
Friedel-Crafts-ovo alkilovanje

Ar H

R

-H
Ar R

Prekursori R                                       Katalizatori

R-X  (X = F > Cl > Br > I)              AlCl3 > SbCl5 > FeCl3 > SnCl4 > ZnCl2 > BF3

R-O H                                                    H 2SO 4, HF, H 3PO 4, BF3

Alkeni                                                  H F-BF3, H Cl-AlCl3, H F, FeCl3, BF3

R X

8 ekv.

+ Br
AlCl3 (kat.)

80 °C

1 ekv. 0,01 ekv.

CH 3CH 2    AlCl3Br

H

AlCl3Br

-HBr

-AlCl3

96%

* Sporedne reakcije:    izom erizacija
                                           polialkilovanje
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+
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  0 °C                 71%                                                       --

80 °C                 45%                                                      22%

?

+ Cl
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80%
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+ +

AlCl3, 0 °C                     85%                                          15%
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AlCl3 + CH 3NO 2         69%                                            --
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AlCl3,

 HCl
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+ Cl
AlCl3

-7 do 0 °C
   50 min

m  :  term odinam i~ki proizvod

         vi{ak AlCl3

         vi{a tem peratura
         du`e vreme

ZnCl2, BF3                o, p
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45 °C, 3 h 97%
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Skraup-ova sinteza hinolina
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∆

NH 2

O
+

FeSO 4

PhNO 2
N

OH

H 2

N

OH

H 2

N
H 2
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B(OH)3, 100-135 °C

           20  h

N

N

N
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ne nastaje

Pechmann-ova kondenzacija
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* H lorm etilovanje

+ CH 2O
HCl, ZnCl2

H H

OH

H H

OH

OH

HCl

ZnCl2

Cl

+ (CH 2O)x

AcOH, HCl konc.

H 3PO 4

Cl

77%

O CO 2Et
+ (CH 2O)x

ZnCl2, HCl (gas)

CHCl3, 4  h O CO 2Et

Cl

83%
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+ CH 3OCH 2Cl
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O 2N
Cl 90%
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Friedel-Crafts-ovo acilovanje

Br

O

OO

+
AlCl3 (2 ,8  ekv.)

CS2, ∆ O

O

AlCl3

O

+

CH 3CCl      +     CH 3COAlCl2

O O
AlCl3

C OCH 3

Cl

AlCl3

Br
Br

O

AlCl3

HCl
H 2O

Br

O

69-79%

N

O

H

1 ekv. 1,7 ekv.

83%+ Cl
Cl

O
AlCl3 (3  ekv.)

CS2, ∆
NHAc

O

Cl

COCl

+
AlCl3

O

80%

* Razlike u odnosu na alkilovanje:

     1) > 2 ekv. LA (proizvod tako|e kom pleksira LA)

     2) nema poliacilovanja (acil-grupa dezaktivira jezgro)

     3) nema izomerizacije

     4) dominacija p-izomera (sterni razlozi; va`an je uticaj rastvara~a)

CR O



+ PhCOCl
AlCl3

PhO
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O
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90% 9% 1%
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CH 3COCl
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    0-5 °C

O

C6H 6
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+

ο
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+ CH 3COOH
ZnCl2

160 °C

HCl

H 2O

HO OH

O

65%

CH 3COCl, SnCl4 (1  ekv.)

C6H 6, 0  °C

HCl, H 2O 83%

Cl

O

O

Cl +
AlCl3 (2 ,3  ekv.)

0 °C do s. t.

O

O

81%

* H oesch-ova reakcija
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* Intram olekulsko Friedel-Crafts-ovo acilovanje

COOH

H 3PO 4  +  P2O 5

PPA

70 °C

O

94%

+ O

O

O

AlCl3 Zn / Hg

HCl

O

COOH
COOH

SOCl2

COCl

AlCl3

O

78%

CO 2Me

H 3PO 4

95 °C

O

90%

COOH
HOOC

HF

0 °C

HO COOH

82%

OMe

MeO

OMe

MeO

N

O

HOOC

1° (COCl)2, DMF, CH 2Cl2, ∆ , 1 ,5  h

2° SnCl4, ∆ , 4  h

3° 3N H 2SO 4
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MeO
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MeO

N

O

O
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94%



Formilovanje

HAr CHOAr

* G atterm ann-Koch-ovo form ilovanje

C O

C O

HCl

AlCl3

Cu2Cl2

H O
AlCl4+

Me

OHC Me 50%

Lo{i rezultati sa fenolim a

* G atterm ann-ovo form ilovanje

H CN     +     H Cl
AlCl3

CH NH CH NH
ArH

Ar
H

NH 2

Ar CHO
H 2O

Adam s-ova m odifikacija:  um esto H CN --> Zn(CN)2 (zamenjujei AlCl3)

OMe

Me
HCl (gas), HCN (gas)

AlCl3, 0 °C-->45 °C

              4-5 h

1° H Cl, H 2O , 0 °C

2° NaHSO 3

OMe

Me

CHO

80-100%

Primena G attermann-ove reakcije:   * fenoli, fenil-etri, heterocikli (alkil-furani, alkil-piroli, indoli)

                                                                      * nije za aril-am ine, niti za Ar-Z  ( Z = e-deficitarna grupa)

OH
HCl, HCN, ZnCl2

0 °C --> s. t., 2 h

OH

CHO

~100%

OH

OH

HCl, Zn(CN)2

Et2O, 2 ,5  h

OH

OH

CHO

85%



N

H

H Cl, HCN, ZnCl2

Et2O
N

H

CH O

75%

N

H

HCl, H CN

CHCl3, 0 °C, 1 h N

H

CH O 92%
NaOH , H 2O

OR
HCl, H CN

Et2O OR CH O

R = H    35%

R = M e  60%

* Vilsm eier-H aack-ova reakcija
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H Cl

N
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O
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SOCl2,  CO Cl
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NOH C
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M e, PO Cl3

Cl Cl
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Cl NM ePh

NaO Ac

H 2O , Δ

CH O

77-84%

O
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O

OAc

CH O

S CH ON CH O

H

71-74%89%

N

H
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N

H

CH O
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*     H COO M e     +     PCl5

POCl3

10-20 °C
OCH 3       77-84%Cl2CH

+ Cl2CHOMe
TiCl4

CH 2Cl2

0-35 °C

Cl2CH OMe

Cl

OMe

H 2O, 0--> s. t.

CHO 81-89%

* Reim er - Tiem ann-ovo formilovanje

OH

NaOH, CHCl3, H 2O

60 °C

OH

CHO

OH
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+

20%  (37% ) 10%

CCl2     +     H 2O                                HO-CHCl2                                 CO     +     2  NaCl     +     2  H 2O
2 NaOH

NaO H
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O
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-Cl

O
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O
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O
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O Cl
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H

O

CHCl
OH

H 2O

O

CHO

-Ne m o`e se izolovati u uslovim a RT-reakcije;
-Kada nem a OH -grupe (u o- ili p-polo`aju) benzal-halogenidi su stabilni

OH

Cl

NaOH, CHCl3, H 2O

OH
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41%

3-9%
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CHO
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OH

NO 2 NO 2
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COOH
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COOHOHC
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20% tragovi

70 °C
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O
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OH

OH

NaOH, CHCl3, H 2O

X
----- II-----

OH

CHO

CHO

OH

38-48%

0%

N

OH

NaOH, CHCl3, H 2O, ∆

N

OH

CHO

30%

NaOH, CHCl3, H 2O, ∆

N

H

N

H

CHO 31%

N

H

NaOH, CHCl3, H 2O, ∆

N

H

CHO

51%

* "Abnormalni" proizvodi Reim er-Tiem ann-ove reakcije

OH

NaOH, CHCl3, H 2O

O

CHCl2

30%



[H]

15%tragovi20%

++

60 °C O

CHCl2

HO

OHC

HO

CHO

HO

NaOH, CHCl3, H 2O

O

OH Reim er-Tiem ann O

CHCl2

72%

OH
NaOH, CHCl3, H 2O

O
Cl2HC

47%

NaOH, CHCl3, H 2O
HO O

CHCl2

10%

Kolbe-Scm idt-ova karboksilacija

O     Na

CO O

5 atm

OH

COOH

dominacija  o-proizvoda

OH
NaOH, CO 2

OH

COOH

OH

COOH

130 °C

200-250 °C



2) Nukleofilne aromati~ne supstitucije

X

Z

Nu

Z

Nu X = H , halogen, N 2 , NO 2  (odlaze}a grupa)

Z = e-privla~na grupa

* SNAr

* SR (preko aril-radikala)

* preko benzina (dehidrobenzena)

* SN Ar

O 2N NO 2

X

+ Nu

X

NO 2N
O

O

Nu

O 2N NO 2

Nu
X

O 2N N O

O

Nu

- X

H

N

PhLi+
PhM e, 110 °C

8 h
N

40-49%



O 2N NO 2

KCN
M eOH , H 2O

s. t., 2-3 dana
+

KO H

M eOH ,
 Δ , 2 h

M eO NO 2

CN

M eO OM e

CN

23% 17%

N

NO 2

O K, CH Cl3

TH F, D M F
N

N
O O

CCl3

N

N
O O

CCl3

H

- H Cl

N

N
O O

CCl2

N

NO 2

CH O

N

NO 2

CH Cl2
H COO H

H 2O

90%52%



O 2N

X
+

O H

NaO H , D M SO

80 °C

O H

O 2N

63-97%

X = o-Cl, Br, I, NO 2, 

        p-NO 2, SO 2Ph

* SR N1      pod dejstvom  hv ili K/NH 3 liq.

Ar X Ar NuNu X+ +

Ar X + e ArX

ArX +Ar X

Ar + Nu ArNu

ArNu + Ar X Ar Nu ArX+

X  :  I > Br > Cl > F;  (EtO )2P-O -,  M e3N-

Rastvara~: NH 3 liq., DM SO , DM F; ponekad THF, D M E

Supstituenti na Ar-jezgru: o, m , p -  CN, C=O , M eO , NR 2 - pospe{uju reakciju

                                                   CO O   , Ac, Bz - m ogu biti prisutni

O

* Sa K / NH 3 ~este su sporedne reakcije (npr. redukcija C=O  grupe)                bolje je NH 3 / hv



Br O   K

+
KNH 2, NH 3, hv

O
93%

Cl + K     CH 2CN
NH 3, hv

CN
79%

K     CH 2CCH 3

O

+
NH 3, hv

Br

CO 2

HO 2C
O

70%

N Br
N

OO   K
NH 3, hv

+ 47%

NH 3, hv

N

S
Cl

O   K

+
N

S

O

67%

NH 3, hv

Br

+ CH 2CN

O Me

Ph

NMePh

O

80%

NH 3, hv

N

CN

Br

CO 2Et

CO 2Et
+

N

CN

CO 2Et

CO 2Et

92%

CN-grupa olak{ava reakciju
1,3-dikarbonilna jedinjenja te{ko reaguju



X

N

R 2

O

R 1

Cl
LD A, TH F, hv

X

N

R 1

O

R 2

32-83%
(~ 60% )

X = CH , N

* Supstitucije preko benzina (dehidrobenzena)

Nu

Nu Nu

H

* Preparativno dobijanje benzina: in situ (vidi D A)
* Sporedne reakcije: cikloadicije, dim erizacija

+

Br

+ CH 3CR

O
KNH 2

NH 3

O     K

R

H 3O
R

O

RO

RO

Br

N O

M e

+ LICA, THF
35%

N O

M e

O R

O R

O M e

F

PhLi

OM e

Ph

Li
1° CO 2

2° H 3O

H O 2C OM e

80%



O M e

Br

CN

NaNH 2, NH 3

M eO

CN

63%

N
M e

O

O H

Br

KNH 2

NH 3
N

M e

O

O

NM e

O

O

95%

N
M e

O

O H

Br

KNH 2, NH 3

35%




