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[11.1 Dan xuat Halogen

Dan xuat Halogen la sdn pham thé hydro cla
hydrocacbon bang halogen X (X=F, Cl, Br, I)

Co6 thé co nhiéu lién két C-X
Pugc st dung dé lam chat chéng chay, chat lam lanh,
dugc pham, thudc trir sau ...



H Cl ' Br

\ /
C=C —_G—G—H
/ \
Cl Cl F Cl
Trichloroethylene Halothane
dung moi thude té dang hoi
F H
Cl—C—F H—C—Br
Cl H

Dichlorodifluoromethane Bromomethane

Chat lam lanh thu6c xéng



Dan xudt mono halogen cUa

hydrocacbon no

Danh phap:

Cong thuc

CH CI

CH CH CI

H,C——CH—CI

CHs

H3C_CH2_CH2_C|

CHs

Hs,C——C——CcCl

CHs

Tén thong thuong
Metyl clorua

Etyl clorua

Isopropyl clorua

N-propyl clorua

Tert-butyl clorua

Tén quoc té
Clometan

Cloetan

2-clo-propan

1-clo-propan

2-clo-2-metyl-
propan



Piéu ché

1. Halogen héa truc ti€p hydrocacbon

A. Halogen hoa ankan bang X, (trr F,) theo co ché goc tu
do.

Toc do thé hydro: H bac 3> H bac 2> Hbac 1
Cl>Br>|

V@i Flo thi phan Ung xay ra manh, thuong gay phan Ung
nghich do vay dé diéu ché dan xuat cla Flo phai bang
phuong phap gian tiép:

CoF, + F, —= (ok;

CoF; + RH — RF + CoF, + HF



2. COng HX vao anken

Co ché electrophil:

C.Hy + HX — Cmimeit
X=Halogen
3. bi tu rugu:
H,SO, dd
2244 RX + H,0

ROH + HX ——>



\/ =x

> +
~"0H " 120
H H H H R H R R
\{ &/ x/ \{
H”  SSOH R™ OH R~ “OH R™ SOH

Methyl < Primary < Secondary <  Tertiary

B
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Ly tinh

Céac ankyl halogenua da so6 la chat [dng, 1 s6 anky!
halogenua c6 khoi luong phan t& nhd & thé khi

Theo quy tac chung, tinh bay hoi ting khi gidam khoi luong
phan tu

Khi cuing nguyén ti X, tinh bay hoi giam khi tang s6
cacbon

Céac ankyl halogenua khoéng tan trong nudéc, tan trong

dung méi htu co va 1 so ankyl halogenua duogc lam dung
mOi



Hoa tinh

Ankyl halogenua la 1 trong nhiing chat c6 kha nang phan
Urng cao do su khac biét vé do am dién gilra nguyén tlr
cacbon va nguyén tu halogen

Lién két C-X bi phan cuacj manh vé phia halogen. Néu
hiéu Ung +I cla gbc ankyl cang I6n thi su phan cuc cang
Ion.

Nguyén t' halogen c6 thé tach ra dudi dang X . Khd nang
phan ly C-X nhu sau: Rl > RBr > RCI| > RF

Phan Ung dac trung nhat doi véi ankyl halogenua la phan
(rng thé nucleophil

Ngoai ra con c6 phan Ung tach loai



5—

X -
Electrophilic
SJ:CI:\/ carbon

-

“/
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Phan Ung thé nucleophil S

Tac nhan nucleophil sé tan céng vao cacbon mang dién
tich duong va thay thé nhom halogen clla HX

-i- 3

%
— - / b ‘
Nu: >+ —C—X (‘j L

Trong do X: Halogen
Nu: : OH, CN, RO
NH , RNH,, R.N...
Phan Ung S, thudng dugc tién hanh trong dung dich

- TUy thuOc vao trang thai chuyén ti€p ctia phan rng ma
chungtaco S, S,
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Phan Ung thé S 1

pay la phan Ung thé nucleophil don phan t&, nghia la &
giai doan quyét dinh tdc d6 phan Ung, chi cé 1 phan ti
tham gia.

Phan Ung xau ra vdi halogen bac 3°, allyl, benzyl

Co ché phan Ung gom 2 giai doan trong dé viéc dut lién
két C-X khong déng thdi véi viéc tao thanh lién két méi C-
Y
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Gial doan 1

Phan ly hop chat halogen thanh cacbocation R* va anion
X

/‘S.. " -
(CHy);CBr:  —  (CHy:C*  +  :Brt

tert-Butyl bromide tert-Butyl cation Bromide ion

Giai doan nay thudng xay ra cham va la giai doan quyét
dinh toc d6 phan Ung
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Gial doan 2

Két hop cacbocation R* véi tac nhan nucleophil Y- (HY)
dé tao thanh san pham:

H H
/ + /
(CH3)3C+/+\:O : > (CH3);C—0;
\ \
H H
tert-Butyl cation Water tert-Butyloxonium ion

Van toc phan Ung: v=k[RX]
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Thu dugc hon hop sdn pham C ‘ ¢ s '
<

=
L)
l l
- +¢.3¢.
e 8o ®

More than 50% Less than 50%
H,C \H gH/CH3 H,C \H
/(’:—Br —> Ho—é\ + /(':—OH
CH3(CH,)s (CH,)sCH;  CH3(CHy)s
(R)-(—)-2-Bromooctane (5)-(+)-2-Octanol (R)-(—)-2-Octanol

66% net inversion corresponds
to 83% S, 17% R
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Khd ning phan Ung S, 1 cla dan xudt halogen

R—Br + H,O ——> R—OH + HBr

H H3C H3C H3C
\C B \C B \C B \C B
— — — r —
H77 " HT7 T HaC” HiCc? 7
H H H HaC
Methyl Primary Secondary Tertiary
Relative <1 1 12 1,200,000

reactivity

B R
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Anh hudng clla nhém ra di X dén phdn Ung thé
S, 1

Increasing rate of substitution by nucleophiles

RF << RCI < RBr < RI

Least reactive Most reactive
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Anh hudng cla dung moi:

Dung méi phan cuc manh solvat hdéa trang thai chuyén
ti€p va lam bén no.

H H
Hoon H
O: | :0

H A H
H_ .. | . _H
‘““{IJ : (|_:u -
H o) H
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Dung m6i phan cuc manh la méi truong tot cho qua trinh
ion hoa; tang do phan cuc cla dung moi sé lam tang toc
do phan Ung S, 1

CH,COOH >> H,0 > CH,OH > C,H.OH > CH,COCH, >

C:6H6
i T
CHy—C—Cl + ROH — CHy—C—OR + HC

CHs CH3
40% Water/ 80% Water/
Ethanol 60% Ethanol 20% Ethanol Water
Relative 1 100 14,000 100,000
reactivity ' '

Solvent reactivity
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Phan Ung thé S 2

pay la phan Ung thé nucleophil ludng phan t&, nghia la &
giai doan quyét dinh téc do clla phan Ung c6 2 phan ti
tham gia dong thoi.

Phan Ung xay ra vdi halogen bac 1 va 2

Phan Ung xay ra 1 giai doan

Viéc duat lién két C-X va viéc hinh thanh lién két méi C-Y
dién ra dong thdi va phan (ng qua trang thai chuyén tiép.

85— 58—
HO:  + CHsBr: = HO--CH;--Br: — HOCH; + :Bre
Hydroxide Methyl Transition Methyl Bromide

10n bromide state alcohol ion

Van toc phan Ung: B
v = k[CH;Br][HO ]
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CO ché phdn Ung S 2

Tetrahedral

Tetrahedral
© Thomson - Brooks Cole

—ll
Nu:i- + No—x
/
§= \," &=
Nu------------ C---ooeeeeee X
I
Nu—C” + X:-
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The nucleophile “"OH uses its lone-
pair electrons to attack the alkyl
halide carbon 180° away from the
departing halogen. This leads to a
transition state with a partially
formed C—OH bond and a partially
broken C—Br bond.

The stereochemistry at carbon is
inverted as the C—0OH bond forms
fully and the bromide ion departs
with the electron pair from the
former C—Br bond.

HO: -

(S)-2-Bromobutane

CH,

HG N

— —(C—Br
/
CH,CH,

|

s
Hb....?...B;
CH,CH,

Transition state

|

H,C

o
HO—C”
\

CH,CH,

(R)-2-Butanol

+ Br~



Hoéa 18p thé:

o f o . !
cp.+.—>€§—>€.+.

{a) Nucleophilic substitution with retention of configuration

_ @ L e
@ ®—- @ - © + @
d 3 3

(b) Nucleophilic substitution with inversion of configuration

CH3(CH2)5\I_'=£ __?/<CH2)5€H3
/(':—Br > HO—C
HC CH;

(5)-(+)-2-Bromooctane (R)-(—)-2-Octanol
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Khd ning phdn Ung cUa dan xuat
ankylhalogenua

=8 * U —= R—Ul + Br

CHs
HaC ch—c{“CH3 HaC HaC H
\ \ \ \ \
o g7 N gy X g e
HaC H H H H
i Tertiary Neopentyl Secondary Primary Methyl
Relative < | 500 40,000 2,000,000
rEElCtl"'Jlty

L saZmeiy
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Hi€u Ung khong gian

(a) ]!

H)
i

Br

(ch
[1!13

HiC [_[r

Br

Phan Ung thé xdy ra & trudng hop (a) xay ra nhanh, con &

trudng hop (b), (c), (d) phan Gng xay ra cham hon do anh
hudng khong gian clia nhém thé CH,
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Anh hudng cla tac nhan nucleophil

Phan Gng S, 2 phu thudc vao ban chat nucleophil: tinh
nucleophil cang 16n, toc d6 phan Ung cang I6n.

+ Luc nucleophil phu thudc vao tinh bazo va ban kinh
nguyén tu:

- electron khong lién két (tu do) cé luc nucleophil cao hon
electronmtvao (n > 1T > 0O)

- Anion c6 luc nucleophil cao han phan tu trung hoa hay axit
lién hgp cua no:

HS > H,S ; RO >ROH ; CI > HCI

Trong cung 1 phan nhom: I-> Br >Cl > F

RSH > ROH; RS > RO ;
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Anh huéng clia nhém X

OH~, NH,~, OR~ | & b Br~ TosO~
Relative ~ v ~
reactivity S | 1 200 10,000 30,000 60,000
Less L . s More
reactive eaving group reactivity reactive

Thomson - Brooks Cole

Leaving group

i JE:
e ( 8- | 5- /
NU:C—;?C_Y — Nu Y —> Nu—C. *+ Y:-

/ \U \ A

Transition state
(Negative charge is delocalized
over both Nu: and Y)

© Thomson - Brooks Cole
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Anh huéng cla dung mbi

Dung méi protic (c6 thé cho proton H, vi du -OH, -NH) lam
cham téc do phdn Ung S, 2 béi vi dung mbi c6 thé két hop
v@i tac nhan phan Ung.

Dung moi aprotic phan cuc ( khéng c6 H) lam tang toc do
phan Ung.

CH3CH2CH20H2—BI‘ + N3~ = CH3CH2CH2CH2—N3 + Br

Solvent CH30H H,0 DMSO DMF CH3CN HMPA
Relative 1 7 1300 2800 5000 200,000
reactivity

& 2007 Thomson Higher Education
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MOt sO dung moi aprotic phan cuc:

O
HsC CH
// TN N T
Hs;C——S /CH .
CHs O—P——N
dimethylsulfoxide \
(DMSO) CHs N CHaj
H 3c/ SchH 3
O
X~ _— N ~— hexamethylphosphoramide
= Cle (HMPT)
dimethylformamide

(DMF)
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MOt sO phan Ung thé S

1. Phan Ung thay phan:
RX + HOH =<~— ROH + HX

+ phan Ung tién hanh thuan lgi trong dung dich kiém
nong, hoac trong dung dich c6 mat huyén phu oxit bac
(Ag0) &

RX + KOH —> ROH + KX

2RX + Ag,0" H,0 —> 2ROH +2AgX

30



2. Phan Ung v0i NH,rx + NH, —> RNH, + HX

3. Phan Ung v&i amin tao amin bac cao hon:
RX + NH,R' —> RNHR' + HX
4. Phan Ung véi R'ONa tao ete:
RX + R'ONa —> ROR' + NaX

5. Phan Ung va&i natri axetylenua tao ankin cao hon:
RX + HC——CNa —— R C——=CH + NaX

6. Phan Ung vai CN-
RX + CN- — RCN + X-

31



Phan Ung tach loai (Elimination
reactions)

Phan Ung tach loai la phan Ung nguoc lai vai phan Ung
cOng vao anken.

Co6 2 loai phan Ung E, va E,

Substitution H

~
\K\
\

H
_‘C 4+ Br

OH
\ /

C—C + OH- —— _C—C._

/ N\

Br

-

O
>4

Elimination

/I
N
P
™

|

.C—C" + OH — C
Br

C HZO + Br—

N

e
S
ol
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CO ché phan Ung tach loai don phan t0 E,

X ra khoi phan t&r RX trudc tién tao ra cacbocation, sau
day bazo lay proton cla cacbocation

Phuong trinh ddng hoc: v = k[RX]

E1 Reaction: C—X bond breaks first to give a carbocation intermediate,
followed by base removal of a proton to yield the alkene.

+
B: ——\V + B—H
H / : H
J; cham X LE nhanh \ /
.C—C — G —>  ¢=C
7 7 /N
+ X
Carbocation




CO ché phdn Ung E,

Nhoém X roi khdi phan to RX
cuing lic H bi bazo lay di
Phuong trinh dong hoc:
V = k[RX][B]

| R
\ /R
H")Elc:
RoX?
0[ cham
B+ H ﬁﬁ_*
+ . i
c==¢”
R¢ N
H xf‘}—-

Transition state

gl nhanh



Quy tac Zaixep

Trong phan Ung tach loai uu tién hinh thanh anken duoc
ankyl héa nhiéu nhat & 2 nguyén tir cacbon chira lién két
doi.

Vi du:
Br
| CH3CH,0~ Na*
CH3CH,CHCH3 e CHsCH=CHCH; + CH3CH,CH=CH,
2-Bromobutane 2-Butene 1-Butene
(81%) (19%)
Br CH3 CH3
CH-CH éCH B A s &H CH—(|ZCH + CHaCH (|:—CH
3 2| 3 CHaCH,OH 3ChH= 3 3CHC=Ch)
CHs
2-Bromo-2-methylbutane 2-Methyl-2-butene 2-Methyl-1-butene

(70%) (30%) 35
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MOi quan hé gilta S, va E

Hai phan Ung thé va tach bao gio cling song song Vi
nhau va canh tranh nhau.

Kha nang thé va tach loai phu thubc vao bac cua ankyl,
vao dung mai, vao tac nhan nucleophil

% tach loai tang chi xét khi so

s
. . . sanh E2 va §2
bacl bac2 Dbac3 %\
<

% thé tang
CAc bazo manh lam tang kha nang tach E hon thé S,
trong do uu tien tach E2 hon la E1
Trong dung méi phan cuc hon, phan Ung S, 2 xay ra uu
tién hon E, . Vi du: phan Ung S,2 : KOH trong H,O con
E2: KOH trong rugu i



Phan Ung khur héa

Khd RX bang Hydro md&i sinh
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Phan Ung vOi kim loai

1. Phan Ung v&i co magie

2. Phan Gng vdi Natri ( tong hgp Wurtz)

38
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