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1. Phan tng hiru co: 10i mé dau
Céc hop chét hitu co trai qua nhidu phan ung khac nhau. Trong phdn @ng thé (substitution reaction), mot nguyén tu,
mdt ion hay mot nhom trong phan tir dugc thay thé bang nhém khac. Pay 1a mot s6 vi du vé phan tng thé:
CHsCl + NaOH —225 CH;OH + NaCl

CH,),CO
&) 0
A

(CHy)+CBr + H,0 — (CH3),COH + HBr

CeHg + HNO; —22, C.HsNO, + Ho0

Trong mdi phuong trinh, dung moi sir dung dugc ghi trén miii tén. Trong phan (mg dau tién, nguyén tir Cl trong phan tir
CH;CI dugc thay thé boi nhém -OH. Trong phan tng thir hai, Br trong phan tir (CH3);CBr dugc thay thé boi nhom -OH, va &
phan tng thir ba, nguyén tir H trong phéan tir C¢He dugc thay thé boi nhom -NO,. Mic du mdi phan tmg déu 1a phan tng thé
nhung ching xay ra theo cac co ché khac nhau

Trong phén g cdng (addition reaction), mot phan tir cong vao ndi ddi hay ndi ba ciia mot phan tir khac. Sau day la
hai vi du:

H H

ccl,
H,C==CH, + Br, —— H—C—C—H

Br Br
HC=CH + HBr — H,C=CHBr
Trong phan wng tach loai (elimination reaction), cac nguyén tir hodc nhém nbi v6i nguyén tir bén canh bi tach loai

dudi dang mot phan tir nho. Thong thuong, phan tmg tach loai dan dén bac cua ndi giita hai nguyén tir ké cén ting, nhu cac

phan tng dudi day:
H H
| H,S0,
H—C—C—H —— H,C=—=CH,+ H,0
OH H
H Br

H—C—C—H — H—C==C—H+ 2HBr

Br H
Phan tng dau tién minh hoa ring alkene c6 thé dugc diéu ché tir alcohol (ROH). Phan ting thtr hai, trong d6 hai phan tir
HBEr bi loai va tao ra alkyne, 1a mdt vi du cua phan {rng tach loai hai lan.
Khi mot phan tir hiru co thuc hién phan éng chuyén vi (rearrangement reaction) (hay phan tmg dong phan hoa

isomerization reaction), khung suon carbon ciia phan tir dwoc sip xép lai.
H H H  CHs
HsC  CHs H  CH,

Br
| A —
H3C—CH-CH=CH, ——> H3C—CH=CHCH,Br

Vi du 2.1: Xac dinh loai phén &ng hiru co
Cac phan g sau 1 phan tng thé, phan tng cong, phan tng tach loai hay phan tmg chuyén vi. (Trong mdi phuong

trinh sau, H" va Pb la xuc tac).
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O o}
PN

a) (HsC),HC” “ONa + CHsBr — (HsC),HC™ “OCH; + NaBr

HyC R ~CHs
b) P =

+

c) 2 CH3OH %’ CH30CH;  + HyO

+

A

d) cyclohexanol cyclohexene + H,O

Pb
e) 2-butyne + 2H, — butane

© (a) Boi vi nguyén tir Br trong CH;Br duoc thay thé bai nhém (CH;),CHCOO nén phan ting a 1a phan tng thé.

(b) Phan ting c6 sy thay ddi khung suon cau tric (cu tao) nén phan tng b 1a phan (g chuyén vi.

(¢) Khi viét phuong trinh phan tmg ra CH;0H + CH;OH — CH;OCH; + H,0, chiing ta thdy nhém -OH & mot phan tir
dugc thay thé boi nhom CH;O- . Phan tmg ¢ 1a phan tmg thé.

OH
H*
(d)O/ A O + 0

Phan tmg tach loai OH va H tir hai nguyén tir carbon ké can & cyclohexanol. Vi vay phan tmg d 1a phan tmg tach loai.

(e) Trong phan tmg ndy, alkyne chuyén héa thanh alkane. Nguyén tir H duoc cong vao ndi ba nén phan tng e 1a phan

ung cong.

Pb
HsC—C=C-CH3 + 2H; ——> CH3CH,CH,CH;

Vi du A: Céc phan tng sau 13 phan mg thé, phan ng cong, phan tmg tach loai hay phan tng chuyén vi.

Br
a)© +Br2m’©/ + Her
0 OH
y A — A
0 +  OH
o A+ CHiCHOH K/&’OCHcha

Vi du B: Phén loai cic phan (g sau 1 phan tng thé, phan tng cong, phan tng tach loai hay phan tmg chuyén vi.

a) CchHchchzBr + (CH3)3CO_K+ —_— CH3CH2CH:CH2 + KBr + (CH3)3COH

b) @onu + N(CH,CH3); — @CH2N+(CHZCH3)3 + Cr

©) CH3CH,C=CNa* + CHsCH,Br ——> CHz;CH, C=CCH,CH; + NaBr

2. Gi6i thiéu vé phan ing thé thian hach

Trong phdn nay, chung ta s& xem xét cac dic trung quan trong ctia phan tng thé 1ién quan dén cac hop chét trong d6 cac
nhém chirc dugce ndi véi carbon lai hoa sp’. Ching ta s& tap trung chii yéu vao phan tng thé haloalkane. Trong mét haloalkane,
nguyén tir carbon ndi véi halogen lai hoa sp’. Véi nhitng thay doi thich hop, cac khai niém hoc trong phan nay co thé dugc sir
dung dé hiéu phan ting thé cua cac hop chat khac.

Vi du: su thay thé ciia nguyén tir Cl trong CH;C1 boi nhém "OH tao ra methanol

CH;Cl1+ HO™ — CH;0H + CI'

Loai phan tng nay 14 phan dng thé than hach (nucleophilic substitution reaction), béi vi ion hydroxide 14 chit than

hach (nucleophile) - chit tim kiém cac tim c6 mat do dién tir thap trong phan tir. Chét than hach giau dién tir va nd cho doi

dién tir cho phan tir khac. Nguyén to C trong CH;Cl dugc xem nhu thiéu dién tir vi nguyén tor Cl kéo mat d dién tur ra xa
3
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nguyén tr C; nguyén tir C dugc goi la than dién tir. Chat than dién tir (electrophile) 1a chat bi tin cong bai chit than hach va
nhan doi dién tir. Chit than dién tir chira nguyén tir thiéu dién tir. Trong phan ng trén, ion hydroxide tin cong vao nguyén tir C
thiéu dién tu, thay thé ion chloride, ion CI” dwgc goi 1a nhém xuit (leaving group).

Chat than hach, thuong duogc viét tit 13 Nu, co thé mang dién tich Am hay trung hoa dién, nhung mdi chat than hach
phai chira it nhat mot doi dién tir khong dung chung. Chat than hach 1a base Lewis. Phan tmg thé than hach cua haloalkane

dugc mo ta theo mot trong hai phuong trinh téng quét sau:

[+ .o |

Nut + —C—Xt — Nu—C— + :X: (27.2a)
Nucleophile Electrophile Leaving group

(substrate)

Nu: + (|‘,6X:8 —_— NU—L‘T— + Xy (27.2b)
|

Nucleophile Electrophile
(substrate)

Trong phan tmg thé than hach, ndi (mau xanh) giira carbon va nhom xuat bi bé giy va ndi méi (mau do) duge tao thanh
béng cach st dung d6i dién tir chua lién két cua chit than hach. Cép electron tir ndi bi bé gy tro thanh do6i dién tr c6 1ap &
nhom xuét. Su can béng wu dai su tao thanh san phém thé néu nhom xuét 12 base yéu hon chit than hach.

Phan g thé cta haloalkane xay ra qua mot trong hai co ché. Trudc khi kiém tra cac co ché, ching ta cing xem xét
mot s6 phan tmg thé than hach cuy thé sau day:

Nat [CH,C=C3]™ + Cﬂf‘,lliz —is:r:8 CH,CH,—C==CCH, + :Br:
B a
Trong phan rng nay, ion CH;C=C" la chét than hach va CH;CH,Br 1a chét than dién tir. Carbon o thiéu dién tir (3+), 1a

nguyén tir cia chét than dién tir bi tAn cong boi chét than hach. B&i vi ca hai chét than hach va nhom xuét déu la base Lewis,
nén ching ta cé thé dung khai niém acid-base dé thiét 1ap phan trng trén. Ion CH3C=C" ¢ dién tich am ¢ trén C, mot nguyén tur
rat nho khi so sanh vi Br, vi vay CH;C=C" 1a base manh hon Br. Boi vi phan tmg tao ra base yéu hon nén phan tng xay ra
nhu da viét.
Nguoc lai véi vi du trén, phan tmg thé sau khong xdy ra vi ca hai phan g déu tao thanh base manh hon nucleophile:
HO + H;C—H —= H;C—OH + H (H is a stronger base than OH ")
Br~ + CHCH,—OH =— CH3CH,—Br + OH (OH is a stronger base than Br")

Co ché phan ing thé than hach Sy1 va Sy2
Nghién ctru hoa hoc, bit dau tir nhitng ndm 1890, da chi ra ring phan tng thé than hach ¢ lién quan dén hai loai co
ché. Phan (g giita chloromethane va ion hydroxide (2.2), c6 vén toc phan tng ti 16 v6i ndng do chat than hach va than dién tr:
vdn toc = k[HO|[CH;,CI]
Co ché ciia phan g nay lién quan dén budc xac dinh van téc ludng phan tir ma & d6 nhom than hach tién gan carbon
than dién tir va déng thoi nhom xuét ra di. Sy tién vao va ra di cta cac nhom xay ra cung mot luc duogc goi l1a concerted step,

nhu hinh v€ sau:

Ny
|
HO: + CH;—Cl: — CH;—OH + :C]%

N



Chuong 2: Phan (g cua cac hop chat hitu co Héa hitu co dai cuong 3

Cip miii tén cong tom tit hinh dung cua chiing ta vé cach lam thé nao céc electron di chuyén tao ndi va dut ndi. Vi vay
miii tén bit dAu tir tAm giau dién tur (electron-rich center) (dién tir trén nhom hydroxyl trong trudng hop nay) dén vung thiéu
dién tir (electron-poor region) (nguyén tir carbon trong ndi phan cuc carbon-chloro).

Day 1a co ché Sx2, véi S 1a thay thé (substitution), N 1a than hach (nucleophilic) va 2 1a ludng phén tir (bimolecular) (sb
phan tir tham gia vao giai doan quyét dinh vén tdc phan tmg 13 2). So d6 phan tmg S\2 dugc trinh bay trong hinh 2.1, trong d6
trang thai chuyén tiép duoc tao thanh boi ion HO™ va chloromethane. Ion hydroxide tin cong vao phia déi dién nguyén tir CI,
va nbi C-Cl bt dau dat, ddng thoi ndi C-O bét dau hinh thanh, tao ra trang thai chuyén tiép (transition state) nhu hinh v&.

Trong co ché Sy2, chit than hach cho chét than dién tir doi dién tir tao thanh ndi cong hoa tri.

Transition

o state
_:"\ \ Sld

CH,CI +OH™—\CH,OH + CI~

AH° <0

Reaction progress

Potential energy

Hinh 2.1: So db phan tng Sx2

Pudng nét dut biéu dién cac ndi dang tao thanh va dang dut gay.

C6 bang chimg nao ung hd co ché va trang thai chuyén tiép mac dinh nay khong? Dau tién, cong thire van toc goi y day
1a phan tmg ludng phan tir; thir hai 1a ndm 1893, Paul Walden xac nhan sy tao thanh trang thai chuyén tiép nhu hinh 2.2.
Walden phat hién ra rang néu nguyén tir C ndi vi halogen 14 th tinh thi c4u hinh tai cac carbon thu tinh bi dao ngugc, nghia
1a cAu trac phén tir dugc dao ngugc va mot ddi phén cé c4u hinh nguoc lai dugc tao thanh. Vi vay, khi (S)-2-iodobutane thuc
hién phan ung thé than hach boi nhom hydroxide, hop chét (R)-2-butanol duoc tao thanh (Hinh 2.2). Su nghich chuyén ciu

hinh nay chinh 14 sy x4c nhan co ché ludng phan tir 43 dwoc dé nghi va trang thai chuyén tiép nam lién két.

CH,CH, CH,CH, i CH,CH,
o Y 5= st 8- /
HO (e C—=Ti— | HO sonesns Cooveee I | — HO—Cun.py + 1
CH, H CH, CH,
Reactants Transition state Products

Hinh 2.2: Sy nghich chuyén c4u hinh trong co ché phan tmg Sx2

Sw khac biét giira mdt base va mdt chét than hach?

Chung ta thiy ring mot phan tir hodc mét ion c6 doi dién tir ¢d 1ap c6 thé hoat dong nhu mot chét cho dién tir trong
phan tng v6i mot proton hodc carbon than dién tir. Trong cé hai truong hop, mot ndi méi duoc hinh thanh. Khi ndi véi proton,
chét cho déi dién tir phan Gng nhu 1a mot base. Khi ndi v6i carbon, ddi dién tir phan Gng nhu 1a mot chét than hach. Céc nha
hoa hoc sir dung thuat ngit tinh base (basicity) va tinh than hach (nucleophilicity) khi dé cap dén xu huéng cta chat cho doi
electron phan (g nhu 13 mot base hay cht than hach trong mot phan tmg. Tinh base 1a sy do luong xu huéng cua chit cho
d6i dién tir phan (mg vai proton. Tinh than hach 14 sy do luong mot chat than hach phan ting véi carbon than dién tir nhanh
nhu thé ndo. Chung ta sir dung hing sé can bing (Ky) khi so sanh tinh base ctia cac phan tir hay ion, va do d6 tinh base 13 mot

dic tinh can bang nhiét dong hoc (equilibrium thermodynamic property). Khi so sanh tinh than hach cta cac phén tir hay ion,
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chung ta so sanh tde d6 phéan tng cia chung voi carbon than dién tir, va vi vy tinh than hach la dac tinh dong hoc (kinetic
property).
Mot phén tir hay ion véi d6i dién tir co 1ap ¢ thé phan tmg nhu 1a base hodc chét than hach. Vi du ion methoxide
CH;O" vira la base manh vira 1a chit than hach tét.
OF  iem.e

i ¢ o
CH;0f + CH,CH,——Br: —— CH,0—CH,CH; + :Brt

Nucleophile Electrophile

O 0
A “ . |
CH;Q: o5 e ~ (@ _ CHRQ_H SF L
\.()_./ \CH3 o/ \CH3
o
Base Acid

Vi vay, diéu quan trong 13 phai hiéu cac yéu t6 anh huong dén tinh base ciing nhu cac yéu t6 anh huong dén tinh than

hach.

Vi du 2.2: X4c dinh chit than hach, than dién tir, nhém xuit, acid va base

Phan biét dugc chat cho doi dién tir phan ung nhu 14 mdt base hay 1a mot chét than hach rat quan trong. Sau day 1a mot
s6 phan wng co ban. Trong mdi trudng hop, xac dinh chat cho doi dién tir hoat dong nhu 1a base Bronsted-Lowry hay chat
than hach. Sau d6, xac dinh acid, chét than dién tir, nhém xuét thich hop. Cudi cung, st dyng mili tén dé chi su di chuyén cua
dién tu.

(a) 0 (H)

CH,S~ + CHyCH,0—S——CH; —— CH,SCH,CH; + O—S—CH,

0 @)
(b) H CH, CH, CH,4
N\, &eH N A
NH,” +  (&—C  —— C=—C + NH; + Br
ey N 7
CH, Br H,C H
ﬁ °|’
CH,CH,—Cl + C —_— C + CI
H/ \0* CH3CH2—O/ \H

© (a) Trong phuong trinh dudi déy, tac chat va san phidm dugc trinh bay voi tit ca doi dién tir ¢o lap. Chung ta thay
rang mot ndi méi dugc hinh thanh giira sulfur va carbon, va ndi giita carbon va oxygen bi bé gay. CH;S™ la chat thin hach,
CH;CH,0S0,CHj 1a chat than dién tir (hay chét nén substrate), va “OSO,CH; 1a nhom xut. Miii tén do chi sy di chuyén cia
dién t1r.

ok 103

ran ]

CHS: + CH,CH,~—0—S—CH, — CH,S—CH,CH, + (0—S—CH,

|
HOH HOM

Nucleophile Electrophile Leaving group

(b) Trong phan ung nay, NH, phan tmg tao NHs. Boi vi cong thirc hda hoc cua nhirng chat nay khac nhau boi mot

6
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proton duy nhat, ching ta biét rang NH; va NH, la mot cip acid-base lién hop. NH, la Bronsted-Lowry va

(CH3),CHCHBrCHj la acid.

T
H L H,C CH,

_ X7} £oH N/ . .
INH, + = —_— C=—C s “‘“\N\ + :Br
e X 7N ey
(Clat, Br H,C H H

Base Acid

(c) Chung ta thdy tir phuong trinh duéi day, mot lién két méi carbon-oxygen duoc tao thanh va mét ndi carbon-chloro

bi bé gdy. Phan tir HCOOH 1a chat than hach va CH;CH,CI 14 cht than dién tir, va CI"1a nhom xuét.

CH,CH,——Ci: + ——— CH,CH,—O + :Cl
' w NG —
e C=0
L= H
Electrophile Nucleophile Leaving group

Vi du A: Trong mdi phan tmg sau day, xac dinh chat cho doi dién tir hoat dong nhu 14 base Bronsted-Lowry hay chét than
hach. Xéc dinh chit nao 12 acid, chit than dién t, nhom xuét va sir dung miii tén dé chi su di chuyén cua cac dién tur.

(a) CH;1 + NaOH — CH;0H + Nal

(b) NaOH + CH;CH,CH,CO,H — CH;CH,CH,CO,Na + H,0O

Vi du B: Trong mdi phan tng sau day, xac dinh chit cho d6i dién tir hoat dong nhu 14 base Bronsted-Lowry hay chat than
hach. Xéc dinh chit nao 13 acid, chit than dién t, nhom xuét va st dung miii tén dé chi su di chuyén cua cac dién tur.

(a) NH,Na + CH;CH,0H — CH;CH,Na + NH;3

(b) (CH3),CHCH,CH,Br + CH3;SNa — (CHj;),CHCH,CH,SCHj; + NaBr

Co ché phan mg thé than hach tai haloalkane khac c6 van toc phan tng ti 16 v6i chi duy nhit nong d6 haloalkane. Vi

du, phan tng gitra 2-bromo-2-methylpropane trong d6 H,O 1a chat than hach:
(CH;);CBr + H,0O — (CH3);COH + HBr
¢6 cong thirc van tdc 13 vdn toc = k[(CH;);CBr].

Cong thirc van tdc ndy goi v giai doan quyét dinh van téc phan tng 1a don phén tir (unimolecular). Co ché phan tng
duogc trinh bay trong hinh 2.3. Giai doan dau tién 1a giai doan cham don phan tr, ma & d6 haloalkane ion hoa tao thanh ion
bromide va carbocation. Carbocation c6 dang phiang va carbon mang dién tich dwong lai hoa sp’. Trong giai doan hai,
carbocation ngay 1ap tirc phan tng véi chat than hach, phan tir H,O trong truong hop niy, tao ra acid lién hop cta alcohol
(alcohol bi proton hoa). Trong Iugng thira nudc, alcohol bi proton hoa ngay lap tirc phan ly tao thanh alcohol trung hoa dién va

ion hydronium H;0".
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Step |: Formation of a carbocation (slow)

HyC CH;

\ e [ig

; \

H,C ;C  CH,4
Carbocation

Step 2: Nucleophilic attack of carbocation (fast)

H,C  CH, H H,C H

Carbocation Nucleophile
(electrophile)

Step 3: Loss of proton (fast)

H;C H H,C
\ ./ | +
H.C wC : O—H —= - C——OH + H;0
VAR SN 7 =
H,C H H H,C
Acid Base

Hinh 2.3: Co ché phan tng Sy1
Giai doan dAu tién tao thanh carbocation. Dy 14 giai doan chim, quyét dinh van téc phan ing. Trong giai doan hai, chét cho d6i dién tir (chét

than hach) tAn cong carbon than dién tir cua carbocation, tao thanh ndi o

Co ché nay 1a Sx1, voi S 1a thay thé (substitution), N 1 than hach (nucleophilic) va 1 1a don phén tir (unimolecular) (sé
phan tir tham gia vao giai doan quyét dinh van toc phan tmg 13 1). So d6 phan tng Sy1 dugc trinh bay trong hinh 2.4, hinh gdm

ba trang thai chuyén tiép va hai trung gian.

H,C -
H,C 3
\s+ 8- 11, G nCi553350H,
H.C s ee st Br 3 / -
Y 5 H,C
H,C /f w2 3
- f +H,0 Y/
5 / - +H,0
5 / ] N
= [ eyt t \ H,C
5} 3
8|/ ne L%
--------------------------- +
HC HC | & oo O0H + HO
A \ N\ H,C
HCmC—Br [\ .C—OH, "
3 / 3 /
HiC HC

Reaction progress
Hinh 2.4: So db phan (ng gitra ¢-butyl bromide va nuéc

Carbocation dugc tao thanh trong giai doan quyét dinh van téc phan img c6 dang phing. Nguyén tir C trung tAm trong carbocation trung gian
bi lai hoa. Van dao p con lai dugc str dung dé tao lién két méi. Sau do, nguyén tir C trung tam cua ion 2,2-dimethylethyloxonium (trung gian

thir hai) lai hoa.

Ngoai cong thirc van te, co bang chimg nao chimg t6 su ton tai cua carbocation phang? Lan nita, chung ta st dung mét
haloalkane thu tinh va nghién ctru tinh thu tinh cta san phim. Khi mot trong cac dong phan ciia 3-bromo-3-methylhexane phan
g v6i nudce, san pham 1a hdn hop tiéu trién cua 3-methyl-3-hexanol. Trung gian carbocation dugc tao thanh trong giai doan
quyét dinh véan téc phan tng c6 cu tric phing. Phan tir nu6e (chét than hach) c6 thé tao mot ndi méi trén ca hai mit cua

8
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carbocation trung gian. Piéu nay dan dén két qua hdn hop san phim cac d6i phan (Hinh 2.5). Sy tao thanh hdn hop tiéu trién

xac nhan cho giai doan quyét dinh van tde phan ung don phan tir trong co ché Sxyl1.
3 OH
il |

e
HyC™ \ "CH,CH,CH,

H.CH,CH,C S

3CH,CHy \ . HZO/'HBr CH,CH,
f.C~wC—Br — . -"”"C—CHZCHZCH3 R-3-methyl-3-hexanol
3 CH,CH, —HBr .
H,CH,C T H,0 o s
CH,CH, m —CH;CH,CH,

|

\k_ 3 OH
Planar achiral S-3-methyl-3-hexanol

Hinh 2.5: Sy tao thanh hdn hop tiéu trién trong phan tng Sy 1

Khi nao 1a co ché Syl va khi nio 1a co ché Sy2? Dé tra 161 cu hoi ndy, chung ta cn thao ludn ngin gon mot sé nghién
ctru dong hoc thyc hién boi Christopher Ingold va Edward Hughes vao ndm 1937. Do tdc d6 phan tng dudi nhitng didu kién
thuc nghiém khac nhau c6 thé cung cip cai nhin sau vé co ché phan tng. Vi du, xem xét toc do clia cac phan tmg bac hai sau
day giira bromoalkane va chat than hach CI";

R-Br + CI- —— R-Cl + Br-

Theo quan diém nhiét dong luc hoc, su thé Br" boi Cl duoc uu dai boi vi Br 1a base yéu hon CI'. Van tdc phan tng phu
thuoc déng ké vao do phan nhanh cua carbon a.
CH,
CH;Br > CH,CH,Br > CH,CH,CH,Br > CH,CHBr > CH3C|Br
b, da,
Relative rate 1200 40 16 | Too slow to measure
(for Sy2)
Trong co ché Sx2, chat than hach tin cong tAm than dién tir & phia doi dién voi nhom xuét, thudng goi 14 tdn cong phia
sau (backside attack). B6i vi chit than hach tin cong tir phia sau cta carbon ¢, nhitng nhém thé cong kénh ni véi carbon o s&
gdy kho khin cho chit than hach tién dén phia sau nhiéu hon. Sy can tré chit than hach tuong tac v6i carbon than dién tir 1a
mot vi du ciia chudng ngai 1ap thé (steric hindrance). Su tan cong phia sau cia bromomethane 1a nhanh nhét vi c6 chuéng ngai

1ap thé nho nhat (Hinh 2.6).

*® P B

Bromomethane Bromoethane  1-Methylbromoethane 1,1-Dimethylbromoethane

Hinh 2.6: M6 hinh space-filling cia bromomethane, bromoethane, 1-bromoethane, va 1,1-dimethylbromoethane

Cac mo6 hinh duoc nhin tir hudng thn cong thuan lgi cua chét than hach vao carbon a tir phia sau. Khi s6 nhém methyl ndi véi carbon a tang
thi duong vao dién tich dwong mot phéan trén carbon « giam.

Tuy nhién phia sau cta 1,1-dimethylbromoethane 1a gan nhu hoan toan bi khoa khoi sy tin cong cua chit than hach va
vi vay chét nay khong thuc hién phan Gmg Sn2, thay vao do 1a phan tng thé than hach Syl.
Sy thay thé nhém alkyl anh huong gi dén van téc phan tng Sy1? Khi khao sat mot loat cac bromoalkane phan tng véi

nudc, thir ty d§ phan Gng dugc quan sat nhu sau:
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R—Br + HHO — R—OH + HBr
Sn1 reactivity: CH3Br < CH3CH,Br < (CHj3),CHBr < (CHj)3CBr

a carbon: methyl primary secondary tertiary

Thur ty d6 phan Gng, nguoc chiéu voi thir tu d6 phan tng & phan ng Sy2, theo thir ty do bén cua carbocation. Do phan
g lién quan dén do bén cua carbocation béi vi bude quyét dinh van tdc trong phan timg Sy1 1a sy tao thanh carbocation (Hinh
2.4) Po bén cac carbocation nhu sau:

Relative stability: CH3" < CH3CH," < (CH3),CH"' < (CH3)5C’
Least stable Most stable

Vi vy, céc tac chat hodc diéu kién phan ting wu ddi su tao thanh carbocation s& ting toc do phan ung Syl.

Tuy nhién, diéu quan trong can nhan manh la cac carbocation khong bén, it nhat 1a khong bén theo nghia thong thuong.
Carbocation 1a trung gian hoat ddng v&i khoang thoi gian ton tai ngan. Carbocation tam cép, nhu (CHs3);C”, ¢6 thoi gian song
khoang 107" gidy trong nuéc, trong khi carbocation nhi cép, nhu (CH;),CH', ¢6 thoi gian sdng khoang 1072 gidy trong nudc.
Su giai thich cho d6 bén tuong ddi cua methyl, carbocation nhét, nhi, tam cép la gi? Nhom alkyl lam bén carbocation vi chung
¢6 vai tro cho dién tir. Tuy nhién, sy giai thich 1am thé nao nhom alkyl bén hoa carbocation 13 mét van dé con nhiéu tranh cii.
Mot giai thich dua trén khai niém siéu lién hop (hyperconjugation), dwoc minh hoa trong hinh 2.7 cho carbocation nhat cp
CH;CH,". Carbon duong dién lai héa sp’. Xung quanh nguyén tir carbon mang dién tich duong, sy sip xép cac nguyén tir khac
tao tam giac phang va van dao 2p tréng vudng goc voi mit phiang lai hoa. Nguyén tir carbon 1an cén lai hoa sp’ va tao ndi o véi
nguyén tir hydrogen. Cac ndi C-H c6 thé cho mat do electron vao van dao 2p trong, nhu dé nghi bang cac mili tén nét dit trong
hinh 2.7. Néu nhiéu nhém alkyl hién dién trong mot carbocation, thi cac twong tac kiéu nay xay ra nhidu hon, va két qua 1a lam
tang do bén cua carbocation. Vi vay, carbocation tam cép bén hon carbocation nhi céip, va carbocation nhi cép bén hon
carbocation nhét cAp. Béi vi khong c6 nhém alkyl nao hién dién trong carbocation methyl, nén carbocation methyl 13 kém bén

nhét; trong thyc té, nd dugc cho rang khong bao gio duge tao thanh.

Hinh 2.7: Hiéu mg siéu lién hop (hyperconjugation) 1am bén carbocation

Céch giai thich khac vé sy bén hoa cta carbocation 1a do cdc nhém alkyl. Tuy nhién, tat ca cac giai thich déu co chung
mot diém: su cho mat do dién tt tir cac orbital dﬁy dién tir lién két véi cac orbital 2p tréng trén nguyén tir carbon mang dién
tich dwong cuia carbocation. Bt ké 10i giai thich nao, cac nhém alkyl déu gitip bén hoa carbocation; vi vay khi sb nhom alkyl

noi véi carbon a tang, d§ bén cla carbocation ciing nhu toc d§ ciia phan Gng Sy1 tang.

Vi du 2.3: Nhan biét phan wng Sx1 va Sx2, dw dodn sian phim

Xét cac phan tng sau, trong mdi trudng hop phan tng thé c6 xay ra khong? Néu co, xac dinh san pham va dé nghi co
ché phan tng.

(a) CN™ + CH;CH,CH,Cl —»

(b) Br + CH;CH,OH —

(c) CH30H + (CHj;);CCl (trong methanol) —

© (a) Chét than hach 1a ion CN", chét than dién tir 1a chloropropane, va nhom xuét 13 ion CI". Ton CN” 1a base manh hon
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ion CI nén hang s6 can bang cho phan ting nay 16n. Chloropropane l1a haloalkane nhat cap, nén co ché phan tmg la SN, va san
pham 1a 1-cyanopropane CH;CH,CH,CN.

(b) Chit than hach 13 ion Br, chat than dién tir 13 ethanol, va nhoém xuét 14 ion HO". HO™ 1 base manh hon ion Br” nén
hang sb c4n bang cho phan tmg nay nhé hon mot. Khong ¢ phan (g nao xay ra.

(c) Chét than hach 1a CH;0H, chat than dién tir 1a #-butyl chloride, va nhém xuat 14 ion CI". Trong truong hop nay
chung ta phai biét tinh base cuia CH;OH so voi CI” dé quyét dinh chidu phan Gmg xay ra. Néu gia dinh ring tinh base cua
CH;OH va ion CI” nhu nhau, cin bang s& dugc thiét 1ap. Tuy nhién, chiing ta dang sir dung lugng thira methanol (methanol 1a
dung moi) nén cén bang dich chuyén theo hudng tao ra san pham (nguyén li Le Chatelier). San pham la ferz-butyl methyl

ether, (CH;);COCH3;, co ché phéan tng 1a Sy1 vi chét than dién tu 14 haloalkane tam cép.

Vi du A: Dy doén céc phan (ing sau ¢ xay ra khong va dé nghi co ché c6 kha ning.
(a) CH;CC + CH;Br —»
(b) CI' + CH;CH,CN —
(c) CH;NH, + (CH3);CCl >

Vi du B: Tir cac thong tin sau déy, trinh bay co ché phan tng.

(a) Phan ung thuc hién trong acetone (propanone)

/\/ e
clH H CN
(b) Mot mau chi chira mot d6i phan (R hay S) ctia mot hop chat quang hoat goi 1a tinh khiét quang hoc (optically pure).
Mot miu tinh khiét quang hoc 2-iodobutane dugc hoa tan trong methanol. Dung dich thu dugc 1 sec-butyl methyl ether

khong c6 tinh quang hoat.

Anh hwéng ciia dung mdi trong phan ing Sy1 va Sy2

Chét than hach trong phan tng thé thuong 1a ion mang dién tich 4m hay phan tir phan cuc. Vi vay dé hoa tan vat liéu
ban déu, chung ta thuong st dung dung méi phan cuc. Tuy nhién, ban chét cua dung méi va didc biét cach phan tir dung moi
tuong tac voi chit than hach dong vai tro quan trong trong viéc quyét dinh phan tmg xay ra theo co ché Syl hay Sy2. Bé hiéu
1& hiéu ng ctia dung moi can phéan biét dung méi proton (protic solvent) va dung méi phi proton (aprotic solvent). Dung mai
proton 12 dung mdi ma phan tir cia nd c6 nguyén tir hydrogen lién két v6i nguyén tir 4m dién, nhu oxygen hay nitrogen. Nudc,
methanol, ethanol, acid acetic va methylamine 1a nhitng vi du cua dung mdi proton phdn cuc (polar protic solvent). Dung moi
phi proton 13 nhitng dung m6i ma phan tir cua n6 khéng c6 nguyén tir hydrogen lién két voi nguyén t6 am dién. Dung méi phi
proton ¢6 thé phdn cuwc hodc khong phin cwe. Mot sb vi du vé dung méi phi proton phan cuc: acetone, diethyl ether,
dimethylsulfoxide (DMSO), dimethoxyethane (DME), dimethylformamide (DMF), dimethylacetamide (DMA),

hexamethylphosphoric triamide (HMPT). Mot s6 vi du vé dung méi phi proton khéng phan cuc: hexane, benzene.

O
I (o)
)J\ Ao N S o T SN
acetone diethyl ether  dimethylsulfoxide  dimethoxyethane
(DMSO) (DME)
[ |
X I o
SRS
I I /
dimethylformamide  dimethylacetamide  hexamethylphosphoric triamide

(DMF) (BMA)
Loai dung méi nao uvu dai phan tmg Sy1? Giai doan quyét dinh van tdc trong phan tng Sx1 13 giai doan tao thanh
carbocation va anion. Néu dung moi khong lam bén hoa cac ion nay, phan tmg Sy1 s& khong xdy ra. Dung méi proton ¢ do
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phan cuc cao, nhu nudc va methanol, thic déy phan tng Sy1 bdi vi dung moi nay bén hoa ca carbocation va anion, tuong tu
nhu cach nuée 1am bén cac ion ciia mudi khi hoa tan mudi vao nudc. Phan tir cua dung mdi phan cuc proton lam bén
carbocation bang cach cho ddi electron chua lién két tir nguyén tir oxygen hay nitrogen, va lam bén céc anion théng qua su tao
thanh lién két hydrogen.

Loai dung moi ndo wu dii phan tmg Sy2? Dung méi phan cyuc phi proton hoat dong t6t nhat cho phan tmg Sy2. Phan
ung Sn2 gém mot giai doan trong do chét than hach tin cong chét than dién tu. Hoat tinh cua chit than hach sé& bi giam néu
phan tir dung moi c6 kha ning tao lién két hydrogen véi chat than hach. Khi phan tir dung méi tao lién két hydrogen véi chat
than hach, mdi phén tir chat than hach bi bao quanh boi mét 16p vo dung moéi, can trd phan tng giita chit than hach va chat
than dién tir (Hinh 2.8). Str dung dung méi phi proton s& tranh dugc sy tao thanh lién két hydrogen va do d6 dung mai phi

proton thic day phan g Sy2.

3)
N e
p==0
g 0\
H (oL =
_ —0 ™~¢ N foes? A 2 o & \5__(:\,“
“\ & 'n\ H//H > & = X \ﬁf__: T C/
> H e £
5 o H / Wy
Q/ R’ 5 “/ / \O\“ H g0 \) /‘I J g Q»'(‘)j H
& /\ H Ha % wo o e He &3 Hiy'%: o
R H u. \«, ) ~ H o CHj o L)

* f o—REdi——< C—Br s__ \ T C—BRBr
\O A N (4] / N ”\ (o] B / 2
N o « H. S 0 H 4 CHy /\\ H 4 Vi
1 o 4 —0 “/ /\ 2 n/ o ue ~0\~ &> ue CH, O

1\{ ~ J & o On & N 5 Yoo AP \
L 4 i -, H = [ vgoo /, ~¢7 s,
S P & e/v\ ’ o \I\ o | ’
B \H o ~25;j < r\‘f/ %’
Solvent shell Solvent shell 7 (\\
Strong ion-dipole interactions. Weak ion-dipole interactions. %

(a) (b)
Hinh 2.8: Tuong tac chét than hach - dung méi va anh huéng cta dung méi 1én tinh than hach

(a) Khi twong tac ion-ludng cuc manh, tinh than hach giam. Chét than hach b solvate hoa manh béi dung méi va sy tin cong vao carbon than dién tur
bi can tré. (b) Khi twong tac ion-ludng cuc yéu, chét than hach khong bi solvate hoa manh va sy tAn cong vao carbon than dién ti it bi can trd hon boi

dung moi.

Cic yéu anh huong dén tinh than hach

Tinh than hach 1a sy do luong kha ning cht than hach tdn cong carbon than dién tir mang nhém xudt nhanh nhu thé
nao. Nhung diéu gi tao nén mot chét than hach t6t? Khong c6 mdi lién hé nao giira tinh than hach va tinh base. Tinh than hach
14 mot tinh chat dong hoc (lién quan dén toc do phan ng) va tinh base 1a mét tinh chét nhiét dong hoc (lién quan dén do bén
nhiét dong hoc cuia base).

Nhiéu tai liéu giai thich sy trong quan trong chiéu huéng giira tinh base va tinh than hach. Ca tinh than hach va tinh
base déu phu thudc vao do am dién, kich thude va sy lai hoa cia nguyén tir mang doi electron chua lién két; su bat dinh xa
dién tich; va hiéu ng ctia nhém cho va rat dién tir. Tuy nhién, chiéu huéng trong tinh than hach phu thudc vao nhiing yéu t6
khac nita, nhu twong tac giita chit than hach va dung méi, hiéu Gng lap thé, va ban chit cta chit than dién tir. Do d6, chiéu
hudng trong tinh than hach khong phai lac nao ciing theo chiéu hudng trong tinh base.

Sau diy 1a mot s6 nguyén tic ching ta c6 thé sir dung dé hiéu chiéu hudng trong tinh than hach. Khi 4p dung cac
nguyén tic nay, diém tham chiéu coa chung ta 1a nguyén tr than hach, chit ma st dung doi dién tir chua lién két cua no tao ndi
v6i chit than dién tir.

1. Chét than hach mang dién tich &m s€ phan ing nhanh hon chét than hach khong mang dién tich. Vi dy, HO" 1a chét
than hach manh hon H,O, va CH;0" 1a chét than hach manh hon CH;OH. Nguyén tir mang dién tich am s€ hép din tdm than
dién tur hon 1a nguyén to khong mang dién hodc mang mét phém dién tich am.

2. Khi so sanh c4c phén tir hay ion c6 nguyén tir than hach nim cung mot hang cia bang hé thdng tudn hoan, d6 4m dién

cua nguyén tu than hach 1a y€u t6 quan trong bdi vi nd anh hudng dén kha nang cua doéi dién tur chua lién ket tao nodi voi
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nguyén tir than dién tir. Trong cac anion sau ddy, nguyén tir than hach & chu ki thir hai, F~ c6 tinh than hach khong bang HyC vi
F am dién hon C, vi vy d6i dién tu chua lién két & F sin sang tao ndi kém hon do6i dién tir chua lién Két & H;C.

Increasing electronegativity of
the nucleophilic atom

H,C" > H,N" > HO > F

Increasing nucleophilicity
Doi khi c6 thé du doan anh hudng ciia cac yéu td khac, nhu 1a sy bat dinh xir dién tich hay sy hién dién ctia nhom cho
va rat dién tir. Vi dy, diy cac chit than hach sau ddy duoc sap xép theo thir tu giam tinh than hach. Tat ca cac nguyén tir than
hach trong céac ion & chu ki hai ctia bang phan loai tuan hoan.

H,N~ > CH;0” > HO~ > HCOO~

Increasing nucleophilicity

H,N" 1a chét than hach manh nhét vi N kém 4m dién hon O, vi vay d6i dién tir chua lién két trén N d& dang tao ndi hon
d6i dién tir chua lién két trén O. CH;0" ¢6 tinh than hach hon HO™ béi vi trong dung dich nhom CHj cho dién tir va diéu nay
lam cho dbi dién tir chua lién két trén O kém bén hon va hoat tinh hon. HCOO™ 13 chét than hach yéu hon HO™ vi dién tich 4m
bét dinh x(r (dién tich 4m dwoc chia déu trén hai nguyén tir oxygen), vi viy HCOO™ s& kém hoat tinh hon HO"

3. Chét than hach mang dién tich 4m hoat tinh hon trong dung méi phan cuc phi proton so v4i trong dung méi phan cuc
proton. Trong dung moi phan cyc proton, anion b solvate ha manh hon va dan dén kém hoat tinh hon (Hinh 2.8).

Chiéu hudng hoat tinh cta diy cac chét than hach trong mét sé truong hop ¢ thé hoan toan dao nguoc khi thay doi
dung moi.

Protic solvent: I > Br > CI' > F

Aprotic solvent: FF > CI" > Br > I

Increasing nucleophilicity
4. Khi so sanh céc chét than hach ma nguyén tir than hach ¢ cing mot nhom ciia bang phéan loai tuan hoan, tinh than
hach thuong tang khi kich c& (va do d6 kha nang phan cyc) cua nguyén tur than hach tang. Nguyén tir than hach cang 16n va
cang phan cyc, dam mdy dién tich cang d& bi bién dang hudéng vé phia nguyén tir carbon than dién tir. Su bién dang cta dam
may dién tich vé phia nguyén tir carbon than dién tir lam giam ning luong cua trang thai chuyén tiép va lam ting téc d6 phan
ung (Hinh 2.9).

Small, less polarizable

nucleophile = =
= Larger activation
= = .
89 energy; slower reaction
S5
e
Reaction progress
h ; o ’ S &0 t Smaller activation
! < @y energy; faster reaction
Sl S o
/ -
Nu Mijre bonding Reaction progress
Large, highly £ PIOSIE:S
polarizable nucleophile Transition state
(a) (b)

Hinh 2.9: Hiéu tmg ctia kha niang phan cuc cta chat than hach trong phan tng Sy2

(a) Su tao thanh trang thai chuyén tiép trong co ché Sy2 bao gdm sy chuyén mat do dién tur tir chit than hach dén van dao tréng trén C. D4i véi chit
than hach 16n hon va phan cuc hon, sy chuyén mat d dién tur xay ra sém hon (tai khoang cach 16n hon) va Kkét qua la trang thai chuyén tiép c6 nang
lugng thép hon nhu trong hinh (b). Béi vi tbc dd phan tmg tang khi ning lugng hoat hoa giam, chét than hach cang phan cuc phan tmg cang nhanh.
Luu y ring tuong thc dung méi - chét than hach (khéng trinh bay & day) ciing anh hudng dén kha ning tao ndi cua chét than hach véi carbon than
dién tur.
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5. Cac nhoém cdng kénh bén canh nguyén tir than hach lam giam hoat tinh cta chét than hach vi nhitng nhém nay can tré

viéc tiép can cuia chat than hach vé phia nguyén tir than dién tir. Vi du, so sanh hoat tinh giita ion methoxide va tert-butoxide:

\ N s

WwC—8t N —— H,C—O0—CH, + Bt Fast

8

H H

C—O0—CH, + :Br: Slow

Dua trén mo hinh space-filling ctia ion (CH3);CO" va ion CH30’, su tiép can carbon than dién tir CH;Br bdi nguyén tu
oxygen than hach cta (CH;);CO™ bi can tro dang ké nhung boi nguyén tir oxygen than hach ctia CH;0 thi khong. Vi vy,
(CH3);CO" ¢6 tinh than hach yéu hon CH;0".

Bang 2.1 phan loai mot s§ chat than hach thuong gip. Tuy nhién diéu quan trong 1a phai sir dung bang nay can than.
Tinh than hach cta d6i dién tir phu thudc vao nhiéu yéu t, chi mot trong sb do lién quan dén chinh ciu trac cua chét than

hach. Tinh than hach cling phu thudc vao dung moéi va ban chét cua chit than dién ti.

Bang 2.1: Phan loai cac chét than hach thong dung

Chét than hach manh *Van tdc | Chat than hach tt Van toc | Chét than hach kha Van tdc
NC*  Cyanide 126000 | HO"  Hydroxide 16000 | CI Chloride 1000
HS"  Thiolate 126000 | Br Bromide 10000 | CH;COO Acetate 630
I Iodide 80000 | N3 Azide 8000 | F Fluoride 80
NH; Ammonia 8000 | CH;0H Methanol 1
NO,  Nitrite 5000 | H,O Nudce 1

*Van tc 1a van toc twong doi. Van toc 100 nghia 1a chat than hach phan ing nhanh gap 100 lan so v&i nudc.

Tém tit phan vng Sx1 va Sy2

Trong phan nay, ching t6i xem xét hai co ché khic nhau ctia phan g thé xay ra tai nguyén tir carbon lai héa sp®. Phan
g Sx1 va Sx2 canh tranh 1in nhau. Céc phén tir trong mot hé thong s& luén phan tmg theo con dudng c6 muc ning lwong
thip nhét. Tuy thudc vao cac chit phan Gmg va diéu kién phan tng, con dudng c6 mirc ning lwong thdp nhat cho phan tng thé
c6 thé 1a phan tmg Sx1 hodc Sx2 hodc phan tng gitra hai phan tng nay. Bang 2.2 tom tit mot s6 § tuong chinh xac dinh su két

hop cua chit phan tng va cac diéu kién phan tng s& thuc diy mot phan tng thé theo co ché Sy1 hodc Sy2.
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Bang 2.2: Hoat tinh twong ddi cua haloalkane

CH; H H H
H3C+X H3C+X H+X H+X
CHs CH; CH; H
Chét than dién tir 3° 2° 1° Methyl
Do bén cua Tao carbocation bén Tao carbocation khong bén
carbocation
Hoat tinh Sy1 B Do phdn ting Sy1 ting Khong Sy 1
Hoat tinh Sy2 Khong Sy2 b6 phdn ting SN2 ting _
Carbon a Chuéng ngai lap thé Khéng c6 chudng ngai 1ap thé
Dung moi Dung mdi phan cyc proton thic day Dung mo6i phan cyc phi proton thiic
phan ung Syl day phan tng Sy2

Vi du 2.4: Dy doan phan ng thé xay ra theo co ché Sy1 hay Sy2
Phan tng thé sau xay ra theo co ché Syl hay Sy2? San pham tao thanh 1a gi? Trinh bay cic budc cua co ché va su
dung miii tén dé chi chiéu di chuyén cuta dién tu.

Br
PUN CHOH
+ CH30H

A

(R)-2-bromo-4-methylpentane

© Methanol 14 chit than hach va haloalkane 1a chét than dién tir. Nguyén tir O tuong ddi nho va khong phan cuc 14m
nén CH;OH 14 chat than hach yéu. Mot chét than hach yéu khong wu ddi phan ing Sy2. Mic khac, dung mdi phan cuc proton
s& bén hoa carbocation. Véi chat than hach yéu va dung moi phan cuc proton, chung ta dw doan phan mg xay ra theo co ché
Sn1. Carbocation tao thanh phan ung véi dung méi CH;OH (phan tng dung mdi giai solvolysis reaction) tao thanh ether
proton héa. San pham cudi cung 1a ether, duoc tao thanh khi mot proton chuyén tir ether proton hoa dén phén tir dung moi
CH;OH. Béi vi CH;0H c¢6 thé tac kich vao carbocation tir hai phia nén san phim gém hai dong phan 1ap thé R va S. Céc budc
dién ra nhu sau:

Step | : Formation of a carbocation

H :Br: CH, H CH,

L P | | .

C CH B —— C CH + Brs
H,C CH, CH,4 H,C CH, CH,
Step 2: Nucleophilic attack by CH;OH 4 ,
< H -
SRS H,C H CH,CH(CH
— ‘\?\ . 3 =ik H;C-_"?/,/ 2 ( 3)2
” o CH,OH (‘)l 30 s
“C—CH,CH(CH,), —*— ) or
H3C / +‘Y—-_k_77 o 4]—] ..mmC(\[\\J\ /9]\
P .
H C/ CH,CH(CH;), H,C H
3 2 :
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Step 3: Loss of proton to solvent (ignoring stereochemistry)

H H
||R:0r($)
H,C —C ——CH,CH(CH,), —— CH;—C—CH,CH(CH,),
ltRmrrS)
H
O"\ . : +
H C/+\ CH,0H = N

3 H . / Hy,C H.C—O—H

Phan tng tao ra hdn hop tiéu trién gdm hai d6i phan (R) va (S)-2-methoxy-4-methylpentane.

Vi du A: Dy doan céc phan tng sau xdy ra theo co ché Syl hay Sy2. Chi rd timg budc trong co ché, sir dung miii tén dé chi
su di chuyén ciia dién tir va goi tén san pham tao thanh.
Br
‘ acetone
/\* + CH;SN& —
(R)-2-bromo-4-methylpentane
Vi du B: Phan g sau xay ra theo co ché Sy1 hay Sx2?

Br OH

CH,CH,CHCH,CH, + H,0 CH,CH,CHCH,CH,

e ——
80 °C

3. Gi6i thi¢u vé phan g tach loai
Trong phan trude, chiing ta thiy rang haloalkane c6 thé tham gia phan tng thé, trong d6 nguyén tir halogen bi thay thé
b6i mot nhom khéc. Haloalkane c6 thé tham gia phan tng tach loai, trong d6 nguyén tir halogen va nguyén tir hydrogen ndi véi

carbon # bi loai ra khoi phan tir.

C—C— —— (==C + H—X

Phan ung tach loai ctia haloalkane c6 thé xay ra theo nhiéu co ché khac nhau. Néu giai doan quyét dinh van t¢ phan
g 1a don phan tr (unimolecular), thi co ché phan tng 1a E1. Néu giai doan quyét dinh van tc phan mg 1a ludng phan tir
(bimolecular), thi co ché phan tng 14 E2. Trong phan nay, chung ta s& khao sat cac co ché nay va thao luan sy canh tranh giita

phén ting tach loai va phan tmng thé.

Co ché phan wng E1 va E2
Trong tat ca cac phan ng da dugc khao sat dén lac nay, doi dién tir cho phan irng nhu 1a mét base hoac chét than hach.
Vi duy, khi 2-bromo-2-methylpropane, mot haloalkane bac ba, dugc hoa tan vao methanol, hai san phém khac nhau duoc tao

thanh. San pham chinh (81%) 14 san phdm thé mong doi, 2-methoxy-2-methylpropane. Phan tmg xay ra theo co ché Syl.

H,C OCH,
CH,OH
,.\\\\CiBf + CH-;OH ‘—b ‘“"‘\C + HBr
HC Y : S O
H,C H,C  CHy
2-bromo-2-methylpropane 2-methoxy-2-methylpropane
(81%)

San pham phu (19%) 1a 2-methylpropene. Phuong trinh héa hoc cho sy hinh thanh san pham phu duge mé ta dudi day:
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H,C H,C H
\ CH,OH \ /
H C~-m~\“C —Br ——— C=C + HBr
A /N
H,C H;C H
2-bromo-2-methylpropane 2-methylpropene

(19%)

Céc nghién ciru dong hoc cho thiy, van tdc phan tng nay chi phu thudc vao nong do cia haloalkane: vin téc =
k[(CH;);CBr]

Vi phén tmg 1a phan tng tach loai theo dong hoc bac nhéat nén duge goi 1a phan tmg E1. Co ché cho phan tmg E1 dugc
trinh bay trong hinh 2.10. Giai doan diu tién 1a giai doan cham bao g6m su hinh thanh cua mét carbocation. Giai doan nay
gidng nhu giai doan dau tién ciia co ché Sy1. Trong giai doan thir hai, mdt phan tir methanol phan ting nhu 1a mot base (khong
phai 13 mot chat than hach) va loai bo mét proton khoi carbocation, tao thanh alkene. Chu ¥ ring proton bi loai khoi nguyén ti
carbon k& bén nguyén tir carbon tich dién dwong ctia carbocation, carbon 3. So @ phan tmg E1 duoc trinh bay trong hinh 2.11

Step 1: Formation of a carbocation (slow)

H,C
anC—Br? HB(' ""“”C—CH; + :Br:
H’]'(‘ ! ) . E ..
: H,C
H,C

Step 2: Removal of proton from the carbocation (fast)

ST N "N/ i

H,*C'""‘"HE—CHZ + CH0H ——— c=—C + HC—O
e / \ \

H,C H H

Hinh 2.10: Co ché phan tmg E1

H,C
H,C, "
i ™ EM
- Br
. +
/ 5+, ~CH;
H,C Ty
' HyCuuydl ___ o ~
Transition ’ /(, = Clm. 1 H
state e H,C
’ H
. Transition
= state
2
L
i
=
]
o
=
H;C
H,C ..__"2"
H.C
3 HCome —cw ™ | oy on”
= 39,
e Sy

Reaction progress
Hinh 2.11: So d0 phéan tng E1 giira #-butyl bromide va methanol

Giai doan ddu 13 qua trinh thu nhiét cao bao gdm sur tao thanh carbocation. Trong trang thai chuyén tiép & giai doan 1, néi C-Br bi giy mot phan.
Trong giai doan hai, CH;OH hoat dong nhu mot base va loai bé mét proton khoi carbon 3. Trong trang thai chuyén tiép & giai doan 2, ndi zméi dang
hinh thanh gitra hai nguyén tir C. Bén canh do, nbi C-H dang bi gy va néi O-H méi dang hinh thanh.
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Khi so sanh co ché E1 véi co ché Sy 1, chung ta théy tai sao phan ung gitra (CH3);CBr va CH;0H tao hdn hop hai san
phém. Sau khi hinh thanh carbocation, methanol c6 thé hoat dong nhu mot chét than hach va tn cong nguyén tir carbon than
dién tr (tao ra san phﬁm Sx1) hodc né co thé hoat dong nhu mot base va loai bo proton tao thanh alkene. Sy khac biét chu yéu
giita co ché E1 va Syl 1a vai tro clia chat cho doi electron trong giai doan thir hai. Trong co ché Sy1, chét cho cip electron hoat
dong nhu mot chét than hach va tao thanh lién két o voi nguyén tu carbon than dién tir clia carbocation. Trong co ché E1, chat
cho cip electron phan (mg nhu mot base va tao thanh lién két o véi proton.

Trong vi du chiing ta vira xem xét, chat than hach 1a CH;OH. Phén tir CH;OH 1a chét than hach yéu (n6 1a mot phan tir
trung hoa voi nguyén tir than hach twong ddi nhé va khong cuc phan cuc) va ciing 1a mot base yéu.

Chung ta cing xem xét diéu gi s& xay ra trong phan tmg giita (CH;);CBr va CH;CH,ONa trong ethanol, hiy nh¢ rang
ion CH;CH,O 12 mét base manh hon CH;OH. Chung ta dy doan rang lwong alkene trong hdn hop san pham s& ting nhu

phuong trinh dudi day.

HyC H,C H
CH,CH,OH L
wC— Br + CH;CH,0 Na¥ ——— C==C  + CH,CH,OH + NaBr
L™y e 25°C T
H,C H,C H
97%

Tuy nhién, nghién ctru dong hoc ciia phan tng cho thay, tdc do phan tng tach loai phu thudc vao ndng dd cua chat nén
va base: vdn toc = k[(CH;);CBr][CH;CH,O']

Boi vi dong hoc clia phan tng tach loai nay 1a bac hai, giai doan quyét dinh vén toc phan tng phai 1a ludng phan tir. Vi
vay, phan (mg dugc goi 1a phan Gmg E2. Cac nghién ctru chi tiét vé phan tmg E2 cho thdy ring co ché E2 bao gom mdt budc
duy nhét xay ra qua mot trang thai chuyén tiép duy nhat, & d6 c6 ba sy thay dbi xay ra dong thoi: (1) loai bé mot proton tir
carbon f3; (2) su ra di cia nhém xuat; (3) sy hinh thanh mot lién két 7 giita nguyén tir carbon « va . So d6 phan tmg E2 giita

(CHj;);CBr va CH3CH,O" dugc minh hoa trong hinh 2.12.

CH,CH,0---H CHy
- % S:/(‘HR
Transition state —— > “\\C ==
gﬂ H -“/ \\.\
5 H Br
5 H,C _
S | HCal%
5 St
o
[a W
H‘L/ e —ow™ 4 Hocn,
+ CH,0™ H
’ H,C Y

Reaction progress

Hinh 2.12: So d6 phan ung E2 giita t-butyl bromide va CH;CH,O" trong methanol

Du dosn san phiam tach loai chinh
Trong cac phan ting tach loai ma ching ta da nghién ciru cho dén gid, chi c6 mot san pham tach loai. Tuy nhién, thuong
xay ra truong hop co nhidu hon mot san phdm tach loai. Vi du, trong phan tmg cua 2-bromobutane v6i sodium methoxide

trong methanol, c¢6 thé c6 ba san phim E2:
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= H
B C
CH.O% /+ \/(‘\‘/L‘\(‘H CH \C c/ HOCH, + :Br
L0t CH,CH; ——» ==C + Hy + Brs
ny " F /
H H CH,CH,
1-butene (18%) (27.4a)
H Br
/- H CH;  H,C CH,
. /&‘\B/('Hz \ / \ /
CHG:  + HCp {C —_— C==C or C=C
N I\ /A /N
] H H H;C H H H
Re o o
trans-2-butene (67%) cis-2-butene (15%)

+ HOCH, + :Br:
(27.4b)
Trong 1-butene, lién két d6i C=C & cudi mach carbon, va trong cac dong phan cis va trans 2-butene, ndi C=C & giita
mach. Luu y réng phan rng c6 sy wu dai hay c6 tinh chon loc manh cho viéc tao thanh ndi doi & gitra mach (82% so vai 18%).
Khi ¢6 thé c6 nhidu hon mot san phém tach loai, li€u chuing ta co thé du doan dugc san phém nao la san phém chinh?
Thong thuong, san pham chinh ciia phan tng tach loai 1a san phdm bén nhat. Trong so d6 dudi day, cac alkene duoc sap xép

theo thir tu tang dan do bén:

CH,==CH, < RCH==CH, < C(=C < (C==C < (=C <

cis tramns

Increasing stability of alkenes
Tht tu d6 bén nay dua trén dir liéu thuc nghiém (nhiét ctia phan rng hydrogen hoa). Chiéu hudng vé d6 bén cua alkene

dugc tom tat trong phat biéu sau dy:

86 liwong cdc nhém thé alkyl lién két véi carbon sp’ ciia alkene cang I6n, alkene do cang bén.

Noi chung, alkene mang nhiéu nhom thé bén hon alkene mang it nhom thé. Ngoai ra, cac nhom alkyl cong kénh ¢ xu
huéng cang xa nhau ra cang tot, vi du: ddng phan frans bén hon ddng phan cis.

Hay tr6 lai phan Gmg (27.4) va giai thich vé ty 1& cac san phdm thu duoc. Cac alkenes c6 lién két doi giita mach 14 san
pham chinh béi vi chiing ¢6 nhiéu nhém thé hon va trang thai chuyén tiép cta nhiing alkene niy c6 nang lugng thap hon trang
thai chuyén tiép ctia alkene mang it nhém thé. Trong hai alkene c6 ndi doi & giita, ddng phan frans bén hon (trang thai chuyén
tiép clia dong phan nay c6 ning lugng thap hon) va do d6 dong phan trans 1a san pham chinh.

Thong thudng, san phém chinh trong phéan tng tach loai 1a alkene mang nhidu nhom thé nhét nhung ciing c6 nhitng
ngoai 16 cho quy tic nay. Sy hinh thanh alkene mang nhiéu nhom thé nhét yéu ciu base loai bé mot proton tir nguyén tir carbon
bac hai hodc bac ba. Buong vao nguyén tir hydrogen trén nguyén tir carbon bac hai hodc bac ba bi can tré bdi cac nhom lan
can. Cac base nhé nhu HO", CH;0", hay CH;CH,O" c6 thé vuot qua cac nhom nay kha dé dang nhung céac base 16n hon nhu
(CH3);CO thi khong thé. Base véi kich thudc 16n s& uu tién tin cong cac nguyén tir hydrogen bi 16 ra nhiéu hon (tréng trai
hon), tao thanh alkene mang it nhom thé. Trong cac phan (g sau day, cing mot chat nén phan (mg v&i nhiéu base khac nhau.
Trong phan ing dau tién, base véi kich thuéc nhé hon, it b chuéng ngai lap thé hon dugc st dung va san phém tach loai chinh
1a alkene mang nhiéu nhom thé hon. Trong phan tng thir hai, base véi kich thuéc 1on hon, bi chuéng ngai 1ap thé nhiéu hon
dugc st dung va san pham tach loai chinh 13 alkene mang it nhém thé.
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CHy H,C CH,  HyCH,C
CH,4CH,OH \ / : )
CH,CH,CCH; + CH;CH,0 Na® 7()°é /C:C or C==CH, + NaBr
. + CH,CH,OH
Br H CH, H;C Rl
2-bromo-2-methylbutane 70% 30%
2-methyl-2-butene 2-methyl-1-butene
CH, H,C CH, HyCH,C
N (CH;),COH \ . / . :
CH,CH,CCH, + (CH4);CO K _ /(.:(,\ or C=—=CH, + NaBr
4 + CH;CH,OH
Br H CH;4 H,C 3=t
2-bromo-2-methylbutane 27% 3%
2-methyl-2-butene 2-methyl-1-butene

Dbi voi phan tng E2, nguyén tir H trén carbon £ phai ¢ vi tri “anti” dbi véi nhom xuét. Yéu cau nay dit ra mot sy gidi
han cho céc san phém tach loai duge tao thanh tir haloalkane 2°. Chi tiét vé phan rng nay s€ duoc thao ludn trong chuong trinh

hoéa hiru co chuyén nganh.

Phan @ng thé va phén ing tach loai: Tém tit

Chung ta thay rang cc haloalkane c6 thé trai qua nhidu phan Gmg: Sy2, Sx1, E2, hodc El. V& nguyén tic, tit ca cac
phan ing nay déu canh tranh véi nhau, va c6 thé c6 mot loat san phém 6 thé. Khi xac dinh liéu mot phan ng s€ xay ra theo
co ché nao Sx2, Sx1, E2, hodc E1, chung ta phai xem xét nhiéu yéu t5. Ban chit cta chat cho cap electron 1a gi? N6 1a mot chét
than hach tét hay 1a mdt base manh? N6 c6 bi can trd lap thé khong? Ban chét cua chit than hach 1a gi? N6 ¢6 bi can tro vé mat
1ap thé khong? Con vé dung mai thi sao? N6 thuc day sy hinh thanh carbocation (phan tmg Sy1, E1)? Liéu né lam tiang hoic
giam tinh than hach cua chit cho cip electron?

Mot s6 nguyén tic hudng dan du két qua doan phan mg va co ché dugc trinh bay trong hinh 2.13, nhung hay nhd ring
ludn ton tai cac truong hop ngoai 16. Dé sir dung tot nhat cac nguyén tic ndy, chiing ta can theo cac budc sau:

1. Trinh bay tit ca cac dién tich hinh thtrc va dién tich mot phan trén nguyén tir c6 chung.

2. Xéc dinh chét cho cip electron va chat nhan cip electron (chit than dién tir)

3. Xem xét cac chét than dién tir: 1a nhit, nhi hay tam cép?

4. Xem xét chét cho cap dién tu: 1a chét than hach manh hay yéu? La base manh hay yéu? C6 bj can tré vé mat lap thé
khong?

5. Dung méi la dung méi proton hay phi proton?

6. Xac dinh xem liéu phan ung chu dao s€ 1a SN2, E2, hoac Sy1, E1 (hay nhé réng Syl va El ludn xay ra cung mét luc).

Céc hudng dan dugc trinh bay theo dang hinh cay quyét dinh (decision tree) v&i sy xem xét d6 manh tinh base cua chat

cho cap electron :B, va mot $6 yéu t khac g6m hiéu ung lap thé, tinh than hach, hiéu rng dung mai.
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Primary
haloalkane

Yes Is :B a sterically
hindered strong base?

Elimination

by E2 Substitution
Yes No
Is :B a strong
Rapil nucleophile? Slow
(a) Sn? S
Secondary
haloalkane
Yes Is :B a strong base? No
Eln]‘;l)l’nglzlon Substitution
(internal C=—=C) Yes No
Is:B a good
~le ile?
N nucleophile? Possibly
b) 3 Syl (some El)
Tertiary
haloalkane
Yes Is:Ba No
strong base?
Elimination Possibly Syl
. N Yes No
Yes Is the solvent \i / Is the solvent \
polar? polar and protic?
E2] E2 Syl Ve
(©) (some El) (some El) slow

Hinh 2.13: Tém tét phan Gmg Sx2, E2, Sy1 va E1 cho haloalkane nhét, nhi va tam cép

(a) Haloalkane 1° trai qua phéan (g Sx2 hodc E2. (b) Haloalkane 2° trai qua phan tmg Sx2, E2, Sx1 va E1. Cac hop mau d6 c6 thém mot sb
luu ¥. DS véi alkene c6 ndi dbi giita mach c6 thé c6 ddng phan 1ap thé (E) va (Z). Khi mot haloalkane 2° trai qua phan tmgSx2, ¢6 sy nghich
chuyén céu hinh (R)<>(S). Trong dung méi phén cuc proton, haloalkane c6 thé phan ting v&i mot chit than hach yéu tao san pham Syl va El.
(c) Haloalkane 3° trai qua phan ting Sy1, E1, va E2. Methyl halide (CH;X) khong duogc dé cap & déy chi trai qua phan tmg Sx2.

Dbi véi haloalkane 1° (Hinh 2.13a), cic phan tmg c6 thé 1a S\2 va E2. Khong c6 phan tmg Sy1 vi carbocation 1° khong
bén. Néu chét cho dién tir :B, 1a mot base manh bi can tré vé mit lap thé, thi phan tng E2 sé& chiém wu thé boi vi chit cho dién
tir s& khong thé tdn cong nguyén tir carbon than dién tir tir phia sau. Thay vao d6, mot proton sé& bi loai bo khoi carbon 4. Néu
‘B khong bi can trd 1ap thé, thi né s& phan tng nhu 1a mot chét than hach va tdn cong carbon than dién tir tir phia sau theo phan
ung Sy2. Néu :B 1a mot chét than hach manh, nhu I, CN, RS, hay RO’, thi phan trng SN2 s€ xay ra kha nhanh. Néu :B la mot
chit than hach yéu, thi phan g Sy2 s& xay ra kha cham.

D6i voi haloalkane 2° (Hinh 2.13b), kha ning xdy ra nhiéu loai phan tng 1a nhiéu nhat. Néu chat cho dién tir [a mot
base manh, thi phan tng tach loai E2 1a phan ng chinh va san phim chinh 13 alkene v&i nbi doi gitra mach. Néu :B 1a mot base
yéu nhung 12 mot chat than hach manh hodc tbt, nhu I, 'CN, RS” hay RCOO’, thi phan tng chinh 1a Sx2, dic biét néu sir dung
dung méi phén cyc phi proton. Didu quan trong cin nhd 1a néu carbon a trong haloalkane thi tinh, phan tng S2 s& déo nguoc
cAu hinh cua carbon a. Néu :B 1a mot base yéu va cling 1a mét chét than hach kém, nhu H,O hodc ROH, phan ing Syx1 s€
chiém uu thé khi sir dung dung méi phéan cuc proton. Cac phan tir ciia dung moi s& dong vai trd chat than hach trong truong

hop nay. San pham E1 ciing s& dugc tao thanh cling véi san pham Syl.
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Ddi vé6i cac haloalkane 3° (Hinh 2.13c), cac phan ung c6 thé 1a Sx1, E1, hay E2. Phan rng SN2 kho xay ra vi carbon a bi
chudng ngai lap thé 16m cho viéc tn cong tu phia sau. Néu :B la mot base manh, nhu R;CO™ hay RO’, phén tng tach loai E2 sé&
1a phan tng chiém uu thé. Néu :B 1a mot base yéu (va 1a mot chét than hach kém), nhu H,0 hodc ROH, thi phan tng chinh s&
1a Syl cuing vé6i san pham E1 ciing dugc tao thanh, khi dung méi phan cuc proton duoc sir dung. Piéu quan trong cn nhé 1a

néu carbon « thu tinh, san pham Sy1 bao gdm mét hdn hop cac dong phan lap thé (R) va (S).

Vi du 2.5: Dy doan phan ng SN2, E2, Sy1 va El
Du doan san phdm va co ché cho mdi phan g sau day.
(a) (CH,),COH
CH,CH,CH,CH,Br + (CH,),CO"Nat ——
(b) Br (© (©) Br

acetone H,0
CH,CHCH; + CH,C —O0 Na* —————» CH,CH,CHCH,CH,; ————
FEEE: : B T

© (a) Chét than dién tt CH;CH,CH,CH,Br 1a haloalkane nhat ca?ip. (CH;);CO" 1a base manh bi chudng ngai lap thé.

H,C
3° 37 \ _ (CH3);COH
CH,CH,CH,CH,Br + A ——0 ————— ?
3-HaHattHy H,C~
H,C
Electrophile Strong base

(primary) (bulky, sterically hindered)
Mac du mot base manh ciing thuong 1a mot chét than hach manh, nhung sy céng kénh cua base khong wu dai phan tng

thé va phan mg tach loai E2 s& cho ra san pham chinh.

H CH;CH, H
‘ S (CH;);COH
CH,CH,—C——CH,—— Br: :O—C(CHy)y ———— C=—=C
R T / . o /
He _ . H H
Electrophile Strong base E2
(primary) (bulky, sterically hindered) (major)

Phan tng thé Sx2 tao san phém CH;CH,CH,CH,0C(CHs;)3, nhung san phém thé 1a san phém phu.
(b) Chét than dién tir 1a haloalkane nhi cap. Chét cho cap electron 1a base yéu (base lién hop cua acid yéu) va bai vi no
mang dién tich 4m nén 14 chat than hach t6t, ddc biét 1a trong dung mdi phan cuc phi proton. Phan ting chinh sé& 1 phan tng

SN2.

5 CH,CHCH,
C:Br: :0:
= [ 0 0
i acetone S = o
CH,CHCH, + /10 — CCH, “——"» c”  + i
'6 |‘-\__ = L] - |
CH;
Electrophile Weak base S\2 product
(secondary) good nucleophile) (major)

(c) Phéan tir dung méi ciing 1a chit cho cdp dién tir. Phan tng bao gdm mot haloalkane nhi cdp va mot base yéu/chét
than hach yéu trong dung mdi phén cuc proton. Nhitng diéu kién nay khong wu dii phan tmg Sx2 hay E2 nhung wu ddi Syl va
El.Sy1 vaEl xayra déng thoi. Carbocation nhi cép bén, dac biét la trong dung mdi phan cuc proton, nhu H,O. Béi vi H,O 1a

base yéu va la chit than hach kha nén phan tng thé s& tréi hon phéan mg tach loai.
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Br OH
H,O
CH;CH,CHCH,CH; + H,0 —— CH,CH,CHCH,CH; or CH;CH==CHCH,CH; + HBr
Electrophile Weak base Syl El
(secondary) (weak nucleophile) (major) (minor)

Vi du A: Dy doan san pham va co ché cho phan g sau day.

acetone

CH;CH,CH,Br + CH:S Na'

Vi du B: Dy doan san pham thé va san pham tach loai c6 thé co trong phan tmg sau day. San phdm nio 14 san phiam chinh?

1
|
(S) Cun,

CH3CH2/ \
' CH,

3

(CH,),CHOH
H + (CHy),CHO Na/ ———

Phan @ng Sx1 va E1 ¢6 dwoc sir dung trong téng hop hitu co?

Ban tom tit ¢ hinh 2.13 cho thay phan ung Syl va E1 xay ra dong thoi. Do d6, phan tmg Syl va El cua haloalkane
thuong khong duoc st dung dé tong hop cac hop chat khac.

Hon nita, mot rac rdi khac xuat hién trong phan tmg SN1 va E1 1a su sap xép lai carbocation trung gian dé tao thanh
mdt trung gian khac bén hon trude khi san phémSNl va E1 dugc hinh thanh. Vi dy, khi 2-bromo-3-methylbutane dugc dun
noéng véi nude. San pham Syl chinh khong phai la 3-methyl-2-butanol, thay vao do 1a 2-methyl-2-butanol.

CH; CH,4 CH; H
H,O l
H,C —C—CH,CH; + H,0 —— H;C—C—CH,CH; or H;C—C——C——CH; + HBr
: A=k 2 S : A=t : :
N
H Br OH H OH
2-bromo-3-methylbutane 2-methyl-2-butanol 3-methyl-2-butanol

(major) (minor)

San phém chinh duogc tao thanh 1a do su sép xép lai carbocation 2°, dugc tao thanh khi ndi C-Br trong 2-bromo-3-
methylbutane bi gdy va giai phong ion Br’. Nhu d& nghi dudi ddy, c6 hai cach sip xép lai (a) va (b). Nhitng cach sap xép lai
nay 1a vi du vé chuyén vi hydride (hydride shift).

H H

|
H,C —C—C—CH,

H I

i " / Q) CH; H
\/ﬁ\ﬂ CC s | X 1° carbocation
H C‘,.....\\\C‘C*_ H less stable than 2°
3
{0\
H,C H (a) H H

2° carbocation . | |

H;C —C——C——CH,

CH, H

3% carbocation
more stable than 2°

Céch sép xép (b) khong xay ra vi n6 tao ra carbocation 1° khong bén. Cach sip xép (a) chuyén doi carbocation 2° thanh
carbocation 3° bén hon. Carbocation 3° dan dén su tao thanh san phé"im thé chinh.

Bét ctr luc nao mot carbocation tao thanh, sur chuyén vi ludn co thé xay ra, va sy chuyén vi ¢o thé bao gém su di chuyén
cua cac nhém methyl hay alkyl.

V6i nhidu kha nang c¢6 thé phat sinh trong phan tng Sx1 va E1 nhu thé, that kho khin trong viéc du doan hodc kiém

soat phan tng. Vi vay, khong c6 bat ngd gi khi phan tng Sy1 va E1 khong dugc st dung nhiéu trong tong hop hitu co.
23



Chuong 2: Phan (g cua cac hop chat hitu co Héa hitu co dai cuong 3

4. Phéan trng cia alcohol

Ruou thudng duoc sir dung trong tong hop hitu co vi chung d& dang chuyén déi thanh cac hop chat khac. Trong chuong
1, chung ta thdy rang alcohol 1° c6 thé bi oxi hoa thanh aldehyde hodc acid carboxylic va alcohol 2° ¢6 thé bi oxi hoa thanh
ketone. Alcohol phan g vdi carboxylic tao ester. Trong phéan 2, alcohol ROH phan tmg nhu 1a chat than hach trong phan tng
thé voi haloalkane R’X tao thanh ether ROR’. M6t s6 phan tng ctia ruou dugc tom tit trong Bang 2.3.

Trong phan ndy, ching ta tap trung vao phan (g trong d6 nhom -OH bi thay thé boi nguyén tir halogen (phan g thé)

hay loai nudc (phan Gng tach loai).

Bang 2.3: Mot sb phan g cua alcohol

Loai phan tng Phuong trinh

Deprotonation ROH + Na — RO Na' + 1/2H,
Oxidation® ROH L9, aldehyde, ketone or carboxylic acid
Esterification ROH + R'COOH —— R'COOR + H,0
Substitution ROHP + R’X — ROR’ + HX

ROH® + HX — RX + H,O

Elimination ROH HT> alkenes

*Trong phan (ng oxi hdéa, [O] dai dién cho tidc nhin oxi hda, nhu la
Na,Cr,0,/H,S0,4 hay PCC/CH,Cl,. PCC la pyridinium chlorochromate.

"ROH phan tng nhu 13 chit than hach trong phan ng nay.

‘ROH phan trng nhu 13 chat than dién tir trong phan tmg nay.

Phan ing thé va phan g tich loai ciia alcohol
Nhom -OH ciia alcohol ¢6 thé bi thay thé bang nguyén tir halogen hay bi loai dudi dang nuée trong nhimg diéu kién
thich hop. Hiy cting xem xét cac phan tng thé sau

CH;CH,CH,OH + Nal — CH;CH»CH>I + NaOH (does not occur)
CH;CH,CH,OH + HI 2 CH;CH,CH,I + H,O (occurs slowly)

Trong ca hai phan ung, I' 1a chét than dién tir va HO™ 12 nhom xuit. Mic du ion I” 12 mot chit than hach tdt, nhung ion
HO" ¢6 tinh base manh va 1a nhom xuat kém. Vi vay phan tng dau khong xay ra. Tai sao phan tmg thir hai xay ra dugc? Trong
su hién dién ctia acid manh, nguyén tir oxygen ctia nhom -OH bi proton héa, tao thanh R-OH,". Ddi voi alcohol bi proton hoa,
nhém xuit 1a H,O thay vi HO". Béi vi H,O 1a base yéu hon HO nén s& 1a nhoém xuét tét hon. Trong phan ung thtr hai, diéu
kién phan g hoan toan pht hop cho phan mg thé Sy2: carbon a trong CH;CH,CH,OH 14 nhat cip (khong bi can trg 1ap thé)
va I" 1a chit than hach t6t. Co ché phan tng dugc trinh bay trong hinh 2.14.

= H
o sl .. S . + Protonation
(-'HSC'HZ QH + HBO (‘HJCHE Q\ + HZO (fast, reversible)
H
H
s | H o .
oo . + 5 Sy2 o Nucleophilic
I Hg(,faL V‘U\ — = o0, —1 + H)0 substitution (S\2)
|
H
Strong  carbon is 1°

nucleophile

Hinh 2.14: Co ché phan tng giita CH;CH,OH va HI

Budc ddu tién thuan nghich, trong d6 nguyén tir oxygen ctia nhoém chtrc alcohol bi proton héa. Budc thir hai 1a su tac kich than hach vao
carbon a ciia I'. Béi vi carbon « 12 nhat cdp va I 1a chit than hach manh nén phan img xay ra theo co ché Sx2
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Néu alcohol tam cép nhu 1a (CH;);COH dugc st dung thay cho alcohol nhat cip trong phan Ung thu hai, phan tng thé
xay ra theo co ché Sy1, béi vi phia sau cua carbon «a trong alcohol tam cAp bi can tro 1ap thé va chat than hach kho c6 thé tiép
can dugc. Nhu trong hinh 2.15, phan tng thé bao g6m su tao thanh carbocation theo sau la su tac kich than hach cua I'.

Carbocation dugc bén hoa boi cac nhom alkyl cho dién tir.

- H
7o
SOTAR T T, - Protonation

(CHy),C—OH + H \H H (CHy);C Q H + H)O0 (fast, reversible)

CH; H
CH,—C—0—H =— H,C C + H,0

37 4 .- : S -
‘ CH;
CH; L Nucleophilic

oc carbon is 3° substitution (Sy1)

-~ L N
e 4+ SaCH3

s HC—C —— (CHy,C—1

CH;

Hinh 2.15: Co ché phan tng giita (CH3);COH va HI

Nhur da biét, phan tng tach loai canh tranh v&i phan tng thé. Su tach loai nudc khoi alcohol 1a mét phuong phap quan
trong dé tong hop alkene. Su loai nudc khoi alcohol goi 1a phan ting dehydrate héa (dehydration reaction). Dang tong quat
cua phan tng dehydrate hoéa nhu sau:

ol e N/

—C—C— ——= C=C_ + Hp
| "

H OH

Alcohol Alkene

Vi dy, phan rng dehydrate hoa cua 2-methyl-2-butanol.

CHj CH, H,C H
H,50, / \ /
H,C —HC —C—CH, T’ H,;C —HC=C or C=C + H,0
H OH H CH;  H;CH,C H
2-methyl-2-butanol 2-methyl-2-butene 2-methyl-1-butene
(major product) (minor product)

Sy dehydrate héa alcohol cn xuc tac acid. Xtc tac acid proton héa alcohol dé nhom xuét s& 1a H,O (nhom xuét t6t)
thay vi 1a HO™ (nhom xuét kém). Dé thuc day phan tng tach loai (dehydrate hoa) vuot troi so voi phan tng thé cac acid H,SOy
hay H;PO, dam dac dugc st dung hon la cac acid HI hay HBr (nh& réng I" va Br 1a chét than hach manh, néu dung HI va HBr,

phan g thé s& uu ddi hon phan tng tach loai). Phan tmg dehydrate hoa ciia alcohol tam cép xay ra theo co ché El.
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(a) Protonation of the alcohol
CH, CH,

‘ et

H,C—CH—C—CH, + { Ogw. == H,C—CH—C—CH, + H,0
E 2 / E 2 2
o TN ]
H  :OH H/ H  $OH, H
e +

(b) Elimination by EIl

CH,4 CH,
s | e .
H,C — CH——C ——CH, ——— CH,— c?/—c—\cm + HO
el il B
H OH H H H . =
W
H,C /CH_z H,C /H
_ > /f: ) or = \ + H,0
CH, H,CH,C H
Major elimination product Minor elimination product

(more highly substituted alkene)

Hinh 2.16: Co ché phan tmg dehydrate hoa xuc tac bang acid cua 2-methyl-2-butanol

Co ché cua phan ng dehydrate hoa xuc tic bang acid cua 2-methyl-2-butanol duoc trinh bay & hinh 2.16. Budc dau
tién 1a sy proton hoa alcohol. Tiép theo 13 phan tmg dehydrate hoa xay ra theo co ché El tao ra san phim 2-methyl-2-butene
(san pham chinh: san pham mang nhiéu nhom thé) va 2-methyl-1-butene.

Phan tmg dehydrate hoa cua alcohol nhi cép thudng xay ra theo co ché E1, nhung ciing ¢6 thé xay ra theo co ché E2.
Ethanol, alcohol nhét cap, thuc hién phan ng dehydrate héa theo co ché E2 nhu duéi day:

H H H H H
H—(‘*J*Of;—}—l;*H—cbO—H H*L|—([.—+.(]2—H + H,0
Lo ! ko

Vi du 2.6: Du do4n san phdm ciia phan ing véi alcohol

Du doan san phdm cua cc phan Gng sau ddy. D& nghi co ché thich hop cho phan tng, sir dung mii tén dé chi sy di
chuyén cua dién tu.

(a) 1-propanol + sodium hydroxide =

(b) (R)-2-bromo-3-methylbutane + ethanol retanol

© (a) 1-propanol CH;CH,CH,OH 14 alcohol bac nhat. Khong c6 phan ng thé hay phan tmg tach loai (dehydrate hoa)
nao xdy ra trong diéu kién nhu vay.
(b) 2-bromo-3-methylbutane CH;CHBrCH(CHj), 1a haloalkane 2° va Br’ 1a base yéu va la nhom xuat tét. Ethanol

CH;CH,OH 12 base yéu va ciing la chat than hach yéu. Dung méi phén cuc proton. Trén co s& cac thong tin nay, ching toi két
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luan rang phan ng Syl va El s& xay ra (Xem hinh 2.13). Budc dau tién trong ca co ché Syl va El 1a sy hinh thanh
carbocation:
H l.:é.r: H
H,C CH(CH,), H3C/ \CH(CH3)2
(R)-2-bromo-3-methylbutane
Mot khi carbocation da hinh thanh, phan mg thé hodc phan ung tach loai déu c6 thé xay ra. Budc tiép theo ciia phan
g thé nhu sau:
DR H
v H,,”\*

CH,CH,0H + "“C—CH(CH,), — H,CH,C —0—C——CH(CH,),

H,C*™
H  CH,
(R)and (5)
H H
CH,CH,0H + H3CH3C—+(|J5—L|‘—CH(CH3)2 _— H3CH2C—9—(’J—CH(CH3)2 + CH{CH,0H,
____,H CH, CH,

(R) and (S)
Trong so d trén, chat than hach c6 thé tan cong vao carbocation & ca hai phia trén hodc dudi. Vi vdy, ca hai dong phan
1ap thé (R) va (S) duoc tao thanh.
Bude tiép theo ciia phan tmg tach loai dwoc trinh bay dudi ddy. Phan tng tach loai tao ra hai alkene va san phdm

chinh 1a alkene mang nhiéu nhom thé.

| | |
C C or iC.

Hz(.) "\(_(LHE)z + CHyCH,OH =t H,c? CH(CHy),  CH; \C—CH3 + CH;CH,OH,

H H CH,4
3-methyl-1 -butene 2-methyl-2-butene
(minor elimination product) (major elimination product)

Luu y: O cau (a), NaOH khong thé deproton héa CH;CH,OH dugc, nhung NaNH, thi ¢6 thé. (pK, (NH;) khoang 34
nén pK,, (NH;) khoang 14 - 34 = -20).
O céu (b), carbocation c6 thé chuyén vi tao carbocation bén hon nén s& ¢6 nhiéu san pham thu dwoc trong phan tng thé

va phan tmg tach loai. O day chung ta khong khong ban dén su chuyén vi nay.

Vi du A: Dy doan san phdm ciia cac phan tng sau ddy. D& nghi co ché thich hop cho phan tng, sir dung miii tén dé chi sy di
chuyén cua dién tu.

. H,SO
(a) (R)-2-butanol % (b) 1-propanol conc - 20k

Vi du B: Dy doan san pham cuia cac phan tmg sau day. Dé nghi co ché thich hop cho phan ting, sir dung mili tén dé chi sy di

chuyén cua dién tu.

(a) 3-methyl-1-butanol + hydrogen iodide — (b) 2-methyl-2-propanol + sodium ——
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5. Gi6i thiéu vé phan @ng cong (addition reaction): phan wng ciia alkene

Trong phﬁn trude, ching ta tap trung vao cac phan ung lién quan dén doi dién tu c6 1ap co thé hoat dong nhu 1a base
Lewis hodc chét than hach. Trong phan nay, chung ta s& thao luan cac phan tng cua alkene, nhu 1a (CH;),C=CH, va thiy rang
n6i 77 & nhitng phan tir nay ciing c6 thé hoat dong nhur 14 base Lewis hodc chit than hach.

Phan (ing dic trung cua alkene (va alkyne) 1a phan tng cong hai nhom thé, X va Y, vao mdi carbon ctia nbi doi hay ndi

ba. Trong phan ndy, s& tap trung chi yéu vao phan tmg cong cua alkene v6i phuong trinh tong quat dugc hién thi dudi day

Vung hoat tinh trong alkene 1 ndi 7z Nhu minh hoa trong Hinh 2.17, ndi 7 giira hai nguyén tir carbon trong alkene c6
mat d6 dién tir cao & phia trén va phia dudi mat phing cua cac nguyén tir ndi v6i carbon sp’. Dién tir trong nbi 7 khong duge
giit chat nhu cac dién tir trong cac lién két o, va chiing bi kéo vé phia nguyén tir than dién tir. Sy chuyén mat do electron tir lién

két 77 ciia mot alkene dén chét than dién tir 1a ddc diém chung trong cac phan ng ching ta thao ludn trong phan nay.

Upper half of the 7 bond

Hinh 2.17: So dd biéu dién lién két 7 trong alkene

M M&i nguyén tir carbon trong ndi doi 1a carbon sp’ va tao ba ndi . Nbi o duoc bidu dién bing
. y duong nét 1ién, hinh ném nét dGt va hinh ném nét ddm. Mat do dién tir trong ndi 7 cua alkene & phia
T trén va phia du6i mat phing cua cac nguyén tir nbi voi carbon sp’

Lower half of the 7 bond

Phén trng cong hydrogen: phan rng hydrogen hoa (hydrogenation)
Cong H, vao ndi ddi cta alkene tao thanh alkane. Phan ng nay rat cham, trir khi st dung chét xtic tac kim loai min, nhu
Ni, Pd, Pt, hay Rh. Vi dy, phan tng hydrogen hoé propene, CH;CH=CH.,, bang cach sir dung chat xtic tac kim loai Pt duéi day:
CH,=CH, + H,— CH;CHj
So dd mé ta co ché cua phan tng nay dugce trinh bay trong Hinh 2.18. Phan tmg hydrogen héa xuc tic cua alkene 1a mot

phan Gng quan trong quy trinh cong nghiép.

?
&

Ni surface

(a) (b)

Hinh 2.18: So d6 mo ta co ché clia phan tng hydrogen héa xuc tac kim loai ctia C,H,

(a) H, va C,H, hép phu 1én bé mit kim loai, 1am yéu ndi H-H va ni ztrong C,H,. (b) Nguyén tir H ndi v&i nguyén tir carbon va chuyén C,H,
thanh C,He va giai hz"ip ra khoi bé mat kim loai. Chi tiét cu thé vé co ché nay van dang con tranh luan.

Hydrogen hoa cac alkyne twong tu nhu hydrogen hoa alkene. Phan ing hydrogen hoa xuc tac kim loai cua alkyne cling
tao thanh alkane, trir khi st dung chét xuc tac dic biét goi la chét xuc tac Lindlar. Chit xuc tac Lindlar bao gém barium sulfate

duoc phu kim loai palladium va “bi nhiém doc” voi quinolone.
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Trong chét xtic tac Lindlar, hoat tinh xtic tdc cua palladium giam va su hydrogen hoa cua alkyne dung lai & viéc tao
alkene. Céc phuong trinh hoa hoc dudi day minh hoa phan tmg hydrogen héa 2-butyne, sir dung chét xuc tac Pt va chét xic tac
Lindlar. Luu ¥ rang khi mot chat xtc tac kim loai tinh khiét duoc str dung, phan mg hydrogen héa alkyne tiéu thy hai mol
hydrogen cho mdi mol alkyne. Khi ding chét xuc tic Lindlar, chi ¢6 ddng phéan 1ap thé cis (Z) duoc tao ra. Hai nguyén tir
hydrogen dwgc cong vao tir cing mot phia. Nguoc lai néu ding tic nhan hydrogen hoa 1a Na trong dung dich NHs, phan tng

s& tao thanh san pham trans (E) alkene.

H,C CH, 2
HC——C==C—CH, + H, —odrs, \c—c/
3 T T3 calyst / T \ Quinoline dugc st dung trong xuc
tac Lindlar dé 1am giam hoat tinh
cis (z) isomer only cua Pd
H,C H
Na in NH;()
H;C—C=C—CH,; + H, -
H CH,

frans (E) isomer only

Phén @ng cong hydrogen halide HX
Phan tng cong HX vao alkene theo phwong trinh tong quat sau ddy.

Alkene  Hydrogen halide Haloalkane
Co ché cta phan tng nay gdm hai budc, nhu dwoc mé ta & hinh 2.19. Trong budc diu tién (Hinh 2.19a), nguyén tir H
duong dién mot phan cong vao mot trong hai nguyén tir carbon ciia lién két doi, tao ra mot carbocation. V& nguyén tic, nguyén
tir H ¢6 thé cong vao mot trong hai nguyén tir carbon, nhung trén thuc té, nd wu tién cong vao nguyén tir carbon mang it nhom
thé nhét vi khi d6 dién tich dwong ¢ trén nguyén tir carbon mang nhiéu nhom thé ¢ thé lam bén carbocation. (Nhic lai: nhoém
alkyl gitip 6n dinh carbocation.) Trong budc thir hai (Hinh 2.19b), ion Br™ hoat dong nhu mot chat than hach va tin cong

carbon mang dién tich duong cua carbocation.

@ e CH, H
\ / 3 3 | v H  HaC st ‘ o —
= + H—Byt — H,C—C—C or 0 ™C—C—H + ;B
/ & / | I |
o H H
1° carbocation 3° carbocation
(less stable) (more stable)

w,

+ 'Bl. — H,C—C—C—H Major product

CH, H

(b)
ﬂ \ T- T
3 —_—C
H,C / |
3° carbocation

Hinh 2.19: Co ché phan tg cong than dién tir cia HBr vao 2-methyl-1-propene
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Néu phan ung thuc hién trong dung dich nudc, hdn hop san phém duoc tao ra. Dé tranh diéu nay, co thé duoc thuc hién
phan ung bﬁng cach dan khi HCL, HBr, hoidc HI qua alkene tinh khiét hodc béng cach thuc hién phan tng trong mot dung moi
khong c6 tinh than hach.

Phan &ng cdng nwéc: phan irng hydrate héa (hydration)
Phan tng cong nudce vao alkene theo phuong trinh tong quat sau day.

\ / H,S0,/H,0 ‘
C=—C + H—OH ——— H—C—C—O0H

/ 0\ |

Alkene Water Alcohol
Phan ting chi xay ra trong dung dich acid va c6 thé dugc thuc hién trong hén hgp gdom H,SO, va H,O (thudng 1a 50%
H,S0, theo thé tich). Co ché phan mg tuong tu co ché cong HX vao alkene. N6 bao gdm sy hinh thanh carbocation, theo sau
d6 1a sy tin cong than hach (Hinh 2.20). Trong budc dau tién, mot nguyén tir H tir H;0" cong vao carbon mang nhiéu nguyén
tt H nhét, tao ra carbocation (Hinh 2.20a). Budc thir hai, phan tir nuede hoat dong nhu chét than hach tin cong vao carbon

mang dién tich duong cua carbocation (Hinh 2. 20b). Budc tht ba, proton dugc loai bo, tao ra ruou (Hinh 2.20c¢).

(a) H3c\ /H H,C
< ! + o8 .
C==C CI/O"\H _ +C—CH, + H,0
/ \\ H H £
H,C li/ H,C
(b) H
+ I
o 10—H
HC., | P
/”’C—CH} ™\, —— H—C—CH,
H,C H H
CH,
(c) H
+ ‘ "o

10— Ha— :OH
o w |

o
H,C—C—CH; .~ . —— H,C—C—CH, + H,0
, . - : : ,

CH, CH,4

Hinh 2.20: Co ché phan tmg cong nude vao 2-methyl-1-propene xuc tac bang acid

Phan tng cong halogen: phan &rng halogen héa (halogenation)
Halogen X, cong vao alkene tao ra san pham la dihalide. Khi hai halogen ni véi cac carbon ké can nhau, dihalide dwoc

goi 12 vicinal dihalide. Khi hai halogen ndi v&i ciing mot carbon, dihalide dugc goi 1a geminal dihalide.

X
\ / CHCl, ‘
C=—=C + X—X ——» —(C—C—(X=ClorBr)
X
Alkene Halogen Vicinal dihalide

Phan ting trén xay ra dé dang & nhiét do phong khi halogen 1a Cl, hay Br,. Dung méi khéng nuéc (nonaqueous solvent)
nhu CHCI; hay CCl, dugc str dung dé ngin ngira sy hinh thanh ciia cac san pham khac. Co ché cho phan tmg cong X, vio
alkene khac biét dang ké so véi cac co ché trinh bay phan trude (cong HX va H,0). Bu6e dau tién cua co ché 1a su hinh thanh
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cAu ion halonium (bridged halonium ion), chir khong phai 1a carbocation (Hinh 2.21a). Trong ion halonium, nguyén tir
halogen dugc lién két voi hai carbon va nguyén tir halogen mang dién tich duong. Chu ¥ ring cac carbon va halogen trong ion
halonium thoa quy tic bat tir (octet rule). Luu ¥ vé sy di chuyén cta dién tir xay ra trong sy hinh thanh ciia ion halonium. Cip
electron trong lién két 7 cta alkene hudng t6i nguyén tir chlorine. Khi diéu nay xdy ra, mot cip electron tir mot nguyén tir
chlorine hudng t&i mot trong hai nguyén tir carbon va lién két C1-Cl dang giy. O budc tiép theo (Hinh 2.21b), ion CI tin cong

mot nguyén tur carbon trong ion halonium tir phia sau boi vi cau ion halonium da chéan sy tan cong tur phia trudc.

(@) HyC H H,C H
- / N\ /
/ \ / .
C—C —_— c—=cC + :Cl
\ S iy
,/ { \ H,C \ I CH,
H,.C CH, .Cl.
: e 4, *
g

Chloronium ion

(b) ..
HiC, / H il H,C cl
\ / \ c M
.c—cC, —_— c—cC
HC" £ e, ne''f o\
Cls Cl CH;4
ol 3
Vicinal dihalide

Hinh 2.21: Co ché phan tng chlorine hoa ciia 2-methylbut-2-ene

6. Phin trng thé than dién tir trén nhan hwong phwong (electrophilic aromatic substitution)

Chung ta d3 thdy trong phan trude alkene thudng tham gia cac phan tmg cong. Vi benzene, phan tmg cong nhu minh

hoa dudi day khong xay ra.
X
Addition does Y
not occur.
+ X—Y
Benzene Hypothetical addition
(aromatic) product (not aromatic)

Benzene va cac dan xuét cua nd thuong phan (mg véi chit than dién tir trong cac phan tng thé. Phuong trinh tong quat
cho phan tng giira benzene va chat than dién tir E-Y nhu sau:

H
+ E—Y — + H—Y
55

Phan ting 14 phan tng thé than dién tir boi vi mot trong nhitng nguyén tir hydrogen ciia benzene dugc thay thé boi chét
than dién tir E. Co ché phan (mg gdom hai budc (Hinh 2.22). Trong budc dau tién, chat than dién tir nhan mot cip electron tir hé
théng 7 ciia vong benzene dé hinh thanh carbocation, C4HsE' duoc goi 1a ion arenium. Trong budc tht hai, ion arenium mét
mot proton. Vé co ban, phan Gng thé than dién tr theo trinh ty cdng - tach loai. Luu y rﬁng trong budc tha hai, Y™ hoat dong
nhu mot base va tdn céng vao nguyén tir H trén carbon ndi voi E. Y™ khéng hoat dong nhu 1a chét than hach tin cong vao
nguyén tir carbon mang dién tich dwong ctia ion arenium vi hai 1y do: Thir nhét, dién tich duong cua ion arenium khong phai
dinh vi trén mot nguyén tir carbon ma né dugc chia sé bang nhau trén ba carbon (Hinh 2.23) va do d6 cac carbon nay chi mang
mot phé‘ln dién tich dwong. Thir hai, quan trong hon, néu Y tn cong va tao lién két voi mot trong cac carbon mang dién tich

dwong mét phan do, san pham thu dugc khong huong phuong va do d6 kém bén hon.
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~
=T 5t 5

(a)

Hinh 2.22: Co ché chung cho phan g thé than dién tir trén nhan huong phuong

o —g —O

Hinh 2.23: Ba ciu tric dong gop twong duong nhau cho ciu tric C¢HsE”

Phan ing nitrate héa (nitration): phan wng thé -H bang -NO,
Dé thay thé nguyén tir H cia benzene bang nhom nitro -NO,, benzene phan mg v6i hdn hop acid sulfuric (H,SO,) va
acid nitric (HNOs). Phan tig ciia H,SO, va HNOj; tao ra ion nitronium NO,"
HNO; + 2H,80; —> O=N"=0 + H;0" + 2 HSO,
Phan (g nitrat hoa benzene gdm hai budc. Budc dau tién, nguyén tir nitrogen cua ion nitronium nhan doi dién tir tir hé
thdng 7 clia vong benzene, nbi C-N duogc hinh thanh.
P ;
B — O
.O :

Budc thu hai, ion arenium bi deproton héa boi HSO4 tao ra nitrobenzene

:0: 0
|

ig)_—s—g)_H — + HO—S—OH
:y): !I)

Nitrobenzene

Phan tng halogen héa (halogenation)
Benzene c¢6 thé chuyén hoa thanh chlorobenzene hay bromobenzene bang cach cho benzene phan tng véi Cl, hay Br,

duéi sy hién dién cta xuc tac thich hop. Phuong trinh phan tng cho nhitng chuyén héa nay nhu sau:

cl
© AICI, @/
+ Cl, —— + HCI
Br
@ FeBr, ©/
+ Br, —* + HBr

Trong cac phan tng nay, chat xuc tic phan img vdi Cl, va Br, tao thanh chat trung gian, chat trung gian s& phan ting véi

benzene. Vi du Cl, s& phan tng v6i AICI; tao thanh CI"AICI, va phan tng chlororine hoa benzene dién ra nhu sau:
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:Cl: :Cl:
se TN l v se Aest ‘ — .ot e
Cl—Ch Al—Cl} ——— ICl—Cl—Al—Cl: —— (1 + AlC|,
312 14
H H
set
Gl AICT, ——— Cl + AICI"
PRy 4 4
s
:Cls
A~ _-Hy ‘ Cl
il ——Ar — (i —— + HCI + AICI,
:Cl

C6 thé c6 nhidu phan ung thé than dién tir khac nira. Vi du: phan tng clia benzene véi acid sulfuric ddm dic hay acid
sulfuric bdc khoi (SOs trong H,SO, dam dic) thay thé -H bang nhém -SO;H; phan (g thay thé -H bang nhém akyl -R hay
nhoém acyl RC=0.

Cic nhém thé dinh hwéng ortho, para va ciac nhém thé dinh huéng meta

Phan tmg thé -H trong benzene bang mot nguyén tir hodc mot nhém X c6 thé xay ra tai bat ky mot trong sau vi tri trén
vong. Chiing ta néi rang sau vi tri nay la twong duong. Néu benzene mang mot nhom thé thi phan tng xay ra tai vi tri nao?

So db dudi ddy mo ta cac san pham ctia phan tng nitrate hoa theo sau 14 chlorine hoa va phan tng chlorine theo sau la
nitrate hoa. Két qua cho thay su thay thé khong phai 1 ngiu nhién. Nhém -NO, dinh hudng nhém -Cl dén vi tri meta. Hiu nhu
khéng c6 san phdm ortho hodc para duge hinh thanh trong phan tng phia trén. Mit khac, nhém -Cl 13 nhém dinh ortho, para.

V& co ban khong c6 dong phan meta dugc tao ra trong phan tmg phia dudi.

NO, NO,
cl,
FeCl
O 3
w Cl
é ) (98%)
o Cl Cl
93
e NO,
@ HNO,4 B
— +
H,S0,
NO,
(30%) (70%)

Mot nhom dinh hudng ortho, para hay meta phu thudc vao su hién dién cia nhom thé lam thay ddi su phéan bd electron
trong vong benzene. Viéc khao sat nhiéu phan tmg khac nhau dan dén thir ty sau:
Ortho, para directors:  —NH,, —OR, —OH, —OCOR, —R, —X (X = halogen)
(from strongest to weakest)
Meta directors: —NO,, —CN, —SO3zH, —CHO, —COR, —COOH, —COOR
(from strongest to weakest)
Khi hai nhom thé cing loai (cting dinh huéng o-, p- hodc ciing dinh hudng m-) cing hién dién, nhém dinh huéng manh
hon sé& théng. Khi hai nhém loai khac nhau (mdt nhém dinh hudng o-, p- va mét nhém dinh hudng m-chi dao) cung c6 mat, thi

nhom dinh huéng o-, p- s& huéng dan phan img.
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Vi du 2.7: Dy do4n sian phiam ciia phan ing thé thin dién tir trén nhan hwong phwong

Dy doan san pham ctia phan (g mononitrate hoa ctia 2-nitrophenol.

© Béi vi nhom -OH 1 nhém dinh hudng o-, p- s& thu duoc hai san pham

OH OH
O,N NO, NO,
NO,

2,6-dinitrophenol 2.4-dinitrophenol
So d6 dudi ddy mé ta sy di chuyén cta dién tir xay ra trong qua trinh tao thanh 2,4-dinitrophenol.

OH OH

OH OH

|e
|

A

L NO,

Vi du A: Dy doén san pham chinh ctia phan rng mononitrate hoa cua benzaldehyde CsHsCHO.

Vi du B: Dy doan san pham chinh ctia phan g mononitrate hoa ciia 1,3-dichlorobenzene.

7. Phan wng cia alkane

Céc hydrocarbon bio hoa 6 4i luc nho voi hau hét cac tac chat hoa hoc. Ching 14 cac chat khong phan cuc, khong tan
trong nudc va khong hoat tinh di véi acid, base, hodc cac cht oxy hoa. Phan tmg thuong gip nhét cua alkane 1a véi oxy.
Alkane chay; phan rng oxy hda hydrocarbon nhin manh tdm quan trong cua alkane dugc sir dung lam nhién li€u. Vi duy,

octane phan rng vdi oxygen nhu sau:

2
CgHyg(1) + —23—02(8) ——8CO,(g) + 9H,0(l)  AH® = —5.48 x 10°k]

Tuy nhién, alkane ciing phan tmg véi halogen trong diéu kién thich hop. Vi dy, alkane chi phan img cham véi halogen &
nhiét 46 phong, nhung & nhiét d6 cao hon, dac biét khi c6 anh sang, phan ing halogen hda xay ra. Phan ung gitta mét alkane
va mot halogen 1a phan tng thé, v6i nguyén tir halogen thay thé nguyén tir hydrogen. Vi du: trong phan tng dué6i ddy, mot
nguyén tir chlorine s& thay thé mot nguyén tir hydrogen trong methane:

heat or

CHy + Cly — === CHyCl + HCl

Phan thé xay ra theo phdan img ddy chuyén (chain reaction). Phan tmg chlorine hoa methane nhu sau. Chi c6 cac

electron tham gia vao viéc pha v& hodc hinh thanh lién két méi duoc biéu dién).
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Initiation: Cl:Cl % 2Cl-
Propagarion:  H,CIiH + Cl* —— H,C+ + H:ICI

H,C+ + CliCl — H,C:Cl + Cl»
Termination: Cls + Cl» — (I:Cl
H,C+ + Cls = H,C:CI
H,C+ + H,C» — H,CiCH,

Phéan tng nay duoc bit dau khi mot sé phan tir Cl, hap thy du niang luong dé tach ra thanh cac goc tw do Cl (free
radical). Cac CI' va cham v6i phan tir CH, tao thanh cac gdc tu do methyl CHj', gbc tu do nay két hop véi phan tir Cl, tao
thanh phan tir CH;Cl. Khi c6 bat ctr phan tmg nao hodc ca ba phan tmg cudi cing tiéu thy cac gbc tu do cb6 mat, phan ng dimg
lai. Giai doan khoi mao (initiation) xay ra it thuong xuyén hon giai doan truyén (propagation). Vi du, su phan ly ctia mot phan
tir don 1é Cl, c6 thé tao ra hang ngan phan tmg chlororine hoa.

Trong qué trinh chlorine héa methane, mot hdn hop céc san pham, khong chi CH;Cl thu dugc. Vi du, cac goc tu do
CH; ¢o thé két hop dé tao thanh cac CH;CHs. Ngoai ra, vi Cl kha hoat dong, n6 c6 thé loai bo mot nguyén tir hydrogen cua
bat ky phan tir nao chtra hydrogen trong hé thong. Néu mot CI' loai bo mot nguyén tir hydrogen tir CH5Cl, gbe tu do CICH, s&
dugc hinh thanh va gdc ty do nay sau d6 c6 thé phan tmg véi CI cho ra dichloromethane, CH,Cl, (methylene chloride, dung
moi va chit tiy son). Nhiéu san phim c6 d6 halogen hoa cao hon, bao gdm trichloromethane (chloroform, dung méi va thude
x0ng), va tetrachloromethane (carbon tetrachloride, dung moéi) ciling s€ dugc hinh thanh.

Khong phai tt ca cac halogen déu ¢ cung d6 phan ting véi methane. Todine I, khong phan tng va fluorine F, phan tng
v6i methane manh liét nén cac bién phap phong ngira can duoc thuc hién.

I, << Br, < Cl, << F,

Increasing reactivity toward CH
Chung ta giai thich chiéu hudng hoat tinh nay nhu thé nao? Cing so sanh sy thay doi ning lugng trong giai doan truyén

(Bang 2.4).

Bang 2.4: Ning luong hoat hoa va su thay d6i enthalpy trong phan tmg halogen hoa methane

Fluorine hoa Chlorine hoa Bromine héa Iodine hoa

E, AH° E, AH° E, AH° E, AH°
CHU X e A G HE N X 5.0 —130 16 8 78 74 140 142
CHy*+ X, — CHX + X- ~=() =302 =0 =109 =0 —=100 ~=( —89
CH, + X, — CH,X + HX —432 —101 —26 53

Nang lugng hoat héa dé loai bo hydrogen 1a kha nho déi véi fluorine (chi c¢6 5 kJ/mol) va kha 16n dbi voi iodine (140
kJ/mol). Nhu viy, ty 1& loai bo hydrogen 1a cao nhat dbi v&i fluorine va thdp nhét ddi véi iodine. Tuy nhién, ning lwong hoat
hoa khong 1am nén toan bo cau chuyén. Sy thay doi enthalpy cho qua trinh halogen héa ciing dong mét vai tro. Vi dy, nhiét toa
ra boi giai doan truyén khong phai 14 ngay lap tirc tiéu tan vao moi trudng xung quanh va dugc hap thu boi hé théng phan tng,
lam cho nhiét d6 ting lén. Lugng nhiét dugc giai phong cang 16n thi nhiét do cang tang va su tang van toc halogen hoa cang
16n. D6i véi phan tng fluorine hda methane, giai doan truyén giai phong mot lugng 16n nhiét (AH® = -432 kJ/mol), din dén
vén tdc phan tng halogen hoa ting nhanh, trong khi & phan tng iodine hoa methane, giai doan truyén thu nhiét.

Cac nguyén tir hydrogen trong phan tur cling c6 hoat tinh khac nhau trong phan ung halogen héa. Vi dy, phan ung

bromine hoa cuia methylpropane:
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CH, CH, CH,

| 3 | heat or < N y X . ' .
H;C—C—CH; + Br, W’ H,C —C—CH,Br or H;C——C—CH; + HBr

H H Br
Methylpropane I-bromo-2-methylpropane  2-bromo-2-methylpropane
(<1%) (=99%)

Methylpropane c6 hai loai nguyén tir H. Cac nguyén tir H mau xanh 1a hydrogen nhat cdp va nguyén tor H mau do 1a
hydrogen tam cép. Theo quan diém xac suat thong ké, chiing ta nghi rang 1-bromo-2-metylproprane sé& la san pham chinh. (C6
9 H béc nhat nhung chi ¢6 1 H bac ba). Tuy nhién, san pham chinh I san pham dugc hinh thanh khi hydrogen béc ba dugc
thay thé. Su chon loc ciia bromine cho cac nguyén tir H dugc tom tat nhu dudi day. (Chlorine hoat tinh hon bromine nhung
khong chon loc bang bromine.)

H H H C

H—C—H<(C—C—H< C—C—C< C—C—C

| | | |

H H H H
Methyl Primary (1°) Secondary (2°) Tertiary (3°)
hydrogens hydrogens hydrogens hydrogens

Increasing reactivity toward bromine
Chiéu hudng vé hoat tinh c6 thé duoc giai thich dua trén do bén cua cac géc tu do dugc hinh thanh khi mgt nguyén to H
cu thé dugce loai bo. Vi du, viéc loai bo nguyén tor H bac ba tao ra géc tu do béc ba, trong khi loai bo nguyén tir H bac nhét sinh
ra géc tw do béc nhit. Giéng nhu cac carbocation, cac géc tu do duoc bén héa béi cac nhom alkyl, va do d¢6 tinh bén tuwong ddi

ctia cac gde ty do ciing tuong tu cc carbocation: 3° > 2° > 1° > methyl.

8. Polymer va phin ing trung hop (polymerization)
Téng quan

Polymer dugc tao thanh tir cac phan tir don gian c6 khéi lwong phan tir thap két hop v6i nhau thanh cac phan tir cuc ki
16n. Polymer ¢ khdi lugng phéan tir khoang 20.000 u goi 1a polymer thap (low polymer) va trén 20.000 u goi la polymer cao
(high polymer).

Mot polymer quen thudc 1a polyethylene. Nhu tén cua n6 ngu y, don vi co ban ctia né (monomer), 1a phan ti ethylene,

¢0 cau truc Lewis nhu sau

1]
-C—C-
||
H H

Chung ta c6 thé tuong twong rang su trung hop cua ethylene bat dau véi “‘sy mo*” cac lién két doi trong cac phan tir
ethylene. Sau d6, mdi nguyén tir C trong manh phan tir (gbc tu do) tao lién két cong hoa tri don véi nguyén tir C trong mot

ménh phan tir khac, va tiép tuc nhu vy cau triic cia polymer nhu dudi day:

Trong ky hiéu sau day, don vi monomer dugc dit trong dau ngoac vudng va chi so n biéu thi s6 luong monomer cé

trong hop chét dai phan tir (macromolecule) cudi. Thong thuong, n c6 thé dao dong tir vai trim dén vai nghin.
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H H
|
Clacal
[
H H

n

Rubber
Céc san pham cao su ban dau dugc sir dung han ché vi chiing bi dinh trong thoi tiét néng va bi cimg trong thoi tiét lanh.
Niam 1839, Charles Goodyear tinh c& phét hién ra bang cach d6t nong mot hdn hop cao su - luu huynh, san pham thu dugc co
nhiéu vu diém hon, dan hoi hon, va kha ning chiu nhiét va lanh cao hon cao su ty nhién. Qua trinh nay bay gio duge goi la luu
hoa cao su (goi tén theo Vulcan, vi than La Ma ctia ngon lira). Muc dich ciia qua trinh luu héa cao su 1a hinh thanh cdu néi
(cross-link) gilra cac mach polymer dai véi nhau.
CH, CH;
: -CH2~C=CH~CH—*CHz—é:CHHCH2- :
S
]
S
e -CH2~C:CH—(ISH—CH2~C:CH—CHQ- :
CH,4 CH,

Polymer 14 san phim quen thudc trong thé gi¢i hién dai. Nylon, mét trong nhitng polymer diu tién dwoc phat trién,
gidng nhu Iya nhan tao va dugc sir dung trong san xuat quan ao, ddy thimg, va canh budm. Cac polymer chira fluorine nhur
Teflon (polytetrafluoroethylene) dugc str dung lam ndi, chao khong dinh. Polyvinyl chloride (PVC) dung trong bao bi thuc
pham, 6ng dan, éng nudce, va san nha. Nganh cong nghiép polymer 1a nganh cong nghiép khong 16. Nguoi ta ude tinh khoang
mot nira s6 nha hoa hoc lam viéc voi polymer. Mdi quan tim ciia ho 1a nhitng phan g c6 thé duoc sir dung dé tao ra polymer.

Chung t6i s& khao sat ngan gon cac loai phan tng trimg hop chinh.

Phén éng trung hop chudi (chain-reaction polymerization)

Céc monomer v6i cac lién két doi carbon-carbon thudng trai qua phan tng tring hop chudi. Két qua 1a cac nbi doi mo
ra va cac don vi monomer thém vao chudi dang phat trién. Ciing nhu cc phan tmg day chuyén khéc, co ché phan g bao gom
ba budc dic trung: khoi mao (initiation), truyén (propagation) va két thuc (termination). Vi du: co ché cho sy hinh thanh
polymer polyethylene tir monomer ethylene (ethene). Chia khéa cho phan ung trung hop 1a chat khoi mao gbc tu do. Trong
giai doan khoi mao, mét peroxide hiru co phan tach thanh hai gc peroxy. Cac gdc tu do cong vao lién két d6i ctia phén tir
ethylene tao ra nhitng gdc trung gian tdn cong nhidu phan tir ethylene hon va hinh thanh trung gian méi cang ngay cang dai
hon nhu trong giai doan truyén. Céac chudi ding lai nhu cac phan tng trinh bay & giai doan két thac.

Initiation: R—0:0—R — 2R—O0-
an organic peroxide

followed by

CH,=CH, + RO+ —> R—O0—CH,—CH,-
Propagation: ROCH,CH,+ + CH,=CH, —> ROCH,CH,CH,CH,

RO(CH»);CH,+ + CHy=H, — RO(CH,)sCH, -

Termination: RO(CH,),CH,+ + RO+ — RO(CH,),CH,0OR
or

RO(CH,) ,CH,+ + RO(CHy),CH,+ — RO(CH,),CH,CH,( CH,) ,OR

y
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Bang 2.5 liét ké mot s6 polymer dugc tao thanh bang phan tng trung hop chudi. Dé ¥ rang trong giai doan két thuc, cac
phan tmg tao ra polymer v6i cac nhom -OR & ca hai dau ciia mach. Cac nhom -OR khong anh huéng dén tinh chit cua
polymer boi vi polymer ¢ hang trdm, c6 thé hang nghin, don vi monomer, va cac nhom -OR chi & dau ciia mdi soi polymer.
Chudi dai cua cac don vi monomer tao nén tinh chat riéng bi¢t cia nd, va nhom chi phuc vu cho viéc khoi mao phan tng va

két thuc chudi polymer.

Bang 2.5: Mot s6 polymer duoc tao thanh bang phan g tring hop chudi

Tén Monomer Polymer Coéng dung

Polyethylene CH,=CH, —(CH,—CH,)= Tui, chai lo, dng, mang boc

Polypropylene CH,=CHCH,4 CH,—CH D6 dac phong thi nghiém va gia dinh, san
cH ¢0 nhan tao, khudn dtc phau thuat, do choi

3/n

Poly(vinyl chloride) PVC CH,=CHCI CH,—CH Chai, san nha, mang boc thuc pham, 6ng
L) nudce, Ong dan

Poly(tetrafluoroethylene). CE,—CE, —(CF,—CF,)— Vong bi, chat cach di¢n, bé mat chong dinh,

Teflon miéng dém, do cong nghiép
Polystyrene CH,=CH CH,—CH Bao bi, cura ti lanh, ly, thung nuéc da

n

Phén trng trung hgp tirng bac (step-reaction polymerization)

Trong phan ung trung hgp ting bac, con goi 1a phan ung trung ngung (condensation polymerization), cdc monomer
thuong c6 hai hodc nhiéu nhém chirc phan tng véi nhau dé ndi hai phan tir lai véi nhau. Thong thudng, diéu nay bao gdm viée
tach mot phan tir, ching han nhu H,O. Trong phan tng tring hop chudi, phan tng cia mét monomer c¢é thé xay ra chi & phan
cudi ctia mot chudi polyme dang phat trién; nhung trong phan tng tring hop ting bac, bat ky cip monomer nao ciing co thé
ndi v&i nhau tao dimer, cac dimer c6 thé két hop v6i mdt monomer dé tao thanh frimer, hai dimer c6 thé ndi véi nhau tao thanh
tetramer, va ¢t tiép tuc nhu vay. Phan mg tring hop timg bac c¢6 xu huéng xay ra cham va tao ra polymer chi c6 khéi lwong
phan tir cao vira phai (it hon 10° u). Sy hinh thanh polyethylene glycol terephthalate, Dacron, dwoc minh hoa trong phan tng
sau, va mot s& polymer khac dugc tao thanh tir phuong phap nay duoc liét ké trong bang 2.6.

O O
|I

0 0
I | I
HO—C C O0—CH,CH, —0 C C—OH ..

terephthalic acid ethylene glycol terephthalic acid

I I
— C—@C—O—CHZ—CHZ—O + 2nH,0
n

poly(ethylene glycol terephthalate)
(Dacron)
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Bang 2.6: Mot s6 polymer duoc tao thanh bang phan (g tring hop timg bac

Tén Monomer Polymer Cong dung

Poly(ethylene HOCH,CH,OH Vai dét, soi xoan va day

0 0
slycol I Il . thimg, voi ctru hoa, hop
terephthalate) ~ and C €C—0—CH,—CH,—0 dung bing nhya déo
(Dacron) " ’ ’
HOOC @COOH

P()ly(hcxamcl‘hy]» H,N(CH,),NH, fo 0 il Hang dét kim, day
eneadipamide)  and [| [ thimg. dav 16p. dil. mach
nylon 66 HOOC(CH,),COOH —C—(CH,),—C—NH—(CH,)—NH{- Ung, day lop, du, m

- - - - mau nhan tao

Polyurethane HO(CH,),OH il H H 7

and \ | ]
OCN(CH,),NCO —-O—(CH2)4O—|L|‘—N—(CHz)ﬁN—lC-— Soi Spandex, 16ng ban

| chai, dém va ném
O O 9 4 g

. -y

Polymer 1ap thé dic thu (stereospecific polymer)

Tinh chit vat 1y cia mot polymer duge quyét dinh boi mot sé yéu td, nhu chiéu dai trung binh (khdi lugng phan tir
trung binh) ctia chudi polymer va d6 manh cua lyc lién phan tir giita cac chudi. Mot yéu td quan trong khac 1a liéu cac chudi
polymer c¢6 d6 két tinh (crystallinity) nao khong - nghia 1, mot trat tu hinh hoc va khoang cach ctia cac nguyén tir giita cac
chudi polymer. Noi chung, cac polymer vo dinh hinh cé dang kinh hoic cao su. Mot sgi c6 do bén cao, mit khac, phai c6 mot
s6 do két tinh. Nhiéu polymer cé ca hai viing tinh thé va vo dinh hinh. S6 lwong twong d6i ciia mdi loai & ting ving anh hudng
dén tinh chét vat 1y cua polymer.

Viéc mé ta thong thudng ciia mot polymer, vi du polypropylene, khong cho biét vé ciu tric ciia polymer:

10
T
H CH,

Su dinh hudng cua cac nhém doc theo chudi polymer khong duoc chi ra. Néu propylene duge tring hop bang phuong
phap tring hop chudi gidng nhu vi du cia ethylene, sy dinh hudng cua cac nhom 1a ngiu nhién (Hinh 2.24). Polymer loai nay
dugc goi 1a atactic. Vi khong co quy tic nao cho cdu triic, cac polymer atactic vo dinh hinh. Trong polymer isotactic, tat ca cac
nhom -CHj; cing hudng; va trong polymer syndiotactic, caic nhém -CHj luan phién & phia trude va sau doc theo chudi. Do su
¢6 quy téc vé céu triic, cic polymer isotactic va syndiotactic c6 d6 két tinh, 1am cho chung manh hon va chiu dugc héa chit
hon polymer atactic.

M\/\/\/\/\/\m

LH{ g H/ - / i, H/ - CH/ .
Atactic
CH, CH, CH,
&/\/\/\\/\/\/\%
CH3/ H CHj i CH{ H CH/ H CH/ H
Isotactic
CH, CH,
M\/\/\/\/\/\w
A A WA N

CcH; H H CH*LH H H LH%(H H

Sy ndiotactic

Hinh 2.24: Ba ciu truc ciia mach polypropylene
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Chuong 2: Phan (g cua cac hop chat hitu co Héa hitu co dai cuong 3

Trong nhitng nam 1950, Karl Ziegler va Giulio Natta di phat trién cic quy trinh kiém soét sy dinh huéng khong gian
ctia cac nhom thé trén mot chudi polymer bang cach sir dung cac chit xiic tic dic biét, nhu (CH;CH,);Al + TiCl,. Phat hién
nay, duoc nhan giai thuong Nobel nim 1963, di cach mang hoa hoa hoc polymer. Thong qua qua trinh tring hop 1ap thé dic

thil, c6 thé tao ra nhirng phan tir 16n.

9. Téng hgp hop chit hiru co

Ban ddu, tit ca cac hop chét hitu co déu dugc ¢ 1ap tir thién nhién. Tuy nhién, khi cac nha héa hoc nghién ctru vé hanh
vi hoa hoc cta cac hop chit hiru co, ho bit diu dwa ra phuong phép tdng hop cic hop chét tir cac nguyén liéu dau don gian.
Hon nita, mot s6 hop chat duoc tong hop bang cac phuong phap méi chua bao gio xay ra trong tu nhién.

Trong tong hop hitu co, cic nha hod hoc c6 ging bién d6i cac hop chat don gian, c6 sin thanh cac hop chét phic tap
hon véi cac tinh chat vat 1i va hoa hoc mong wéc. Mot sé quy trinh duoc thiét ké dé tong hop cac hop chit c¢6 hoat tinh sinh
hoc ma trong tyr nhién cac hop chit nay ton tai v6i ham luong nhé va viéc ¢o 1ap doi hoi chi phi cao. Mot sé phuong phap khac
dugc thiét ké dé tong hop cac hop chit méi, co ciu truc gan gidng cac hop chit tw nhién nhung c6 hoat tinh manh hon, ching
han nhu thudce chéng bénh tat.

Hinh 2.25 tém tit mot s6 bién ddi hoa hoc giita cac nhom chire dwoc gidi thiéu trong chuong nay va chuong trude. Ban
tom tit ndy nhan manh ring mdi loai phan tng c6 ba thanh phan: nguyén liéu ban dau, cac san phim, va cac tac chat can thiét.
Dbi voi bat ky phan g nao, chiing ta ¢6 thé hoan thanh mot phuong trinh hda hoc néu ching ta c6 thong tin vé hai trong ba

thanh phan ciia phan ing va néu chung ta biét loai phan tng chuyén doi nguyén liéu dau thanh san pham.

H,
—c=c— —2 Ye=c”
Addition N

o H,0
Elimination Addition HX Addition .
R—NH,
Elimination NH3 -
L Substitution | Reduction
.e Substitution H,O CN
R_Q_H HX R—X Substitution R—C=N:
Oxidation Oxidation Reduction
Hydrolysis
R—C—R R—C—H R Substitution R
Il Oxidation J ROH “
0 C H,0 C
N e 7 N\ z 7 N\ ,
From 2° alcohol From 1° alcohol (9] OH 0] O—R
Addition Addition R'—NH “\HWO
HCN HCN A
Substitution
N N R
C C |
| | C R’
R—C—O0OH R—C—H 2N S
| | O N
R OH H

Hinh 2.25: Sy chuyén hoa mot s6 nhom chirc
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