Chuwong 9

ALKYN - HYDROCARBON ACETYLENIC
(Cn H2n-2)

MUC TIEU HQC TAP

1. Trinh bay duwoc cdu tao va goi tén céc alkyn.
2. Néu duwoc céc tinh chat héa hoc cia alkyn.

3. Viét dwoc so do C&c phan vmg chuyén hoa tao thanh san pham.
NOI DUNG

Alkyn hodc hydrocarbon acetylenic 12 hop chat khéng vong chua no ¢6 chira
mot lién két ba g vai cdng thirc chung CoHanz

1. CAU TRUC PIEN TU

Alkyn la nhimng chét chira lién két ba -C=C-. Nguyén tir carbon ctia ndi ba ¢
trang théi lai hda sp. Lién két ba gom mot lién két dva 2 lién két . Lién két &
C-C duogc tao thanh do sy xen phu véi nhau cua 2 orbital lai hoa sp cua carbon.
Su xen phu cua orbital lai hda sp cta carbon véi orbital s cia hydro tao thanh
lien két 5 C-H. Lién két & cua alkyn duoc tao thanh do su xen phu ting d6i mot
ctia cac orbital p tw do cua nguyén tir carbon lai hoa sp. Hai lién két & cua alkyn
nam trong 2 miat phang thang goc véi nhau.

T . .
cic LG O
Carbon lai hda sp  Cjic electron p tf do ciia carbon 2 orbital p o do ciia carbon  orbital 5 ciia hydro

Acetylen c6 ciiu tao thang. Dé dai lién két C =C (1,2A ) ngan hon lién két C -C.

Lién két C -H (1.064 ) ngin hon lién két C -H trong ethylen (1,084 ) va trong
etan (1,104 ). Hinh dudi diy mé ta su tao thanh lién két ba:
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2. DANH PHAP VA PONG PHAN

2.1. Danh phéap IUPAC

Céac alkyn déu cd tan cung la yn. Mach chinh 1& mach dai nhat c6 lién két
ba. Panh sé mach chinh sao cho lién két ba c6 s6 nho nht.

Vi tri nhanh + Tén nhanh + Vi tri lién két ba + Tén mach chinh + yn

. CH
s §5, l 5 6 7

2_3 4
CH;—-CH—CECH 3-Methyl-1-butyns CH;—CEC—CH,—CH —CH-CH, 6-Methyl-2-heptyn

2.2. Danh phap hop ly - Danh phép acetylen

Céc alkyn don gian dugc xem nhu dan xuét cua acetylen

CHs;C=CH Methyl acetylen
(CH3),CHC=CCH; Methylisopropylacetylen
FsC-C=CH Trifluoromethyl acetylen

2.3. Tén céc gbc

-C=CH Etynyl CH;C=CH Propynyl CH; C=C-CH,- 2-Butynyl

D - Etynyleyclopentan O—CECCH Propynylcyclohexan
C=CH ; 2
Cyclopentylacetylen Methyleyelohexylacetylen

2.4. Pong phan

Céc alkyn c6 ddng phan cdu tao vé mach carbon va dong phan c6 vi tri cua
nbi ba . Khac voi alken, cac alkyn khong c6 dong phan 1ap thé.
3. PHUONG PHAP PIEU CHE
3.1. Tach loai 2 phéan tir HX tir hgp chat gem va vic -dihalogen

Nguyén tic: Tir gem dihalogen - —> C=C- +2HX

Tu vic -dihalogen - CHX-CHX- — -C=C- +2HX

Phan &ng xdy ra qua 2 giai doan:

= C B] 1= [—.1£|'___;|- Nhanh Chim ['1—("
x 'L“K—'CH - — - B
—(: ”BT-CHHF-
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Su tach loai xay ra khi ¢ mat cia KOH hodc NaOH trong alcol va nhiét d6 .

KOHalcol 'y, c—H + 2 HBr

CH3CH2CHBr2
tO
B
Br |r ]|3r KOH alcol
CHCH=CHCH. — 3 C_H.CH-CHC.H ———» (C¢H;5.C=C-C¢Hs5 +2 HBr
65 65 oo 65 65 t©
(77-81%) (66-69%)
Stilben 1,2-Dibrom-1,2-diphenyletan Diphenylacetylen
r IBr
CH,CH=CH, + Br, —. CHCH-cH, KOHalcoL oy c_cy +ouBr
: 0
Methylacetylen

Propen 1,2-dibromopropan

Natri amidid NaNH; 1a mot base manh c6 thé st dung dé tach HX trong
phan ung di¢u ché cac 1-alkyn.

RCX,-CHy

s NaX NaNH, - .
RCHX-CHaX + 2NaNH, - A RC=C_H ——= R-C=C _Na +MH3
RCH5-CHX; - NH;

R-C=C -Na' +Hy0 —» R-C=C-H + NaOH

~ Phan tng tach HX trong didu kién c6 mot base manh va nhiét do thuong co
thé xay ra su chuyén vi cua noi ba.

KOH alcol t° CH3-C=C-CH3

CH,CH,-C=C-H
2-Butyn

1-Butyn
3.2. Phuong phép alkyl hda acetylen
Anion acetylid 12 mot tac nhan &i nhan manh (mot base manh) dé dang tac
dung véi alkylhalogenid dé tao thanh alkyn c6 mach carbon dai hon.

RX
H-C=C-H +MNa —= H (C=C_-Na +—r- H-C=C-R +NaX

+ CH3;CHa,I
—= = CH,-C=C-CH,CH, + Nal

CH,-C=C-H + Na— (CH,-C=C-Na
2-Pentyn

Propyn
C6 thé sir dung natri amidid dé tao acetylid trong phan tmg alkyl hda acetylen.

n-C4HoBr - oy (CcH,)-C=C-H

Y mesex Hexyn-1 (89%)
CX¥in- A

_=(C- + MaNH-
H-C=C-H - -3300 Natri acetylid

3.3. Tir hop chét tetrahalogen
Cac hop chét c6 4 halogen gén trén 2 carbon canh nhau tac dung vé6i bot Zn

kim loai trong diéu kién thich hop ciing tao dugc lién két ba.
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R_C=C_R' + 2ZnX,

X X
RlcCRrR +2zn
X %

4. TINH CHAT LY HQC

Sy tao thanh lién két & C-C= duoc tao thanh do xen phu cua orbital lai hda

Cs,p3 cifia metyl vu orbital lai hda cﬁ3a carbon acetylenic . Mét orbital sp, ca tYnh
chat cua orbital S nhiéu hon orbital sp®. Két qua la lién két cd chénh léch vé do

am dién. Mat do dién tir trén lién két 8 C-C= la khong ddi xing va xuat hién
momen ludng cuc.

CHsCH,C=CH (sp’va sp) CHsCH,CH=CHj (sp® va sp’) CHs;C=CCHjs
pu=0,80 D u= 0,30 D u=0

Hop chat alkyn khéng c6 dong phan hinh hoc nhu hop chit alken vi acetylen
c6 céu trc thang.

Mot vai tinh chat vat ly cia alkyn duoc trinh bay ¢ bang 10-1.

Bang 10: Tinh chat vat Iy clia cac hop chéat alkyn

Hop chat to sdi t* néng chay Ty khai
Etyn -840 - 8.9
Propyn -232 - 1027
Butyn-1 g1 -122.5
Butyn-2 27,0 - 32,3
Pentyn-1 39,3 - 90.0
Pentyn-2 55,5 - 10,0
Hexyn-1 71,0 -132.0 0,7152
Hexyn-2 84,0 - 88,0 0,7317
Hexyn-3 81,0 -105,0 0,7231
Phenylacetylen 143,0 -43.0
Diphenylacetylen 300,0 - 63.5

5. TINH CHAT HOA HQC
5.1. Tinh acid cuaa alkyn

Lién két C -H phan cyc manh vé phia carbon cia lién két ba C=C*<«—H" lam
ting momen ludng cuc cia lién két va ting khd niang tach hydro dudi dang
proton. Do do6 tinh acid cta acetylen 16n hon so véi etylen va etan.

Gia tri pKa ctia mot sb chit sau déy:

Hop chat H20 Alcol Acetylen NH3 Ethylen Metan
pKa 15,7 16-19 25 35 44 50
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CH3 CH4

Luc base CH2=CH i CH2=CH2 Luc acid
HC=C HC=CH

Tinh base cua cac anion khac nhau vi nguyén tir carbon mang dién tich &m &
cac trang thai lai hoa khac nhau.

. H_CECQ\

H sp

H H
HQ N D
H/ @\sp3 C—C\ ~

v

Ani thyl
nion methy Anion vinyl Anion acetylid

Céc alkyn c6 ndi ba & d¢au mach (cac 1- alkyn) ciing rat d& tao carbanion khi
tdc dung véi anion amidid trong amoniac 1ong.

R-CEC-H +NHy" Z——™" R-C=C" + NH3
Cac carbanion RC =C-, CH,=CH- va H3C- c6 d0 bén khac nhau.

+ Nguyén s hydro trong lién két = C— H con thé hién cac phan iing sau day:

— Acetylen va 1-alkyn tac dung v&i kim loai kiém, CuCl trong amoniac,

AGNO:s trong amoniac déu tao thanh acetylid hodc alkynylid kim loai.
R_C=C_H + AgNO; + NH; —m R_C=C_Ag + NH,NO;

R C=C_H + CuCl +Ng3 —= R_C=C Cu + NH4ClI
— Acetylen cong hgp véi aldehyd formic nhu 1a mét tdc nhan ai nhan.

H_ C=C_H + 2HCHO — HOCH,_C=C_CH,0H
Aldehyd formic 1,4-Butyndiol

— Alkyl lithium tach proton khoi alkyn.
CH3(CH3)2CECH + n-C4H9Li —> CH3(CH3)2CECLI + n-C:Hqo

5.2. Phan &ng cong hop
5.2.1. Cong hop voi hydro
Alkyn tac dung véi hydro c6 xuc téc tao thanh alkan

RC=C-R +gpp  PLAPA. i)

R-CH2CH2-R'
Phan ung thuong xay ra 2 giai doan. Giai doan mot toa nhiét hon giai doan hai.
HC=CH +H, — CH,=CH, AH =-41.9 kcal mol-1

H,C=CH, +H, —» CHs-CH; AH =-32,7 kcal mol-1
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Sy hydro héa c6 thé dimg lai & giai doan tao alken khi dung xuc tac da dugc
lam giam kha nang hoat héa mét phan. Hon hop xuc tac do la Pd-CaCOs, Pd-
BaSO,-Quinolin.

C,H; C,Hq

Pd- BaSO4, T Ne= T
CH3CH2-CEC-CH2CH + H2 Quinolin H - . H
3-Hexyn cis-3-Hexen

Su cong hydro ciing ¢ thé xay ra khi sir dung natri kim loai trong amoniac 1ong.

y HoC, H
C,HsC=CC,H, Na/NH3( a_ng) NH4OH \/C=C\
H C4Hy
5-Dekyn Trans- 5-deken

5.2.2. Phdn vng cong hop ai dign tiv

Phan tmg cong hop &i dién tir xay ra tai lién két ba theo 2 giai doan va
tudn theo qui tic Markonikov. Cac tac nhan cong &i dién tir c6 thé la X,
(halogen), HX, H,0.

+X
RCECR %2 e

RCX=CXR' ——2= RCX,—CX,R’

+HX +HX .
RC=CH —— RCX=CH, ——— RCX,—CH,

Khi cong hop vao ndi ba, carbocation dang vinylic R -C'=CH, duoc tao thanh
va dé dang tac dung véi cac tac chat ai nhan c6 trong méi trudng phan tmg. Vi du
su tao thanh vinyl clorid:

CH=CH + H+ —» CH,=CH+ ; CH,=CH+ + CI- —» CH,=CHCI

+ -
HC=C—CH=CH, + H* —= H,C=C—CH=CH, — . H,C=CCl—CH=CH,

Phan ung cong hop voi nudc co xic tac xay ra qua giai doan tao chét trung
gian enol. Enol khéng bén dé bi chuyén vi dé tao thanh aldehyd hoac ceton .

. . DH/_,&
Heg50,-H4 50} 1]
R—C=C-H + Hy0 fe [R_{'::CHJ —  R-C-CH,
- Alkyn Dang enol eton

CH,~C=C—H + Hpy0  He304H:50, CIHH_LL_CH‘
I- Hexyn Methylbutylceton

5.2.3. Cong hop ai nhan

Khac vai alken, cac alkyn tham gia phan tng cong hop véi CAC chat &i nhan
nhu alcol, amin, acid carboxylic, amid, HCN dé tao thanh cac hop chat tuong tng.
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H,C=CH-OR Ether vinylic
| RONH | H,C=CH-NR, Vinyl amin
H-C=C—H RCOOH  H,C=CH-OCOR Ester vinylic

| RCONH2  H,C=CH—NHCOR Amid

HCN H,C=CH-CN Acrylonitril

5.2.4. Phdn img carbonyl hoa vao lién két ba

Khi c6 xdc tac la cac carbonyl kim loai va ap suit, acetylen tuong tac voi hdn
hop gdom carbon oxyd (CO) va cac chat c6 hydro linh dong (nuée, alcol, amin bac
mét va hai) thi tao cac chat nhu acid, ester, amid...

CO + HxO

— H,C=CH —COOH Acid acrylic
H— Ce=C—H CRRRNTS HaC==CH—COOR  Ester acrylat
co~ RZM—L H,C=—CH —CONR> Amid cuda acid acrylic

5.2.5. Phan irng v&i diboran B2Hs

Alkyn tac dung diboran & 0°C tao c4c chét trung gian trivinylboran. Khi cé
mdt cuia acid acetic thi tao thanh alken ¢ dang cis.

RY

R R R e

1 ~ 3 CH3COOH Sc=C

3R-C=C—-R' 4+ -BoH _.( c=¢" ) B AC=C
726 N\ /3 H H
R H

R N o

3R-C=C-H + +4BoHg __ ( Sc=c~ ),B 3 cHscoon  >C=C(
d- H/ AN 3 — H H

Phan {mg ciing c6 thé xay ra voi bor dialkyl va theo co ché cong cis

CH3;CH,— C= C— CH,CH; CH;CH,, CH,CH CH;CHCHCHs
Rl *+1 R = CH3COOH PASRIEN
B H 3 = HH
13 lli H 0oC cis 3-Hexen (90%)

Lién két C-B trong hop chat vinylboran dé bj oxy héa boi nuéc oxy gia
(H20,) dé tao thanh enol va sau d6 chuyén vi thanh aldehyd hoac ceton.

B2H6 H202 C4H9\C_C/H

C,HyC= CH C4H9CH2CHO

7~ ~N
OH- H OH Hexanal
1-Hexyn



5.3. Phan @ng trung hop

O cac diéu kién thich hop vé xUc tac, nhiét do va ap suat, cac alkyn co thé bj
nhi hop, tam hgp dé tao thanh cac chat twong mg.

Cu(NH3)2C1
2HC=CH -~ HC=C—CH=CH, Vinylacetylen
JHC=CH Carbon ,6000C © Benzen

200 -300°C  khi c6 bot ddng 1am xc téc, acetylen bj triing hop tao polyacetylen
con goi 1a chat cao phan tir Cupren.

200-3000C
Cu

n HC=CH

—CH=CH; Cupren hay viét (CH)n

6. CHAT PIEN HINH
Acetylen C;H;

Piéu ché
— Thuy phan carbur calci (dat dén)
CaC, + 2H:0 —> HC=CH + Ca(OH),
— T khi thién nhién: Phan tng quan trong trong céng nghiép dé diéu ché
acetylen la dién cracking va cracking oxy héa nhiét metan.
+ Dién cracking:
Cho CH. di qua cac dién cuc, dién thé mot chiéu 8000V, nhiét do phan tng
1600°C, tdc do dong khi 1000 m /s. Hon hop khi thoat ra duoc 1am lanh ngay.
2CHs —» HC=CH + 3H, AHozes = 91 kcal/mol
Hon hop khi chira 13% acetylen
+ Cracking oxy hoa nhiét
6CH, + 40, —» HC=CH + 8H, + 3CO + CO, +3H;0
~ TyleCH.: 0, = 1:0.65 Nhiét do 10 phan img 1500°C, tc do khi di qua 10
rat 1én. Lam nhanh sé& thu dugc hdn hop khi voi khoang 8% acetylen.
Tinh chdt va iing dung.
Acetylen 1a chat khi khdng mau, nguyén chit khéng mui, nhe hon khéng

khi, it tan trong nudc, tan nhiéu trong cac dung mdi hiru co nhu alcol, ether, tan
rat nhiéu trong aceton.

Acetylen khdng bén vé mat nhiét dong, né c6 thé bi phan hiy tao C va H,

kém theo hién twong nd. Phan tung nd toa nhiéu nhiét, AHoes = -54.9 kcal/mol,
nhiét @6 khi 1Gc @6 Ién t&i hang ngan do.
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Acetylen’ chay trong khong khi cho ngon lua sang, tao CO; va nde, nhiét
luong toa ra rat 16n. Khi ding hdn hop C,H,-O, lam khi han, cat kim loai mau,
muén han tét phai ding khi tro (Argon) dé oxy khong tiép xdc tryc tiép lén bé
mat kim loai han.

BAI TAP
1. Viét cong thirc cau tao cua hydrocarbon sau:

a- 2- butyn; b- 2- methyl-3-hexyn; c- 2,2,5-trimethyl-4-hexyn; d- isopropylacetylen.

2. Goi tén nhiing hop chat sau:

CH, CH, CH;  CH,
a- CHs3- (ECHj —CHp- tr“H ;b CH;-IE—C_C—C CHy c- D—CECH
HCS CH, CH3;-CH, CH,

3. Viét phuong trinh phan tng giita dung dich kiém - ruou du véi cac chat dudi day:
a- 1,1- dibromobutan;
b- 2,2- dibromo-3,3- dimethylbutan;
c- 2,2- diclopentan
4. Viét phuong trinh phan tng giita B,Hs-H.0, - OH- v&i c4c chat sau:
a- 1-butyn; b- 2-butyn; c- 2- pentyn; d- methylisopropylacetylen.
5. Viét so do phan tng cia acetylen v6i nhitng chit sau:
a- alcol ethylic;
b- acid cyanhydric;
c- aldehyd formic;
d- aldehyd acetic;

e -aceton .

93



Chuong 10

AREN - HYDROCARBON THOM

MUC TIEU HQC TAP
1. Gidi thich cdu tao ciia nhan thom.
2. Goi tén duoc céc hydrocarbon thom.
3. Trinh bay cac tinh chdt hda hoc ciia benzen: co ché S.

Aren hay la hydrocarbon ma trong phan tir c6 mit ciia mot hay nhidu nhan
benzen. Aren con goi la hydrocarbon thom - hydrocarbon huong phuong

1. BENZEN VA NHAN THOM

1.1. C4u tao benzen

Benzen c6 cong thic phan tir CsHs. Nam 1825 lan dau tién Faraday M. phét
hién benzen trong khi d6t. Nam 1834 Mitscherlich E. A. diéu ché benzen tir acid
benzoic thu dwoc tir cdy Styrax benzoin. Nam 1845 Hofmann tim thiy benzen
trong nhya than da. Benzen c6 mot sb tinh chat ddc trung goi 1a " tinh thom ™.
Dé giai thich tinh chat dic trung do cac nha hoa hoc di dua ra cac dang cong thirc
cAu tao cua benzen.

1.2. Nhén thom
Benzen 1a hop chét c6 tinh thom co ban nht .

Nhimg hop chat khac c6 ciu tao vOng phing, chua no va lién hop cé sb

electron p tao hé thdng lién hop thoa man voi cong thirc Huckel 4n+2 déu c6 tinh

thom tuong ty benzen. Trong cong thirc Huckel, n 1a s6 tw nhién n = 0,1,2, 3...

Nhitng phan tir hodc ion thoa man cdng thirc trén goi 14 nhan thom. Céc ion c6 thé
la carbocation hoac carbanion.

Vi dy: Vé cac nhan thom véi cac gia tri n khac nhau.

+
n=o A
2 electron Cation cyelopropenyl
CH,
3

n - ] @ @ | N |

f electron N = ‘:q

Anion Cation T H
Toluen cyclopentadienyl cycloheptatrienyl Pyridin Pyrrol
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n=2

10 electron

Naphthalen Anion Dianion
cyclononatetraenyl cyclooctatetraen

Cyclooctatetraen khung c6 tinh thom; khung phdi la nhan thom va
cyclooctatetraen chi cco 8 electron va khung cé cau trac phang (khung lién hop).

2. DANH PHAP VA PONG PHAN

Néu thay the mot hay mot sé nguyén tir hydro trong phan tu benzen bang
mot hay mét s goc aIkyI thi thu duoc CaC dong ding cua benzen. Céc dong dang
benzen duoc goi tén bang cach goi tén gbc alkyl theo thir ty tir don gian dén phirc
tap c6 kém theo vi tri trén nhan thom va cudi cung thém chir benzen.

Vi tri nhanh + tén nhanh + benzen

CH; CH,_CH,4 CH,CH,CH; éﬁHc’H 1CH; s C|H3
—CHs CH,CHCHS; -
o™ o e
CH;
Toluen Ethylbenzen n-Propylbenzen Iso-Propylbenzen  Iso-butylbenzen Tert-butylbenzen

Néu cac dong diang cd 2 goc alkyl gin vao nhan benzen thi 2 nhém nay co
thé & c4c vi tri khac nhau. Ching la nhitng dong phan ciia nhau.

CH, CH;, /[j/ CH; CH,
CH; CH,4 CH;-CH
CH,
1,2-Dimethylbenzen 1,3-Dimethylbenzen 1,4-Dimethylbenzen 1-Methyl-4-isopropylbenzen
0-Xylen m-Xylen p-Xylen p-Xymen

Céc tiép dau ngit ortho (0), meta (m), para (p) dugc diing dé goi tén cac dong
phan cé hai nhém thé. Ortho chi 2 vi tri canh nhau. Meta chi 2 vi tri trén vong
cach nhau mét nguyén tir carbon. Para chi 2 vi tri d6i dién nhau.

oA b

Orto (0-)

_ P _
Vitri : 1,2 Meta (m-) Y Para(p-)

1,3 ’
Hop chéat ¢6 3 nhom thé trén vong: Vicinal (vic-) chi 3 nhom thé hoan toan
canh nhau. Asymmetrical ( as-) chi 3 vi tri khéng d6i xtirng. Symmetrical ( s-) chi 3
vi tri doi xting.
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1 Y |
3 2
3
5 Y
Z Y
Vi trf : Vicinal {vic-) Asymmetrical {as-) Syvmmetrical (s-)
1,2,3 1- 3, 4 1,355

Danh phap cac goc:

Néu lay bot mot nguyén tir hydro cia benzen hodc dong dang sé thu duge
gbc hoa tri mot va co tén goi nhu sau:

o oo ot

Phenyl o-Tolyl m-Tolyl p-Tolyl

Néu 14y 2 nguyén tir hydro trén vong benzen ta c6 gbc hoa tri 2 va c6 tén goi:

ax T O oF o

o-Phenylen m-Phenylen p-Phenylen Benzylyden
1,2-Phenylen  1,3-Phenylen 1,4-Phenylen Benza Benzo

Theo danh phap IUPAC cac hydrocarbon thom don gian thuong dugc quy
ude goi theo tén thdong thuong va danh s6 theo nhing quy tac nhat dinh.

6
81 8 :
1_CHj | _CH; 7~2 . 91 . s 4 g 10
sapseBsccRooth
54 5 04 1 10

CH,

Toluen o-Xylen Naphthalen Antracen Phenantren Pyren

3. Phwong phap diéu ché

Nhya than di 1a nguon nguyén liéu chi yéu va quan trong cung cip C&c
hydrocarbon thom. Ung dung mét sb phuong phép hoda hoc dé didu ché cac
hydrocarbon thom.

3.1. Phwong phéap dehydro héa cac cycloalkan

Céc cycloalkan don vong va da vong nhu cyclohexan, decalin (perhydronaphtalen)
khi c6 xOc tac va nhiét do thich hop c6 thé bi dehydro hda va tao thanh
hydrocarbon thom tuong ung.

Xic tac, to . Xic tic, to
e CET o e
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3.2. Phwong phap trimer hoa

Benzen, mesitylen (1,3,5- trimetylbenzen) c6 thé dugc diéu ché tir acetylen,
propyn hodc aceton khi ¢6 cac xuc tac phu hop .

CH, CH,
Carbon . @ Carbon .
3CH=CH . 3CH;—C=CH ———= )
600°C. 600°C. Mesityllen
Propyn CH, ¥
CH,” 70 H,S0; (16%)
0 CH;, — + 3H0
CHJ)-I\C H, U”’l‘c H, CH;, CH,

3.3. Phwong phap Wurtz -Fittig

Phuong phép ndy tuong tu véi phuong phap diéu ché alkan. Cho kim loai
hoat dong tac dung v&i dan xuét halogen thom va alkyl halogenid.

@rx

H._-‘ -1

+ 2 MaX

K
2Ma
—_ =
ete
“-“u
+ 2 MaBr

3.4. Phwong phap alkyl héa theo phan trng Friedel - Crafts

Pay la phuong phap dé didu ché cac dong dang cua benzen (Xem tinh chat
hoa hoc cua hydrocarbon thom).

© + Rx _NCly @,

4. TINH CHAT LY HQC

Céc dong dang cia benzen la nhiing chat long, mot sd 1 chat ran. Ching
déu c6 mui dic trung.
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Tinh chat Iy hec cia mdt sé hydrocacbon thom

Cong thiic Tén goi Vi tri to néng chay tosdi | Tykhai
CeHe Benzen - +5,51 80,10 0.8790
CeHsCH; Toluen 1 -95,0 110,6 0.8669
CeHy(CH3), o-Xylen 1,2 29,0 144,4 0,8802

m-Xylen 1,3 -53,6 139,1 0,8641

p-Xylen 1.4 +13,2 138,4 0,8610

CgHsC,Hs Ethylbenzen 1 -94.0 136,2 0,8669

CcHsCsH; Propylbenzen 1 -101,6 159,2 0,8620

CgHsCH(CH3), iso-Propylbenzen 1 -96,9 152,4 0,8618

CH;C¢H,CH(CH3) p-Methylisopropyl 1.4 -73,5, 176,0 0,8570
benzen

5. TINH CHAT HOA HQC
Tir cu tao lién hop ctia vong benzen, hydrocarbon thom c6 céc loai phan tng:
— Phan Gmg thé & dién tir vao nhan benzen.
— Phan rng cong vao vong benzen.
— Phan rng oxy hoa.

5.1. Phan ing thé 4i dién ti trén vong benzen

Co ché chung cé4c phan tng thé &i dién tir xay ra qua 2 giai doan chu yéu:

— Giai doan mot 14 su hinh thanh tac nhan ai dién tor Y.

— Giai doan hai 1a sy twong tac giita tac nhan &i dién tir voi vong benzen dé

tao phttc = phirc & va san pham cta phan tng thé.

Phan tng thé tién hanh trong mdi truong acid manh hodc c6 mit mot chat
xuc tac. Acid manh hodc xuc tac c6 tac dung chuyén hoa tac nhan phan émg thanh
dang &i dién tir Y* (electrophile).

Y X + FeBrs — Y + FeBrsX-

Tac nhan Y * s& twong tAc voi nhan benzen tai vi tri c6 mat do electron cao nhit

Q= O =fg @m0
(

Phitc [ Phic
(Cation pentadienic)

C6 céc loai phan tng thé i dién tir vao vong benzen nhu sau:
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5.1.1. Phdn irng halogen hoa

Tuong tac cua halogen nhu clor, brom véi benzen khan & nhiét d thuong, co
mit x(c tac bot sit hodc cac acid Lewis nhu FeCls, FeBrs, AICIs, SbCls hodc cac
iod, s& xay ra phan trng manh 1iét va tao san pham la cidc dan xuat halogen cua
hydrocarbon thom nhu clorobenzen, bromobenzen. Phan tng brom hoa nhu sau:

H
Ta T a L
+ Br-Br+FeBry —_— = Br + FeBry
. +

Carbocation trung gian ca hO li2n hip, cA mét carbon & tring th,i lai haa sp®
H

H H H ~
[ Br «—-s = Br =— @Br] — Br
+ L =

Trang thii chuyén tiép

E
xic dinh ding hoc
H Br...Br...FeBr,

% Br_ H...Br.FeBr,
i3]
§ Trang thdi chuyén tiép
& dé tao san phim
]

- H Br

2.

= ©+ FeBry

SF N
E) Chit trung gian Br
©+ Bry + FeBry @"‘ HBr + FeBry
Chit phin dng Sdn phim

Tién trinh phdn tng

Hinh 11.3. Gian db thay ddi nang lugng (ng vdi cac trang thai trong phan (ng brom hoa
Ph{in gng brom hda cd s- ®a chung:
Br

H Br
+
+ Br-Br+FeBry —  w + FeBry — = +HBr + FeBry

C6 thé trinh bay gian do thay d6i ning lugng tmg véi Cac trang thai hinh
thanh trong phan tmg brom hoa nhu hinh 11-3.
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Clor haa toluen ca xdc t,c FeCl3 tto ra h¢n hip o -clorotoluen v p - clorotoluen

CH,
Cl
CH;, el @ + HCl
@ T CR2 — CH,
- - + HCI

FeCl3
1

Phan tng halogen hda vao mach nhanh cua hydrocarbon thom khi cé xuc tac
la anh sang khong phai la phan Gmg thé & dién tir ma 1a phan Gng halogen hoa
xay ra theo co ché thé gbc.

Clor hoa toluen khi c6 xuc tac &nh sang tao ra cac san phdm benzylclorid,
benzylyden clorid (benzalclorid) va benzotriclorid.

CH, CH,CI CHCI, CCly
0 ©
12 - ho CI2 . h CL2 . _h @
- Hcl - HCl - HCI
Toluen Benzylclorid Benzylydenclorid Benzotriclorid

Su tao gbc tw do benzyl can ning luong thap. Goc benzyl bén nho sy lién hop.

CH,4 CH3 CH, CH,

©+ Cl—’©+HCI 0OH = - 16 kcal.mol-!; @ Ii:l Iijl Iijl

Gdc ty do benzyl

Su tao thanh hop chat halogen & nhan benzen va ¢ mach nhanh 1a nhiing
hop chat hitu co ¢ nhiéu linh vuc tmg dung.

5.1.2. Phdn ing nitro hoa

Phan Gng nitro héa 1a phan tng thay thé nguyén ti hydro cua hydrocarbon
bing nhém NO, Tac nhan tao ra*NO, thuong 1a hdn hop sulfonitric
(HNOs+H,S0, ). Tly truong hop, tac nhan nitro hoa cu thé Ia acid nitric dac hay
lodng hodc hdn hop acid nitric véi anhydrid acetic. Nitro hoa benzen, toluen bang
hdn hop acid nitric va acid sulfuric xay ra dé dang. San phim tao thanh tuy theo
nhiét 46, nong do acid.

NO; NO, NO;
SO g T g 4 (j
+ HNO3 — ™ + H20 H2S04 12504

Tiép tuc nitro héa mononitrobenzen phai st dung hdn hop acid nitric co
ndng d6 va nhiét do cao hon. San pham tao thanh la meta - dinitrobenzen. Pua
thém nhém nitro thir ba vao phai tién hanh trong diéu kién khic nghiét hon. Ly
do Ia nhém nitro lam giam hoat héa, mat d6 electron trén cac vi tri cua vong
benzen giam di, sy thé ai dién tir tiép tuc vao nitrobenzen s& khé khin hon.
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Toluen bi nitro héa s& tao thanh hdn hop san pham gém o -nitrotoluen va
p - nitrotoluen.

CH;
. NO,
CH, HNO3 + oo  ©-Nitrotoluen
H2S0O4
 — CH;
+ HNO3 + o P-Nitrotoluen
H2504
NO,

Nhom methyl trong toluen c6 tac dung day electron (do siéu lién hop va cam
ung) lam cho mat do electron trong vong benzen tang Ién, dac biét ¢ cac vi tri
ortho va para, vi vay su thé xay ra uu tién tai cac vi tri ndy. anh huéng d6 c6 thé
dugc minh hoa bang cac trang thai cong hudng cua toluen nhu dudi day:

P R

Cac san pham nitro hoa hydrocarbon thom lam phong phl thém ngudn
nguyén liéu dé san xuat nhiéu loai thuéc nhuém, thuoc no ...

®CH;

Co ché phdn irng nitro hoa
NO.. 14 tac nhan &i dién tir rit manh, ¢ ciu tric thing. Sy hinh thanh tac
nhén nay la do su tuong tac gitra acid nitric va acid sulfuric.

212504 * HONO2 ~ ——m= NO2+ * psoa * H30+

5.1.3. Phdn irng sulfonic hoa

Sulfonic héa la phan tmg gan nhém sulfonic -SO;H vao phan tir chat hiru co.
Cac tac nhan sulfonic hoa thuong la H,SO, dam dic, hén hop H.SO, + SO;
(oleum). Phan ung sulfonic hda co tinh chat thuan nghich.

ArH + H,S0, =—= Ar_SOH + H,0

Luong nuéce sinh ra khung nhimmg lam I8ang ndng d6 cua acid ma cfn gay
nén tinh chat thuan nghich ciia phan ung.
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Céc ddng dang cua benzen dé& xay ra phan ung sulfonic hoa.

CH,

J-
SO;H + HyS0y '3031'1
+ Hp504 —» + HO -
-Hy

Acid benzensulfonic 50;H

Acid o-toluensulfonic

Hop chit da nhan thom nhu naphthalen: sy sulfonic héa phu thugc nhiéu
dén nhiét d6 va nong do cua acid.

SO.H
< 1000 . .
— + H,0 Acid a _naphthalensulfonic
-
- 160°
1600 . .
+ H>O  Acid B _naphthalensulfonic

5.1.4. Alkyl ho& hydrocarbon thom
Thay thé nguyén tir hydro ciia nhan thom bang gbc alkyl.

Tac nhan phan ung la alkyl halogenid RX vai xUc tac la cac acid Lewis nhu
AICI; khan (phéan tng Friedel -Crafts) hoac FeBrs, FeCl;

AICI khs s
. Cl-pc-CH 3 ran CH, _ + HCI
“CH, CH,

Cd ché : CH_“_ ) ) CH_H &+ 5
_CH=Cl + AICl3 — CHe o oCle s« -AICL,
h C :.-' 3
H
St 5 ,CH, ] FH,'-'H,-
IZ"H . < AICT, —* @—m Ol AT ‘LFHHFH+ AICly —"@7 ~cp, MEBHHO
CH, o
phifc n phife o

Tac nhan alkyl hoa ciing c6 thé la alken, alcol khi c6 H,SO, hoic HsPO, lam

xuc tac:
i, S _CH,
+ CH3CH=CH, H:50: | : CH3CH-CH; CH.  +Hy0
T OH " TCH,
H,50), -

Trong nhitng phan Gng nay tac nhan ai dién tir dang carbocation dugc hinh
thanh do alken, alcol tac dung véi proton H* theo cac phan tng nhu sau:
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" +
CH3CH=CH2+ H+ = CH3CH-CH;: CH3(¥H—CH3 + Ht — CHS(EH_CHS—" CH3CH_CH3*" H20
OH +OH2

Phan ung alkyl héa kho dung lai ¢ giai doan tao monoalkyl. Tiép tuc phan
ung dé tao di, trialkyl. Sy c6 mat cia goc alkyl sé hoat hdéa nhadn thom va lam
thuan lgi cho phan tng thé ai dién tir tiep theo.

San pham phan tng alkyl hda c6 thé 12 mach thiang hodc mach nhanh vi cac
tac nhan ai dién tir hinh thanh cd thé bi chuyén vi dé cd carbocation bén viing.

@—CHZ— CH,-CH; + HCI
AICI3
+ CH3CH2CH2CI — : CH-CH el

CH,

Su chuyOn vb xEy ra CH3,?;I;H2+ — CH3JEJHCH3

5.1.5. Phdn dmg acyl hoa

Thay thé nguyén tir hydro caa hydrocarbon thom bang nhém acyl RCO goi
la phan tng acyl héa. Tac nhén acyl héa la halogenid acid RCOX, anhydrid acid
(RCO).0. Xuc tac cho phan tng acyl hoa thuong la AICI; khan (phan tng Friedelp
-Crafts) hodc cd thé dung cac loai xUc tac ai dién tir khéac nhu AlBrs, GaCls, FeCls,
SbCl;, SnCl,, BCI,

San pham acyl hoa la cac ceton:

fl 0
C-R C-R
. AICI3
©+(RCO)20 AL ©/ + RCOOH ° ©+RCOX > ©/ + HX
Alkylphenylceton Alkylphenylceton

+ _ O _
ﬁ —AlC13 AICE

I + +
RCOX + AlCc13— |R-C-X =~ R'+'X

> RCX o= [RC =Q == RC=() | +AIXC

.

] O_Aici3
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VY db:
Su Acetyl hda benzen b»ng acetylclorid hoZc anhydrid acetic xfy ra theo
phiin gng

o
I

C-CH3
@ + CH3COCl AlCl ©/ + HCl

Acetylclorid Acetophenon ( methyl phenylceton)

H
AIC[3 e
@* (CH3C0)20 ©/ *  CH3COOH

Anhydrid acetic

Phan ung acyl hoa thuong tién hanh trong dung méi carbondisulfid (CS)
hodc nitrobenzen. Lugng xuc tac AICI; phai dung nhiéu hon Vi gitta san pham va
xUc tac co thé tao phirc chat.

0 e AICI3

@/C -CH3 . AICI3 —_— ©/C -CH3

5.1.6. Mgt so phdn teng thé i dién tir Khac
Phan {mg thé hydro cua hydrocarbon thom bang nhém chirc aldehyd - CHO.

¢+ Phdn ung Gatterman

Téc nhan phan tng 12 hdn hop HCI + HCN + AICI;
CH; CH;
@ HCI, HCN, 7113 ©/CHO : @ HCI, HCN, A1C13 @
CHO
C6 thé giai thich co ché qua cac giai doan trung gian:
HC=N + HCl —a [CICH= rinﬂ HC=N —= CICH=N_CH=NH.AICI3
..... 1
ArH+ CICH=N_CH=NH.AICI3 —HC Ar-CH=N_CH=NH.AICI3
Ar-CH=N_CH=NH.AICI3 —FtH20 o Ar-CHO + pNy3+ HCOOH
¢« Phan ung Gatterman - Koch
Téc nhan phan tng 12 hdn hgp CO + HCI + AICI; .
CH3 CH3
© CO+HCI, A1C13 CHO _ © CO+HCL, p1C13 ©+ HCl
+ HCI - =
CHO
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