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LOI NOI PAU

Cuth sdch “CO CHE VA PHAN UNG HOA HOC HUU CO”
nay duge bién sogn trén co sd cudn “Cd sd Iy thuyét hoa hitu cd”
(Nhé xudt bén Khoa hoc va Ky thugt Ho N§i, ndm 1999 va tdl ban
ném 2001) nhdm b sung thém nhitng kién thitc co bdn va hién
dai vé lién két hod hoc, cdc hiéu ing cu tric, hod hoc lgp thé,
nhét la cde cd ché phén ing cu thé trong cde logi phdn ing co ban
clia hod hoc hitu co nhu phdn ing thé géc, electrophin va
nucleophin; phdn iing céng goe, electrophin va nucleophin; phdn
iZng tach; phdn ing chuyén vi; phdn ing nhiét va quang hod; phdn
ing oxy hod khit.

Cudn sdch dung cho sinh vién dgi hoc, cao hoc va nghién
cizu sink dang nghién citu vé hod hoc hitu cd va c6 thé lam tai liéu
tham khéo cho cdc cdn bd gidng day va nghién cttu vé hod hoc hitu
cdad.

Cudn sdch gém 15 chuong duge chia ra lam ba tép.

Chde réng cudn sdach con ¢ nhitng ché chua ddp itng duge
yéu cdu ctia déc gid, chiing t6i mong nhan duge y kién nhdn xét dé
cudn sdach duoc hoan thién hon.

Tdc gia



CAC CHU VIET TAT VA THUAT NGU

1- Chir viét tit:
THF
DMF
HMPA
DBN
DBU
DDQ
DMAP
9-BBN
LDA
DABCO
DAST
DCC
DHU
NBS
TEBA
DIBAIH

Tetrahydrofuran

Dimetylfomamit
Hexametylphotphoric triamit
1,5-Diazabixyclo[3.4.0] nonen-5
1,8-Diazabixyclo[5.4.0]undexen-7
2,3-Diclo-5,6-dixyano-1,4-benzoquinon
4-Dimetylaminopyridin
9-Borabixyclo{3.3.1]nonan

Liti diisopropylamit
1,4-Diazabixyclof2.2.2]octan
Dietylaminosunfua triflorua
Dixyclohexylcacbodiimit
Dixyclohexylure
N-bromsuxinirnit
Trietylbenzylamoni clorua

Diisobutyl alumi hydrua

2- Cac thuft ngit tir ti€ng La Tinh dugc gii nguyén géc.

3- Céc thuat ngi¥ dich tir ti€ng nudc ngoai duge ghi thém tiéng Anh.



Chuong 5

PHAN UNG THE NUCLEOPHIN Sy CUA
HYPROCACBON ALIPHATIC

5.1. KHAI NIEM CHUNG
Phan tng thé nucleophin Sy xay ra bing sy t4n céng cta tic nhan nucleophin (Nu)

vao trung tam thiéu electron va su phan cét anionit ctia nhém di ra (Z) cing cip electron
lién ké&t (Z:):
/——-\
P N il .
Nu ;C =7 & —= Nue—C +Z:

T4c nhan Nu 1a anion nhu €, H, O, §, N ... hoic nhimg phan tlr trung hda nhu

HOH, RNH,, PH,...
Nhém di ra Z 12 nhitng nguyén t6 hay nhém nguyén t6 ¢6 d¢ am dién cao di ra O dang
anion Z_ nhu Hal, OH, OR, OSO,R... hoic nhitng nhém mang dién tich duong di ra & dang

phan tir trung ho nhu N'R;, $'R,...
Trung tdm phan iing 12 nguyén tir cacbon ¢ trang thdi lai hod spj. sp2 hay sp va nhiing

nguyen t6 khdc nhv O, N, S...
Trong tat ca céc trudng hgp Nu déu ¢6 cap electron khong lién két, ¢6 nghia 1a Nu la

nhitng bazo Lewis. N&u Nu déng thoi 1a dung moi, phan ting goi 1a dung moi phan.
Mat khdc, ngudi ta ciing ¢6 thé néi phan dng thé & cacbon ankyl 14 phan Ung ankyl

hod cila nucleophin, thé & cacbon axyl la phan tng axyl hod cla nucleophin...
Phan ung dién hinh 12 phan Gng Sy dé xay ra & cacbon lai hod sp° ¢6 mat do electron

nho nhat, hat nhan khong bi chén va tdc nhan dé tiép can.
V& mat c¢ ché phan ng, c¢é thé phan loai phan fing Sy nhu sau:
i- Phan tng Sy ¢6 su phan cét lién két C-Z truéc hay nhom di ra trudc, tan cong

nucleophin sau:
: ~ I~ -
7(: 7 — /C + Z
=c— Nu

l“‘c’f + Nu =
-~

Phan ting trén thudc loai phan ing Sy/.



2- Phdn itng Sy ¢6 sy phan cit nhém di ra va tdn céng nucleophin déng thoi:

;C—Z + Nu —=

Phan ing di qua trang thdi chuyén ludng phan tir nén 13 §2.
3- Phan 1ing xdy ra theo hai giai doan tich - cOng qua hgp chat trung gian chita ndi
doi:

- | 1
e e

4- Phan ting c6 su tdn cong Nu trude va phan cét nhém di ra sau. Phan éng thudng xay
ra & nhitng hop chat chita nhém CO, CN... nén thudng dua vio phan ting cong nucleophin &
nhém CQ, CN... (chuong 10).

Trudc hét cdn chi ¥ rang, cdc nhém th€ cho electron 1am dé& dang cho su phan cit
anionit, cidc nhém thé hiit electron 1am d& dang cho sy tin cong nucleophin, nén trong ciu
tric ban ddu, n€u phan Gng xay ra d& dang thi sy tdn c6ng lai khé:

VRS-
Nu "}C_K?
khé  dé
Trong phan ung Sy, tdc nhan Nu mang tinh chét cia m6t bazo, nhém di ra ciing &

dang mét bazo (hoic mot nucieophin tuwong ng), cho nén phan Ging xay ra véi t6c do cao
néu cdu tric obitan ctia nhém di ra va tdc nhan nucleophin Nu ¢6 ciing tinh chét.

5.2. PHAN UNG THE NUCLEOPHIN CUA HYDROCACBON NO

Phuong trinh chung la:
R-Z+Nu — R-Nu+Z
C6 cic loai sau:
1- Chét du trung hoa + Nu trung hoa:
R-Z + Nu ~—= RNu"+ 7~

1 -
R-1+R":P —> RR’P']

2- Chat diu trung hoa + Nu anion:
R-Z+Nu — R-Nu+Z
CH;CHBrCH,CN + Nal — CH;CHICH,CN + NaBr (96%)
3- Chat dau cation + Nu trung hoa:
R-Z"+Nu — RNu* + Z:
R-N*(CH3); + H,S — R-5'H; + N(CH,);



4- Ch4t ddu cation + Nu anion:
R-Z'+Nu — R-Nu+Z:
CH,=CHCH,CH,S*(CH;)CgHs + I” —= CH,=CHCH,CH,I + CH,SCxH;
Cic phan Ung trén déu tudn theo nhitng co ch€ chung v6i hai co ché gidi han, déng

thoi cling ¢6 nhitng co ch€ trung gian cla hai co ché d6, & day chi di sau vao hai co ché gidi
han Sy/ v Sy2, d6ng thdi nhiing thay déi vé co ché khi ¢6 nhém ké va chuyén vi.

5.2.1. Co ché Sy1
5.2.1.1. Coché
Phén ting ¢ hai giai doan:
k
R-Z TT_.I-'* R* + Z
R* +Nu -2 R-Nu
Téc do phan ting la:
ky.dy [RZ)[Nu~™]
ks [Nu~] + &k ,4(Z7]
Néu k,[Nu] > k.;[Z"] thi phuong trinh t6c do ¢6 dang: d[RZ] / dr = k) [RZ].
Khi ¢ nucleophin manh, &, > k_;, t6¢ d¢ phu thudc vao giai doan xdc dinh t6c d§

-d[RZ]/dt =

phan ly ra ion v phan ng khéng phu thudc vao [Nu].
Giai doan tuong t4c cacbocation véi Nu x4y ra nhanh. Gian d6 phdn tmg nhu & hinh 5.1.

|
E F Y . "(;Z

T E

& (td hap ion)

(ion hda)

Y -(ll: ~Nu

[

Toa @o phan (ng

Hinh 5.1. Gian d6 th€ nang cia SyJ/

Trén gian dé cho thdy, giai doan quyét dinh t6c do 12 giai doan ion hod. Khi tang néng
do cla ion déng dang, t8¢ d6 phan ng gidm goi 12 hiéu tng ion chung. Khi thém muéi



khong c6 ion déng dang thi téc d6 phan \ing tang do tang luc ion cha dung dich, goi 14 hi¢u
Wing mudi bac nhat. Higu ing ion chung chiing 16 co ch& phan dng 1a Sy!, c6 tao ra ion tu
do: cation va anion. Trong nhimg trudng hgp ma giai doan xic dinh t6¢c do 1a str phan cét dj
thé lién két C~Z, phiic hoat hos c6 dang [R...Z]. Lien két [C®*...Z°] bi phan cit moét phén,
¢6 dién tich duong & C>* va 2%,

Sy phan cit ndy doi héi nang lugng 16n, nhung duge b trir bing nang luong solvat
hod vi dung moéi solvat ion 16n hon chat ban dé4u, song nang luong phan ly vin cdn 1én nén
giai doan nay vin la thu nhiét. Theo tién dé Hammond, trang thii chuyén nay gin véi csu
triic ion hay cép ion hon, nghia 12 lién két C-Z hdu nhu bi phan cit. Nhu vy, nhimg nhén t6
anh hudng tdi cau tric ion trung gian ciing 4nh hudng t6i trang thi chuyén.

Giai doan thi hai 12 tuong tdc ion cacboni v6i Nu~ phu thudc vao tuong tdc tinh dién
1 tuong tic khéng ché€ dién tich:

AE = (gc+ - quu)l Ior-no-
nghia 1 twong tic nay dugc ddnh gid bing lyc Coulomb.

Giai doan ddu 12 sy ion ho4 cham ch4t ban d4u va 1a giai doan quyét dinh t6c d6. Giai
doan thit hai xay ra nhanh giita chét trung gian va nucleophin. Sy jon hod luon luén dugc hé
trg bdi dung moi nén nang lugng cén thiét cho sy phan cit lien k&t C-Z 16n dugc b trit bing
solvat hod clia R™ va Z™. Ching han, ion hod fert-butyl clorua thanh cation rert-butyl va CI”
trong pha khi khong c6 dung moéi c4n 150 kcal/mol (630 kJ/mol), khi khéng ¢ dung moi thi
& diéu kién thudng khong xay ra trir & nhiét do cao, trong nudc, sy ion ho4 chi 20 kcal/mol
(84 kJ/mol). Sy khdc nhau dé 1a néng lugng solvat hod. Trong trwdng hop dung méi ¢6 tham
gia vao qué trinh di ra cita nhém di ra ti phia dién, & day khéng cé tham gia phia sau cla
dung moi, co ch€ goi 13 Sy/ gi6i han. Ciing ¢6 dit lieu dong hoc va chitng minh khéc, Z di ra
tir RZ véi hai phan tir dung moi proton tao lién két hydro véi Z:

' .-H-O-R __ o,
R=Z --.po-r
Co ch€ Sy/ 12 bac nhat theo dinh luat 18c do: v = k{RZ] (1)

Trong giai doan chim nay chi ¢6 chat ban ddu tham gia, t6c do chi phy thuoc vao
néng d¢ chit ban ddu, mic di dung moi cdn cho su ion hod nhung khong ¢6 trong phuong
trinh t6c d¢ va ham lugng qué du. Tuy nhién nhiéu trudng hgp cho th&y phan ting don thuin
1a S/ nhung cling c6 trudng hop khic ¢6 dong hoc phiic tap, trong trzong hop nay cé thé
dua vao tinh thuan nghich clia giai doan 1. Z~ hinh thanh & giai doan nay canh tranh véi Nu~
cho cation va t6¢ d c6 thé thay déi nhu sau:

R-Z —“7(—*' RY + Z
-1

R* +Nu 2% R-Nu



_ kik[RXJNu]
klZ) + kplNu]

& ddu phan ng, néng d6 Z~ rdt nhd, k,{Z} c6 thé bd qua so vdi ky[Nu] nén theo phuong
trinh (1). Co ch& S/ néi chung 13 bic nh4t & giai doan ddu, nhiéu nghién ctu cho thdy di
lech ra quy tic d6. Trong phin ding dung moi phan Sy/, {Z] theo phuong trinh (2) va thdy téc
d6 giam. Nhu trudong hop diaryl metyl halogenua, khong phai ters-butyl halogenua, theo
phuong trinh (1). Gial thich sy khdc nhau d6 13 cation tert-butyl kém chon lgc hon,
diarylmetyl tuong d6i bén hon. Tuy nhién ion halogenua 12 nucleophin manh hon nude, ¢6
nhiéu nudc hon nhu 12 dung moi, cation diarylmetyl chon loc hon t6 hgp véi phan tir dung
méi trude khi két hop véi halogen, con cation fert-butyl kém chon loc hon khong thé cher doi
ion halogenua trong d6i hi€m hon ma t6 hgp véi dung moi.

@

N&u Z hinh thanh trong phan tng 1Am gidm t6c do, ¢6 thé tim thdy biing thém ion Z tir
ngoai va s& thay gidm t6c do. Su cham d6 khi th€ Z goi 12 hi¢u tmg ion chung hay hiéu ting
dinh luat khéi tugng. Khi thém ion Z lam giam t6c d¢ d6i v6i diarylmetyl, khong gidm déi
véi tert-butyl.

Mat khdc ¢6 hiéu vng muéi tang lugng ion trong dung dich 1am tang t6c d¢ Syl
Nhung vé&i phan iing loai hai, chit ban ddu va tic nhén 12 trung tinh va Z 1a dién tich am, lyc
jon tang thi t6c d¢ phan ng tang. Thuc 1€, thém ion ngodi lam tang t6c d6 nhiéu phan ng
Sn con su giam t6c 46 gay ra bdi ion chung.

Cacbocation trong S/ khé c6 thé phdt hien vi ddi s6ng ngén, nhung trong truong hop
3,4’-dimetoxydiphenylmetyl axetat (2) va vai chat khic trong dung moéi phan cyc ¢6 thé

kich thich quang phan va duéi diéu kién d6 phd UV c6 thé phdt hién chat trung gian cation
ching minh cho Syl:

©,om3 OCH;
| hv i ...
CH;0—4_)—CH=OCOCH; o c,0—{_)—CH" + "OCOCH,

(2)

Duéi diéu kién Sy, cation khong hay rdt cham tao thanh & vi tri ddu cdu nhu hé
[2.2.1] norbornyl (1-cloapocamphan) (3) khi dun s6i trong KOH 30%, hay trong dung dich
nuée etanol nitrat bac 80% trong 21 gid vin khong xdy ra phan ng do khéng thé tao
cacbocation phing. Tuy nhién, phan itng Sx/ c6 thé xay ra trong cdc hé vdng rong hon tao
cation (4) bén trong dung dich SbF--SO,CIF & -50°C. M6t s6 vdng nho [3.3.1] nhu (5) hay
cubyl (6) tao cacbocation tuy khong phing nhung ¢6 nang lugng thép, cation 1-norbornyl ¢é
thé phan tng theo Sy /.



L e A Fown
) Br
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Mot s6 phan (g th& nucleophin c¢6 xay ra & norbornyl ddu cdu nhu 12 phan tng tao
cacbocation binh thudng (tuy khong phai 12 tat cd), néu nhém di ra khéng cé chitc naing nhr
1a m¢t nucleophin nhu phén dng sau (7) véi nucleophin 1a CgH;Cl:

LR + CO, + BF; + AgCl + HF

AgBF4

a
C-C=0 )

3.2.1.2. Co ché cdp ion ctia Syl

Trong phan ting Sy/ ¢6 sy hinh thanh cacbocation, n&u cacbocation nay tu do, c4u tric
phing va sir t4n cong ctia Nu & hai phia clla mat phéng giéng nhau thi thu duge san phdm
raxemic hod hoan toan. Song ¢6 nhidu phan fmg cho san phdm raxemic hod, nhiéu phan ing
khic lai khong, ¢6 phan ting nghich dao khoang 5 + 10% nghich dao cfu hinh va cling c¢6
trudmg hop hoan todn bao toan cfu hinh.

Nhitng ké&t qua d6 dya trén sy hinh thanh cacbocation khong phai hoan toan tr do ma
& dang cidp ion nhu sau:

R-Z == [R--Z] === R'Z == RY||zz == R +7
chat ban ddu trang théi chuyédn capion lign k&t  cipion phan chin  ion ty do solvat hod
trong d6, cdp ion lién két c6 nghia 12 hai ion & gin nhau, c6 thé goi la cdp ion chit, cip ion
phan chia 14 hai ion bi phan cdch bdi mot 16p dung moi solvat & trang thai long 1éo hon va
ion ty do ¢ trang thdi solvat cia dung méi. Céc cip ion lien ket hay chat ¢6 thé t6 hop véi
nhau cho trd lai chat ban ddu, ¢6 xdc suft tao lién két gira R* va Z~ va gitt dugce tinh bat d6i
xing. Nu~ chi solvat dugc & phia nguoc véi Z, cho nén din dén nghich dao céu hinh.

Nhu biéu dién theo so d6 sau, phan dng véi dung méi SH bd qua phdn tng chuyén vj
va tich:

SR SR 8 SR + (1-8)SR
SH| (52 SHTB SHf 1 1
RY === R'X- = R+" X- \\ %&' 3 RS + ESR
e TS
XR === XR* == X'“R"/
SH¢(SN2} S“¢ SH
RS RS SRS +(1-8)SR
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