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G. ADAMSKA, R. DABROWSKI, and J. DZIABUSZEK 
Institute of Chemistry, Military Technical Academy, 01 489 Warsaw, Poland. 

(Received May 6, 1980: in final form September 26. 1980) 

A convenient method is described of obtaining 2-cyano-4-alkylphenols and 4-cyanophenol by 
substituting bromine atom for the cyano group in the respective bromoanisoles and demethyla- 
tion of the cyanoalkylanisoles. It is suggested to prepare 4-cyanoaniline by reduction of 4-cyano- 
nitrobenzene with aqueous hydrazine solutions. 

INTRODUCTION 

4-Cyanoaniline is a substrate for obtaining many important liquid-crystalline 
Schiff bases,’-3 azo and azoxy compounds,4-’ whereas 4-cyanophenol serves 
for obtaining esters””* with a high positive dielectric anisotropy. Alkyl deriva- 
tives of 2-cyanophenol have found application in the synthesis of liquid-crys- 
talline compounds with negative ani~otropy.~ 

RESULTS AND DISCUSSION 

The simplest known method of obtaining 2-cyan0-4-alkylphenoIs’~ is pre- 
sented by the reaction scheme sequence as given on the following page. 
The substitution of bromine atom for the cyano group in 2-bromo-4-alkyl- 
phenol acetates does not proceed in high yield. The reaction products con- 
tain many byproducts which hinder the isolation of 2-cyano-4-alkylphenol 
acetates. In contrast the method of obtaining 2-cyano-4-alkylphenols pre- 
sented in the reaction sequence (b) or (c) proves unusually efficient; the latter 
variant is more suitable in the case of n-alkyl derivatives with a large alkyl 
radical, since 4-n-alkylanisoles are more easily obtained than 4-alkylphenols. 
The former are obtained in excellent yields by successive acylation of anisole 
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94 G. ADAMSKA, R. DABROWSKI and J. DZIABUSZEK 

Br Br 

'b' or ( M ~ ) ? S O ,  1'"" pyridinr lMeJ 
Br CN 

C N  C N  

and Huang-Minlon reduction of the resulting ketone. Substitution of bro- 
mine for the cyano group in 2-bromo-4-alkylanisole proceeds in a high yield. 

This method for preparing cyanoanisoles was also used to obtain 4-cyano- 
phenol from 4-bromoanisole in a high yield. In our opinion, the latter method 
of obtaining this compound is more convenient than those described pre- 
viously, i.e. from 4-aminophenol by the Sandmayer method," by dehydration 
of 4-hydro~ybenzaldoxime"~ or of 4-hydroxybenzamide."-" Another 
method, consisting in heating sodium p-hydroxybenzoate with adiponitrile 
under conditions described in Ref. 18, in our opinion does not give 4-cyano- 
phenol in a very good yield. We repeated this synthesis and found by gas 
chromatography that there is only 10% cyanophenol in the tarry reaction 
products. 

Previously, 4-cyanoaniline has been obtained by reduction of 4-nitroben- 
zonitrile with zinc,19 tin:' iron,2' stannous chloride22 or Raney nickel,23 from 
4-aminoacetanilide in the Sandmayer rea~tion,~' from 4-bromoaniline by 
reaction with CuCNZS or as result of dehydration of 4-aminoben~aldoxime.~~ 
We have found that the most efficient and simple method is the reduction of 
4-nitrobenzonitrile with aqueous hydrazine solutions. After the reaction has 
been initiated by heating, the temperature of the reaction mixture increases 
rapidly to the boiling point accompanied by vigorous evolution of nitrogen; 
usually after 5-20 min the reduction is complete. At high hydrazine concentra- 
tions (80%) the reaction proceeds very violently. Hydrazine concentrations in 
the range 60-8096 were found to be optimal, giving a reduction which pro- 
ceeds rapidly and smoothly. Hydrazine solutions of greater dilution can also 
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CYANOPHENOLS AND CYANOANILINES 95 

be used, but with concentrations lower than 40%, it is advantageous to add 
potassium or sodium carbonate in order to maintain a short reaction time. 

EXPERIMENTAL 

Materlals and procedures 
All reagents were obtained commercially with the exception of 4-cyanoni- 
trobenzene that prepared after the manner of Ref. 27. GLC analysis was per- 
formed on a PYE Unicam GCV aparatus with flame ionization detector. A 
glass column was used (4 mm i.d. and 1 m long) filled with 2% 

on Chromosorb W AW DMCS (0.15-0.2 mm). This liquid-crystalline sta- 
tionary phase was used because it is convenient for benzene isomer separa- 
tions with higher b.p." 

The temperature of the column was 200" and that of the detector 230°, 
feeder 300°, argon was the carrier gas, and the flow rate was 25 ml/min. 

Spectral analyses were obtained using following instruments: Specord 71 
IR; Tesla BS 487 (HI nmr, in CCL with TMS internal standard). 

4-n-Alkunoylunisoles A mixture of 293,7 g (2.2 mole) anhydrous AlCls, 
223,6 g (2.1 mole) butyryl chloride in 1.5 1 CCL was cooled to temperature 
between -5" and 0". and then 216 g (2 mole) anisole was added dropwise in 4 
hr with vigorous stirring. This reaction mixture was stirred at 0" for 2 hr and 
then poured onto ca 1500 g ice. 

The CC14 layer was washed with water, dried over anhydr. MgS04, the sol- 
vent removed (Rotovap) and the residue distilled at 11 1"/1.1 mm to give 288 g 
(81%); Ref. 29 b.p. 162-163"/20 mm; IR (neat, film) 845 cm-' (intense, para 
substituted Ar) and 1690 cm-' (C=O, intense); nmr, Figure 1, 6 7.80 (d, 2, 
ortho to COCIH,), 6 6.80 (d, 2, ArH ortho to OCH,), 6 3.79 (s, 3, OCH,), 6 
2.70 (t, 2, COCHz), 6 1.69 (m, 2, CHZ), 6 0.96 (t, 3, CH3). 

The nmr spectra showed a symmetrical aromatic proton pattern which is 
strong evidence for the 4-isomer, (Figure 1); the purity detected GLC ca 97%. 
4-n-pentanoylanisole was prepared in the same manner to give 334 g (87%), 
b.p. 130"/0.6 mm; Ref. 29 b.p. 165-167"/14 mm. 

4-n-Alkylunisoles A mixture of 356 g (2 mole) 4-n-butanoylanisole, 250 g (4 
mole) 80% hydrazine hydrate and 224 (4 mole) KOH in 1.5 1 diethylene glycol 
was refluxed for 3 hr and then distilled slowly until the temperature in pot was 
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96 G. ADAMSKA. R. DABROWSKI and J .  DZIABUSZEK 

FIGURE I NMR spectrum for 4-n-butanoylanisole. 

raised to 240'. The distillate was diluted water (3 1) and then extracted with 
hexane and the organic layer washed with water, 5% hydrochloride acid solu- 
tion and once more water, dried over anhydr. MgS04, the filtrate evaporated 
(Rotovap) and the residue distilled 104'/16 mm to give 262 g (83%) 4-n- 
butylanisole; Ref. 29 b.p. 122-123'/20 mm; IR, band of the carbonyl group 
was absent; nmr, 6 7.23 (d, 2, ortho to butyl), 6 6.92 (d, 2, ArH ortho to 
OC&), 6 3.69 (s, 3,OC&), 6 2.51 (t, 2, CHZAr), 6 0.8-1.6 (m, 7, propyl); the 
purity ca 98%. 4-n-Pentylanisole was prepared in the same manner, yield 75%. 
b.p. 123'/13 mm; Ref. 29 b.p. 124-125'/14 mm. 

2-Bromo-4-n-alkylanisoles In a 3-neck, 2 1 flask was placed 164 g (1 mole) of 
4-n-butylanisole, 90.2 g of sodium acetate, 1.3 liter ofacetic acid and400 ml of 
methanol. The contents were cooled to 0" when a solution of 160 g ( l  mole) of 
bromine in 200 ml of acetic acid was added dropwise in 3 hr. Mixing was con- 
tinued for 3 hr and then the mixture was poured into 4 1 water. The insoluble 
oil was extracted into hexane, washed with water and sodium sulphite solu- 
tion. After drying over anhydrous magnesium sulphate the hexane was re- 
moved (Rotovap) and the residue distilled at 114-1 15'/0.7 mm to give 21 1.4g 
(87%) of 2-bromo-4-n-butylanisole. GLC analysis revealed impurities below 
1%; IR (neat, film) 815 cm-' and 885 cm-' (1,2,4-~ubstituted Ar), 1030 cm-' 
and 1060 cm-' (O-Me, this splitting is owing to presence of the bromine atom 
in ortho position); nmr spectra showed a characteristic aromatic proton pat- 
tern for 1,2,4-~ubstitution, when 2-substituent is a strong steric hindrance, 
(Figure2);67.27,72.4(2~, 1,ArHortho toBr,calcd67.22),66.95,6.92(2d, 1, 
ArH ortho to butyl, calcd 6 7.00), 6 6.66 (d, 1, ortho to O-Me, calcd 6 6.65), 
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CYANOPHENOLS AND CYANOANILINES 97 

6.00 7.00 PPM[b) 6.00 

FIGURE 2 NMR spectrum for 2-bromo-4-n-butanoylanisole, aromatic proton pattern. 

6 3.78 (s, 3,O-Me), 6 2.47 (t, 2, CH2-Ar; one well defined triplet suggested 
that rotation about the Ar-C bond is not hindered), 6 1.8-0.8 (m, 7, 
unresolved). 

Anal. Calcd for CIIHIsOBr: C-54.33%, H-6.22%, Br-32.86%. 

2-Bromo-4-n-pentylanisole was obtained by the same manner in a weight 
183 g, b.p. 109"/0.2 mm. 

Anal. Calcd for CIZHI~OBT: C-56.03%, H-6.67%, Br-3 1.07% 

Found: C-54.56%, H-6.16%. Br-32.70% 

Found: C-56.51%, H-6.50%, Br-31.38% 

Cyanoanisoles A mixture of 243 g (1 mole) of 2-bromo-4-n-butylanisole and 
104.1 g (1.16 moles) CuCN in 250 ml DMF was refluxed for 5 hr and then 
cooled to room temperature. Concentrated aq. NH40H (300 ml) was added 
with vigorous shaking. This was extracted with hexane and the organic layer 
washed with water, dried over anhydr. MgS04, the filtrate evaporated 
(Rotovap) and the residue distilled at 116"/0.04 mm to give 114 g (62%) of 
2-cyano-4-n-bu tylanisole. 

IR (neat, film), 1030 cm-' (O-Me, singlet band), 2250 cm-I (CN); nmr, 6 
7.30 (d, ArH ortho to butyl, partly covered with following signal), 6 7.25 (s, 
ArH ortho to CN), 6 6.9 (d, 2, ArH ortho to O-Me), 6 2.54 (t, 2, CHZ-Ar); 

Anal. Calcd for C12HlSON: C-76.15%, H-8.00%, N-7.41%; 
Found: C-76.20%, H-7.91%, N-7.41%. 
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98 G .  ADAMSKA, R. DABROWSKI and J. DZIABUSZEK 

2-Cyano-4-methylanisole[70%, b.p. 1600/15 mm; Ref. 30 b.p. 270'/760 mm], 
2-cyano-4-n-pentylanisole [65%, b.p. 126'/0.04 mm] and 4-cyanoanisole 
[68%, b.p. 125"/13 mm, m.p. 56-57.5"; Ref. 18 m.p. 56-57'] were prepared in 
the same manner except that 4-cyanoanisole was extracted into ether. In all 
cases the purity detected by GLC was better than 99%. 

Cyunophenols In an Erlenmayer flask (2 1) with an air condenser protected 
with a calcium chloride tube was placed 94.5 g (0.5 mole) of 2-cyano-4-n-buty- 
lanisole, 30 g of NaCl and 135.5 g (1 mole) anhydrous AICl3. The contents 
were heated on a Woods metal bath until the reaction was initiated. After the 
exothermic reaction had ceased, the mixture kept at temperature 130' for 40 
min. The melt was cooled to RTand treated with mixture: 500 ml water, 500g 
ice and 750 ml chloroform. The organic layer was washed with water, dried 
over MgS04 and the chloroform evaporated (Rotovap). The residue was dis- 
tilled at 151'12 mm to give a solid on cooling which was crystallized twice 
from a hexane: benzene mixture (4: I), to give 56 g (64%) of 2-cyano-4-n- 
butylphenol: m.p. 57-59' Ref. 10, m.p. 60.5'. Not many impurities ( 4 % )  
were detected by GLC. 

IR (KBr pellet) 2250 cm-' (CN), 3280 cm-' (OH, broad intense); 1030 cm-' 
absent; nmr (acetone-ds), 6 7.2-7.4 (s, d, 2, ArH ortho to butyl), 6 7.0 (d, 1, 
ortho to OH), 6 3.8 (OH, broad), 6 2.56 (t, 2, CH2-Ar). 2-Cyano-4-n- 
pentylphenol [65%, m.p. 80-81' lit. m.p. 81' Ref. 10, recrystallized 2x from 
hexane-benzene (4: l)], 2-cyano-4-methyIphenol[70%, m.p. 98-99", lit. m.p. 
100-101' Ref. 3 1, recrystallized 2x from methanol] and 4-~yanophenol[80%, 
m.p. 11 1-1 12', lit. m.p. 110-1 11' (Ref. 14), recrystallized 2x from benzene]. 

I-Cyanoaniline a) A mixture of 21.9 g (0.15 mole) of 4-cyanonitrobenzene in 
52.5 ml 80% hydrazine hydrate was heated until the reaction was initiated. 
After the vigorous evolution of nitrogen ceased, the reaction mixture was re- 
fluxed for -15 min and then cooled to room temperature. The precipitate was 
collected by filtration, washed with water and dried to give 16 g (89%) of p -  
cyanoaniline: m.p. 85-96% recrystallized once from 50% MeOH in H20, lit. 
m.p. 85-86% (Ref. 24). 

b) A mixture of 21.9 g (0.15 mole) 4-cyanonitrobenzene and 15 g KzCO3 in 
53 ml of 17% hydrazine hydrate was refluxed for 112 hr. The reaction was 
worked up as in (a) to give 65% of 4-cyanoaniline, m.p. 85-86%. 

Acknowledgmentn 
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