mw w NP>

Chwong VI. HIDROCACBON THOM

Thoi lwong: 9 tiét (6 tiér Iy thuyét + 3 tiét bai tap)

. Muc dich — Yéu ciu

Dic diém ciu trac cua hé thom. Qui tic Hiickel.

Phan tng Se2Ar. Qui luat dinh hudng cia nhém thé trong vong benzene.
Mot s6 phan ang khir va oxi hoa.

Noi dung bai giang

Bai 1: BENZEN

CAu tric clia benzen
Dic diém céu triic
Tat ca cac nguyén tir C trong vong benzen & trang théi lai hoa sp?, mdi nguyén tir C con 1 AOp khong
lai hoa chura 1e, truc song song véi nhau, xen phi bén véi nhau tao hé lién hgp vong khép kin.
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Céc lk C-C trong vong benzen hoan toan gidng nhau (khong phan biét duoc dau 1a 1k doi, dau 1a 1k
don) va c6 d6 16n trung gian gitra Ik don va lk doi.
Céc goc 1k CCC=120°
Sw én dinh vong benzen
Vong benzen c6 do bat bio hoa rat Ion nhung né lai rat kho tham gia phan ng cong, kho bi oxi hoa va
lai d& tham gia phan ung thé (giéng nhu cac hidrocacbon no).
Vong benzen bén vimg hon nhiéu so Vi cac tinh toan tir xiclohexatrien, khoang 150 kJ/mol. D¢ 1a
nang lugng thom hoa.

Pong phin va danh phap
Déng phin
Benzen co tir 2 nhom thé trg 1én sé c6 cac dong phan vé vi tri twong ddi giita cac nhoém thé véi nhau.
Danh phap

Tén thwong cua nhiéu aren dwoc IUPAC leu ding, gom 3 nhom:
Cac tén dugc dung khi khong hodc c6 nhém thé & bat ki vi tri nao: benzen, naphtalen, antraxen,
phenantren, ...
Céc tén dugc dung khi khong c6 nhom thé hoac chi khi c¢6 nhom thé ¢ dang tién té hoic trong vong:
toluen, stiren va stinben.
Céc tén chi dung khi khong c6 nhom thé: xilen, cumen, ximen (0-, m- va p-isopropylmetylbenzen,
mesitylen (1,3,5-trimetylbenzen).

Tén hé thong ciia aren c¢é nhiéu nhém thé: CeHs-: gbc phenyl
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Tinh chat vat Iy
Benzen va cac dong dang thap thudng ¢ trang théi long, c6 mui thom dé chiu nhung lai gay doc cho

co thé, dic biét benzen 1 tac nhan gay ung thu manh.
D& bay hoi, d& chay cho ngon lira sang, nhiéu khéi den va mudi than.
Diém so6i ting theo M phan tir, diém chay ting theo tinh dbi xiing ctia phan tu.

Tinh chat héa hoc
Vong benzen c6 3 lién két d6i, nhung khong c6 phan ung cong nhu anken va cac hop chat khong no
khac, vi néu cong vao mot lién két doi nao d6 trong vong benzen su lién hop khép kin bi gian doan, hé
thom bj pha v&. Phan ng thé mot hay nhiéu nguyén tor H bang cac nguyén tir hay nhém nguyén tir
khac khong 1am anh hudng dén sy lién hop khép kin, phan tmg cé thé xay ra duoc.
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Phan tng thé electrophin vao nhan thom, Sg2Ar, 1a phan (mg dic trung clia nhan benzen.

Phan iing thé electrophin vio nhén benzen

Co ché phan ing

Phan ng Sg2Ar 14 phan tmg ludng phan tir, nhidu giai doan bat dau bang sy tan cong cuia hé thong
electron m vao tac nhan electrophin (cation hay ddu mang dién tich dwong cta tiéu phan thiéu hut
electron), tao thanh mét tptg 1a phic 6 khong thom (nguyén tor C ma E* gan vao chuyén tir trang thai
lai hoa sp? sang sp®). Sau do, dudi tac dung cua mot bazo bét ki ¢6 mat trong hh phan ung, proton &
CSp3 tach ra va hé thom ban dau dugc khoi phuc.
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E*: cation nhu "NO,, cacbocation, Br’, ... hodc dau mang mét phan dién tich dwong trong phan tir trung hoa
nhu SOs,...

b. M@t sé phan sng thé electrophin

I. Nitro héa

Mat sb tac nhan nitro hoa: HNO; dac/CH;COOH (nitro hoa chdm, thuwong dung cho nhdn thom hoat
déng), hon hop nitro hoa (HNO; dic + H,SO,4 dac 1:2), nitrp tetrafloborat (NO,CI + AgBF,), axetyl
nitrat (CH;COONO;), N2Os (NO2-NO3),...

Xét phan g nitro hda benzen bang hdn hop nitro hoa HNOs dic + H,SO, dic:

Su hinh thanh cation nitroni:

7 He O
ON,  + HS80, =— o-NT s Hson
H AR

o)

H o (@] ©
N 7 o) ®
ON_  + HSO, o=N-0 *+ MO * HSO
H o)

® ® Q
HO-N02 + 2H2804 _ N02 + H3O + 2HSO4

Tan cong electrophin cua cation nitroni vao vong benzen:
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e Benzen tham gia phan g clo hoa, brom hoa c¢6 mat xtc tac axit Lewis (FeCls).

ii. Halogen hoa
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% Dan xuat flo cua benzene khong thé diéu ché truc tiép tir benzene va flo vi phan tmg qua manh ligt,
dan dén sy hinh thanh sp perflo héa va phan huy vong benzene.

@ ©)
TI(CF;CO0); + K[BF,] —= CF,COOTI + F[BF3.CF;CO0] + CF3COOK

% Tot qua thu dong. Dé iot hoa vong benzene phai ding iot monoclorua (IC1) hodc ding hh I, + HNOs.
HNOj3 ¢6 tac dung tao I*, ddng thoi oxi hoa HI (1a tac nhan khir iodobenzen vé benzene).

O
|2 + 4HNO3 — 2|® + 2NO2 + 2H20 + 2N03

iii. Ankyl hoa theo Fridel-Craft



e Phuong phap don gian nhat dé diéu ché ankylbenzen 1a cho benzen tic dung véi ankyl halogenua cé
mat xt AlCl3 khan (tai sao phai khan?).
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e Nhuoc diém:

- lon cacboni dé& bi dong phan hoa tao cation bén hon, nén thudng ko thu duoc sp nhur mong mudn:

© CH3CH,CH,CI, AICI; izi/\/ . ©)\

Vi:
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- Phan tng thuong tao hh sp thé 1 1an va nhiéu lan

o = 666

1 mol 1 mol

iv. Axyl héa theo Fridel-Craft
e Téc nhan thuong dung 1a dan xuét cua axit véi xac tac AlCI3 (khan).
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@—x C® [ACL] ey TR Zn(Hg)HCI déc ©/\R
R ho&c N,H,/KOH/etilenglicol, 200°C
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- Xeton tao thanh 1a mot bazo Lewis manh, c¢6 thé tao phuc bén véi AICI; nén can dung du AICIs, quan
trong 1a sy c6 mat ctia nhom cacbonyl va su tao phirc ciia nhém nay vai AlCIl; da phan hoat héa nhan
benzene. Nhan benzene bi phan hoat hoa khong con kha nang axyl hoa va ankyl hoa theo Fridel —
Craft.
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Anh hwéng ciia nhém thé dén khd nang phan g thé electrophin trong vong benzene
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Sw dinh hwdng trong vong benzene thé
Céc nhom thé ddy electron vao nhan thom s& lam ting mét d6 e ciia vong benzene (dac biét & vi tri
octo va para), do d6 lam tang ai luc cua vong (dac biét 1a vi tri 0- va p-) vai tac nhan electrophin, mat
khac 1am 6n dinh ttct2 va do d6 lam ting tdc d6 chung cua ca qua trinh. Cac nhom thé hut e & c6 tac
dung nguoc lai.

Vong benzen c¢é mot nhém thé
Nhom thé logi | (sau nay ko nén ding ma nén néi rd 1a cac nhom hoat hoa nhan benzen): cac nhom
thé day e boi hiéu Gmg lién hop (+C > -1) va siéu lién hop (va +I) s& hoat dong héa nhan benzene va
dinh hudng octo va para (+C >> -1). Kha nang dinh hudng octo va para: O" > -NH,, -NHR, -NR; > -
OH, -OR > -NHCOR > aryl > ankyl.

Gidi thich:
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Nhom metoxi thé hién hai hiéu ung dbi lap, hiéu tng cam ung am (-I) va hiéu Gmg lién hop duong
(+C) nhung +C 16n hon —I rat nhiéu nén no: i. tang mat do e & vi tri octo va para, do d6 lam tang ai luc
cua hai vi tri nay voi tac nhan electrophin, ii. giai toa dién tich duong cua cation benzoni. Khi nhom
thé thar 2 di vao vi tri 0- va p-, sptg tuong Gng ¢6 4 ciu trac cong hudng trong d6 mot cau tric co dién
tich duong duogc giai téa truc tiép bai hiéu ung +C cua nhom CH3O-. Vi vy, sptg (va do dé ttct tuong
tg) duoc on dinh hoa dang ké, Ea giam va tdc d6 phan (g ting 1én.

Nhom thé loai 1l At e boi hiéu tng —C, -1 hodc —H phdn hogt héa nhan benzen va dinh huéng meta.
Kha nang hat e/phan hoat hoa nhan benzen: -NOy, -NR3" > -SO3H, -CN > -CHO, -COR > -COOH,
COOR
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- Nhom thé hat e 1am giam mat do e tai tat ca cac vi tri trong vong benzene, do do6, knpu cua tat ca cac
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vi tri trong vong benzene cua nitrobenzene déu kém hon so v6i benzen. Néu nhom thé tiép theo di vao
vi tri octo hodc para, & mot trong cac cdu triic cong hudng, dién tich duong hinh thanh trong vong
benzen chiu tac dong truc tiép cua nhom —NO,, lam ting ning luong cta hé. Con néu nhom thé tiép
theo di vao vi tri meta, khong c6 ciu tric cong huéng nao c6 dién tich duong chiu tac dong truc tiép
cta nhém —NO; nén s€ thuan lgi hon. Noi mét cach chinh xéac, vi tri meta it bi phan hoat hda hon cac
Vi tri octo va para.

e Cac halogen (+C < -I) phdn hogt héa nhan benzen nhung lai dinh hwdong octo va para.
-I: -F > -Cl > -Br > -I nhung +C: -F > -ClI > -Br > -I (do kich thudc obitan).

ii. Vong benzen ¢6 2 hodc nhiéu nhom thé

o Cicyéu to anh huwéng dén vi tri ciia nhom thé thir 3:

- Yéu té electron: kha ning dinh hudng: -NRy, -OH > -R (ankyl) > -X (halogen) > nhém dinh hudng
meta (-NO,, -CN, >C=0, -COOH, ...)

- Yéu té electron: trong hai nhom thé, nhom nao c6 kha ning hoat hoa vong benzene manh hon sé& quyét
dinh hudng thé.

Vidu:

- Yéu té electron:

OH OCH,4 CHs N(CHs),
~ ~a @/Br Ve \@:
NO,
CHs ] NO, }
- Yéu té khéng gian
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o Néu hai nhom cing phan hoat hoa, phan ung Sg2Ar sé rat kho khan. Nhom niao ¢6 —C manh hon sé

NO, CN
o HO o

2. Phdan #ng cong vao vong benzen
e Khuynh hudng cong vao vong no sau canh 1a khong 16n do s& pha v& hé thom. Chi c6 mét sé trudng

quyét dinh hudng thé.

hop xay ra duoc.
a. Cong Cl,/UV va cong Ha/Ni

Cl
h Cl cl
© + 3k 50:c
Cl cl
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SREE S

b. Khtr khong hoan toan: phan (tng khir Birch

Na/NH;(l)
_—
ROH
1,4-dihidro héa

Hiéu tng electron ciia cac nhom thé ciing anh huong quyét dinh dén vi tri khu.

i. Nhém ddy e (CHs, -OCHa,...): 1am giam téc d6 phan tng va phan ung khir xay ra ¢ vi tri khong c6
nhom thé.
OCHj, OCHj,
Na/NH;(1)

- =

ROH

ii. Nhém hiit e: ting tbc dd phan tng, phan tng khtr xay ra & vi tri cia nhom thé.
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Na/NH(1)
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3. Phdn irng oxi héa vong benzen

e Vong benzen bén vitng véi cac chit oxi hoa manh thuong duoc dung dé oxi hoa anken nhu CrOs,
H,02, KMnOy, ...Tuy nhién, khi c6 chat xt thich hop, vong benzen c6 thé bi oxi hoa khong hoan toan
boi O, kk.

o
0Oy, V205
St O + 200, + 2H,0
© 400-450°C | ? ?
0O

Cac phan ung ¢ mach nhanh
Halogen hoa nhom ankyl
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2 T HBr *

a-Brometylbenzen ~ p-Brometylbenzen

(sp chinh) (sp phu)
Cl
I
+ Cl hv c
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2 T Hal *
o-Cloetylbenzen B-Cloetylbenzen
(56%) (44%)

b. Ankenylbenzen

o Khit héa: ca vong va anken & nhanh déu co thé bi khir, nhung ndi d6i anken bi khir d& dang hon nhiéu:
A H,, Ni, 20°C H,, Ni, 125°C
2-3 atm 110 atm
(150°C, 30 atm)

o Cong vao lk doi

Br

®
oYY

N
©/\/ +HBr
: HBr

Y—> .
Br -Br Br

C. Oxi hoa mach nhanh



e Nhanh ankyl (va cac nhom thé khéc) 1k v6i nhan thom bi oxi hoa bang cach dun néng voi dd KMnO,
tao thanh cac dx cua axit benzoic. Yéu cau 1a & Vi tri a so v&i vong benzen (vi tri benzyl) phai con it
nhat 1 nguyén tir H.

R H
COOH
R 1.KMnO/H,0, t° ©/
2. H;0®

V.  Piéu ché va ing dung
1. Diéu ché benzen va din xuat

Trong cong nghiép, benzen c6 thé thu dugc bing cac phuong phap sau:

- Chung cét nhya than d4 va ché héa dau mo.
- Trime hoa dong vong CyHj, xtc tac [(CsHs)3P]xNi(CO)y

Cr203/A|203
n-CgHi2 > + 4H,
30-40 atm, 500°C

(o]
© H,, 580°C © . CH,
Co-Mo

2. Cac dan xuat thé caa benzen:

- Pé hidro héa dong vong, ddng phan hoa:

_H2 -3H2
n-C7H14 —_— - >
b— 00—

- Ankyl héa, axyl hoa theo Fridel-Craft.
- Tong hop Wuyec-Fittig: Ar-X+R-X+2Na: tao hdn hop san pham.
- Co ddng:

X R
©/ +  RCuli — @ + RCu + LiX
- Khutr benzyl halogenua:
©/\X LiEt;BH ©/

3. Ungdung:



- Benzen duoc ding lam dung méi, diéu ché monome (40% benzen—etylbenzen—styren, 20%

benzen—phenol, 20% — xiclohexan, 4%—anhidrit maleic).

Bai 2: HIDROCACBON THOM — PONG PANG CUA BENZEN

l. Naphtalen

1. Cdu triic phén tir

o Naphtalen CyoHs, U= 7 c6 d6 khong no rat Ién nhung bén véi phan ang két hop ?

e Phén tir c6 cAu trac phing. 10 nguyén tir C lai hoa spz, moi nguyén tir C dung 3 obitan lai hoa sp2 tao
Ik 6 v6i 2 nguyén tir va 1 nguyén ta H. M&i nguyén tir C con 1 obitan p thuan khiét co 1 e doc than,
céc obitan nay c6 truc Song song véi nhau va vudng goc voi mit phiang phan tir. Cac obitan p xen pha
bén vai nhau tao dam may e 7 ¢ phia trén va dudi mat phang phan tir. Hé 1a hé lién hop khép kin ¢ 10

€ T.
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2. Tinh chét héa hoc

e Tuong tu benzen, naphtalen cling c6 phan Uing dac trung 1a Sg2Ar.

e S0 vai benzen, naphtalen kém bén v&i cac tac nhan oxi hoa — khir hon.

a. Phan itng thé electrophin

e Cic phan ung thé electrophin vao nhan naphtalen déu cho san pham thé & vi tri o (vi tri s6 1). Gidi
thich: sptg cta sp thé vao nhan naphtalen & Vi tri a c¢6 nhiéu cdu tric gidi han trong d6 mot vong

benzen van con giir dugc tinh thom.

Br
SO5H +Br,/CH;COOH
H2804 -HBr
60°C NO,

(03
SOzH COCH;4
HSO, | COCH;,4
150°C CH3COCIAICI; . OO
CeHsNO,

e Néu trong vong naphtalen c6 san mot nhom thé thi nhom thé nay s& anh huéng dén kha ning phan ung

va hudng thé cia nhom thé tiép theo.
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Nhom thé loai | (dic biét —OH, -NHy) & vi tri s6 1: dinh hudng vao 2 va 4 (d6i khi vao 5 va 7), néu &
vi tri 56 2: dinh huéng vao 1 (d6i khi vao 6 va ).

Nhom thé loai 11 (-NO,, -SO3zH, -COOH): dinh hudng san phia vong benzene khong c¢6 nhom thé. Néu
o Vi tri 1: dinh hudéng vao 5,6 va 8. Néu 6 vi tri 2 thi dinh huéng vao 5, 6 va 7.

Phan ing oxi hoa — khur

(:() 9//1// \(C"Z @[
@\ \e\ ’Va//VH

COOH

Bai 3: HOP CHAT THOM KHONG CHU'A VONG BENZEN

Piéu kién ciu tric cia hop chat thom, khong thom va phan thom
C6 nhiéu hop chat khong no khéc, khong c6 cau triic tuong dong nhu benzen nhung lai thé hién tinh
thom: nhu dé tham gia cac phan Gng thé, khé tham gia phan ang cong va bén véi cac tac nhan oxi héa.
Dé nhén ra cac hop chat dé, Hiickel dua ra qui tic sau:
Qui tac Hiickel vé tinh thom: c6 ciu tric phang, c6 hé lién hop khép kin va c6 sd e m théa man qui
tac ,an + 2%
Hop chét phan thom: phing, lién hop khép kin nhung chi ¢ 4n e m.
Hop chat khong thom: 1a cac hop chat vi pham mot trong 3 tiéu chuan cua hop chat thom.

M@t s6 hop chat thom, khong thom va phan thom chira vong benzen

Vong 3 canh

W, W, v

O + HBr —> OH.BF
7 + SbCly —= N/ SbClg

W, W, g ¢

Vong 4 canh
QO
I E—» Fe(CO)s

Vong 5 canh

11



@ @ Q @ Khayt-BuOK= + 1/2H,
S

X:NH, O, S

Vong 6 canh

o )

»

N
Vong 7 canh
@ BrZ/CCI4 @ -HBr @ ® B©
Br  t°nc=203°C, tan trong H,0

Vong 8 canh

=

Hé vong 1on

Hé vong ngung tu
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