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SYNTHETIC COMMUNICATIONS, 22( 13, 2237-2243 (1992) 

A NEW MODIFIED ELECTROPHILIC CYANATION OF 

AROMATICS WITH ACTIVATED ARYL CYANATES 

K. Buttke, T. Reiher and H.-J. Niclas* 

Centre of Selective Organic Synthesis, Berlin-Adlershof, Rudower 
Chaussee 5,O-1199 Berlin, Germany 

Abstract The selective cyanation of electron-rich aromatics succeeds in 
moderate to  good yields with the activated aryl cyanates la-d using 
AIC13/HCl. The formation of p-isomeres is preferred. 

The electrophilic cyanation of aromatics succeeds with various 

reagents, e. g. with cyanogen halides lt2r4s5 cyanogen 4, trichloro- 

acetonitrile 3-5, chlorosulfonyl isocyanate 6, aryl cyanates7-10 or tosyl 

cyanide. lo 

Thus, the direct cyanation of reactive aromatic hydrocarbons in carbon 

disulfide using cyanogen bromide/aluminum chloride affords the 

appropriate nitriles after 18 hours at  48'C in good yields.2 The 

reaction of anilines, trichloroacetonitrile and BC13 in the presence of 

SnC14 or AlCl3 gives 2-aminobenzonitriles.3 Moreover, the treatment 

of phenols with CHQSCN and BC13/AlC13 leads to 2-hydroxy- 

ben~onitriles.~ A further method for introducing the cyano group into 

* To whom correspondence should be addressed 
Dedicated to Prof. D. Martin on the occasion of his 60th birthday 
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2238 B U T T K E ,  R E I H E R ,  AND NICLAS 

Table 1: Comparative Cyanation of Anisole with Aryl Cyanates 

No. Aryl Cyanate Yield a Isomer Distribution (%Ib 
(%> para ortho 

la &OCN 72 100 0 

0 
NCO . 

0 

l b  4-PhCO-CgH4-OCN 84 100 0 

lc  4-MeCO-CgHq-OCN 55 100 0 

Id 4-OHC-C6H4-OCN 59 100 0 

le 4-MeO-C&4-OCN 42 81 19 

If CgH5-OCN 25c 73 27 

a Referred to isolated hft0-C H -CN; found (bp (*C)/Torr): 

b Determined by GC and comparison with authentic samples; 
133-136116, reported : 13!/1& 

no meta-i omer was found in all cases. 
Reported only 4-methoxybenzonitrile (32 %). 

aromatics proceeds via chlorosulfonamides starting fiom chlorosulfonyl 
isocyanates. 6 

Finally, electrophilic cyanation is performed with aryl cyanates. Thus, 

the nitrile group may be introduced into toluene o r  anisole by means of 

ArOCN with AICl3 + HCl as catalyst. The yields obtained are only 

moderatee8 Despite the usefblness of the reagents and methods 

mentioned above there are several factors limiting their general 

application, for example toxical or irritating activities or thermal 

instability (cf. ref. 6,10). 
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E L E C T R O P H I L I C  CYANATION OF AROMATICS 2239 

Table 2: Carbonitriles Prepared a 

ArH Ar‘-OCN Ar-CN Isomer Distribution (%) 
Yield (%) para meta ortho 

EtO-CgHg l a  51 100 0 0 
Me-CgHg l a  43 60 5 35 
Me-CgHg l b  32 60 10 30 
Me-CgHg If 53e 42 7 51 

90 
(3,4) 

10 
(23) 

a Results for methoxybenzonitrile are listed in Table 1. 
Referred to isolated ArCN. 
Determined by GC and comparison with a y p n t i c  samples. 
Found (bg (‘C)morr): 140-145/18; reported . 258. 
Reported : ortho/para = 2:l. 
Moreover, 18 % of the corresponding benzamide could be isolated. 

tetramethylbenzene as determined by C M S  coupling (cf. ref. 13). 

Found (bp (“C)pTorr): 116-125/18; reported 

g The product contains small amounts of trimethylbenzene and 

h Found (bp (“C)/Torr): 104116; reported1% 23g:226/730 
.235-238 

Within the framework of our studies on reactions of activated aromatic 

compounds we have studied the cyanating ability of aryl cyanates la-f, 

especially cyanates la-d activated by carbonyl groups. 

Now we have found that the electrophilic cyanation of electron-rich 

aromatics (ArH) succeeds with improved para-selectivity when the 

aryl cyanates la-d are used. The reaction is carried out with AlCl3 + 
HC1 as catalyst. Moderate to good yields of isolated carbonitriles are 

obtained by treating the aromatic compounds with Ar’-OCN at 0 to  5 ‘C 

for 24 h (Tables 1,2). 
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2240 BUTTKE, R E I H E R ,  AND NICLAS 

AlCI3, HCI, 0-5'C, 24h 
ArH + Ar'OCN Ar-CN 

- Ar'OH 

Comparative studies of the cyanation of anisole show that yields are 

best with lb (84 %) or la (72 %), leading exclusively to 4- 

methoxybenzonitrile (Table 1). 

However, the aryl cyanates le,f furnish considerable amounts of 2- 

methoxybenzonitrile in addition to 4-methoxybenzonitrile. The results 

in Table 2 show that phenetole is cyanated by la in para-position. 

Furthermore, in the cases of toluene and o-xylene the formation of 

para-isomers is preferred when la or lb are used as cyanating 

reagents. On the other hand, If affords 51 % of o-tolunitrile. 

ExDerimental 

All aromatic compounds used as starting material or as authentic 

samples are commercially available. GC was performed using the gas 

chromatograph HP 5890 A (Hewlett Packard, USA) and the data 

system Auswert 2 (Central Institute of Organic Chemistry, Berlin, 

FRG). A capillary column HP5 of 0.2 mm and a length of 25 m was 

used. A temperature programme of 8Wmin from 50°C to 280°C was 

applied. I3C-NMR spectra were recorded on a Varian GEMA 300 

spectrometer in DMSO-d$I?MS (internal standard HMDS), IR spectra 

on a specord 75 IR (Carl Zeiss, Jena). Mass spectra were obtained on a 

Hewlett-Packard 5985-B spectrometer. 

The aryl cyanates la7916 and lb-f17 were prepared according to 

known procedures. New aryl cyanates: 

la; yield: 84 %, m.p. not detectable; anal. calcd. for c16HgN204 
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ELECTROPHILIC CYANATION OF AROMATICS 2241 

(290.24); % C 66.21, %H 2.08, % N 9.65; found: %C 65.92, % H 2.09, % 

N 9.28; mass spectrum, m/e (relative intensity) M+ 290 (loo), 262 (35); 

IR, VCN: 2230,2260 cm-l. 

lb; yield: 86 %, m.p. 98-101°C; anal. calcd. for C14HgN02 (223.22); % 

C 75.32, % H 4.06, % N 6.28; found: % C 75.42, % H 4.06, % N 6.27; 

13C-NMR, 6: 194.14, 154.75, 136.46, 135.64, 132.95, 132.47, 129.57, 

128.61, 115.74, 107.96; mass spectrum, d e  (relative intensity) M+ 223 

(37), 146(43), 105 (100); IR, VCN : 2220,2250,2280 cm-l. 

4-Methoxvbenzonitrile 

(Typical Procedure for Cyanations with h) 
AlCl3 (32.0 g, 0.24 mol) is added under ice-cooling and vigorous 

stirring to 100 ml of anisole. Then this mixture is added under stirring 

a t  -7O'C to a suspension of & (14.5 g, 0.05 mol) in 100 ml of carbon 

disulfide. The mixture is allowed to  warm to O'C and a stream of dry 

HC1 is passed through until saturation is achieved. ARer standing 

overnight, the reaction mixture is diluted with 200 ml of diethyl ether, 

poured onto ice, filtered by suction, and the precipitate is washed with 

diethyl ether several times. The ether phase is then successively 

washed with 2N NaOH and water, dried over Na2S04, and distilled. 

Yield: 9.64 g (72 %) b.p. 133-136°C / 16 Torr. 

PreDaration of Carbonitriles with lb 

(General Procedure) 

AlCl3 (32.0 g, 0.24 mol) is added under ice-cooling and stirring to 50 ml 

of aromatic. To this stirred mixture, a solution of (22.3 g, 0.1 moll in 
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2242 BUTTKE, R E I H E R ,  AND NICLAS 

50 ml of aromatic is added dropwise at  0-5 "C. Then a stream of dry 

HCl is passed through the reaction mixture at 0-5 "C until saturation 

is achieved. After standing overnight at 5 "C, the reaction mixture is 

diluted with 200 ml of absolute diethyl ether and a stream of dried 

NH3 is passed through to render the mixture basic. The precipitate is 

isolated by suction and thoroughly washed with diethyl ether. The 

ether phase is then successively washed with 2N NaOH and water, 

dried over Na2S04, and distilled. 
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