyl cua aldehyd tao thanh cyanhydrin.
Cyanhydrin cong vao nhém carbonyl cua phan ti aldehyd tht hai.

N H
CN CN ?EN ¢
¥ C—H e ”@
C @ I I O
O — O- -— OH —

Cac aldehyd khong thom RCHO khi c6 mét cia KCN chi tham gia phan tng
aldol héa. Riéng d6i véi aldehyd formic khi c¢6 mat Ca (OH), hoac TiOH c6 thé
Acyloin héa, nhung san phdm nay lai aldol héa dé tao thanh hexose.

Acyloin hoa A

H—CHO + H—CHO — > HO—CH,—CH=—70
Ca(OH)2

Aldol héa
HO—CH,—CH=0 + HO—CH,—CH=0 + HO—CH,—CH=0 =—= C¢H, ,0;
Aldehyd glycolic Hexose

e Phdn ting céng hop vdi cdc chdt cé chitc amin - NH,

Hop chit c6 dang téng quat Z -NH, trong méi trudng acid hoic base thich
hop dé cong hgp ai nhan vao nhém carbonyl ciia aldehyd va ceton. San phidm cong
hgp thudng khong bén, dé bi loai mét phan ti nuée va tao thanh cac loai hgp chat
khac nhau.

R H+ ROMNH=Z s R_. NH—Z
C=0 + NHy-Z — » C - \c -
(H)R’ / “oH VAT
(H)R (H)R' 2
R R R
N+ g+ N
FoNHZ s Ne=fp_z | —HL  “c=NH-Z
(H)R' (H)R' (H)R'

Trong bang 19-5 trinh bay cac loai hgp chit cia phan ing dang nay. Chii in
dam 12 tén ciia nhém chic tao thanh.

Trong phan ti Aydrazon RCH=N-NH, c¢6 nhém -NH, tu do c6 thé tac dung
v6i phan ti c6 nhém carbonyl va tao thanh hop chit azin RCH=NN=CHR'.

RCH=N-NH9 + O=CHR' —» RCH=N-N=CHR' + H90
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Bang 19-5: San pham cong - tach clia Aldehyd -Ceton v6i hgp chat Z- NHo

RCHO hay RCOR' Z-NH, San pham phan ing
CgH5CHO Benzaldehyd NH,OH Hydroxylamin CgH5CH=N-OH Oxim.
Benzaldoxim
CH3COCHg NH,OH (CH;),C=N-OH Cetoxim
Aceton Acetoxim
CgH5COCH3 NHoNHo Hydrazin CH
Acetophenon 675\

C=N-NH, Hydrazon
CHy Acetophenon hydrazon

CgH5CHO Benzaldehyd NHoNHo Hydrazin CgH5CH=N_NH, Hydrazon
Benzaldehyd hydrazon
CeHs5CHO Benzaldehyd | NHaNHCONH; CgH5CH=N-NHCONH, Carbazon
Semicarbazid Benzaldehyd semicarbazon
NHoNHCONHo

0 o QC:N—NH—Q—NH2
emicarbazi
gCyclohexanon 0

Cyclohexanon semicarbazon

CgH5CHO Benzaldehyd NHoR Amin bac nhat CgH5CH=N-R Imin
Benzadehyd imin
CeH5CHO NHaNHCgH5 CgH5CH=N-NHCgH5 Phenylhydrazon
Benzaldehyd Phenylhydrazin Benzaldehyd phenylhydrazon
NH_NH2 NH—N=CHCgH;
CgH5CHO NO, vo,
Benzaldehyd
2.4-Dinitrophenylhydrazin NO; 2 4-dinitrophenylhydrazon

Benzaldehyd

Hop chat aldoxim va cetoxim c6 dong phan hinh hoc syn va anti.
Khi ¢6 xtc tac thich hop cic cetoxim bi chuyén vi Beckmann tao thanh amid thé.
CgH5(CH3)C=NOH — CH3CONHCgHj5
Acetophenon oxim Acetanilid

o Aldehyd formic tac dung vdi amoniac tao hexamethylen tetramin.
Hexamethylen tetramin (urotropin) 1a chat ran cé cong thic (CH9)gNy4.
6 HCHO +4NH3 — (CHg)gNy + 6 HoO
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N.

o B [T
|l @

N\
N C%{\; < LN
~
Ch,
Hexamethylen tetramin  ( Urotropin )
e Phan ung trung hop
Phan tng trung hdp chi xay ra d mot sd aldehyd khong vong dau day déng

dang. Aldehyd formic & trang thai khi bi truing hop tao thanh trimer dang vong.

0)

=Y+ 0
CH, CH, CHz/ \CHZ
o o T '
N (0N O
CH2+ CH2/
Aldehyd formic Trioxymethylen

0 trang thai dung dich 40% trong nudc (dd formalin), aldehyd formic bi
trang hop thanh polymer khong vong két taa tréng goi 1a polyoxymethylen hay
paraformaldehyd.

nCHy=0 —  (CH0);, n=10-100

Acetaldehyd ciing bi trung hdp ¢ nhiét d6 thdp khi c¢6 méit ctua acid tao
paraldehyd va metaldehyd.

CHgq
PO CH-0
H;C—CH CH—CHj4 / AN
| | 0] CH—CHj;4
0. .0 |
CH ch—C}{ /O
| 0—CH
CHg |
CHjy
Paraldehyd Metaldehyd

C6 thé thu acetaldehyd bang cach dun néng paraldehyd va metaldehyd véi acid.

e Phan ung Wittig

Aldehyd tac dung véi alkylhalogenid c6 xtc tac 1a hdn hop triphenylphosphin va
lithi butyl tao thanh alken c6 c&u tric lap thé xac dinh.

(CeHy),P, CH,LiCes  CHCH; - CeHs H
C(H,CHO + CH,CH,CH,Br . o= N c=c]
Ether H 7 H H g CH,CH;

1-Phenyl-1-propen

Benzaldehyd Propylbromid
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Co ché phan tng:

C,H,Li
+ . 4ty

(C4Hs);:P+ CH,;CH,CH,Br—> (C4H5);PCH,CH,CH,Bf —— (C ¢Hs);P=CHCH,CH,+ LiBr + C4H,,
Ether .

CHs, CH,CH,
(CgH;);P=CHCH,CH; + CH,CHO —» _C=C + (CgHy),P
H H
e Phdn ung Mannich (1917)
La phéan ting aminometyl ho4. Gin thém nhém (R)9NCHg- viao ceton.
Ceton c6 nguyén ti hydro o linh ddng tac dung véi hon hgp aldehyd formic
va amin (bac mot, bac hai) trong méi truong acid tao thanh alkylaminoalkylceton.

H+
R-CO-CH3 + HCHO + HN(R); ——> R-CO-CHyCH,N(R), +H,0

Co ché phan tng:

O OH +
4 [ H + . +
H-C. + HNR); — CH,~NR, ——— CH,~NR, «—CH,=NR,
H  Amin -H0
OH 6
I | + . ||H -HT 0
R—C-CH; = R—C=CH, | + CH,~NR, — R—C—CH,-CH,~NR, —>R~C~CH,-CH,—NR,
ethylceton Alkylaminoalkylceton

1.4.3. Phan ung khu
Aldehyd hay ceton bi khti héa tao thanh alcol bac nhat va alcol bac hai.

(0] [H]
4 _ . /O
R—cZ == ROCHOH g 2 [H] R CHOH—R'
Aldehyd Alcol bac nhat Ceton R Alcol bac hai

Cac tac nhan khu la: Cac hydrid kim loai (LiAlH4, NaBHy), Hy / xtc téc.
o Khit héa aldehyd va ceton bang hydrid kim logi:

Hydro trong hop chit hydrid kim loai ¢6 dién tich &m H -. C6 thé xem ion
hydrid 1a tac nhan 4i nhan tac dung vao nguyén ti carbon ciia nhém carbonyl dé

tao lién két C —H.

HT
CH,=CH-CHO + LiAlHy — > CH,=CH-CH,0H + Hy + Lit+ AP+
Ether
Aldehyd Acrylic Alcol Allylic
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1 L1A1H4 OH
2) B

2- Cyclohexenon 2- Cyclohexenol
1) NaBHy
CH3-9-CH2CH2COOC2H5 — > CH;- CH CH,CH,COOC,Hs
o} 2) HF OH
Ester ethyl-4-oxopentanoat Ester ethyl-4-hydroxypentanoat
1) NaBHy
N=C-CH,CH,CHO — N=C-CH,CH,CH,OH
2) H .
3-Cyanpropionaldehyd 4-Hydroxybutyronitril

Cac lithi nhém hydrid, natri bo hydrid 14 nhiing chat kht ¢6 tinh chon loc
cao. Cac hydrid kim loai nay chi khi hoa chtic carbonyl ma khong khti héa cac
nhém chtic c6 noi dbi, ndi ba khac nhu -HC=CH-, -C=C-, -C=N, -COOR.

LiAlH, phan ting rdt manh va giai phéng hydro, thuong tién hanh phan ting
trong dung méi ether.

NaBH4 tac dung nhe nhang va tién hanh phan ing trong méi trusng nuéc -alcol.

C6 thé st dung chit kht 1a diboran B,H; dé khi nhém carbonyl. Nhung
diboran khéng chi khti chtic carbonyl ma con khti c4 lién két déi C =C.
o Khit héa bang hydro phén ti c6 xic tdc

Aldehyd va Ceton c6 thé bi khii héa bing hydro phan ti c6 xtc tac kim loai
(Pt, Ni, Pd) dé tao alcol tuong tng.

+
CH,=CH-CHO =22 CH,—CH,-CH,0H

Xic tic
Aldehyd acrylic Alcol propylic
20 4on, OH
_—
Xtic tac
2- Cyclohexenon Cyclohexenol

Cac lién két d6i C =C cling dong thoi bi khii héa
o Khu héa bang kim loai
Khv héa pinacon

Khii héa aldehyd hoic ceton bang kim loai (Na, Mg) tao thanh hdp chat 1,2-
diol. Pay 1a phuong phap dién hoa. Chat khu 1a dién cuc kim loai.

CH, CH

CH3\ Na REREE
2 =0 s CH;—C—C—CH,
/ +2H* o ' ;

CHj OH OH

Aceton Pinacon
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H H

rep—c?) N gy
¢STINL L ont 65§ . 65
OH OH
Benzaldehyd Hydrobenzoin
Co ché& khti héa pinacon:
CH
CHy(_, 2Na2e CHy . .- e G + o+ s GH
2 /C—O — > c—Q: — CH3_|C_|C_CH3 — > CH3—IC—C—CH3
CH; 2Na*  cH” -:0: :Q:- HO OH

o Khu héa Clemmensen (1913)
Hdén héng kém trong méi truong acid HCl dam dic khi héa aldehyd -ceton
tao hydrocarbon tuong tng.

R'

R’ N 2
\C:O + 27n+4Ht —— > R/CH2 + 27Zn“t + HyO

-~

R
Ceton Hydrocarbon

(0]
R—C< + 27Zn+4Ht —— R—CH, + 27n2t 4+ H,C
Aldehid H Hydrocarbon
Khi khi héa Clemmensen lién két d6i C =C ciing bi khi theo.
1.4.4. Phan ung oxy hoa

e Oxy héa bang cdc tdc nhén oxy héa v co

Cac aldehyd bi oxy hda tao thanh acid carboxylic.

o [O] (0]
/
- — r-Z
H
Aldehyd Acid OH

Cac chat oxy hoala Ag,0, H,0,, KmnO,, CrO;, Cu(OH),.

CHO COOH
THF
©/ + Agh)O — » + 2Ag

Hy,O

Phan ting ctia aldehyd v6i dung dich AgNO, trong amoniac tao Ag kim loai
va acid hiiu co (phan ting Tollens). Phan tng ctua aldehyd véi thudce thii Fehling
tao oxyd dong Cu,O c¢6 mau d6 gach. Nhiing phan ting nay duge dung dé dinh tinh
hgp chét c6 chiic aldehyd. Cac ceton chi bi oxy héa béng cac chit oxy héa manh,
mach carbon bi cit dit tao thanh acid.
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o)
g HNOg HOOC(CH,)4,COOH
V705

Cyclohexanon Acid Adipic

e Phan ung Cannizaro

Aldehyd khong c6 nguyén ti hydro 6 vi tri a, dic biét 1a aldehyd thom, duéi
tac dung ctua hydroxyd kiém, kiém thé dam dic tao thanh alcol va acid (aldehyd
c6 nguyén ti hydro o chi tham gia phan ting aldol héa).

A—cZ z =0
Ny POAT . ——  A—CT  + Ar—CH,OH
H H OH
Aldehyd thom Acid Alcol thom

Néu hai aldehyd khic nhau déu khéng c6 nguyén ti hydro & vi tri o, tham
gia phan ting loai nay goi 1a phdn #ng Cannizaro chéo.

0) o) - 0
a—Z + u=c?" % m—cZ  + A—CHOH
>H OH
Aldehyd thom Acid formic Alcol thom

C6 thé xem phan tng Cannizaro 14 phan ting oxy héa -khti hay 1a phan tng
chuyén hydrid H - tit nguyén ti carbon cia nhém aldehyd nay dén nguyén tu
carbon cua chtic aldehyd kia. Co ché& xay ra nhu sau:

Co 10t

=

I
Af_C(\H/Jr\'OH — Ar—C-H
:0H
10 0 0
O% Il o I o
Ar—?—HG\,v/C—Ar—> Ar—C + Ar—CH,Q: — Ar—C + Ar—CH,OH
I :OH B I :0H 1 I:0:- 1

Trong phan ting Cannizaro chéo, aldehyd formic déng vai tro chuyén hydrid H™

e Phan ttng Meerwein -Pondorf-Oppenauer

DPun ndéng aldehyd hay ceton trong dung dich isopropanol cé xic tac la
isopropylat nhom thi tao thanh alcol bac nhat hoac alcol bac hai.

R'_ CHy_ [(CH3),CH-O3Al R'\_ CH,_
=0+ " ZCH—OH g > CCH—OH + = >C=0
R CH, R . CH,

Ceton Alcol bac hai

Day 1a phan ting oxy héa - khii ¢6 nhiéu ting dung trong cic phan ting cua
hop chdt tu nhién dé chuyén héa chiic aldehyd, ceton thanh alcol.

243



Néu cho aldehyd tac dung véi nhém alcolat thi tao ester (phan ting Claisen -
Tishenco).

o ¢}
2 R— Cz RCH0)AL - =
~
H OCH,R
Aldehyd Ester

Nhiing phan t@ng nay c6 thé xem 1a phan tng chuyén dich hydrid H- tu
isopropylat nhém [(CH,),CHO],Al, alcolat nhém (RCH,0) 3Al sang carbon cua
nhém carbonyl trong aldehyd-ceton.

1.4.5. Phan ung thé. Phan uing halogen hoa
e Tdac dung voi HCI

Acid HCI cong v6i Aldehyd - Ceton tao hgp chat 1,1-clorhydrin khé tach
riéng ¢ trang thai tinh khiét. DAy 1a phan tng thuan nghich.

+
i i O
CH;—C—CH, + HCl 3== CH;—C—CH, +Cl-g== CH;—C—CH,
Cl
Aceton 2-Cloropropanol

Trong dung dich alcol, tit 1,1-halogenhydrin tao thanh a-halogeno ether. a-
halogeno ether tach riéng dugc khoéi hon hop phan tng.

H
[}
+ +OCH OCH
~ 3
HyCCl + CH30H —  n,c — ucl -
Cl Cl

o—Clomethylmethylether

o Tdc dung vdi PCl; va PBrs

Aldehyd va Ceton tac dung v6i phosphor pentaclorid hoic phosphos tribromid
tao gem -dihalogen.

0 Cl
I I
CH;CH,—C—CH; + PCl5 —> CH;CH,—C—CH; +POCl3
Cl
Butanon-2 2.2-Diclobutan

(CH;),CHCH,CHO+ PCls— (CH;),CHCH,CHCl,+ POCI
3-Methylbutyraldehyd 1,1-Diclo-3-methylbutan

e Phdn ting Haloform

Acetaldehyd va metyl ceton tac dung véi Natri hypohalogenc NaOX tao
haloform.
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+ 3NaOIl + 3NaOI
CH;CHO —> CI;CHO —> CHI; + HCOONa

Acetaldehyd Iodoform
0]
+ 3NaOBr [ + 3NaOBr
R—C—CH; ——» R—C—CBry —> CHBr3 + RCOONa
Methylceton Bromoform

Ung dung phan tng nay dé dinh tinh acetaldehyd va methylceton. Ngudi ta
thuong tién hanh phan ting v6i hén hgp halogen, KOH va KI.
e Tdc dung voi halogen

Ceton tac dung véi halogen cé xic tac anh sang, phan Ging thé halogen xay
ra d61 v6i hydro vi tri a.

0]
I h 1
R—C-CH; + Bny SN R—C-CH,Br + HBr

2. ALDEHYD - CETON CHUA NO
Aldehyd - ceton chua no ¢6 hai loai:
— Aldehyd - ceton chua no lién hgp: RCH=CHCH=0, RCH=CHCOR'
— Aldehyd - ceton chua no khong lién hgp: RCH=CH(CHy),,CH=0,
RCH=CH(CH,),,COR".

Aldehyd hoéc ceton chua no lién hgp hoidc khong lién hgp c¢é ciing s6 nguyén
tli carbon 14 dong phan cua nhau.

CH,=CH-CH,-CH=0 ——  CH;-CH=CH-CH=0

Vinylacetaldehyd Crotonaldehyd AH = -6 kcal.mol!
(Déng phan khong lién hop) (Déng phén lién hop)
~JY_ B/ ~_._ /7 v B/
CHy— cH=C_ CcH—C_
H H
DPdng phan chua no B,y bong phan dang enol Dong phan chua no o, B
(Kém bén) (Ratbén)

Nguyén ti hydro cia nhém methylen (-CH9-) trong phén tu vinylacetaldehyd

rat linh doéng, vi n6é ¢ trén carbon vi tri a so v6i nhém carbonyl. Vinylacetaldehyd
¢6 su enol héa. Ion enolat duge 6n dinh vi ¢6 hién tuong cong hudng. (Su enol héa
dé xay ra trong moéi truong kiém).
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[ CHy= CH-CH-CH=0

CHy= CH-CHy)-CH=0+ OH ——> H,0 *+ | CHy= CH-CH=CH-Q"
(Vinylacetaldehyd ; 3-butenal)

| CHp-CH=CH-CH={ |

CHy= CH-CH=CH-Q ‘//, CHy= %};rl_g(;lo_l—_ CH - OH
= | CHy= CH_CH-CH=0 |+ g0 == CHy= CH-CHy-CH=0
) . Vinylacetaldehyd
| CHy-CH=CH -CH=0 | AN

CH3-CH=CH -CH=0
Crotonaldehyd

Anion tiép nhan proton cua H,0. Proton ctia nuéc tuong tac trén oxy thu dugec dang
enol; tuong tic vao carbon o thi tao butenal -3, néu xay ra & carbon vi tri y thu dudc
crotonaldehyd. Trong mdéi trudng base su cdn bing chuyén vé phia tao crotonaldehyd 1a cha
yéu (99,99%). Su ngung tu aldol ctia aldehyd hoic ceton trong méi truong base hodc acid

thuong tao thanh hgp chat aldehyd, ceton chua no a,p.

246

CH
H,SOy 3
2CH3COCH3 “——»  CH3C=CHCOCH3+ HpO

4-methyl-3- penten-2- on
(mesytyl oxyd)

Co ché phdn ing:

OH" OH
CH;COCH; + HY ——> CHz;—C—CH; <> CH,~—=C—CHj + H'

+
CBH COH OH  OH OH  Q
CH3—|C| w—- é—CH:; <—= CHz- )F—CHZ—C—CH3 <—= CHz- #7CH2—C—CH3 + HF
C|?H3 CH; CHs
+ +
OH OH OH OH OH OH
} | | -t | L * HY ;
Hodc: cHs- ?_CHZ—C—CH3 <—= CHz- ?—CH =C-CH3; =—= CHz- ?—CH =C-CHj3
+ Ht
CH, CH,4 CH,4
+ +
OH, OH . OH OH ﬁH
CH3z- l?—CH =E_CH3<_—’ H>0 H CH3- F—CH :(L,‘—CH3 — CHj3- F: CH _§—CH3 =—= CH3z- ?= CH -C-CHj3
CH, CH, CH, CH,



OH O|

|
CH3-C=CH-C-CHy =— CH3- C=CH-C-CH3 + Ht

CH, CH;

Aldehyd va ceton chua no o, B ciing c6 thé dudge diéu ché bang cach oxy hoa
cac alcol chua no tuong ting (trong diéu kién lién két dé6i khong bi oxy héa). Cac
alcol chua no dude diéu ché theo phuong phap Grignard.

CH CH, CH, CH, CH, CH, CHO
3 CH,0H
N Y MnO, o TN
CH;, N ’7 3
CH Retinol Ether dau hda CH,  (80%) Retinal
3 (Vitamin A)

2.1. Tinh chat cha aldehyd - ceton chua no
Aldehyd - ceton chua no lién hgp thé hién cac phan tng:
2.1.1. Phan ung céng hop

Aldehyd - ceton chua no a, p thé hién tinh ch4t cia méot alken (tinh chét caa
lién két C =C) cling nhu tinh chat cia nhém carbonyl.

ccl
CgHsCH=CH-CO-CH3 + Bry — 45 CgH5CHB—CHBr-CO-CHj
(10-20°) (52-57%)

CH, = CH-CHO +Ag)O — CH, =CH-COOH +2 Ag

Phan ting cong hop xay ra trén 1 lién két d6i (Cong hgp 1, 2 thong thuong)
hodc & 2 dau caa heé lién hop (Cong hop 1, 4 do lién hop).

Cong hop 1,2

| N i
IS S S S R i
Cong hop 1,4
| T
IR
Vi du: Cong hgp 1,2
CN
CH3COOH Il
CeHsCH=CH-C-CgHs + KCN ——> CeHsCH-CH; - C - CgHs

(93-96%)
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H

H
(CoHs Al CD 5%
OQO sHON 22 o2 .

CN

Vi du: Cong hgp 1,4:

+ - + -
CHy=CH-CH=0 <— CH,=CH-CH-O <«— CH)-CH=CH-O
Acrolein (aldehyd acrylic)

CH»=CH-CH=0 + CH3SH — CH3S-CH,—CH=CH-OH —»> CH3S-CH,-CH»-CHO
Acrolein Methylmercaptan (Metanthiol) B-Methylthiolpropionaldehyd
Cong hop Diels -Alder:

CH, CH,

7~

Lo 0 —

NS

o) CHO 0~ CHO

Aldehyd acrylic 2-Formyl-2,3-dihydropyran

Tuy thudc diéu kién, cac hop chat co kim sé& c6 cong hop 1, 2 hodc 1, 4 véi
thudc thi Grignard. Yéu t6 1ap thé 1a quyét dinh chiéu huéng cta phan tng.

Cong hgp1,2

CH, H CH H
3\ 3N
H C-CHz+ CH3MgBr — 3 H (CH3)»
0 (80%) OH
2-Methyl trans 3- penten-2- ol

Cong hgp1,4

i Hyot Cefls I
CeHsCH=CH-C-CgH5 + CgHsMgBr—— — Hu H- CHy—-C-CgHs
6775

1,3,3-triphenyl-1- propanon
Hop chat co lithi ¢6 khuynh huéng cong hgp 1,2:
0 H30t ?H
CgHsCH=CH-C-CgHs 4+ CgHsLi — —5  CeHsCH=CH-C(CgHs))
75%
Hgp chat lithi dialkyl déng (hop phtic) thudng tao ra san phdm cong hop 1,4:

T H30"  CH,=CH ClHé te
CH3C=CH-C-CH; + (CHy=CH)CuLi — = ——» CHy=CH-G-CHy-C-CHj3
72% CH,
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2.1.2. Phan uing khir hda

Khti héa hop chat carbonyl chua no a, B c6 thé xay ra & lién két doi (C=C)
hodc vao nhém carbonyl (C=0). Chat kht 1a LiAlH, cong vao nhém carbonyl.

O H. _OH
H,0
@ + LiAlH, EBther 2% (97%)

(0]
CrHsOH
S NeiNel

(59%) 41%)

Khti hoa bang hydro c6 xtc tac xay ra chi § lién két doi (C=C)

0 0

Pd-
@\ + Hy Pd-C @CH3 (100%)
CH,

H

2.2. Ung dung cla cac hgp chat aldehyd -ceton chua no

e Citral:

La mot aldehyd chua no cé 2 lién két doi. Goi tén theo danh phap IUPAC 1a
3,7-dimethyl-2,6-octadienal. Citral ngung tu véi aceton tao B-ionon 1a sdn pham
trung gian trong cong nghiép téng hgp vitamin A.

CH
3 CH,4 CHO CH, 0
+CH3COCH3 N CH
_ 5 3
HO-
. CH,4 CH
Citral 3 B-lonon

o Aldehyd cinnamic:
La thanh phan cha yéu cua tinh dau qué.
CH=—CH—CHO

Aldehyd cinnamic
o Metylvinylceton:
La mot ceton lién hgp; thé hién tinh ch4t chua no:

HCI + CHp=CH-CO-CH3 — > CICH,-CH»-CO-CHj3
Methylvinylceton B-Cloroetylmethylceton
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Céac ceton lién hgp bi hydro héa rat chon loc. V6i H, c¢6 xuc tac, nhéom
carbonyl khong bi hydro héa. Khi tac dung v6i NaBH, chi ¢6 nhém carbonyl bi
khtt héa:

Hy NaBHy
CH3-CH»-CO-CHj3 ‘—P CHy=CH-CO-CH3 —* CH)=CH,-CHOH-CHj3
t Methylvinylceton

Céac ceton lién hgp c6 thé tham gia phan tng déng vong véi mot s6 ceton khac:

R (0] R (o) R 0
=~ Base HO-
+ - E—
fe) 0 o 0 Aldol o
R R R

3. ALDEHYD - CETON BA CHUC

Trong phan nay chi dé cap nhiing hgp chit c6 2 nhém carbonyl. D6 14 nhiing
hop chat dialdehyd, diceton va hop chat ceton aldehyd.
3.1. Hgp chat 1,2-Dicarbonyl (a-1,2-Dicarbonyl)

o Glyoxal (Aldehyd oxalic: CHO-CHO)

Diéu ché glyoxal bang phuong phap oxy héa paraaldehyd bang selen dioxyd
SeO, hoic oxy héa 1,2-etadiol bing oxy ctia khong khi c¢6 Cu 1a xtc tac d nhiét do
250-300°C.

e Diacetyl (Butadion-2,3: CH,—CO-CO-CH,)
Diacetyl ngung tu v6i hydroxylamin tao diacetyldioxim (dimetylglyoxim).

Dimetylglyoxim tac dung véi ion niken tao phitc, khé tan, mau do.

.« _H
o H -
H:(|): No: . (|)‘ \:c|): o
CH H
=N 1|\1:c/CH3 Ne=N_y N=¢T
| N'+ " | - 5 |C +~ iK |
cH— Sy T M —C— CHy ™ "SN7 S=C~cn
2 | ll\I/ CH3 | | 3
:0¢ 0 0 _AQ
Dimetylglyoxim Phirc niken ( mau do )

e Dibenzoyl (1,2-Diphenyletandion - Benzyl: C;H;-CO-CO-CgH;)

Oxy hoéa benzoin thu dugc dibenzoyl. Dibenzoyl 1a tinh thé mau vang, nhiét
d6 néng chay 95°C. Khii hoa dibenzoyl trong cac diéu kién khic nhau thi thu duge
cac san phdm khac nhau.
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4H [ Sn/HCI]
————

C¢Hs;—CH,—CO—CH; Desoxybenzoin

CoHy—C—C—CgH;

Dibenzoyl

-H»,O0 H
CH
6H [Zn/Hg. HCI] /C— C Trans-Stylben
-2H»O H CeHs
4H, /Ni
271 CH,—CH,—CH,—CH, 12-Diphenyletan
- 2H,O

o Methylglyoxal (2-oxopropanal: CH,-CO-CHO)

Methylglyoxal dugc diéu ché bang cach oxy hoéa 2-oxopropanol (1-
hydroxypropanon, hydroxyaceton) bang selen dioxyd.

CH,—C—CH,OH

(0]
2-Oxopropanol

SeOy
—  CH;—C—CHO

o
Methylglyoxal

Methylglyoxal 14 san ph&m trung gian trong chuyén héa carbohydrat.

3.2. Hgp chat 1,3-dicarbonyl (B-dicarbonyl: R-CO-CH,-CO-R’)

3.2.1. biéu ché

Phuong phap quan trong dé diéu ché& hgp chét 1,3-dicarbonyl 1a phan tng
ngung tu Claisen. Ceton tac dung véi ester ctia acid carboxylic trong diéu kién c6
mot base hitu cd nhu alcolat natri RO, natri amidid NaNHo...

CH;— ﬁ— CH; +
(0]
Aceton

Co ché phan ung:

CH;— ﬁ— CH; +
O:
Aceton

:OR

| -
CH,—C r CH,—C—CH,

:0:

3.2.2. Tinh chéat hoa hoc
e Tinh chdt hé bién

CH,—C—OR —> CH,—C—CH,~C—CH; + ROH
0 0 0

Ester alkylacetat Acetoaceton (petandion,2,4)
RO" — —C—CH, —C=
ROH CH; g CH, <«— CH, g CH,

Carbanion

{:0R
|
CH;— C—CH,—C—CH; CH;—C—CH,-C—CH,
0:- :0: RO~ :0: :0:

Hop chat 1,3-dicarbonyl c6 dang hé bién (tautomer, mesomer) ceton-enol.

Dang enol c6 hé théng lién hop va c6 kha néng hinh thanh lién két hydro noi
phan ti. Vi vay hop chat acetoaceton ton tai chu yéu & dang enol.
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YL e

o\H
Dang ceton Dang enol Dang ceton Dang enol

1,3-dicarbonyl Acetoaceton

e Cdc phdn tng chu yéu cua hop chdt 1,3-dicarbonyl
Tinh acid:

Hgp chat 1,3-dicarbonyl ¢6 tinh acid manh hon cac hgp chat 1,2-dicarbonyl
va cac aldehyd, ceton don chtic. Nguyén nhan 14 nguyén ti hydro ctua lién két
C - H linh dong hon. Acetoaceton c6 pKa = 9, 0 hoa tan dugc trong dung dich kiém
va tac dung véi natri kim loai giai phéng khi hydro va tao mdot carbanion bén
viing nho su lién hgp.

CH =
i CH o+ Na —s o ~CH 5 1ph,
1 1 1 1l
(@) O (0] 0]
] Bl -—> I I -—> ﬁ ,C
-:0 O :0: O O: 0 -
Carbanion

Tao phiic vdi ion kim loai:

Hop chat 1,3-dicarbonyl tac dung véi cac mudi cua kim loai ning tao phtc
bén, tan trong cac dung méi hiiu co nhu ether, benzen, cloroform. Acetoaceton tao
phtic vé6i Cu® thanh acetoacetonat dong c6 cong thic sau:

CH3\C/CH2\C/CH3 CH &C/CH\C CH3
100 20 b i
Cu2+ — Mo o+ ont
:'(d): + :'8: 100" ™o
CHS/ CH2 \CH3 CH3/ <(CH \CH3
Acetoaceton Acetoacetonat dong

e Phan ing thé

Co thé alkyl héa hgp chét 1,3-dicarbonyl. Hop chét 1,3-dicarbonyl tac dung
v6i dan xuat halogen trong moéi truong kiém. Phan ting xay ra 6 oxy tao ether.
Phan ting xay ra 6 carbon tao mach nhanh.
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CHy (= CH_ - CHy > CHy CH_-CH;

=10 :0: :0: 0 Thé vao O
o0 I R _ X |
-X R R
- |
CH&C/CKC/CHS CH&C/CKC/CHS
:6: :6: — :6: :E): Thé vao C

e Cdt mach carbon

Pun néng hgp chat 1,3-dicarbonyl véi cac kiém manh, mach carbon bi cit
dt tao thanh muéi cta acid va ceton.

Q 9 HO - 0
Cx o —ON Cupyr ¢
cH;” TCH” Scn, t© cy” O CHy” CH,

4. QUINON
4.1. Danh phap

Quinon c6 cdu tao nhu 1a cyclohexadiendion. Theo qui u6e, goi tén hgp chat
quinon theo dan xuit ctia benzen la benzoquinon, dan xudt cua toluen 1a
toluquinon... Vi vay thuat ngi quinon duge xem 1a tit géc dé goi tén nhiing hgp
chat thuoc loai nay.

0 0 0 0
9d Q Qf
0 OH

e} 0 0 0

Toluquinon Antraquinon-9,10 Phthiocol
o-Benzoquinon; p-Benzoquinon; 2-Methylbenzoquinon-1,4. 2-Hydroxy-3-methylnaphthoquinon-1,4

4.2. Diéu ché&

Phuong phap diéu ché& quinon 14 oxy héa cac phenol va amin thom.

NH, - e}
NayCryOy Na,CryO7 cl
HySOy4 HySOy
OH 300 o} OH <30°
Hydroquinon p-Benzoquinon 2-Clorobenzoquinon-1,4

4.3. Tinh chat héa hoc
4.3.1. Cén bang oxy hoa -khu:

Cac hgp chat 1, 2 va 1,4-dihydroxybenzen bi oxy hoéa tao thanh quinon.
Ngudc lai, khi héa quinon thi tao thanh hgp chat dihydroxybenzen.
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CH3
Na28204 H20
Ether

Tinh chat quan trong d6 duge minh hoa bang phuong trinh dién héa nhu sau:
(0]

OH
p-Quinon + 2Ht +2e > © Hydroquinon
0 OH

Hydroquinon dudc st dung lam dién cuc.
Dién thé cta dién cuc xac dinh theo phuong trinh Nernst:

2.303RT,  [Quinon][H+}?
nF [Hydroquinon]

E = EO+

Qua trinh oxy héa -khii quinon -hydroquinon c6 nhiéu ting dung.
4.3.2. Phiic chuyén dién tich

Phtic chuyén dich dién tich dugde tao thanh 1a su két hop hai phan ti. Mot
phan ti cho electron va phan ti tha hai nhan electron.

Phan ti cho dién ti 14 phéan ti c6 cic nhém -OH, -OCH,, -N(CH,),, -CH, gan
trén nhan benzen.

Phan ti nhan dién ti c6 cic nhém hut electron nhu nhém nitro trong acid
picric, quinon. Su thay d6i mau tit cac phan ti ban diu x4c nhan su tao phiic
chuyén dién tich.

Phitic chuyén dién tich quinhydron cé6 mau xanh luc 14 mét vi du.
O OH (e} OH
Q- @ =[0-€)]
O OH O OH
Quinon  Hydroquinon Quinhydron
4.3.3. Cdc phan ung cua quinon
e Phdn tng cong hop

Quinon 12 hop chat carbonyl chua no, c6 phan ting déc trung cua lién két doi

0] OH
+ HCI

_

Cl
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Co ché& phan ting cong HCI vao quinon.

+OH OH OH OH
+
+ HT— «— R C —
cl - o
0 o o H OH

Quinon cdng hgp véi cac dienophyl - Phan ting Diels -Alder.

0 o OH
j CH;COOH HCI OO
+ _ —_—> R
250 CH3COOH
o oH OH

Quinon Butadien

e Phan ung acyl hoa

Quinon tac dung v6i anhydrid acetic tao triacetat hydroxyhydroquinon.

OH OCOCH
OCOCH, OCOCH
+ 3
(CH CO) O OCOCH; (CH,C0),0,H
CH,COOH
- CH3COOH - CH,
OCOCH, OCOCH, OCOCH,

Cac chat c6 cau tric quinon thudng c6 mau. Quinon 1a thanh phin ciu tao
co ban trong cac chat mau.

HOOC
C 0
) o
= =
O COOH O‘O
COOH ©
Muscaruphyn Lauson Antraquinon

Vitamin K1 c¢é thanh phan quinon.

Vitamin Ky
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BAI TAP
1. Viét cong thiic cAu tao ctia cac hgp chat c6 tén goi sau:
a. 5-Methylhexanal; b. 4-Hydroxy-3-metoxybenzaldehyd; c. Butyroaldehyd;
d. Methylethylceton; e. Methylbenzylceton; f. Acetophenon; g. Benzophenon.
2. Tu C,H,CH,CH,Cl hay tim phuong phap diéu ché phenylacetaldehyd.

3. Chon cac phuong phap thich hgp hay diéu ché cic chit sau tit cac nguyén liéu
da cho:

a. Diéu ché& methylethyl ceton tit sec -butanol.

b. Diéu ché& methyl n -hexylceton tit alcol caprylic.

c. Diéu ché& methyl allylceton ti acetaldehyd va allylbromid.
d. Diéu ché aldehyd cinnamic tit acetylen va benzaldehyd.

4. So sanh kha néng phan ing cia nhém carbonyl trong cac hop chat sau:

Aceton, diethylceton, acetaldehyd, cloral, diisopropylceton, benzaldehyd, benzophenon
5. Viét phan ting ctia benzaldehyd véi cac chit sau:

a. Aceton; b- Hydroxylamin; c- Phenylhydrazin; d- Nitrometan; e-Anilin.
6. Viét phan tng cua citral véi cac chat sau:

a. Ho/ Ni;  b. Zn/HCl;  c. NaBHy, d. LiAlHy.
7. Viét phan ing ctia Acetophenon véi cac chat sau:

a. PCl5; b-Clo/ anh sang; c- Hén hgp Br,, KOH, d-Semicarbazid.

8. Trinh bay céc co ché cua cac phan ting sau:

a- Benzaldehyd _HO” dac

b- Acetaldehyd 10 1%ng

c- p-Tolualdehyd _KCN |

d- Benzaldehyd + Formaldehyd —HO"
e- Benzaldehyd + Anilin _

9. Viét cong thiic cdu tao cua cac chit sau:
a. o-Benzoquinon; b. p-Benzoquinon,;
c. Naphtoquinon-1,4; d. Antraquinon-9,10
10. Trinh bay cac phan ing dic trung cta aldehyd va ceton lién hgp.
11. Ngusi ta thuong st dung nhiing loai hdp chét ¢6 nhém carbonyl loai nao dé
tao phiic véi cic ion kim loai Ni*"» Cu**
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Chuong 20
ACID CARBOXYLIC

MUC TIEU HOC TAP
1. Goi duoc tén cdc hop chdt acid don chitc va da chite.
2. Trinh bay va so sanh duoc tinh chdt héa hoc cta acid carboxylic mach thc%ng
va acid carboxylic thom.
NOI DUNG
1. CAU TAO
Acid carboxylic 12 nhiing hgp chit hiiu c¢6 ¢6 nhém chiic carboxyl -COOH
C6 thé viét cong thiic nhém carboxyl 6 dang c&u tao khai trién, c&u tao rut
gon hay dang phan tu.
:9:
R-C-O-H R-COOH R-COH
R c6 thé 1a hydro, géc hydrocarbon aliphatic R hay géc aryl Ar

Trong 4 orbital ciia nguyén ti carbon ctia nhém carboxyl thi 3 orbital 6
trang thai lai héa sp® 8 trong cung mit phing va tao lién két o véi géc R, nhém
OH va oxy. Orbital p con lai lién két véi orbital p ctia oxy trong nhém carboxyl tao
lién két n. Do dai va goc lién két ctia acid formic duge trinh bay trong bang 20-1.

Bang 20.1: C4u tao cla acid formic (HCOOH)

i Lién két Do dai Géc lién két Do goc
}C:O C=0 1,202 H-C=0 124,1°
SN C-0 1,343 0-C=0 124,9°
H
) ) C-H 1,097 H-C-O 111,0°
Acid formic
O-H 0,972 H-0-C 106,3°

0 trang thai rén, 16ng va & trang thai hoi, acid carboxylic tén tai dang dimer.

0--H-0
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2. DANH PHAP

C6 2 loai danh phap quan trong. Danh phap thong thuong va danh phap
IUPAC. Danh phap thong thudng phan 4nh ngudn géc cta acid.

Danh phap IUPAC:

Tén Hydrocarbon tuang (ing + tiép vi nglr OIC

Ddnh sé:

DPanh s6 trén mach chinh dai nhat chiia chiic acid. S§ 1 bat dau ti chiic acid.
Néu acid c¢6 phan nhanh thi doc tén nhém thé va vi tri gdn vao mach chinh.

Dung cac chit cai o, B, 7, 8... @ dé xac dinh vi tri cAc nguyén ti carbon cta
mach chinh. Chii cai a bat dau tit nguyén ti carbon sau nhém acid.

Cang c6 thé xem acid hitu co 1a d&n xuét ciia hydrocarbon. Hydro duge thay
thé chiic acid. Chiic acid c6 tén goi 1a carboxylic.

Tén hydrocarbon tuong (ing véi goc R + carboxylic.

Danh phap mot s6 acid trinh bay trong bang 20-2.

Bang 20.2: Danh phap va tinh chat vat ly cla mét s6 acid.

Cong thic Danh phap Danh phap t°c t°s pKa
thong thudng IUPAC
HCOOH Acid formic Acid metanoic 8.4 101 3,75
CH,COOH Acid acetic Acid etanoic 16,6 118 4,76
CH,CH,COOH Acid propionic Acid propanoic -21, 141 4,87
CH,(CH,),COOH Acid butyric Acid butanoic -5 164 4,82
CH;(CH,);COOH Acid valeric Acid pentanoic -34 186 | 4,86
CH,(CH,),COOH Acid caproic Acid hexanoic -3 205 4,88
CH;(CH,);COOH Acid onantic Acid heptanoic -8 223 | 4,89
CH,(CH,)¢sCOOH Acid caprylic Acid octanoic 17 239 4,90
CH,(CH,),COOH Acid pelagonic Acid nonanoic 15 255 -
CH;(CH,);COOH Acid capric Acid decanoic 32 270 -
CH,(CH,),,COOH Acid lauric Acid dodecanoic 44 299 -
CH;(CH,),,COOH Acid myristic Acid tetradecanoic 54 251 -
CHj(CH,),,CO0H Acid palmitic Acid hexadecanoic 63 267 -
CH;(CH,),,COOH Acid stearic Acid octadecanoic 72 - -
CH=CHCOOH Acid acrylic Acid propenoic 12,3 142 -
CH2:Q—COOH Acid metacrylic g\f:r:qdethylpropenoic 16 163 -
CH;
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Cong thirc Danh phap Danh phap t°c t°s pKa
thong thudng IUPAC
Acid crotonic Acid E-2-butenoic 71,6 189 4,69
CH;, _H
_C=C
H COOH
CH{(CH),. __(CH,),COOH Acid oleic Acid 16.3 - -
H” -~ H Z -9-octadekenoic
CH,(CHy),. H Acid elaidic Acid 45 - -
H°" '(CH,),COOH E - 9-octadekenoic
HC=COOH Acid propiolic Acid propinoic 9.0 144 -
Acid  cyclopentan | Acid cyclopentan - - -
E>*COOH carboxylic carboxylic
Acid benzen | Acid benzoic 121 249 4,17
@COOH carboxylic
Acid phenylacetic Acid 76,7 265 4,26
@CHZ—COOH 2-phenyletanoic.
Acid cinnamic Acid-E-3- 135 300 4,44
H\ /COOH phenylpropenoic
C=C
cH,” H
6 5 4 3 5 1 Acid 3-ethyl-4-methyl-hexanoic
CH3_CH2Y_C|HEC|HECH_COOH Acid B-ethyl y- -methylcaproic
CH, CH;—CH; Acid 2-ethyl-3-methylpetancarboxylic

Khoéng phai tit ca cac loai acid déu c6 thé goi tén theo phudng phap cé tiép
vi ngit oic. Vi vay c6 thé goi tén theo phuong phap carboxylic. Péc biét véi hgp
ch4t vong thudng goi theo danh phap carboxylic.
O
COOH

QCOOH
Acid 1-methylcyclohexan carboxylic

Acid cyclohexan carboxylic

3. PHUONG PHAP DIEU CHE

C6 mot s6 phuong phap chu yéu sau.

3.1. Thay phan hop chat nitril R_C=N
Thuy phan hgp chat nitril tao acid va amoniac.

R-C=N + 2H20 — R-COOH + NH3
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Phan ting xay ra khi ¢6 xtc tac acid hoic base.

H»SO, + -
@CH2CN + 2Hy0 224 CH,COOH + NH, HSO4
100 3 gid

KOH
CH;-CH,-CH,-CH,CN + 2H0 — CH;-CH,-CH,-CH,COOK + NH4OH

3.2. Carboxyl héa hop chat hiru co
3.2.1. Hop chét co kim tdc dung voi khi CO, tao mudi carboxylat

H,y0

R-MgX +CO, —> R-COOMgX —=> R-COOH + HOMgX
. . H20 .

R-Li +CO, ——> R-COOLi 129 R-cOOH + LiOH

3.2.2. Hydrocarbon thom tdac dung voi phosgen COCI,
Thuy phan acylclorid hinh thanh va thu duge acid .

Cl ACI 0 +H,0
A—H + “c=o0 3, A7 125 A—cooH
Cl ~HCI Cl  -HCI

3.2.3. Natri alcolat tac dung voi carbon oxyd CO
RONa + CO —— RCOONa — RCOOH

3.2.4. Carboxyl hoa alken

1-Ni(CO)4
CH,=CH, +CO — CH;—CH,—COOH
2-HyO

3.3. Oxy héa alcol bac nhat va aldehyd (xem alcol, aldehyd-ceton)
3.4. Tc“;ng hop acid tir ester malonat - Tc“;ng hdp malonic

Ester malonic ROOCCH,COOR va din xudt R'X 1a nguyén liéu co ban dé
diéu ché acid carboxylic. Ester malonic ROOCCH,COOR la nguyén liéu phu trg co
ban dé chuyén dan xuat halogen R'X thanh R'CH,COOH.

R'X —= R'CH,COOH
Phan ng xay ra nhu sau:

Khi c6 xtdc tac base, ester malonic chuyén thanh tac nhan 4i nhan ROOC-
CHCOOR va sau d6 tac dung véi dan xuat halogen. Tiép theo 14 qua trinh thuy
phén ester va decarboxyl héa dé tao thanh acid carboxylic.
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ROOCCH?2COOR + C2H50~ ROOCCHCOOR  + C2H50H

ROOCCHCOOR + R'X - ROOCFHCOOR +X-
R|

+
ROOCCHCOOR +2H20 _HY HOOCCHCOOH +2ROH
R' Al
R

HOOClCHCOOH Decarboxyl héa= R'CH>COOH +COp
Rl

Vé6i phuong phap nay cé thé diéu ché cac acid carboxylic ¢c6 mach carbon
thang ho#c phan nhanh va sé carbon tuy thudc vao su lua chon dan xuit halogen.
3.5. Thay phan ester

Thuy phan ester trong méi truong acid thu dudge acid va alcol.

H+
RCOOR' +HOH <T—= RCOOH + R'OF

Thiy phan ester trong méi truong kiém (phan ting xa phong héa) thu dugc
mudi cua acid va alcol.

RCOOR' + NaOH —— RCOONa + R'OH
Trong thuc t& ting dung phuong phap nay dé san xudt xa phong ti ngudn
nguyeén liéu dau thuc vat va md dong vat (xem thém phan ester).
3.6. Sir dung cac phan ing
Thty phan hgp chat trihalogen, phan ting Perkin déu thu dugc acid (xem
phan hop chat halogen va phan ting Perkin)

4. TiNH CHAT LY HOC

Tinh ch4t Iy hoc ctia acid carboxylic phu thudc rat nhiéu vao su céng két
cdc phdn ti do lién két hydro gay nén. Lién két hydro 6 acid carboxylic bén hon
lién két hydro cta alcol vi nhém O-H cta acid phan cuc manh hon. Acid
carboxylic ton tai nhiing dimer vong ngay ca 6 trang thai hoi va toén tai 6 dang
polymer mach théng.

«eH-0 oL O ., R O _O-., R
7" N T N N T NI
R—C C—R; '\ C & R N /C\\ - R O/ S0
AN 74 o~ O o
O—H -0
Dang dimer Polymer dang thing
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T4t ca cac acid carboxylic 14 chét 1ong hodc ran (bang 20-2). Acid thom déu
1a ch&t rdn. Nhiét do séi cta acid no mach thing khong phan nhanh ting din
theo trong luong phan ti. Cac acid c¢6 s& carbon chdn c6 nhiét d6 néng chay cao
hon acid c6 s6 carbon 1é trude va sau doé.

Acid c6 s6 carbon < 4 tan vo han trong nuéc. Goc R 1a gbc than dau
(lipophile). Nhém COOH la nhém than nuéce (hydrophile).Khi goc R cang ting thi
lién két hydro ciia nhém carboxyl véi nude khong da luc dé git toan bo phan ti
acid trong nudc. Cac acid c6 s6 carbon >11 hoan toan khéng tan trong nuéc.

Trén quang phd IR dao déng héa tri cia nhém OH trong viing 3000-2500cm™
(trong acid khong c6 lién két hydro 14 yYOH =3550cm™). Vach dic trung ctia nhém
C =0 ciing tuong tu pho ctia aldehyd nhung md rong hon.

Trong viing tl ngoai, nhém carboxyl hap thu ¢ buée séng ngan hon nhiéu so
v61 nhém carbonyl.

Vi du:
Hop chat H A Emax
CH3COOH 197 nm 60
CH3CHO 293 nm 12

5. TINH CHAT HOA HOC

Nhém carboxyl 14 t6 hop cta 2 nhém carbonyl C =0 va nhém hydroxyl
(carboxy) do d6 cé tén goi 1a carboxyl. Hai nhém nay cé anh hudng 1an nhau rat
manh do su lién hgp cta orbital © va cdp dién ti khong lién két ctia oxy trong
nhém OH. Két qua 1a lién két O-H ctia acid yéu hon so v6i alcol va dién tich
duong 5+cua carbon trong nhém carboxyl it hon so véi aldehyd.

Co0 {on C 0

" 4
R—-C7 e g’ R—C

\ T N\ \H

LQ Acid Go Aldehyd

Nhém carboxyl va géc R c¢6 anh hudng qua lai 1an nhau.

C6 4 loai phan ting cd ban cua acid carboxylic nhu sau:

o Phan ting lam dat lién két O-H d6 1a cac phan
1- R—C// ting: Phan ly acid, tao muéi v6i kim loai v.v...
AN
O—+H
o Phan ting vao nhém carboxyl: da s6 la nhiing
2. R—C// phan ting v6i tadc nhan 4i nhan Y, lam dut lién
//’1 \O_H ké’t C_OH
v-
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e Phan tng decarboxyl

aa
3- R—'.C< :n/r (tAch nhom carboxyl)
\_Q/H
o Phan tng ¢ g/f)/c hydrocarbon bao gém nl}ﬁng
4- R—C// phan Ging thé ¢ vi tri o va phan tng thé vao
4 \O—H g6c thom va phan ting cong.

5.1. Phan g lam dut lién két O-H
5.1.1. Suphén ly acid carboxylic trong dung dich
Xay ra theo can bang:

[CHCOOT|[H]

=1,8.10°9M
[CH3COOH]

CH3COOH + HyO == CHCOO- + H}0 K,=

Gia tri pKa cia mot s acid trinh bay trong bang 20.3.

> A~ A . . N 0. A N . ;2 2
Hing s6 phan ly ctaa acid benzoic bién d6i theo ban chit va vi tri cAc nhém
thé trong vong benzen.

Bang 20.3: Gia tri pKa clia mot sé acid benzoic c6 nhém thé

Nhém thé

Vitr\ CH3 OCHj3 OH Cl NOy
Para 4,37 4,47 4,54 3,98 3,43
Meta 4,27 4,09 4,08 3,83 3,49
Orto 3,91 4,09 2,98 2,94 2,17

Ion RCOO~ goi 1a ion carboxylat. Sy phidn b6 mat do6 dién ti trong ion
carboxylat ddng déu trén 2 nguyén ti oxy va d6 dai C —O déu bang 1,27A

5.1.2. Tdc dung vdi kim loai, oxyd, hydroxyd kim loai, mudi acid yéu.

Nguyén ti hydro cia acid dugc thay thé bang kim loai.

2 RCOOH + Na — 2RCOONa + H,

2 RCOOH + MgO - (RCOO),Mg + H,0
RCOOH + NaOH — RCOONa + H,O

2 RCOOH + Na,CO; - 2RCOONa + H,0 + CO,

Muéi cua acid goi 1a xa phong. Xa phong natri, kali dé tan trong nuéc. Tac
dung tdy rtia cta xa phong 1a do géc R c6 sd carbon 16n 1a géc than diau, nhém
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COO - 1a goc than nude. Cac phan ti nudc bao quanh nhém COO -. Cac goc R c6
tac dung bao boc cac chdt ban, ddu md khong tan trong nudc. Do d6 cac chit ban
bi nuée 161 cudn theo xa phong.

%ﬁfio

khong tan trong nudc bi tan theo xa phong

tan trong nudc
5.1.3. Tac dung vdi diazometan tao metylcarboxylat (RCOOCH3)

RCOOH + CH9Ny ——— RCOOCH3 + Ny

Co ché phan tng:

T . X e N
R—C-0:" + CH3—N’_EN: —— R—-C-OCH; + :N=N:

5.2. Phan (tng vao nhém carboxyl -Phan tng céng va tach

Nhoém carboxyl phan cuc. Mat do dién ti tap trung trén nguyén tu oxy. Dién
tich duong trén nguyén tu carbon.

Q 0
|:R—C—O—H «—> R—E—O—H:|

Phan ting cong hgp 4i nhan vao nguyén ti carbon sau d6 xay ra su tach.
5.2.1. Phan ung cdng &di nhédn cdo xtc tdc base. Tdc dung vdi amoniac.

CH3CH,CH)COOH + NH3 ——» CH3CH,CH,CO, NH
Acid butanoic Amoni butanoat

Duéi tac dung cua nhiét do, amoni butanoat bi tich mét phan ti nuéc tao
butanamid.

CH3CH2CH2CO-2 NHI — CH3CH,CHpCONH, + H,0
Amoni butanoat 1850 Butanamid
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Co ché chung:

I Q" 0" P 7, O
R=C-0-H<> R—C-O-H + NH3—> R—C-OH — R=CTOH, . R—C-NH,+H0
) NH; NH,  Tich nuée

Cong 4i nhan
5.2.2. Tdc dung vdi LiAlH4 tao alcol bac nhét.

RCOOH + LiAlHy — RCOOLi +Hg + AlHg

H . H . H + H
. LiAlHy | LiAIH | LiAIH HX0 i
R—COOLi ——' R—C—OLi S R—C=0 2254 R_C—oLi—5s R—C—OH
]
OLi H H
CH50 H4LiAl H.O A
1
2
COOH - s i CH,OH
Ether H,SO
CH;0 2% CH;0

5.2.3. Phan ung céng hop &di nhén co xtic tdc acid - Phan ung ester hoa
Acid tac dung véi alcol tao ester. Acid vd co 1a xuc tac. Aleol 1a tac nhin a1 nhan.

H+
R-COOH + R'-OH ——= R-COOR' + H>O

e Phdn ting ester héa la mét phan ng thudn nghich. Hén hop 6 trang thai can
bang c6 khoang 65% ester va nudc sinh ra, 35% acid va alcol chua phan tng.
Hiéu suit phan tng ester héa phu thudc néng dd ctia chat phan tng hodc
phuong phap tach ester hay nudc ra khoi méi truong phan ting (Dinh luat
Le Chatelier). Co ché& phan ting nhu sau:

> e
R—C—OH + H* P— R—C—OH
" Xic tac acid
R—CMQH —> R-C-OH —— R—?—OH + HT
Cdng 4i nhan HQR' OR'
PH G | Tachnwge THH
R-C—OH + Ht — R-C-OH, —= R-C  +H0
OR' OR' OR'
+0OH (0]
N 1 +
R—C — R‘? + H
(Ij)R' OR' XﬁC téc
Esther
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Alcol 1a tac nhan 4i nhan dudc chting minh béng phuong phap st dung alcol
c6 oxy dong vi 18. Ester tao thanh cé oxy 18, nudc c6 oxy 16 chiing t6 nhém OH
cua acid bi tach ra.

+

||H16 18 9 18 16
CH,~C—OH + CH;—QH —> CH,—C—OCH, + Hp0

Cong 4i nhan Ester c6 oxy 18
e Phdn tng thé nhém OH ciia acid bang cdc halogen

Acid tac dung véi thionylclorid SOCI,, phosphorpentaclorid — PCl;, phosphor
tribromid PBr; tao ra san pham acylhalogenid RCOX (X= Cl, Br).

0
[l M I
CH;—C—OH + (Cl-S—CI —— CH;—C—Cl + HCI+ SO,
Thionyl clorid Acetyl clorid
o o
[l [l
C—OH + PClg — C—Cl + HCl + POCl;
Phosphor pentaclorid Benzoyl clorid
0 i
3@7&"_OH + PBI‘3 — >3 QC—Br + H3PO3
Phosphos tribromid Benzoyl bromid

5.3. Phan irng decarboxyl héa (loai nhém carboxyl)

Kha ning decarboxyl héa phu thudc vao cdu tao cua acid. Acid c6 nhém hut
dién tt dé bi decarboxyl hon.
Acid formic bi decarboxyl tao H, va CO, hodc H,O va CO tuy diéu kién phan ting.
Tia td ngoai

H»SO,4 didc
HCOOH 24

H,O+ CO

Acid acetic kho bi decarboxyl. Mudi acetat bi decarboxyl hoéa 6 nhiét do cao:

CH3COONa + NaOH —— CHy + Na2C03

Dan xuat thé caa acid acetic ¢c6 nhém hit dién ti dé bi decarboxyl héa nhu:
ClgCCOOH; O9NCH9COOH; N=CCH9COOH; CH3COCH9COOH

Vidu: CH3COCH9COOH — CHgCOCHg + COg9
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Mubi bac cua acid carboxylic dé bi decarboxyl héa khi c6 mét ctia brom tao
dan xuit halogen tuong ting (Phan tng Hunsdiecker). Phan ing x4y ra theo co

ché goc tu do.

CCly
CeH5CH,COOAg + Brp — CgHsCHoBr + COp + AgBr
769C

C6 thé thay d6i Ag bing thuy ngan.

H H
2
I><COOH +HgO +2Br, — 2><Br * €02+ HgBy 4 Hy0

5.4. Phan (tng cuia goc hydrocarbon

5.4.1. Phan ung oxy hoa
Géc alkyl c6 thé bi oxy hoéa tao hg

p chat acid oxocarboxylic.

Phan tng oxy héa nhd xic tdc men tao acid B-oxocarboxylic déng vai tro

quan trong trong chuyén hoéa chat béo.

p o Enzym B
R-CH»-CH»-COOH —> R-CO-CH,»-COOH

Acid B — oxo carboxylic

Chat oxy hoéa la SeO,tao acid a-oxocarboxylic

B a

R-CH»—-CH»—COOH + SeOy —

a

Acid o — oxo carboxylic

5.4.2. Phan ung halogen hoa gdéc alkyl

Phan ting thé xay ra & goc hydroc

arbon c6 cac truong hop sau:

e Brom héa cé6 mdt cua phosphor. Phan ing thé xdy ra o vi tri o

Br
R—CH,~COOH + Br, —- R—CHBr—COOH T2>R—CBr2—COOH

R-CH,-CO-COOH + Hy0O + Se

e Phan tng clor héa xay ra theo co ché géc. Phan ting xay ra chu yéu 6 vi tri B

vay va mét lugng nhd sdn phdm

CH3—CH2—CH2—COOH

thé& 6 vi tri a.
o
— > CH3-CH,—CHCI-COOH 5%

p
—> CH3-CHCI-CH>—COOH 64%

Y
> CH,CI-CHy-CH,-COOH 31%
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5.4.3. Phan ung thé vao géc thom

Phan ting thé 4i dién t vao nhan thom cta acid carboxylic x4y ra & vi tri meta.

COOH COOH
HNO3, HySOy
— = >
tO NO
2

Nhém carboxyl lam cho gdc thom c6 hoat tinh thdp. Vi vay acid benzoic
khong tham gia phan tng Friedel -Craft.

5.4.4. Cdc acid chua no thé hién cdc phan ung cda lién két

CH2=CH—COOH+ Br —— CH,Br—CHBr—COOH

6. ACID CARBOXYLIC CHUA NO

Acid khéng no 1a nhiing acid chtia n6i d6i hodc néi ba. Mot s6 acid chua no
trinh bay trong bang 20-2. Acid carboxylic chua no c6 thé lién hgp hoic khong lién
hop. Acid carboxylic chua no khéng lién hgp bén hon acid chua no lién hgp.

C|IH3 CH

-
CH3C = CH-CH,—COOH —> CH3&IH - CH = CH-COOH
acid 4-methyl-3- pentenoic acid 4-methyl-2- pentenoic

6.1. Diéu ché

Céac phuong phap diéu ché acid chua no ciing giong phuong phap diéu ché
alken va diéu ché& acid no. Acid carboxylic chua no va cac dan xuat ctia n6 duge
diéu ché ti cac hgp chit chua no tuong tu.

6.1.1. Turdan xuét halogen chua no RX — RCOOH

dd HC1
CHy =CH-CHy-cl "5 cH,=cH-CHy-CN —>  CHy=CH-CH,-COOH
. Acid vinyl acetic (52-62%)
Allylclorid Y

(Acid 3-butenoic)

6.1.2. Tdch loai HX khoi ester hodc a-halogenoacid

Céac ester hodc acid c6 halogen & vi tri o ¢6 thé bi tach loai dé tao thanh acid
chua no. Cac tac nhén base c¢6 vai tro quan trong trong qua trinh tach loai dé tao
ra cac acid chua no cé vi tri néi doi xac dinh. Vi du duéi day chiing té diéu dé:
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CH,4 CH, CH,
| PBr3 [ CH3;0H |
CH3(CH5)gCH -COOH ? CH3(CH,)gCBr —-COBr ——> CH3(CH2)9F -COOCH3;
2

Br
l(CH3)3COK Quinolin
(CH3)3COH 160-170°
(H CH,
CH3(CH3)9C —-COOC(CH3)3 CH3(CH;)gCH = C -COOCHj3
¢ ddKOH ¢ ddKOH
¢ Ht ¢ Ht
|C|H2 CH,
CH3(CHy)gC ~COOH CH3(CHp)gCH = C -COOH
(68-83%)
Acid 2- decyl propenoic Acid 2-methyl-2- dodekenoic

Nhan xét:
Céc base (CH30K; Quinolin) c6 tac dung tach loai truc tiép dé tao lién két doi.
Acid chua no don gidn nhat 14 propenoic (acid acrylic). Nitril tuong tng 1a CH,

=CH-CN (acrylonitril). Ching 14 nguyén liéu quan trong trong céong nghiép chit
polymer. Diéu ché acrylonitril bing cach oxy héa propen cé xtc tac véi amoniac.

(0]
CH3CH=CH, +30p+2NH3 05 5 cp,—CH.CN + 6 H,0
Xic tac

Cac ester chua no c6 nhiéu trong thién nhién. Cac acid chua no thudng gép:

Acid Oleic CH3(CH3)7CH=CH(CH»,)7COOH

Acid Ricinoleic CH3(CH;)5sCHOHCH,CH=CH(CH7)7COOH

Acid Linoleic CH3(CH2)4CH=CHCH»CH=CH(CH»)7COOH

Acid Linolenic CH3CHCH=CHCH»CH=CHCH»CH=CH(CH7)7COOH

6.2. Tinh chat héa hoc

Thé hién tinh ch&t chua no cta lién két © va tinh ch&t ciia nhém carboxyl.

Acid chua no ¢6 mot s tinh chat dic trung nhu:

o Tinh acid manh hon acid no tuong ng.
CH3CH9CH9COOH pKa= 4,82 CH3CH=CHCOOH pKa= 4,6
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e Phdn ttng tao lacton la phan ung dong vong tao ester néi phén ti.

3 vy B«

CH,=CH—CH,—CH,—C_
OH

Acid allylacetic

B a
CHZ_CHZ CHZ_CHZ
/O + H+ +| |_ 'Y | _
— CHy~CH_ (=0 — CH,~CH _C=0

Y- Valerolacton

Acid a, B chua no khé tao lacton. Vong lacton bén viing khi cé vong 5, 6 canh.
7. ACID PA CHUC - POLYACID

Cac diacid dudc trinh bay trong bang 20-4.

Bang 20.4. Cong thirc, tén goi va gia tri pKa clia mot s diacid

/©/ COOH
HOOC

1,4-Benzendicarboxylic

Cong thuc Tén goi tco pKa1 pKa2
HOOC_COOH Acid Oxalic, Etandioic 189,5 1,27 4,27
HOOC-CHy—COOH Acid Malonic, Propandioic 135,6 2,86 5,70
HOOC—(CHy),—COOH Acid Succinic, Butandioic 185. 4,21 5,64
HOOC—(CH2)3—COOH Acid Glutaric, Pentandioic 97,5 4,34 5,27
HOOC—(CHy)4—COOH Acid Adipic, Hexandioic 153 4,41 5,28
HOOC—(CHy)5-COOH Acid Pimelic, Heptandioic 104 - -
HOOC—(CHg)g—COOH Acid Suberic, Octandioic 142 - -
HOOC—(CH5)7—-COOH Acid Azelaic, Nonandioic 106 - -
HOOC—(CHy)g—COOH Acid Sebacic, Decandioic 134 - -

HOOC COOH Acid Maleic z-2-Butendioic 137 1,92 6,23
N
H~ H
HOOC H Acid Fumaric, E-2-Butendioic 287 3,02 4,38
N
H”  TCOOH
Acid Phtalic, 208 2,58 5,62
@COOH 1,2-Benzendicarboxylic
COOH
Acid Isophtalic, 346 - -
COOH 1,3-Benzendicarboxylic
COOH
Acid Terephtalic, 300 - -
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Tinh chat héa hoc

— Nhém acid anh hudng qua lai 1an nhau.

Tinh acid cua diacid manh hon monoacid.

Tinh acid caa diacid gidm dan khi chtc acid é cang xa nhau.

Diacid tao 2 muéi, 2 ester.

COOH COOK
KOH @ _KOH |
©1COOH S e cook  ~H20 COOK
| COOC,H COOC,H
COOoH CoH50H, H+©: CrH50H , Ht
TH,0 COOH ~_H,0 COOC,Hy
Diethyl ftalat

e Acid oxalic va acid malonic dé bi decarboxyl tao acid don chiic.

tO
HOOC-COOH ——> HCOOH + COy

(o]
HOOC-CH,~COOH —» CH3-COOH + CO,

e Diacid dé tao thanh anhydrid vong.

H —
CH 2/COO A CH; C\
| A L TP 0 4 mo
CHZ\COOH CHZ\C\\
Acid Succinic Anhydrid Succinic
COOH C”O
A \
_— 0 + Hy0
COOH C
\\O
Acid Ftalic Anhydrid Ftalic

BAI TAP

1. Goi tén cac chat sau theo danh phap IUPAC:
a- CICHyCHoCHCHoCOOH ¢- CH3CHoCH(CH3)CHoCHCOOH
b- (CH3)3CCHoCHyCHoCOOH d- CHy=CHCH=CHCOOH

2. Acid formic c6 hang s6 phan ly Ka = 1,77.10-4M. Tinh gia tri pKa. Tinh nong d6
cua ion formiat trong dung dich acid formic 0,1M.
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3. Hay thuc hién cac chuyén hoa sau:

a- (CH3CHyCHog)3CBr — (CH3CH9CHg)3CCOOH
b-HOCH9CH9CHoCHoCHoCHoBr —  HOCHCHoCHyCHoCHoCHoCOOH
¢- CH3CHyCHyCHoCH=CH, —  CH3CH5CHyCH,CHyCOOH
4. Viét phuong trinh phan ting ctia acid 3-methylpentanoic vé6i cac chat sau:
a. Diazometan trong ether.
b. Tac dung v6i NaOH va tiép theo v6i metyl iodur trong dioxan.
5. Viét phuong trinh phan ing ctia acid hexanoic véi:
a. Ethanol ¢6 mat H,SO, dam déc. b - Thionyl clorid.
c¢. Phosphor pentaclorid. d- Phosphor tribromid.
6. Trinh bay co ché phan tng ester héa.

H2504
CH3COOH + CoHsOH ——= CH3COOC,H5 + HyO
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MUC TIEU

Chuong 21
CAC DAN XUAT CUA ACID CARBOXYLIC

1. Trinh bay duoc su hinh thanh cdc loai dén chdt acid carboxylic va nguyén
tac chung goi tén chung.

2. Néu dugc tinh chdt héa hoc cua cdc dén chdt acid carboxylic.

NOI DUNG

Khi thay thé nhém OH cuaa acid carboxylic bidng nhiing nhém thé khac nhau
thu dugc cac dan xuat d nhém chic cta acid carboxylic.

Acid carboxylic

OH

Din xuit clia acid carboxylic

Trong bang 21-1 trinh bay cac loai dan xuat chu yéu cta acid carboxylic.

Bang 21.1: M6t s6 dan xudt cla acid carboxylic

Cong thirc Loai dan xuat acid Cong thirc Loai dan xuat acid
(0] . . O
7 Halogenid acid 7 Este
R—C] genidad R—C '
Hal OR'
F,CLBr,I
9 ﬂ Anhydrid acid //O Amid
R—C—0—C—R R=C_
NR,
R—Ci/o Acid Hydroxamic R—Ci/o Hydrazid
NHOH NH-NH,
R_Ci/o Azid R_C=N Nitril
N;
1 Peroxyacid N Ceten
R—C—Q—OH LC=C=0
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Ciing ¢6 thé xem nitril 1a dAn xu4t cta acid khi thay thé nhém OH va C =0
cta acid bing nguyén ti nito -N. Ceten ciing c6 thé xem la dan xuét ctua acid
carboxylic.

Chiing ta sé& nghién ctiu mot s6 dan xudt quan trong: Ester, halogenid acid,
anhydrid acid, amid, nitril va ceten.

1. ESTER

Ester 14 san phdm th& nhém OH cta acid carboxylic -RCOOH bang nhém
alkoxy R'O cua alcol (hay nhém aroxy ArO - ctia phenol). Bang 21-3 trinh bay
cac ester.

RCOOH — RCOOR'

1.1. Cau tao

Do dai va goc lién két ctia ester methyl formiat trinh bay trong bang 21-2.

Bang 21.2
_______ Do dai lién két (1) Goc lién két (dd)
H, Q C=Onrrrrnnnn.. 1,200 H-C=O0.........124,95
) C(20)-O0.......1,344 0-C=0........125,87
(/ 6 C(H,)-O......1,437 H-C-O.........109,78
\ e C(=0)-H......1,101 CH,—O-C...114,78

CH; Methyl formiat

1.2. Danh phap

C6 thé xem ester nhu 14 mét mudi cta acid hitu co. Cach goi tén cuaa ester 1a
doc tén goc alkyl ctia alcol va doc tén acid tuong ting thay "ic" ctua acid bang " at"

Tén goc alkyl cla alcol + Tén clia carboxylat tuong (g

o) Gdc alkyl cia alcol
Il e i CH3 (0]
R—C—O—R' e | I
CH;—C—0—CH,CH,4 CH;—CH—C—0—CH(CHy),
Alkylcarboxylat Ethyl acetat Isopropyl isobutyrat
Ethyl etanoat Isopropyl-2-methylpropanoat

Danh phap mot s6 ester trinh bay trong bang 21-3

274



Bang 21.3. Danh phap va tinh chat ly hoc clia mot s6 ester

~ e ~ ? . 20
Cong thue Tén gui tco tso d4
HCOOCH, Methylforniat -99,9 31,5 0,975
HCOOC,H; Ethylformiat - 80,5 54,3 0,917
CH,COOCH;, Methylacetat - 98,1 57,1 0,924
CH,COOC,H; Ethylacetat - 83,6 77,1 0,901
CH,COOC;H;n n-Propyl acetat -925 101,6 0,887
CH,COOC,H, Butyl acetat -76,8 126,5 0,882
CH,COOC,H,, Amylacetat -78,5 142,6 0,871
CH,CH,CH,COOCH;, Methylbutyrat -95,5 102,3 0,898
CH,(CH,),,CO0(CH,),sCH, Cetylpalmitat 55,5 - 0,832
C¢H;COOCH; Methylbenzoat -12,5 199,6 1,094
CzH;COOC,H; Ethylbenzoat -34,6 212,6 1,051
CgH;COOCH; Phenylbenzoat 70,0 314,0 1,235
COOCH;4 )
Dimethyl oxalat -54,0 163,8 1,148
COOCH;4
COOC,H;
Diethyl oxalat -40,6 185,4 1,078
COOC,H;
CH5(COOCH3)- Dimethyl malonat -62,0 | 181,0 1,151
CH,COOCH; ) )
Dimethyl succinat 19,5 192,8 1,120
CH,COOCH;
0-CgH4(COOCH3)o Dimethyl ftalat 49,5 - -

1.3. Phuong phap diéu ché
1.3.1. Phuong phdp ester hoa. Xem phan alcol va acid.

HySOy4
RCOCOH + ROH Z——  RCOOR' + HyO

H
CH3COOH  + CoHsOH 12504 oy, cooc,Hs + HyO

Phan tng diéu ché ester ethylacetat 1a phan tng thuan nghich c6 hang so

can bang:
: [CH3COOC,H5][H, O]
~ [CH3COOH] [C,H50H]

Nhu vay c6 khoang 66% dudc chuyén héa thanh ester. Muén tang hiéu suét
ester, tic la chuyén dich can bang vé phia bén phai, ta c6 thé ting noéng do cia
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mot trong 2 chit phan ting (alcol hoic acid) hoic tach san phdm (ester hoic nuéc)
bing cach chung ct. Phan tng ester héa x4y ra cham. Hén hop déng phan ti cla
CH,COOH va C,H,OH & nhiét d6 phong cAn khodng 16 nam méi dat téi cAn bang.
P& tiang tdc do phan ting, ngoai viéc dun néng hdn hgp, ngudi ta con diung cac chat
xuc tac nhu H,SO, ddm dac, HCI1 khan...

1.3.2. Acyl hoa alcol bang anhydrid acid. Xem phan alcol
ROH + (R'CO)90 —— RCOOR'+ R'COOH.

1.3.3. Acid carboxylic tdac dung vdi diazometan. Xem phan acid.

RCOOH + CH9N9g —— RCOOCHg + Ng

1.3.4. Phan ung Claisen - Tishenco. Xem phan acid

1.3.5. Phan ung gilla mudi cua acid carboxylic vdi dén xuét halogen
RCOONa + R'Cl —— RCOOR' + NaCl
RCOOAg + RBr —— RCOOR' + AgBr

1.4. Tinh chat Iy hoc

Ester thudng c6 mui thom. It tan trong nuéc. Ester c6 trong cac loai tinh
dAu, chat béo va sap. Mot s6 tinh chat vat 1y ctia ester trinh bay trong bang 21-3.

1.5. Tinh chat héa hoc
1.5.1. Phan ung thuy phan

e Thuy phén trong moi truong acid
RCOOR' + H,0 <= RCOOH + R'OH

Co ché phan ting thuy phan

— Phan ting ester héa 1a phan tng thuan nghich. D61 véi ester ctia alcol bac
nh&t va bac hai thi co ché thuy phin 14 phan tng ngugc lai cia phan ting
ester héa da dugce trinh bay trong phan acid.

— Déi véi ester cta alcol bac ba thi co ché thiiy phan c6 xtc tac acid nhu sau:
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I ?H3 +ﬁH $H3
CH;—C—0—C-CH; + H*_—» CH;—C—O—C-CH,
| - |

CH, CH,
OH
CH
<l P OH CH,

CH;=C—0+C-CH; — cH,—Cc=0 + +C-CH,
CH, CH,
GH: G,

Hy0 + YC-CHy = HO—C-CH; + H*
CH; CH,

e Thuy phén trong moi truong base
Con goi 1a phan ting xa phong héa.

Thuy phan ester trong moi truong base tao mudi carboxylat 1a phan ting
khong thuan nghich. Vi alcol tao thanh c6 tinh acid yéu hon tinh acid cta acid
carboxylic.

RCOOR' + HO- —» RCOO- + R'OH
Co ché phan tng thuy phan cé xtc tac base.

- e 0
0=, 0 <0 I
| - -
R—CZOR  + HO" — R—#—OR' R—CZOR — R=¢C + RO
OH OH OH
i i
R—? + RO™ —>» R—? + ROH
OH 0-

1.5.2. Phan ung chuyén dodi ester

Khi dun ester véi alcol c6 xiic tac acid hoidc natri alcolat x4y ra phan tng
trao ddi ester.

H* O
I — I
R—C—O—-R' + R"OH <«— R—C—O—R" + ROH

CH3CgH4SO3H
CHy=CH-COOCH3 + C4HgOH — ———— CH,y=CH-COOC4Hg + CH30H
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1.5.3. Phan ung vdi amoniac va mét sé dan xuét ctia amoniac

RCOOR" + NHj — RCO-NH, + ROH

Ester Amoniac Amid

RCOOR" + HNR" — RCO-NR", + R'OH
Amin Amid thg

RCOOR' + HoN-NH5 - RCO-NH-NHy + R'OH
Hydrazin Hydrazid

RCOOR'  + HyNOH — RCO-NHOH + R'OH

Hydroxylamin Acid hydroxamic

1.5.4. Phan ung vdi hop chét co kim tao alcol béc ba

(Xem chat co kim)

1.5.5. Phan ung khd

Ester bi khti bang LiAlH,, NaBH, va hén hop Na + alcol (phan ting Buve -
Blanc) tao ra alcol bac nhat.

4[H
R—COOR' [ R—CH,0H + R'OH
Na+ CyH5OH
CH3(CH,)7CH=CH(CH;);CO0OC4Hg ——— CH3(CH;);CH=CH(CH;);CHyOH + HOC4Hg
Butyl oleat Alcol oleic

1.5.6. Phan ung cua nhém methylen linh déng
Phan ting ngung tu Claisen.

Khi ¢6 tac dung ctua natri kim loai hodc natri alcolat, hai phan ti ester c6
thé ngung tu véi nhau tao ester ctia acid p-cetocarboxylic.
e 1 lfl NaOC»H ﬁ lfl
R—C—HOCHy + H{-CH—COOCH, %> R—C—CH—COOC,H, + CoHsOH

______________ —

Il emscmmomnomenes ! NaOC»>H
CH;~C—OCH; + H{CH,—COOCH, —>" CH,~C—CH,—COOC,H, + C2HsOF

R~ N e Y Il

Ester ethylacetat Ester ethylacetat Ester acetoethylacetat

Cac ester cua acid béo véi glycerin goi la chat béo (lipid).

R{CO—OCH, R;CO—OCH, R CO—OCH,
HOCH R,CO—OCH R2C0—OfH
HOEHZ HOCH, R3CO—OCH,

Monoacylglycerin Diacylglycerin Triacylglycerin

Monoglycerid Diglycerid Triglycerid
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R,, Ry, R, 12 cac gbc hydrocarbon no hodc chua no, khéng phan nhanh cé ti
11-19 nguyén tu carbon. Lipid cting c6 thé 1a ester cua acid béo va acid
phosphoric. Cac acid béo thuong gép nhu:

Acid lauric CH,(CH,),,COOH,

Acid palmitic CH4(CH,),,COOH

Acid stearic  CH,(CH,),;COOH;

Acid oleic CH;(CH,),CH=CH(CH,),COOH,

Acid linoleic CH,(CH,),CH=CHCH,CH=CH(CH,),COOH,

Acid linolenic CH;CH,CH=CHCH,CH=CHCH,CH=CH(CH,),COOH
Acid stearolic CHj4(CH,),C=C(CH,),COOH,

CH,~0~CO(CH,),,CH, CH,~0-COR,
CH—0=CO(CH,),,CH, CH—0—COR,

CH,-0O—CO(CH,),,CH, X +
CH,-0—P—OCH,CH,N(CHj),

Lipid 0-
Phospholipid
Tripalmitatglicerin Lecitin

2. ANHYDRID ACID

Hai phan ti acid bi loai nudc tao thanh anhydrid acid. Cong thiic chung:

0]
/
R—C/ 40
N o R—C
. — \O
OH| 7
R—C. R=C
N AN
0 O
Acid Anhydrid acid

Anhydrid acid huat nuée tao thanh acid. Ung dung dé diéu ché& anhydrid acid.

’/O /,O
oy * (CH3COR0 — ,0  +2CH3COOH
CH,-C5 CH,—C%
O 2 . b O . . . .
Acid succinic Anhydrid acetic Anhydrid succinic ~ Acid acetic

Trong bang 21-4 trinh bay cong thtic, tén goi va tinh chit vat 1y cia mot vai
anhydrid.
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Bang 21.4. Cong thlc, tén goi va tinh chat Iy hoc ctia mot s6 anhydrid acid

Cong thie Tén goi t:° t©
(CH3CO)90 Anhydrid acetic -73,0 139,6
(CoHFCO)50 Anhydrid propionic -45,0 168,0
(C3H7CO)90 Anhydrid n-butyric -75,0 198,0
(n-C4HgCO)90 Anhydrid n-valeric - 218,0
(n-C17H35C0)90 Anhydrid stearic. 72,0

[0)
CHZ—C/<
| 0 Anhydrid succinic 119,6 261,0
CH,—C
TR,
(CgH5C0)90 Anhydrid benzoic 42,0 360,0
c:/ Anhydrid phtalic 132,0 284,0
L
SN
(0]
7, O . .
CH—C( Anhydrid maleic 53,0
o
CH—C/
o
Anhydrid acid 1a tac nhan acyl héa.
NH, NHCOCH,
@ + (CH3CO),0 —> + CH3COOH

Acetanilid

3. CETEN (CH, = C = O)

C6 thé xem ceten 14 anhydrid acid khi phan ti acid bi loai mét phan t& nuée.

CH—C=0 ——> CH=C=0 + H0
[ onl
Acid Ceten
CH,, R,
CH;—CH=C=0 /CZC:O R-CH=C=0 /C:C:O
> CHj ; ;R
Methylceten Dimethylceten Alkylceten Dialkylceten
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Cac phan (ing cua ceten

Cac ceten nhu la mot tac nhan acyl hoa.

A.. + e . Ht + . B- /QH 7, e
CH,=C=(Q «»>(CH,=C—Q: ——> CH,=C—QH —— CH,=C —— CH;—C
4 v s B —

A

B 14 nhiing ch4at 41 nhan nhu H,0, alcol, acid, amoniac.

0
H,0 Z
2 CH; = Acid
OH
0
ROH cH,—cZ .
—_—— OR ster
CH —c—(\o
,=C=0 —— _0
RCOOH cH;—CZ
- _0 Anhydrid acid
R_C\
~o
cH,—cZ Amid

4. HALOGENID ACID - ACYL HALOGENID

Thay nhém OH cta acid carboxylic bang halogen (X) thu dudc halogenid acid.
RCOOH —— RCOX
4.1. Cau tao

Nguyén ti halogen c6 cip dién ti khong lién két lién hgp véi lién két n clia
nhom C=0 vi vay phan ti acyl halogenid c6 cac trang thai nhu sau:

He) HeoN
15—

. N

cn PG o G

Acetyl clorid
Do dai lién két va goc lién két ctia acetyl clorid trinh bay trong bang 21-5.

Bang 21.5. D6 dai va goc lién két cla acetyl clorid

Acetyl clorur Do dai lién két Géc lién két
C=0........ 1,192 C_C=0...... 127,080
I C—Coroornn.n. 1,499 C—C—Cl......112,66°
N |
CH; Cl C-Cl......... 1,789 0=C-Cl......120,26°
C—H.......... 1,083
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4.2. Danh phap

Doc tén acid nhung thay tiép vi ngii cia acid " ic" thanh "yl" hoic
"oic"thanh " oyl" va doc tén ctia halogen

CH3COCl Acetyl clorid, Etanoyl clorid
CH3CH9COF Propionyl florid, Propanoyl fluorid
Bang 21.6 trinh bay cong thtic, tén goi va tinh chat Iy hoc cia mot s6 acyl halogenid

Bang 21.6. Tén goi, céng thic va tinh chat ly hoc ctia acyl halogenid

Tén goi Cong thirc t°c t°s

Acetylflorid, Etanoylflorid CH,COF 20,5 0,993
Acetylclorid, Etanoyl clorid CH,COCI 52,0 1,104
Acetylbromid, Etanoyl bromid CH,COBr 76,7 1,520
Cloroacetylclorid CH,CICOCI 105,0 1,495
Propionylclorid CH,CH,COCI 80,0 1,065
n-Butyrylclorid CH,CH,CH,COCI 102,0 1,028
Isobutyrylclorid (CH,),CHCOCI 92,0 1,017
n-Valerylclorid CH,;CH,CH,CH,COCI 128.,0 1,016
Isovalerylclorid (CH,),CHCH,COCI 113,0 -

n-Caproylclorid n-C;H,,COCI 153,0 -

Caprylclorid CH,(CH,),COCI 196,0 0,975
Stearylclorid CH,(CH,),,COCI 215,0 -

Benzoylclorid CsH;COCI 197.,0 1.212

4.3. M6t sé tinh chat héa hoc thudng irng dung
4.3.1. Hop chét halogenid acid rat dé thdy phén tao acid

I I
R—-C-Cl +H,0 —» R—C-OH + HCI

4.3.2. Tdc dung vdi hop chét co kim tao ceton hodc alcol bac ba
: : OMgX
0 RrRMgx @ R'MgX St ) OH
R-C-Cl —> R-C-R* —— R-C-R" —=— R-C-R
Rl RV

4.3.3. Hop chat halogenid acid la tdac nhan acyl hoa tao ceton,ester

0 0
AlCI
© + R-Ca T3 C—R + HCI

[l
ROH +  R—C-Cl —= R—C-OR + HCI

-
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5. AMID
Thay thé nhém OH cta acid carboxylic bing nhém NH, thu dude amid.

(0] O
I 1 Il Il _R'
R—C-OH R—C-NH, R—C-NHR' R—=C-N<g~
Acid Amid Amid th&

5.1. Danh phap

Doc tén acid c6 s6 carbon tuong ing nhung thay tiép vi ngii " ic" hoéc "oic"
bang tiép vi ngii "amid"

o Chutc CONH, con dudc goi la carboxamid

I I I I [l
H-C-NH, CH;—C-NH, CH;CH,~C-NH, = H—C-N(CH,;),  CH;CH,CH,—C-NHCH,

Formamid Acetamid Propionamid N,N-Dimethylformamid N-Methylbutyramid
Metanamid  Etanamid Propanamid N,N-Dimethylmetanamid N-Methylbutanamid
Metan carboxamid Etancarboxamid 1-Propan-N-methylcaboxamid
CONH, CON,
O/ CONH,  CH,=CH—CONH,
Benzamid Acrylamid

Benzencarboxamid Cyclohexancarboxamid 3-Cyclopentencarboxamid Etencarboxamid
Trong bang 21-7 trinh bay mot s6 amid.

Bang 21.7: Tén goi, cong thic clla mot s6 amid

Tén goi Cong thic t°c
n-Valeramid n-C,H,CONH, 106
n-Caproamid n-CsH,,CONH, 101
Steramid C,;H;sCONH, 109
Benzamid CsH;CONH, 130
Cinnanamid C¢H;CH=CHCONH, -
Succinamid H,NCOCH,CH,CONH, 260

Céc amid & thé 16ng c6 nhiét d6 s6i cao vi 6 lién két hydro gitia cac phan ti.

ﬁ Cong thic t©°
(lj—NH2 ICI) CH,—CONH, 221
CH; C-NH, ** O CH,—CONHCH, 204
| I
CH, C-NH, " o CH,—CON(CH.), 165

| I
CH3 Cl_NH2 oo

Lién k&t hydro ciia amid ~ CH,4
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Cap dién ti trén nito lién hgp véi lién két © cia nhém C = O nén tinh base
ctia nhém NH, gidm.

T Q.
R—C-NH, <> R—C=NH,
5.2. Cac phan (rng cua amid

5.2.1. Phan ung acid -base

Amid 12 mét base yéu chi tac dung véi nhiing acid manh. Su proton héa xay
ra 0 nguyén tu oxy.

.o +
0] + O
P + H /OH OH
R_C<" _— R_C<,. -—> R_C< .
NH, NH, “SNH,

Amid 14 mot acid yéu. Amid tac dung véi natri ho#c natri amidid trong ether
tao mudi.

0] + N O g
R—cZn _%Q =2 A
@ R—CT. i R—Z) . R—C

N, NHNa S

5.2.2. Thuy phan amid
Trong mdi truong acid hoéc base amid thuy phan tao thanh acid hodc mubi.
RCONHg + HoO —— RCOOH + NHjg
5.2.3. Phan ung loai nudc

Duéi tac dung cta cac chat hit nude nhu P,O; va nhiét do, amid bi loai nuéc
tao thanh nitril (RC = N)

I P705
(CH;),CH—C-NH, — > (CH;),CH—C=N + H0
Isobutyramid 200 - 220°C Isobutyronitril

5.2.4. Khi c0 nhiét dé cdc amid cua diacid dé tao thanh imid

,0
CH,—-CONH, Nhiét CHz_C\
E— NH
CH,—CONH 4
2 2 CHz_C\\O
Succinamid Succinimid
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O
CONH, Nhiét C\//
CONH, Cs

Phtalamid Phtalimid

5.2.5. Chuyén vi Hofmann
Amid tac dung v6i hén hop Br, + NaOH tao thanh amin.

0
I i
R—C-NH, + OBr-~ R—NH, + CO§ +Br-
Amid Amin béc nhat
Co ché phan ung: 2NaOH + Brg — NaOBr + NaBr + Hy0

I i 0. .
R—C-NH, + OBr* —» R—C-N-Br + OH
Amid H
i i
R—C-N-Br + OH —— R—C-N-Br +H0
H

i i
R—C-N-Br ~——>  R—C-N+ +Br-

O
TS .

Y . 2_
RfC—I.\I+ _— O=C=N-R ; O=C=N-R + 20H — R—NH, + COj3
Chuyén vi Isocyanat Isocyanat Amin bac nhat
Vidu:

CH3CONH2 + 2NaOH + BI‘2 — CH3NH2 + NazCO3 + NaBr + Hzo
CgH5CONHy + 2NaOH + Brg — CgHszNHy + NagCOg+ NaBr + HoO
CgH5CH9CONHg +2NaOH+Brg — CgH5CH9NHg9 + NagCOg + NaBr +HoO

5.2.6. Khir héa amid bang LiAIH, NaBH, tao thanh amin

O  4H|[LiAlHy]
=
R—CZ R—CH,—NH,
NH,

6. NITRIL (R-C=N)

Nitril ¢6 cau tric R-C=N va Ar —C=N
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6.1. Danh phap nitril
e Danh phap IUPAC: Doc tén hydrocarbon tuong ting va thém nitril.
e Danh phap théng thuong:

— Goi tén ctua goc acyl c6 s6 carbon tuong ting va thém nitril.

— Goi tén géc hydrocarbon tuong ting va thém cyanid

CH3-C=N CH3CHo-C=N CgHs—C=N CHy=CH-C=N E>*C‘N
Etannitril Propannitril - Propennitril -
Acetonitril Propionitril Benzonitril Acrylonitril -
Methylcyanid Ethylcyanid Phenylcyanid Vinylcyanid Cyclopentylcyanid

Da s6 cac hgp chat nitril ¢6 do doc cao.

6.2. Diéu ché nitril

e Tui dan xudt halogen va natri cyanid
R-X+ NaC=N —— R-C=N + NaX

e T amid va chdt hit nuwde P,O;

R-CONHy —> R-C=N+Hy0

6.3. Cac phan (g cua nitril

Thiy phén nitril

Trong moi trudng acid hodc base thity phan nitril tao acid hoiic mudi ctia acid.

+ Hy,O 9 + Hy,O 9
CH;—C=N ——*> CH;—C-NH, ——— CH;—C-OH
-NH3

Khit héa nitril
Khii bang LiAlH,, NaBH, hoéc natri trong alcol tao thanh amin bac nhat

4H [LiAlHl4]
R—C=N

R—CH,-NH,

Tdc dung vdi hop chdt co kim - RMgX (xem phdn hop chdt co kim).

Cdc aryleyanid - ArCN c6 thé bi trimer hod tao hop chdt di vong triazin.

Ar /N Ar
3A—CsN ——> T
N\\KN
Arylcyanid Ar  2,4,6-Triaryl-1,3,5-Triazin
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BAI TAP

1. T cac acid sau:
a- CH,CH,CH,CH,CH,COOH b- (CH,),CHCH,CH,COOH
¢- CH,=CHCH,CH,COOH d- BrCH,CH,COOH

— Hay viét cong thiic ester, amid, acylclorid, anhydrid va nitril caa acid
tuong tng.

Goi tén nhiing chat do.
2. Goi tén cac hgp chat sau:
a. (CH;),CHCH,CH,COOCH,CH(CHj5),
b. (CH;);CCH,CH,CON(CH,CH,),
c. (CH;CH,CH,CO),0
d C;H,CH,CN
3. Hay viét phan ting cc giai doan thily phan acetamid trong méi truong acid
4. Thuc hién su chuyén héa:
Propionamid —— Ethylamin

Trinh bay co ché phan tng dé.
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Chuong 22
HOP CHAT AMIN

MUC TIEU

1. Gidi thich duoc cdu tao cia cdc amin va goi dude tén ching theo danh phdp
quéc té.

2. Néu duoc héa tinh cua amin mach thc%ng va amin thom dong thoi néu dudc
phuong phdp phén biét cdc bdc cua amin thang cing nhu amin thom.
NOI DUNG
1. CAU TAO

Amin 14 nhiing hop chat c6 cac goc alkyl, goc aryl lién két truc tiép véi
nguyén ti nité. C6 thé xem amin 14 d&n xuét cia amoniac (ciing nhu alcol, ether
12 dAn xu4t cta nuéce).

Amoniac NH, RNH, R,NH R;N RIla goc alkyl hodc aryl - Ar
Nuée H,0 ROH R,0

1.1. Phan loai amin

— Amin bdc nhdt: C6 mot goc hydrocarbon lién két véi nguyén ti nito: RNH,
Amin bdc hai: Cé hai goc hydrocarbon lién két véi nguyén ti nite: RR 'NH
Amin bdc ba: Cé ba goc hydrocarbon lién két véi nguyén ti nito: RR 'R"N

— Ion amoni bdc 4: R,N*

1.2. Cau tric khong gian ciia amin

Phan tl amoniac c6 c&u tric hinh thap. D dai lien k&t N —H 1a 1.008 A. Géc
lién két HNH 1a 107°3. Nguyén ti nito d trang thai gan nhu lai héa sp® va tao
thanh 3 lién két o (sp’-s) gitia 3 orbital sp® ciia nito véi orbital s ctia 3 nguyén tu
hydro. Cap dién ti khong lién két nidm trén orbital sp® thi tu. Cac amin ciing c6

cdu tao nhu thé.

\\\ / \\\ / \\ " / \\‘ R
H ~

H

Amoniac Amin
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Do céu truc kiéu ti dién, amin véi cac géc R khac nhau cé tinh d6i quang
(chiral). Hai d6i quang d& dang chuyén héa 14n nhau. O trang thai chuyén tiép,
nguyén tu nito c6 trang thai lai héa sp®.

@ @ CH; CHy O

g\\ C N \g// !

/ Nocn, —=| OHs— —

CoH; 3 CB\H @
Ethylmethylamin Trang thai chuyén tiép Ethylmethylamin

Cap dién ti khong lién két c6 vai trd quan trong trong tinh chat héa hoc ciua
amin: tinh base va tinh ai nhéan.

2. DANH PHAP
Cé cac cach goi tén, tuy thudc cach st dung thuat ngt amin.

2.1. Amin la tiép vi ngir (suffixe). Goi tén cac géc hydrocarbon va thém amin

Tén g6c hydrocarbon + amin

/CHZCH3 /CHZCH3
CH3NH, (CH3CH,)2NH CHCH;—N_ CeHs—N_
CH, CcH,CH; p
Methylamin  Diethylamin Diethylmethylamin Ethyl, phenyl,p-tolylamin

Metanamin N-Ethyletanamin N-Methyl,N-Ethyletanamin  N-Ethyl,N-p-Tolylbenzenamin

2.2. Theo danh phap IUPAC

Goi tén hydrocarbon tuong ting va thém tiép vi ngii amin

Tén hydrocarbon tuong (ing + amin

NHZ N(CH3)2 NHZ
g 2 »e
Benzenamin N,N-Dimethylbenzenamin 4-Methylbenzenamin

2.3. Amin la tiép dau ngir (prefixe)

Theo danh phap IUPAC. Goi tén hydrocarbon tuong ting, thém tiép dau
ngit amino.

Amino + Tén hydrocarbon tuong Uing

CH,NH, CH,=CHCH,NH, CH,CH,N(CH,), C.H.NHCH,

Aminometan  3-Amino-1-propen Dimethylaminoetan Methylaminobenzen
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Chu y doc tén cdc géc:

CgHsNH- CH3(CoH5N-  p-CH3CgH4NH-  a- CqoH7NH-
Phenylamino Methylethylamino p-Toluylamino

St dung tiép dau ngit amino dé goi tén nhiing hop chi't c6 nhém chiic amin.

a-Naphtylamino

NH, NH, NH,
COOH CH, SOH
p-Toluidin Acid Sulfanilic
Acid p-Aminobenzoic p-Aminotoluen Acid p-Aminobenzensulfonic

2.4. Danh phap cac amin thom
Theo danh phap IUPAC, quy udc aminobenzen la anilin. Cac amin thom don

gian dudc doc tén theo anilin.

NH, W N(CH;),
© Br
m-Bromoanilin N,N-dimethylanilin

Anilin
3. DIEU CHE
3.1. Alkyl héa truc tiép amoniac va cac amin khac
Phan ting gitia amoniac va alkylhalogenid bac nh4t tao thanh amin bac
nh4t. Phan tng xay ra theo co ché Sy,.
+ NaOH

- > CH3CH2NH2

+ -
CH3CH2B1‘ + NH3 —s CH3CHNH3Br
-NaBr-H>O

Trong thuc t& thudng thu dude hdn hop cac amin c6 bac khac nhau.
RX + NHy —> RNH, — RX
3 _
Cac amin bac nhat tac dung véi alkylhalogenid thu duge amin bac hai. Tinh
chat 4i nhan cta amin thom yéu hon amin mach thang. Anilin tic dung véi alkyl
halogenid cht yéu thu duge amin bac hai.

-+
NH, C1 NH,CH,C¢Hs NHCH,CgHs
NaHCO
+ CeH5CHyCl —— —
“NaCl -CO3 -H,0
Anilin  Benzylclorid Benzylphenylamoniclorid Benzylphenylamin
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3.2. Tdng hop Gabriel. Alkyl héa khéng truc tiép

Xuat phat ti phtalimid, alkylhalogenid s& thu dudc alkylamin bac nhat.
Phan ting xay ra nhu sau:

0 (0] (0]
2 4 7 o €00~
C + NaOH C . +RX G RUNH
CI\ -H,0 q\ - C\\ COO
‘0 ¢} ¢}
Phtalimid Ion phtalimid Alkylphtalimid Alkylamin  Ton phtalat

Ion phtalimid 14 moét tdc nhin ai nhén, tac dung v6i alkylhalogenid (RX) tao
alkylphtalimid. Alkylphtalimid bi thuy phén tao alkyl amin bac nh4t.
3.3. Khir héa hgp chat nitro

Khi héa hgp chat nitro tao hgp chit amin. Chat khiu thuong dung 12 kim
loai trong moéi truong acid, hodc hydro phan ti c6 xtc tac.

ArNO, + 3Fe+ 6HCl] — ArNH,+ 3FeCl, +2H,0

CH, H,
NO, +3Hy /Ni ©/NH2
+2H,0
Ap sui'ts tO
CH(CHj;), CH(CH,),
2-Nitro-5-isopropyltoluen 2-Methyl-5-isopropylanilin

P4y 1a phuong phéap thuong st dung dé diéu ché cac amin thom.

3.4. Khir héa hop chat nitril (RC =N)

Khti héa hgp chét nitril bang hydro phan ti c6 xic tac hodc bang LiAlH,
trong moi trudéng ether tao amin bac nhAat.

Hy / xtc tac
RC=N —  RCH4;NH,
hoac LiAIH4
3.5. Khir héa hop chat imin (RCH =NH)

Xuat phat tu aldehyd hodc ceton va amoniac thu duge hgp chit imin. Trong
trudng hgp nay imin 1& hgp chat khéng bén dé bi khit hoa va tao thanh amin. Khi
héa imin bang hydro phan ti cé xic tac.

RCHO + NH3 —» RCH=NH + Hy0
RCH=NH + 2H, —> RCHyNH,

Aldimin XUCPAC A i bac nhat
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Xudt phat ti ceton va amoniac thu dude cetimin (cetoimin). Khi héa
cetimin thu dugec amin bac hai.

3.6. Khir héa hop chat amid (RCONH,)
Khti héa hgp chat amid bang LiAlH, thu dudc amin.

//O

R-C  + LiAlHy —> R-CH,NH, +Hy0 +AP+ 4 1i* +
NH,

H

H O
I :

N,N-Dimethylcyclohexancarboxamid = N,N-Dimethylcyclohexylmetanamin

3.7. Phuong phap chuyé°n vi Hofmann

Cac amid tiac dung véi halogen trong moéi truong kiém tao amin. Phan tng
qua giai doan chuyén vi Hofmann.

CH,(CH,) ;CONH, + Cl, + HO- — CH, (CH,) :NH, + CO, + HC1 + C1 -
Decanamid Nonanamin

Co ché& chuyén vi Hofmann (xem phan amid).

4. TiINH CHAT LY HOC

Céac amin aliphatic 14 nhiing chat khong mau, tan trong nuée. Cac amin c6 tu 3
nguyén ti carbon 6 dang 16ng. D6 tan trong nuéc giam khi phan ti lugng ting.

Céac amin thom 1a chat 16ng hoidc rdn khong mau. Bi héa nau va den dan khi
tiép xtc v6i khong khi.

Cac amin thom déu c¢6 mui khoé chiu. Cac amin bac nhat, bac hai c6 lién két

hydro gitia cac phan ti. Vi vay nhiét do sbéi cua amin cao hon cac hydrocarbon
tuong tng.

Tinh ch4t vat 1y cia amin dudc trinh bay trong bang 22-1.
Amin bac nhat c6 nhiét do soi cao hon amin bac hai va bac ba c6 cung trong

lugng phan ti. Nguyén nhan 14 amin bac nhat dé tao lién két hydro gifia cAc phan tu.

5. TINH BASE CUA AMIN

V6i sy hién dién cta cip dién ti khong lién két trén nguyén ti nito, amin
dudc xem 1a nhiing base Lewis nhu alcol, ether. Nhung d6 Am dién cta nité nhé
hon oxy do dé amin c6 tinh base manh hon alcol va ether.
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Bang 22.1: Tinh chat Iy hoc clia cac amin

Cong thirc Tén goi t°c t°s pKa
CH;NH, Methylamin - 925 - 6,5 10,62
(CH,;),NH Dimethylamin - 96,0 7,4 10,77
(CH3) 5N Trimethylamin -124,0 3,5 9,80
CH,CH,NH, Ethylamin - 80,6 16,6 10,63
(CH,CH,),NH Diethylamin - 50,0 55,8 10,93
(CH,CH,);N Triethylamin -11,5 89,5 10,87
CH,CH,CH,NH, Propylamin - 83,0 48,7 10,58
CsHsNH, Anilin, aminobenzen 6,2 184,4 4,58
C¢H;NHCH, N-Methylanilin - 57 196,3 4,85
CeHsN(CH,), N,N-Dimethylanilin 2,5 192,5 5,06
0-CH,C¢H,NH, o-Toluidin, - 27,7 199,7 4,39
2-Aminotoluen
m-CH, C¢H,NH, m-Toluidin, - 43,6 203,2 4,69
3-Aminotoluen
p-CH,CzH,NH, p-Toluidin, 43,7 200.4 5,12
4-Aminotoluen
CsHsCH,NH, Benzylamin 185,0 -
a-Aminotoluen
CeHsNH CH; Diphenylamin 54,0 302,0 -
NH, a—NaF)htyIamin
1-Aminonaphtalen 50,0 301,0 -
NH, B-Na;?htylamin
2-Aminonaphtalen 50,0 306,0 -

Trong dung dich nuéc cac amin cé can bing nhu sau:

K + - +
RNH, + HbO —b RNH3 + HO ; RNH3 + HyO X4 RNH, + H30+
-—

[RNH3[HO "] [RNH,[H30 ]

K, =
[RNH,] a

Kp = [RNH3]

C6 moi quan hé Ka.Kb=10" va pKa + pK}, = 14

Gia tri pKb ctia mot s6 amin va gia tri pKa cta cac ion amoni tuong Gng
(acid lién hdp) dugce trinh bay trong bang 22-2.

293



Bang 22.2: Tinh base clia mét s6 amin

Amin pr, 25°C Acid lién hgp A pKa, 25°C
NH, 4,76 NH4+ 9,24
CH;NH, 3,38 CH.NH,* 10,62
CH;CH,NH, 3,36 CH,CH,NH,* 10,64
(CH,);CNH, 3,32 (CH,),CNH,* 10,68
(CH;) ,NH 3.27 (CH,),NH,* 10,73
(CH3CH,),NH 3,06 (CH,CH,),NH* 10,94
(CH;);N 4,21 (CH,),NH* 9,79
(CH,;CH,);N 3,25 (CH,CH,) ,NH* 10,75

Céac arylamin c6 tinh base yéu hon tinh base cta alkylamin.

Trong dung dich nuéc c6 cAn bang:

+
NH, NH, .
+ Hy0 — + H30

Kq=25 .10° M. pKg=4,6
+
(CH3),CHNH3 + HyO<= (CH3),CHNH, + H30

Ky=2,5 .10"M. pKy=11,60

Tinh base ctia anilin giam so v6i amin mach thdng 1a do hiéu tng hut dién
ti cia nhom phenyl va hiéu Ging lién hgp - C cia nhém amin. Cép dién ti khéng
lién két trén nito da phan b6 vao nhan benzen theo cic cong thiic giéi han sau:

. N
NH, NH,

S S -8

Tinh base cia amin phu thudc cic nhém thé va hiéu ting khéng gian.

Céc nhém thé ddy dién té lam tiang tinh base. Cdc nhém thé hit dién ti lam
gidm tinh base. Hiéu ting khong gian c6 anh hudng dang ké dén tinh base.
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Bang 22.3: Gia tri pKa cla cac ion anilinium X -CGH4NH3+

pK,, 25°C
Nhom thé X Orto meta para
H 4,60 4,60 4,60
Benzoyl - - 2,17
Bromo 2,53 3,58 3,86
Cloro 2,65 3,52 3,98
Cyano 0,95 2,75 1,74
Fluoro 3.20 3,57 4,65
lodo 2,60 3,60 3,78
Methoxy 4,52 4,23 5,34
Methyl 4,44 4,72 5,10
Nitro -0,26 2,47 1,00
Trifluoromethyl - 3,20 2,75

6. CAC PHAN UNG CUA AMIN

Cép dién ti khong lién két trén nito lam cho amin cé tinh base va tinh ai
nhan. Vi vay amin cé phan (ing thé 4i nhan v6i mot s6 cac chat cé trung tam ai
dién tu.

6.1. Phan ing tao amid

Amin phan tng véi acid hiiu co va cac din xuat cia acid nhu acylhalogenur
RCOX tao amid RCONH,,

tO
RNHy + RCOX —»s RCONHR + HX ; X=H,Halogen,RCOO-

2

NH, NHCOCH,
to
+ CH3COOH —> + Hy0
Anilin Acetanilid (N-phenylacetamid)

I I + -
2CH3NHy + CH,=CH-C-Cl —> CH,=CH-C-NHCH, + CH3NH3Cl

Acryloylclorid N-Methylacryloamid Methylamin clorhydrat
NH, NHCOCH,
+ CH3COONa (CH3CO)0
_—
C,Hs0 HCl1 C,H;O0 )
p-Phenetidin Phenacetin
p-Etoxyanilin p-Etoxyacetanilid
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6.2. Phan ing véi acid nitré (HNO,)

Acid nitré phan tng véi amin mach thing va amin thom c6 cac bac khac
nhau thudng tao ra cac san phdm khac nhau.
6.2.1. VGi amin bdc nhat

e Acid nitré phan tng véi amin bac nh&t mach théng tao muéi diazoni khong
bén, phan huy thanh alcol va N,. Téng quit nhu sau:

-2H-0 + . +HoO
RNHy + 0=N-ONa + 2HCI N—Z» [RA=Nc1" 227 RoH + Ny+HCI
- a

Amin béc nhat Mugi diazoni Alcol

P4y 1a phan tng cd ban tng dung dé dinh lugng nito trong cac acid amin.
Acid nitre kho tén tai & diéu kién binh thudng. Dé c6 duge acid nitro phai st
dung hén hgp mudi nitrit va acid ( NaNO, + HC]).

Trong thuc t&, amin bac nh&t mach thing tac dung véi acid nitre tao hgp
chat mudi diazoni khong bén phan huy thanh hén hgp cac san phadm alcol, N,,
alken va alkyl halogen. Vi du phan ting sau:

CH;3(CH2)30H + CH3CH,CHOHCH3+ CH3(CH,)3Cl+ CH3CH,CHCICH;

NaNO
CH3(CHp)3NHy — 2, 25% 13% 5% 3%
HCI CH,. CH CH H
CH;CH,CH=CH, + c=c{ " + Yc=c? N
+ 3-H2 2 B H H/C C\CH; + 2
26% 3% 7% :

C6 thé gidi thich cdc co ché phdn tng tao thanh cde chit dé nhu sau:
Hop chat mubi diazoni tao thanh khong bén, phan hiy thanh N, va carbocation

CH3(CHp)3NHy + NaNO, + 2HCI — [ CH3CH,CH,CHyN=N] C1™ + 2H0 +NaCl
Butandiazoniclorid

+ +
[CH3CHyCHyCHN=N] CI" ——>  CH3CHyCH,CH, +CI" +N,
Mu6i diazoni Carbocation

Carbocation CH,CH,CH,CH," tac dung véi Cl " tao CH,CH,CH,CH,Cl va tac
dung vé6i H,0 tao CH,CH,CH,CH,0H hoic chuyén vi tao carbocation bac hai
CH,CH,CH"CHs,.

+ +
CH3CH,CHyCHy —> CH3CHyCHCH3

Carbocation tac dung v61 Cl tao CH,CH,CHCICH, hoiac véi H,O tao
CH,CH,CHOHCH, ho#c tach loai H* va tao 2-buten 6 dang cis va trans.
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— I, CH3CH,yCHCICH;

+ Hy,O +
|, CHj, CH, CH;, H
’ c=c{ + S/Cch +H*
H™ H H CH,

e Amin thom bac nhat tac dung véi acid nitro tao mudi diazoni 6 t ° < 5°C.
+
Ar-NHp + NaNOj + 2HCl — [Ar-N=N]CI~ + 2H;0 + NaCl
Amin thom bic nhat Muéi arendiazoniclorid

Mubi diazoni ciia amin thom cé nhiéu tng dung (xem phan muéi diazoni).

6.2.2. Amin bdc hai

Cac amin bac hai tac dung véi acid nitré tao hgp chat N-nitroso amin c6
mau vang
Ar\ Ar\
/N—H +O=N-ONa + HCl ———> R/N—N:O + NaCl + HoO

Amin bac hai Hop ch4t nitroso amin
() ()
f—I + HO-N=0 —— II\I:O + HZO
Piperidin N-Nitrosopiperidin

6.2.3. Amin bdc ba

Amin bac ba khé xay ra phan ting véi acid nitro. Cac alkylamin bac ba hau
nhu khong phan ting. Véi cac arylamin bac ba phan ting xay ra khong phai tai
nitd cua amin ma xay ra phan tng thé nhém chtc nitroso vao vi tri para so véi
chtic amin.

(CH3>2N@H + HO-N=O —> (CH3)2N©—N=O + Hy0

N,N-Dimethylanilin p-Nitroso-N,N-dimethylanilin

6.3. Phan (tng vaéi arylsulfonylclorid tao sulfonamid

Amin c¢6 bac khac nhau tac dung vé6i arylsulfonylclorid ArSO,Cl tao thanh
san phdm c6 kha ning tan khac nhau trong dung dich kiém.

e Amin bdc nhdt tao sin pham tan trong kiém (NaOH, KOH).
RNH, + ArSO,C1 - ArSO,NHR + HCI
Amin bac nhat Arylsulfonylclorid Arylsulfonamid
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e Amin bdc hai tao sin phdm khong tan trong kiém.

Ar' Ar'
SN—H + Ar—S0,01 —> Ar—80,—N]  + HCl
/ \ARH
R
Amin bac hai

Arylsulfonamid I hoa tan duge vao dung dich NaOH vi con ¢6 mot hydro cé
tinh acid gin trén nito. Arylsulfonat II khéong tan trong dung dich NaOH vi
khong c6 hydro nay.
o Amin bdc ba khong tdc dung vdi arylsulfonylclorid

St dung phan tng nay dé phan biét caAc amin c6 bac khac nhau va dé tao cac
loai sulfamid khac nhau c6é nhiéu tng dung trong dudc pham.

6.4. Phan ing véi halogen. Tao N -Halogen amin

Trong mdi truong kiém lodng, amin bac nhat va amin bac hai tac dung véi
halogen tao N -halogen amin.

X
+ Xy [NayCO3,H,Ql +Xp p
R-NH, 2 - 0 R-NH-X EETas R-N.
Amin N-Halogen alkylamin N,N-Dihalogen alkylamin

6.5. Phan (tng oxy héa
Qua trinh oxy ho4a phu thudc vao cdu tao cia amin va chat oxy hoa.

e Amin mach thoztng bdc nhdt bi oxy hoéa tao hdn hgp cac chat: oxim, nitrosoalkan,
N-alkylhydroxylamin va nitroalkan.

—— RCH,-NH-OH N-Alkylhydroxyl amin

(0] [ RCH=N-OH Oxim
RCH,-NH,
Amin HySO5 [, RCH,-N=0 Nitroso alkan
> RCH»-NOj Nitroalkan

o Amin mach thczmg bdc hai bi oxy hoa tao N,N-dialkylhydroxylamin.

R~ 0 R
N-n 910 ; N-OH
R R

e Amin mach thdng béc ba bi oxy héa tao N -oxyd amin
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R R Hy0
| [O] l+ - 22 —N\ 4+ -
R"—ITI E— R”—ITI*O \ _— \ /N->O
R' R' CH3COOH
N-oxyd amin bac3  Pyridin N-Oxyd pyridin

Amin thom bac nh4dt bi oxy héa bang acid permonosulfuric (acid Caro
HOOSO,H) tao hop chat nitrosoaren Ar — N = O. Anilin bi oxy héa bang dung dich
KMnO, hoéc bicromat kali K,Cr,0, tao hgp chat 1,4-benzoquinon ho#c chit mau
"den anilin".

6.6. Phan tng thé ai dién tr vao nhan thom

Chtic amin 14 nhém thé loai I. Amin thom c6 phan ting thé vao nhan thom.

NH NH,
2 Br Br
+ 3Brp — + 3HBr
- Br
Anilin 2,4,6-Tribromanilin

Chitic amin quyét dinh sy dinh huéng vao nhan thom.

NH NH
2 Br : Br
©\ + 3Bn — + 3HBr
COOH COOH
Br
Acid m-aminobenzoic Acid 3-amino-2,4,6-tribromobenzoic
NH NH,
> _COOH al COOH

+3Cl, —> + 3HCI

. R Cl
Acid antranilic Acid 2-amino-3,5-diclorobenzoic

Nitro h6a amin thom bac ba cho hiéu suit cao trong moéi truong acid acetic.

N(CH5), N(CH,), N(CHy), N(CH&)(Q)
HNO3 NO, 2
- + +
CH3COOH
NO, NO,
N,N-Dimethylanilin 2-Nitro-N,N-Dimethylanilin 2,4-Dinitro-N,N-Dimethylanilin

Ap dung phan tng Vilsmeier dé dua chtc aldehyd vao amin thom bac ba.
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N(CHy),

N(CHy),
1-POCl3
+ HCON(CH S ——
(CH3) 2-H>O
Dimethylformamid CHO
DMF p-Dimethylaminobenzaldehyd

Khi thuc hién phan tng thé ai dién ti vao amin thom, ngudi ta thuong phai
bao vé chiic amin bang su acyl héa nhém amin.

NH, NHCOCH, NHCOCH, NH,
Br Br
CH3;COOH Br
— —2 _HC| NaOH
CH3;COOH Alcol
CH, CH, CH, CH,
4-Methylanilin 2-Brom-4-methylanilin

6.7. Tach loai nhém amin - Phan (rng tach loai Hofmann

Amin don gian RNH, khéng bi tach loai chtic amin. Chuyén amin vé dang
hydroxy amoni bac 4 [(R),N]*OH". Duéi tac dung ctia nhiét do, hydroxy amoni bac
4 bi nhiét phén tao amin bac 3 va alken.

o~ &t
HO™ + H-CH~CHy-NR; —[ HO-H--CH,*CH;"NR; | — HOH + CHy=CH, + NRj

Phan ting tach loai nay goi 14 phan tng tach loai Hofmann.

N(CH3)3 N(CH,),0H"
CH3I
+ N(CH3)3 +H,0
K5>CO3 1200

Khi tach loai dé tao alken phéi theo quy tic Hofmann 14 tach hydro é nhém
CH, d& hon hydro 6 nhém RCH,

+ ;
CH, N(CH;); OH CH, CH,
ij A ij * + NCH3)3 +Hy0
99% 1%

6.8. Mot s6 phan tng khac clia amin

Amin bac nhit tac dung véi sulfur carbon tao acid dithiocarbamid thé &
nguyén ti nitc RNH -C(S)-SH, dan xuit thé ctia thiouré, thé& 6 nguyén tu nito
RNH -C(S)-NHR.

7. AMIN CHUA NO CO MOT LIEN KET DOI - ENAMIN

Chtic amin gén truc tiép véi carbon c lién két d6i -C=C-NH, goi 1a enamin.
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Cac enamin thuong khong bén va c6 dang hé bién (mesomer) imin C =N-

oS
O =0

Enamin Imin

Khi nguyén ti nito clia enamin 1a amin bac ba thi enamin bén (khéng cé su
hé bién). Enamin bac ba c6 thé diéu ché:

5.9

Cyclohexanon Pyrolidin N-(1-cyclohexenyl) pyrolidin

Enamin rat nhay cadm trong méi truong acid va dé phan huy thanh hgp chat
carbonyl va amin.
+
+ H30 — + H/N\H

Cac enamin c6 tac dung lam cho nguyén ti carbon 6 vi tri C B ¢6 tinh 4i nhan.
GMR,

SR

Vi vy enamin tac dung v6i alkylhalogenid xay ra & vi tri B.

G R N
X +
+ CHy=CHCH,Br —» —\>/\© + N Br
H0 H H

2-allylcyclohexanon

8. AMIN BA CHUC - POLYAMIN

Céac amin da chic ¢6 nhiéu ung dung 6 dang mach thing hay vong.

NH,-CH,-CH,-NH,  Ethylendiamin p-Phenylendiamin
NH, NH,
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NH,

o-Phenylendiamin H—N N—-H Piperazin
NH, \_/

H,N NH, NH,

m-Phenylendiamin 1,8-Diaminonaphthalen
N, o

Céac polyamin thé hién céc tinh chit dic trung ctia amin.

o-Phenylendiamin tac dung v6i acid nitre tao hgp chat vong benzotriazol.

NH, N
+ HNO, —» N,N +2Hy0
NH, p

o-Phenylendiamin Benzotriazol
BAI TAP
1. Amin ¢6 CTPT C,H,;N, CiH;N
a. Viét cong thiic cAu tao ctia cac amin.

b. Goi tén cac amin d6 theo danh phap thong thuong va IUPAC (amin la tiép
Vi ngii, tiép dau ngii).

2. Amin thom c¢6 CTPT C,H,;N.
a. Viét CTCT cac amin thom.
b. Goi tén cac amin d6.
3. Hay diéu ché cac amin theo phuong phap Gabriel.
a. Diéu ché n -butylamin ti n -butylbromid.
b. Piéu ché benzylamin tit toluen.
4. Viét phuong trinh phan {ing ctia cac chat sau day véi acid nitro (NaNO,+ HCI).
a. n-pentylamin, o-toluidin, f-naphtylamin.
b. ethylisopropylamin, N-ethylanilin. N-methylcyclohexylamin.
c. N-methyl, N-ethyl-p-toluidin.
5. C6 cac chat sau: Anilin, p-aminophenol, 2-cyclohexenamin.
Cho cac chat dé 1an lugt tac dung véi cac chat sau:
a. Acid acetic
b. Acroleylclorid
c. Benzensulfonylclorid.
d. Acetylbromid.
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e. H,0,

6. Thuc hién phan tng chuyén vi Hofmann cta cac chit sau:
a. CH,;(CH,),CH,CONH,.
b. C¢H,CH,CONH,
c. CH,=CHCH,CH,CONH,

7. Viét cac phan ting trong cic truong hgp sau:
a. N,N-dimethyl -2-pentanamin, CH;I, Ag,0O, nhiét do
b. N,N-dimethyl -1-octanamin, CH;I, Ag,0, nhiét do
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Chuong 23

CAC HOP CHAT KHAC CHUA NITO

MUC TIEU

1. Gidi thich duoc su hinh thanh cdc loai hop chdt nitro, isocyanat, uré, diazo.

2. Néu dugc mot s6 hoéa tinh chiu yéu cua ching.

3. Néu dudc mét s6 ing dung ctia dgn chdt nitro trong téng hop hitu co.

NOI DUNG

Ngoai hdp ch&t amin con c6 mot s6 nhém chiic khac chiia nito dude trinh

bay trong bang 23-1.

Bang 23. Cac nhdém chic chla nito

Cau tao Nhém chirc Vi du
R-NO, Nitro Ce¢HsNO, Nitrobenzen
R_N=C=0 Isocyanat CsH;NCO Phenylisocyanat
R_NHCOOR Uretan,carbamat CsHsNHCOOCH;, Methyl,N-Phenylcarbamat
R_NHCONH_R' Ure H,NCONH, Ure
R_N=N=N Azid CH,;CH,N, Etylazid
R_N=N_R' Azo CsHsN=NC¢H; Azobenzen

Q Azoxy ? Azoxybenzen
R-NEN-R CoHsNEN—CeH,

R-NH-NH, Hydrazin CgHsNHNH, Phenylhydrazin
R[N=NJ* Diazoni [CeHsN=NT*CI- BenzendiazoniClorid
R,C=N, Diazo CH,=N, Diazometan
R—_CONH, Amid CH,CONH, Acetamid

1. HOP CHAT NITRO

Hop ch4t nitro aliphatic tuong déi it gdp. Hop chat nitro cua hydrocarbon

thom c6 nhiéu ting dung 1am nguyén liéu dé diéu ché& amin.

304




1.1. C4u tao chirc nitro

N

I
|
Z,

o

A

Chiic nitro 12 nhéom hut dién ti, c¢6 hiéu tng - C va - I
1.2. Nitroalkan (R-NO,)
Nitroalkan dugc diéu ché& bang phuong phéap nitro héa alkan theo co ché goc.

400°C
CH4 + HNO3 — CH3N02 + Hy

Trong phong thi nghiém c6 thé diéu ché nitroalkan bing phan tng thé giia
hop chat alkylhalogen va mudi nitrit.
! o,
CH;(CH,)sCHCH; + NaNOy ——  CH,(CH,);CHCH;, + Nal
2-Todooctan 2-Nitrooctan

Hop chat nitroalkan c6 tinh acid.

CH3NO,  pKa=102 CH3CHCH3  pKa=738
NO,

Ciing nhu acid carboxylic va ceton, hgp chat nitroalkan cé tinh acid yéu.
Base lién hop ctia nitroalkan 12 nhiing ch&t bén va c6 cong thtic giéi han nhu sau:

O 0 0" s
+¢ - +¢ - + - + O
— + — /
CH; N\O _— H" +| CH, N\O S~ CHZ_N%O <— CH,=N ~
. . o=
Nitrometan ( acid) Carbanion , anion nitrometan (Base lién hgp)

Anion nitroalkan la tadc nhén 4i nhén (c6 tinh ai nhan), do d6 cac nitro alkan
tac dung v6i aldehyd theo kiéu aldol héa.

OH
CH3(CHp)7CHO + CH3NO, H—O> CH3(CH2)7éHCH2N02
Nonanal 80% 1-Nitro-2-decanol

Cac B-hydroxynitro ctia hydrocarbon thom bi dehydrat (loai nuéc).

O
HO -
@CHO + CH3NOy — CH- CHyNO, — Cri=Cu- NO,
p
p -Hydroxy phenylnitroetan —Nitrostyren
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1.3. Nitroaren (Ar-NO,)
1.3.1. Diéu ché nitroaren

Phan tng thé &i dién td 14 phuong phap cd ban dé diéu ché hop chat
nitroaren. Trinitrobenzen dudgc diéu ché tit trinitrotoluen (TNT).

CH, NO COOH “
NO NO NO
2 2 Na2Cr207 NOZ 2 A 2©/ 2
R e g A
HpS804 45-550C -CO
NO, NO, 2 NO,
TNT Acid Picric 1,3,5-Trinitrobenzen

1.3.2. Cdc phan ung cua nitroaren

Nhém nitro bén viing v6i cac acid, cac chat oxy héa va cac tac nhan ai dién
tu. Phan ting quan trong cua hgp chit nitroaren l1a phan tng kht tao amin.

Ar-NO, SHL ArNH; +2H,0

Phan tdng kht héa nitroaren qua nhiéu giai doan, tao nhiéu san phdm trung
gian va phu thudéc méi truong phan dng.

e Trong moi truong acid

NO, NHOH NH,
© 2e” + 2Ht © 22"+ 2H + 2H* som 4+ 2H+
e
HQO -H20 -HyO
Nitrobenzen Nitrosobenzen  Phenylhydroxylamin Anilin

e Trong moi truong trung tinh
Khti héa trong méi trudng trung tinh tao thanh arylhydroxylamin 1a cht yéu.

e Trong moi truong kiém.

Khtt héa trong moéi trudng kiém tao thanh cac san phdm trung gian.

N= Ii@ Azoxybenzen 85%

”(C2H50)3P H,0, ,CH3COOH , 65°

Zn
N N
NaOH A @ Azobenzen  84-86%

AsyO3
—= - 5

NaOHA
NO,

Pd/C H,5NNH,, khong khi

H,NNH»

—, Hydrazobenzen 80%

Céc san pham trung gian nay trong méi trusng acid déu tao thanh anilin.
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Dan xudt nitroaren c6 tGng dung trong duge phdm la chloramphenicol.
Chloramphenicol ¢6 2 nguyén ti carbon bat dé1 xting cau hinh threo va erythro.

CH,OH CH,OH
HCNHCOCHCI, HCNHCOCHCI,
HOCH HCOH

NO, Cloramphenicol NO,
Threo Erythro

2. ISOCYANAT, CARBAMAT VA URE
2.1. Isocyanat (R-N=C=0, Ar-N=C=0)

Isocyanat 14 muéi (ester) cta acid isocyanic H-N=C=0. Déng phan cua acid
isocyanic la acid cyanic H -O-C=N.
H-N=C=0 —> HO-C=N
Acid isocyanic Acid cyanic

Thay thé nguyén ti oxy bang nguyén td luu huynh thu dude acid
thioisocyanic

R-N=C=0 Ar-N=C=0 RO-C=N ArO-C=N
Alkylisocyanat  Arylisocyanat Alkylcyanat Arylcyanat

Isocyanat 1a san phadm trung gian trong phan tng diéu ché& amin (chuyén vi
Hofmann). Isocyanat tac dung v6i amin tao ure.

NCO
O/ + CHgNHg ——

Cyclohexylisocianat N-Metyl , N'-Cyclohexylure

o
N-C-N—CH,

Khi c6 m#t cua nudc, isocyanat tao thanh acid carbamic. Acid carbamic
khéng bén va phan hiy thanh amin tuong tng.

R-NCO + Hy0 —> R-NCOOH — R-NH, + COy
N-Alkyl isocyanat Acid N-alkyl carbamic Alkylamin

2.2. Carbamat - Uretan (HopN-COOR, RNH-COOAr)

Carbamat hay 1a uretan 12 ester ctia acid carbamic. Acid carbamic c6 cong
thiic cau tao HLN-COOH. Cac din xuit cua acid carbamic c6 cac dang:
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e Thay hydro cia nhém NH, bang cdc géc hydrocarbon

R Ar,
R—NH-COOH 'N-COOH Ar-NH-COOH _N-COOH
RY, Arl
Acid alkylcarbamic  Acid dialkylcarbamic Acid arylcarbamic  Acid diarylcarbamic

e Thay hydro cia nhém acid bang géc hydrocarbon thu dudc ester carbamat hay
uretan. Co6 cac loai ester carbamat (uretan):

H,N-COOR alkyl carbamat; H,N-COOAr arylcarbamat.

Isocyanat tac dung véi alcol tao ester carbamat

o
N=C=0 N—C—OCH,
(Y Veomon — (Y

Cyclohexyl isocyanat N-Methylcyclohexylcarbamat
Hop chat carbamat (uretan) c6 nhiéu ting dung lam thudc trit sau, diéu ché
cac polymer hay la polyuretan.
2.3. Ure (H,NCONH,)
C6 thé xem ure (H,NCONH,) nhu 14 amid cta acid carbamic (H,NCOOH)
Ure c6 cac dan xuat alkyl, aryl ure.
R-NHCONH-R' Ar-NHCONH-Ar'
— Thay thé oxy ctia ure bang S ta c6 thioure H,NCSNH,.
— Thay thé oxy ctia ure bang nhém NH ta c6 hdp chét guanidin - H,NC (NH)NH,
Cong thtic cdu tao cua guanidin:

H,N
AN
/C:NH
H,N

Guanidin c6 tinh base. Két hgp véi proton tao ion guanidin c6 cong thic giéi han:

HZN\ HZN\ + HzN\\ . HZN\ . .
= + _C=NH, <«— _C—NH, «— -.C—NH
H,N” N HE— HN ? H,N ? Hzli ’
Guanidin Ion guanidin

C6 thé xem cac acid isocyanic, acid carbamic, ure... 12 dAn xudt ctia acid
carbonic; Hydro hodc nhém OH ctia acid carbonic dude thay thé bdi cac nhém thé
tuong ting.
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3. HOP CHAT DIAZO VA MUOI DIAZONI
Hop chét diazo c6 coéng thic téng quat: R,C=N,

3.1. Diazometan (CH2=N2)

C4u tao dién ti cua diazometan chiing to nguyén ti carbon c6 tinh 4i nhan.

N+ M\ +
CHy=N,» CH,—N=N:<+— CH,=N=N:
Diazometan Diazometan
Diéu ché diazometan ti ester ethyl N -methylcarbamat (N-methyluretan).
CH; CH,
~ .
C.H O_C/NH Lw) /N_N=O HO" CHz_f\-IEN:
25 Xo -HO CszO_C%() - HCOj - CoHsOH

Ester ethyl N-methylcarbamat N-nitroso-N-methyluretan Diazometan

~ 2 R BN ~ . N . N . A .
Ciing c6 thé diéu ché diazometan tit aldoxim va cloramin. Mudi natri cua
formaldoxim tac dung véi cloramin tao thanh diazometan.

—_—

CHy=N-ONa + NH,CI CH,—N=N: + NaCl + H,O

Diazometan 14 tac nhan methyl héa.
Il
R-C-OH + CH;N; —— R-C-OCH; + N,

Diazometan dudc ding dé ting mot nguyén ti carbon trén mach nhanh.

S G: (5
+ CHhNp + + o
— CH,-N=N: —» QCH, —
-Np

Cyclohexanon Cycloheptanon
@ 0 @
CH,-C-Cl CH,—-C-CHN, CH,—C-CH,CI
©/ + CHHNy —— |: ©/ + HC]i| ©/ + Ny
83-85%

3.2. a-Diazoceton (RCOCH=N=N)

o-

+ - I +
C-CH=N=N: C=CH-N=N:
o

a—Diazoacetophenon

[ o
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3.3. Hgp chat mudi diazoni [Ar—N=N]*

Hop chat muéi diazoni ctia hydrcarbon thom bén viing 6 nhiét do thap < 5°C.
Mubi diazoni c6 nhiéu ting dung trong diéu ché cic nhém chiic khac nhau.

Céu tao dién ti ciia muéi diazoni:

O (PR O

3.3.1. Danh phdp mudi diazoni

1>

Tén hydrocarbon (hay tén géc hydrocarbon)+ diazoni + halogenid (sulfat)

CcH;N,ClI: Benzendiazoniclorid hay Phenyldiazoniclorid
p-CH,C,H,N,Br: p-Toluendiazonibromid hay p-Tolyldiazonibromid

3.3.2. Cdc phan ung cua muéi diazoni
C6 thé chia cac phan ting ctia hop chit muéi diazoni thanh hai loai:
— Phan tng giai phong phan ti N,
— Phan ting ngung tu khong giai phéng phan ti N,.
a. Phdn ung gidi phéng phén tiz N,
e Phdn ttng thuy phédn Ekhi c6 nhiét dé.
Dung dich muéi diazoni, khi c6 nhiét d9, tao thanh phenol va khi N,.

N+
NH, 2 . OH
Br| HSO
Br 4 +Hy0 Br
— e
A + Np
CH, CH; CH,

Phan {ing xay ra theo co ché& thé& 4i nhan SN,.
ArN,T >  Art + N,
Art + HL O — Ar-OH," + ArOH + H™*

Cation aryl c6 kha ning tuong tac véi cac chat ai nhan va tao thanh cac dan
xudt cua hydrocarbon thom.

e Phdn ung Sandmeyer. Diéu ché’ ArCl, ArBr, ArCN

Hop chat mudi aryldiazoni tac dung véi cac chdt CuCl, CuBr, CuCN tao ra
cac dan xuat hydrocarbon thom tuong ting goi 1a phan ung Sandmeyer.
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NH, N Cl

2 Cl-
NaNO», CuCl + Ny
HCI
CH, CH, CH,
NH, N2+ Br- Br -
Cl C
NaNO» CuBr
- > — + Np
HBr
NH, NS cl- CN
NaNO, CuCN
i — + Np
HCI 0-5°
CH, 5° CH; CH,
p-Toluidin p-Tolunitril

Qua cac phan tng trén chiing t6 muéi dong (I) c¢6 vai tro xtdc téc.

Br-,CuBr, A @
-Ny

Bromobenzen

v

NO, ,CuCl, A

+ -Np
N=N: —
CN",CuCN,A @CN Benzonitril
-Np

SCN-, CU2(SC1\£)2 A @SCN Benzosulfocyanid
=Ny "

Br
NO, Nitrobenzen

\

Hgp ch4t nitril thu duge 14 nguyén liéu dé diéu ché acid thom, amin thom.
e Phdn tng thé nhém diazoni bang nguyén ti hydro.
Acid hypophosphors H,PO, khii h6a muéi aryldiazoni thanh aren.

o 2memen
N=N: X" >
-Nr -HX -H3POy4

Phan tng trén c6 ¥ nghia trong téng hdp céc chit hitu co:

Khong thé brom héa truc ti€p acid benzoic dé thu dudc acid 2,4,6-
tribromobenzoic. Vi vay phai qua chiic amin dé dinh huéng brom vao vi tri thich
hop sau dé loai chtic amin qua muéi diazoni.
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COOH COOH COOH

B Br Br Br
e, N -
H>SOy4 T N, |HSOy4 -59¢
r

NH
Br 2 -59¢ Br

b. Phan &ng ngung tu khong giai phong phén ti N,

Ion aryldiazoni [ArN=N]* 1a tac nhéan ai dién tt, dé tac dung véi cac chat c6
tinh a1 nhan nhu phenol va amin thom.

e Ngung tu voi amin thom

O - Od @~ OO

p-Aminoazobenzen

Trube tién ion phenyldiazoni tuong tac vao nguyén ti oxy ctia phenol hodc
nguyén ti nito cua anilin, sau d6 c6 su chuyén vi va tao san pham.

Phan ting ngung tu caa aryldiazoni 1a cd sé dé diéu ché cac chit mau.

N .
O O @ Qe

4-Dimethylaminoazobenzen

4-Dimetylaminoazobenzen chinh 1a heliantin ch4t chi thi mau tng dung
trong héa phan tich. Cac chat mau rat phu thuoc vao do pH.

o Ngung tu vdi cdc phenol

OB Q@ - O yon

4-Hydroxyazobenzen

HO
$ 2 -
+
|:Na0384@*NEN:| + O - > Naogs@N:N + Ht
-naphtol Phi&m vang B-naphtol

c. Stz dung mudi diazoni trong téng hop cdc chdt hitu co.
Diéu ché p -nitrobenzaldehyd tit benzaldehyd qua nhiéu giai doan nhu sau:

Chtc aldehyd (formyl) dinh hudéng meta. Khong thé nitro héa truc tiép
benzaldehyd dé c6 p -Nitrobenzaldehyd ma chi thu dude m -Nitrobenzaldehyd.

312



CHO

CHO CHO CHO
HNO; Fe . HCI CH3COOH HNO3 H)SO4
H,SO4 NO, H0 NH, NHCOCH;,

CHO CHO CHO

NaOH Hy0 ©\ NaNOy HCI H3PO,
NHCOCH, NH, THO N -
NO, NG, Yo,

Chiic nitro chuyén héa thanh amin. Thay thé chiic amin bing cac chiic khac
qua giai doan diazo héa. Vi du:

CHO
1-HNO3,H>SOy
2-Fe, HCLH,O
3-NaNO, ,H»SOy4 , HyO
CHO CHO

CHO

e (FLN;—’ 9
/ CHO \
. Q,

BAI TAP
1. Goi tén cac chat ¢c6 CTCT sau:

a- Cl—@—Noz ; CH3ON02 ; NHz@Noz
b- WZQNCO ) NH24<:>7NCO ; CoHs-NCO

o e Oron: el
d- WZONH—NH@OCH3 ; CH3@NHOH

2. Tt benzen hay thuc hién cac phan tng c6 phan tng Sandmeyer dé diéu ché cac
chat: clorobenzen, bromobenzen, acid benzoic, benzylamin, o-aminophenol.
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Chuong 24
HOP CHAT CO LUU HUYNH VA PHOSPHOR

MUC TIEU
1. Doc duoc tén cdac hop chdt c6 S va P.

2. Néu duoc mot s6 tinh chdt héa hoc va #ng dung cia ching trong tong hop
hitu co.

NOI DUNG
1. HOP CHAT HUU CO €O LUU HUYNH
Cac loai hgp chat chiia luu huynh trinh bay trong bang 24-1

Bang 24.1: Céac loai hdp chét c6 luu huynh

Loai hgp chat Cdng thic Loai hgp chat Céng thirc
Thiol , Mercaptan RSH , ArSH Metanthiol, Methylmercaptan CH,SH
Sulfid RSR, ArSR Diethylsulfid C,HsSC,H;
R—S—R ) CH;—S—CH;
Sulfoxyd [l Dimethylsulfoxyd [l
o (0]
Acid sulfenic RSOH Acid1-propen sulfenic CH,—CH=CHSOH
Acid sulfinic RSO,H Metansulfinic CH,SO,H
Acid sulfonic RSO;H Metansulfonic CH,;SO;H
Sulfohalogenid RSO,Hal Benzensulfoclorid CHsSO,CI
Sulffonylhalogenid Benzensulfonylclorid
Sulfinylhalogenid RSOHal Metansufinylclorid CH,SOCI

1.1 .Thiol va sulfid

Thiol c6 Thioalcol R —SH va Thiophenol Ar -SH

Nhom chtc SH goi 1a chtic Thiol hodc mercaptan
Danh phap

— Goi tén hydrocarbon tuong ting va thém thiol.

— Goi tén gbc hydrocarbon tuong ting thém mercaptan

Déi v6i Thiophenol: Cé thé goi Thio + tén ciia phenol c6 s6 carbon tuong tng
hoéc Mercaptoaren.
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Vidu:

CH,CH,SH Etanthiol Ethylmercaptan .
HSCH,CH,SH 1,2-Etandithiol 1,2- Ethylendimercaptan
CsH,SH Thiophenol Mercaptobenzen
CH, CH,-SH
@ 2- Thiocresol . ©/ Phenylmetanthiol
SH 2-Mercaptotoluen Benzylmercaptan

Do dai lién két va goc lién két trong metanthiol duge trinh bay duéi day:

H Do dai lién két (A°) Géc lién két (°)
H"EC_ S C-H oo 1,10. H-SH w.oooonee 110,2
H H  SH 1,33 H-S-S .ccccccc 108
Metanthiol C=S oo 1,82. C-SH oo 100,3

Sulfid c6 céng thic R —S—-R'. C6 thé xem hgp chat sulfid nhu 1a hgp chat
ether, trong dé nguyén ti oxy dugdc thay thé bdi nguyén ti luu huynh.

Danh phdp: Goi tén cac goc hydrocarbon tuong ting va thém sulfur.
CH,CH,-S-CH,CH, Diethylsulfid .
C¢H:CH,-S-CH,CH;  Ethylbenzylsulfid.
p-CH,C;H,—S—-CzH; Phenyl p-tolylsulfid

Do dai lién két va goc lién két cia dimethylsulfid trinh bay duéi day:

H Db dai lién két (A°) Géc lién két (°)
_-C—S
7 \ (o = I 1,00. H-S—H wooeoee... 109,5
H _C-H
g C=S oo, 1,80 H-S=S ..cooo.... 106.7
Dimethylsulfid C—S—H .coovuenn. 98,9

Cac hgp chat thiol va sulfid c6 nhiéu ting dung trong y dugc, cong nghiép va
néng nghiép. Trong héa hoc cac hop chat thiol ¢ nhiéu tng dung trong tong hgp
hiiu co.

1.2. Acid sulfonic
Acid sulfonic chtta nhém chtc -SOgH .

Co cac loai acid sulfonic R-SOgH , Ar-SOgH
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1.2.1. Danh phap

Doc tén hydrocarbon tuong ting va thém "sulfonic "

0 9
CH,CH,CH,—S-OH 5 OH
O 0
Acid 1- Propansulfonic Acid Benzensulfonic

1.2.2. Piéu ché acid sulfonic

Bang phuong phap sulfon héa hydrocarbon tuong tng.

Diéu ché cac dan xuat cua acid sulfonic ciing giong nhu diéu ché& din xuat
cua acid carborcylic.

Vidu: Ar-SO;H + PCl; —— Ar-SO,Cl + POCI; + HCI
Ar-SO,C1 + NH; —— Ar-SO,-NH, + HCI
Ar-SO,C1 + ROH —— Ar-SO,-OR + HCI

1.2.3. Acid sulfonic va cdc dan xuat

Bang 24.2: Danh phap, tinh chat vat ly clia acid sulfonic va dan xuat

Cong thuc Tén goi t°c t°s
CH,-SO;H Acid Metansulfonic 20,0 167
CH,CH,-SO;H Acid Etansulfonic -17,0 -

Acid Benzensulfonic 44,0 -
D)oo
Acid p-Toluensulfonic 106.5 -

Acid o-Toluensulfonic 67,5 -
SO,H
SO,
Acid a-Naphthalensulfonic 91,0 -

SO,H
Acid -Naphthalensulfonic 102,0 ;

CH,SO.CI Metansulfonylclorid - 160
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Bdng 24.2 (tiép)

Cong thuc Tén goi t°c t°s

Benzensulfonylclorid 14,5 246
@—50201

p-Toluensulfonylclorid 69,0 -
CH3—©—502C1

SO,Cl

a-Naphthalensulfonylclorid 68,0 -
SO,Cl
B-Naphthalensulfonylclorid 76,0 -

Benzensulfonamid; Benzensulfamid 156,0 -
Oy

a-Naphthalensulfonamid ;

SO,~NH,

a-Naphthalensulfamid - -
Ester methyl p-toluensulfonat 28 -
CH3—<;>7802—OCH3

$0,-0C,Hs

Ester ethyl a-naphthalensulfonat - -

Céc phan ting caa hop chét sulfonic duge tng dung trong téng hop héa dugc.

Téng hop cdc loai sulfamid trén co sé phdn #ng:
Ar-S09-Cl + H;N-R' — Ar-SO,-NH-R' + HCl

Su phong phu ctua cac hdp chat sulfamid 1a do géc Ar khac nhau. R'ciling
khac nhau va c6 nhiéu loai khung hydrocarbon khac nhau.

Trong sulfamid nguyén t& hydro trong NH, NH, c6 thé thay thé cac nguyén t&
khac lam tang kha ning ting dung cta sulfamid trong nhiéu linh vuc khac nhau.

Cloramin T va Dicloramin T c¢6 tac dung sat trung:
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CH,

NaOClI ( HO") .
—>H G Cloramin T
CH, CH, CH; 2
© + HOSO,CI +NH3 SO,NCI Na
—> EEE— -
-HCl -HCI CH,
SO,NH
SOZCI 2 2 2 NaOCl
—_—
-2NaOH Dicloramin T
SO,NCI,

Acid o-Toluensulfonic 1a nguyén liéu diéu ché saccharin (dudng héa hoc) :

CH; 5 PCls COOH

*+NHy 3[0 KMnOy cQ
—POC]3 HCI _HCl -H20 -H20 /NH
SOH SO,CI SO,NH, SO,NH, SO,

Saccharin

Saccharin 12 imid cta acid 2-carboxybenzensulfonic hodc imid ctua acid
o-sulfobenzoic. Saccharin c6 do ngot gap 550 lan d6 ngot cua dudng saccharose.

2. HOP CHAT CHUA PHOSPHOR
Cac hop chat hiiu co chiia phosphor nhu 14 dan xu4t cta cac hop chat sau:
Phosphin PH,
Phosphoran PH..
Acid phosphinic (H;PO,) HOH,P=0
Acid phosphonic (H,PO,) (HO),HP=0
Acid phosphorag (H,PO,) (HO),P
Acid phosphoric (H,PO,) (HO),P=0
Acid pyrophosphoric (H,P,O,) (HO),P(O)-O-(0)P(OH),
Ngudi ta chia hop chat hiiu co chtia phosphor thanh 2 nhém:
— Hop chit c6 nguyén ti phosphor lién két truc tiép véi nguyén ti carbon P —C .
— Cac hgp chit nguyén tii phosphor khoéng lién két truc tiép véi carbon P -O-C

2.1. Phosphin
Gidng hop chit amin, phosphin ¢6 3 loai:
Monoalkyl RPH, Dialkyl R,PH Trialkylphosphin R,P
CH,CH,PH, (CH,CH,CH,CH,),PH (C¢Hj5)sP
Ethylphosphin Di n-butylphosphin Triphenylphosphin .

C6 thé diéu ché triphenylphosphin tit hop chit c magnesi.
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2.2. Cac alkyl cta acid chita phosphor

2.2.1. Acid dialkylphosphinic

(I)H | 2[ O] (IDH
R—1|3:O CH,CH,—P ———  CHCHP=0
R’ CH,CH, CH,CH,
Acid Dialkylphosphinic Diethylphosphin Acid Diethylphosphinic
2.2.2. Acid Alkylphosphonic
H
(I)H | 3[ O] (I)
R-P=0 CHCH,~P ———  CH,CH~P=0
OH H OH
Acid Alkylphosphonic Ethylphosphin Acid Ethylphosphonic
2.3. Cac ester cua acid chira phosphor
2.3.1. Ester cua acid phosphonic
OR OCH,CH,8
R—li—’ZO CH3CH2—1i—’=O
OR" OCH,CH,

Ester dialkyl ctia acid alkylphosphonic
Ester dialkyl alkylphosphonat

2.3.2. Ester cua acid phosphor

OR'

I CI)CHZCH3
P—OR P—OCH,CH,
OH OH

Ester Dialkylphosphit Ester diethylphosphit

2.3.3. Ester cua acid phosphoric

.
RO—II’ZO
OR"
Ester Trialkylphosphat

2.3.4. Ester cua acid pyrophosphoric

IOR, |ORVII
RO—IPI—O—lfl’—O "
O

Ester Tetraalkylpyrophosphat

Ester diethyl cda acid ethylphosphonic
Ester diethyl ethylphosphonat

OR' OCH,CH,
P—OR P—OCH,CH,
OR" OCH,CH,

Ester trialkylphosphit  Ester Triethylphosphit

(I)CH2CH3
CH3CH20—II’=O
OCH,CH,4
Ester Triethylphosphat

CHO  OCH;
C,H;0—P—0—P-O0C,H;
o)

Ester Tetraethylpyrophosphat

319



320

S A A

9.

TAI LIEU THAM KHAO

E.Angeletcu - Nhitng vdn dé ly thuyét cia Hod hitu co - Rumani -
Bucarest, 1969.

Clayden, Greeves, Warren, Wothers - Organic chemistry - Oxford, 2001
I.L.Finar - Organic chemistry, 1969

Boyd Harrisson - Organic chemystry, 1999

Jerry March - Advanced organic chemistry - Wiley, 1992

C.D. Neninetscu - Hod hoc hitu co - Nga - Matxcdva, 1963

Tran Quéc Son - Co sd ly thuyét Hod hitu co - Nha xuat ban Giao duc, 1974

Phan Téng Son, Tran Qudc Son, Piang Nhu Tai, Co s¢ Hod hoc hitu co -
Ha No6i, 1976 - 1978.

Streitwieser, Heathcock - Introduction a la chimie organique, 1995

10. Lé Van Théi - Hod hoc ldp thé hitu co - Bd Van hoa Giao duc va Thanh

nién, 1974

11. http:// www.uis.edu - University off lllnois

12. http:// www.ouc.bc.ca/chem


http://www.uis.edu/

	Hoá hữu cơ (Hợp chất hữu cơ đơn chức và đa chức) tập 1
	Lời nói đầu
	Mục lục
	Mở đầu
	Chương 1 Cấu trúc điện tử của nguyên tử Carbon và sự tạo thành các liên kết trong hợp chất hữu cơ
	Mục tiêu
	Nội dung
	Cấu trúc điện tử của nguyên tử carbon
	Thuyết carbon điện tử
	Cấu trúc điện tử của nguyên tử carbon

	Sự tạo thành các liên kết
	Sự tạo thành liên kết cộng hoá trị
	Liên kết trong các hợp chất hữu cơ
	Tính chất của các liên kết
	Sự tạo thành liên kết yếu hơn liên kết cộng hoá trị


	Bài tập

	Chương 2 Các hiệu ứng điện tử trong hoá hữu cơ
	Mục tiêu
	Nội dung
	Hiệu ứng cảm ứng
	Hiệu ứng liên hợp
	Hiệu ứng siêu liên hợp

	Bài tập

	Chương 3 Cấu trúc phân tử hợp chất hữu cơ đồng phân và cấu dạng
	Mục tiêu học tập
	Nội dung
	Đồng phân phẳng
	Đồng phân lập thể - đồng phân không gian

	Bài tập

	Chương 4 Khái niệm Acid - Base trong hoá hữu cơ
	Mục tiêu học tập
	Nội dung
	Khái niệm Acid - Base theo Bronsted - Lowry (1923)
	Khái niệm Acid - Base theo Lewis (1923)
	Hằng số cân bằng Acid - Base
	Yếu tố ảnh hưởng đến tính Acid - Base của chất hữu cơ

	Bài tập

	Chương 5 Các loại phản ứng trong hoá hữu cơ và khái niệm về cơ chế phản ứng
	Mục tiêu học tập
	Nội dung
	Các loại phản ứng trong hoá hữu cơ
	Khái niệm về cơ chế phản ứng


	Chương 6 Các phương pháp hoá học và vật lý xác định cấu tạo chất hữu cơ
	Mục tiêu học tập
	Nội dung
	Phương pháp hoá học
	Phương pháp vật lý


	Chương 7 Alkan - Hydrocarbon no
	Mục tiêu học tập
	Nội dung
	Nguồn gốc thiên nhiên - cấu tạo, đồng phân, cấu dạng
	Danh pháp
	Phương pháp điều chế alkan
	Tính chất lý học
	Tính chất hoá học
	Chất điển hình

	Bài tập

	Chương 8 Cycloalkan
	Mục tiêu
	Nội dung
	Monocycloalkan
	Hợp chất đa vòng

	Bài tập

	Chương 9 Alken - Hydrocarbon Etylenic
	Mục tiêu học tập
	Cấu tạo của alken
	Đồng phân
	Danh pháp
	Phương pháp điều chế
	Tính chất lý học
	Tính chất hoá học
	Chất điển hình
	Bài tập

	Chương 10 Alkyn - Hydrocarbon Acetylenic
	Mục tiêu học tập
	Cấu trúc điện tử
	Danh pháp và đồng phân
	Phương pháp điều chế
	Tính chất lý học
	Tính chất hoá học
	Chất điển hình
	Bài tập

	Chương 11 Aren - Hydrocarbon thơm
	Mục tiêu học tập
	Benzen và nhân thơm
	Danh pháp và đồng phân
	Phương pháp điều chế
	Tính chất lý học
	Tính chất hoá học
	Bài tập

	Chương 12 Hydrocarbon đa nhân thơm
	Mục tiêu học tập
	Nội dung
	Cấu tạo và danh pháp
	Biphenyl
	Biphenylmetan và triphenylmetan
	Naphthalen
	Anthracen
	Phenanthren

	Bài tập

	Chương 13 Hệ thống liên hợp và Alkadien
	Mục tiêu
	Nội dung
	Hệ thống Allylic
	Dien
	Hệ thống liên hợp bậc cao
	Phản ứng Diels - Alder

	Bài tập

	Chương 14 Dẫn xuất halogen
	Mục tiêu
	Nội dung
	Danh pháp
	Đồng phân
	Phương pháp điều chế
	Tính chất lý học
	Tính chất hoá học

	Bài tập

	Chương 15 Hợp chất cơ kim
	Mục tiêu học tập
	Nội dung
	Cấu tạo
	Danh pháp
	Tính chất lý học
	Phương pháp điều chế các hợp chất cơ kim
	Các phản ứng của hợp chất cơ kim

	Bài tập

	Chương 16 Alcol
	Mục tiêu học tập
	Nội dung
	Monoalcol
	Alcol chưa no
	Alcol vòng
	Polyalcol - alcol đa chức

	Bài tập

	Chương 17 Phenol
	Mục tiêu học tập
	Nội dung
	Monophenol
	Polyphenol

	Bài tập

	Chương 18 Ether
	Mục tiêu học tập
	Nội dung
	Ether mạch mở
	Ether vòng

	Bài tập

	Chương 19 Aldehyd, ceton và quinon
	Mục tiêu
	Nội dung
	Cấu tạo
	Aldehyd và ceton
	Aldehyd - ceton chưa no
	Quinon

	Bài tập

	Chương 20 Acid carboxylic
	Mục tiêu học tập
	Nội dung
	Cấu tạo
	Danh pháp
	Phương pháp điều chế
	Tính chất lý học
	Tính chất hoá học
	Acid carboxylic chưa no
	Acid đa chức - polyacid

	Bài tập

	Chương 21 Các dẫn xuất của Acid carboxylic
	Mục tiêu
	Nội dung
	Ester
	Anhydrid acid
	Ceten
	Halogenid acid - acyl halogenid
	Amid
	Nitril

	Bài tập

	Chương 22 Hợp chất Amin
	Mục tiêu
	Nội dung
	Cấu tạo
	Danh pháp
	Điều chế
	Tính chất lý học
	Tính base của amin
	Các phản ứng của amin
	Amin chưa no có một liên kết đôi - enamin

	Bài tập

	Chương 23 Các hợp chất khác chứa nitơ
	Mục tiêu
	Nội dung
	Hợp chất nitro
	Isocyanat, carbamat và ure
	Hợp chất diazo và muối diazoni

	Bài tập

	Chương 24 Hợp chất có lưu huỳnh và phosphor
	Mục tiêu
	Nội dung
	Hợp chất hữu cơ có lưu huỳnh
	Hợp chất chứa phosphor


	Tài liệu tham khảo




