
This article was downloaded by: [University of Arizona]
On: 31 May 2013, At: 12:56
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

New and Improved Syntheses
of Arylazoxycyanides
William W. Wood a , Gottfried Kremp b , Thomas
Petry b & Werner E.J. Simon b
a American Cyanamid Company, Agricultural
Products Research Division, P. O. Box 400, Princeton,
NJ, 08543-0400, USA
b Cyanamid Forschung Gmbh, P. O. Box 100, Zur
Propstei, D-55270, Schwabenheim, Germany
Published online: 17 Sep 2007.

To cite this article: William W. Wood , Gottfried Kremp , Thomas Petry & Werner
E.J. Simon (1999): New and Improved Syntheses of Arylazoxycyanides, Synthetic
Communications: An International Journal for Rapid Communication of Synthetic
Organic Chemistry, 29:4, 619-629

To link to this article:  http://dx.doi.org/10.1080/00397919908085811

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

http://www.tandfonline.com/loi/lsyc20
http://dx.doi.org/10.1080/00397919908085811
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

ri
zo

na
] 

at
 1

2:
56

 3
1 

M
ay

 2
01

3 



SYNTHETIC COMMUNICATIONS, 29(4), 619-629 (1999) 

New and Improved Syntheses of Arylazoxycyanides 

William W. Wood"" , Gottfried Kremp,b Thomas Pettyb and Werner 
E.J.Simonb 

'American Cyanamid Company, Agricultural Products Research Division 
P.O.Box 400, Princeton, NJ 08543-0400, USA 

bCyanamid Forschung Gmbh, P.O.Box 100, Zur Propstei, D-55270, 
Schwabenheim, Germany 

Two new approaches to the synthesis of arylazoxycyanides are reported. The most 
eficient conditions found involve either oxidation of an azocyanide with hydrogen 
peroxide/formic acid or nitrene insertion into an arylnitroso derivative using 
cyanamide and NBS. 

Arylazoxycyanides have proved to be interesting and potentially useful 

compounds in a number of different medical and agrochemical applications. 

functional group also occurs in Nature, the best known example being calvatic 

acid, which has been isolated from three different natural sources, Calvatia 

cranijbrmis', Lycoperdon pyriforme2 and Calvatia lilacina'. In addition to 

antibiotic and general cytotoxicity,4 arylazoxcyanides also appear to exhibit a 

variety of more selective forms of biological action including inhibition of 

tubulin binding,' glutathione transferase,6 omithine decarboxylase; and as labels 

for the a,-adrenoreceptor.' 

The 

Our own research has shown that some 

'To whom correspondence should be addressed 
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620 WOOD ET AL 

arylazoxycyanides show potent fungicidal activity against commercially important 

crop diseases? 

Calvatic Acid 

Syntheses of arylazoxycyanides have involved two basic approaches: 

formation of an azo- intermediate and subsequent oxidation or nitrene insertion 

into a nitroso intermediate. In the original isolation papers, the synthesis of 

calvatic acid was reported by both of these approaches.’*’ Our need for rapid 

access to arylazoxycyanides for an analogue programme and for large scale 

syntheses for field screening, prompted us to explore new methodology for the 

synthesis of these compounds which we report herein. 

RESULTS AND DISCUSSION 

Nitrene Insertion Routes to Azoxycyanides 

Gasco et al. reported the synthesis of calvatic acid and its o-isomer fiom 

the corresponding nitrobenzaldehydes by photolysis, to give an intermediate 

nitroso-compound, and subsequent insertion of cyanonitrene, generated from 

cyanamide and iodosobenzene dia~etate.’.‘~ This provided a useful starting point 

for the synthesis of calvatic acid analogues. However, although iodosobenzene 

diacetate could be successfully used to prepare kilo quantities of various 

arylazoxycyanides, the cost of this stoichiometric reagent was prohibitive. 

Similarly the photolytic methodology used to prepare the nitroso intermediates 

was unsuitable for rapid or large scale syntheses of these compounds. 

An alternative protocol, outlined in Scheme 1, was therefore devised. 

Arylnitroso derivatives cannot generally be prepared by reduction of 
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ARYLAZOXYCY ANIDES 62 1 

nitrobenzenes, due to over reduction, and so a two step procedure was used to 

prepare these compounds involving reduction of a nitrobenzene to the 

hydroxylamine and then oxidation back to the nitroso level. In most cases it was 

possible to prepare aryl hydroxylamines from nitrobenzenes by catalytic transfer 

hydrogenation using rhodium on alumina and hydrazine hydrate as the hydrogen 

source," however this protocol failed when the substrate carried functional groups 

such as esters, which were sensitive to hydrazine. In these cases tin (11) chloride 

was used as a stoichiometric reductant.'* Oxidation of the hydroxylamine to the 

nitroso level could be carried out using either ferric chloridei3 or PCC.I4 

NCN 
N O  8 
N' 

PhI(OAch, NHZCN 

or NBs,NaHNCN 

Scheme 1 

At the time that this work was in progress, Zlotin and co-workers reported 

an alternative oxidant for the generation a nitrene from ~yanamide.'~ In this 

work, dibromoisocyanurate (DBI) was used to generate the nitrene, presumably by 

way of dibromocyanamide. This procedure worked satisfactorily in our hands, 

but still required preparation of DBI from cyanuric acid. 

large scale, DBI tended to liberate elemental bromine which, in turn, oxidized the 

nitroso substrate back to the nitro oxidation level, contaminating the final 

azoxycyanide product. We therefore looked for other brominating agents and 

We also found that on a 
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622 WOOD ET AL. 

found that, in contrast to the literature report," NBS in conjunction with the 

sodium salt of cyanamide (either as a solid, aqueous solution or generated in situ) 

gave excellent yields in the final coupling . This reagent system did not liberate 

elemental bromine and was also commercially available on a scale suitable for our 

needs. It was also possible to substituted NCS in the system with equally 

satisfactory results. This constitutes a new and efficient synthesis of 

arylmxycyanides. 

Oxidation of Azo Intermediates 

Umezawa and co-workers reported the synthesis of calvatic acid from 

hydrazinobenzoic acid (Scheme 2). We were able to adapt this process for our 

own purposes firstly by replacing potassium permanganate with DDQ and an 

organic solvent in the oxidation step and, secondly, by recognizing that the final 

dehydration step with thionyl chloride would give rise to an acid chloride 

intermediate. 

by quenching in situ with amines or alcohols. 

this study, aniline was used to quench the mixture to give the amide product.'6 

Although this approach gave a useful method for the synthesis of close 

This could be utilized in the synthesis of analogues of calvatic acid 

For the compounds required for 

analogues of calvatic acid, four synthetic steps were still required to accomplish a 

conceptually simple task. The principle reason for taking a roundabout approach 

to the synthesis lay in the relative difficulty of oxidising azocyanides directly. 

The preparation of azocyanides by modified diazonium chemistry has been known 

for many years.I7 However these compounds are not particularly stable and are 

less easily raised to the azoxy oxidation state than the azoamides used in the 

calvatic acid synthesis above. 

effect of the cyanide group vis-a-vis the amide group makes the azo double bond 

less susceptible to electrophilic oxidation. 

Presumably the increased electronwithdrawing 

Oxidations of some azocyanides to azoxycyanides have been achieved 

under forcing conditions. Gasco et a1 reported such a synthesis using 85% 

hydrogen peroxide and trifluoroacetic acid.4' These conditions were clearly 
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ARY LAZOXYCYANIDES 623 

c o r n 2  NHNH2.HCI NHNHCONH, ,$ H2NCoNH2 - - 
\ H20, 12OoC SOYO AGOH 

COzH 

0 0 
N, O,@ N, N', O N H 2  0 - 1. SOC12,DMF 0 - 1.SOC12, DMF 4 

2. HzO \ 2. PhNHz \ \ 

C W  COzH C O W h  

Scheme 2 

unsuitable for the larger scale work which we envisioned. 

experiments it was found that less concentrated forms of hydrogen peroxide with 

trifluoroacetic acid were ineffective in oxidizing azocyanides. 

hydrogen peroxide in conjunction with acetic acid was ineffective. 

and fortuitously, we discovered that formic acid in combination with 30% 

hydrogen peroxide was an effective oxidizing medium, giving azoxycyanides in 

good yields (Scheme 3). 

instability of the azocyanide intermediate, rather than the oxidative process. 

In a number of 

Similarly 85% 

Surprisingly, 

Any yield loss was generally attributed to the 

Oxidation of azo-double bonds by peroxy acids is generally understood to 

involve nucleophilic attack by nitrogen at oxygen. Since, in these examples, the 

nature of the nucleophile and the solvent remains constant, the observed reactivity 

Meon HCI; NaNOz; 

M e 0  NH2 M e 0  N'/" M e 0  N' 'CN 30% H202 

00 
Scheme 3 
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624 WOOD ET AL. 

must arise solely from the change in electrophile. 

that the bond dissociation energies of performic, peracetic and pertrifluoroacetic 

acids are unaffected by the alkyl substitution pattern and are essentially the 

same," and thus that the relative reactivity of these peroxy acids depends 

primarily on the relative stabilities of the anions generated in the reaction.'' On 

the basis of this argument, pertrifluoroacetic acid would be expected to be the 

most powerful oxidant, as is generally observed. It therefore seems likely that 

this particular oxidation with performic acid follows a different mechanism. 

It has been shown recently 

Unlike acetic and trifluoroacetic acids, formic acid can act as a reducing 

agent with the liberation of carbon dioxide as is observed in the Eschweiler-Clarke 

reductive amination. 

same way in this reaction, bringing about a reduction of the diazo- bond to a 

hydrazine (Scheme 4). Oxidation and elimination of water would lead back to 

the starting azocyanide. However if the oxidized intermediate underwent a 

second oxidation, the elimination of water would lead to an azoxycyanide. 

It is therefore possible that formic acid could act in the 

H 

HC03H 

OH 

I 
I Ro \ NY H 

Scheme 4 

CONCLUSION 

QO 
I 

Several new approaches to the synthesis of arylazoxycyanides have been 

described herein, giving more efficient and rapid access to this class of compound. 
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ARYLAZOXY CY ANIDES 625 

The syntheses have advantages over the currently available methodology both in 

terms of overall efficiency, cost and the mildness of the reagents employed. 

EXPERIMENTAL 

3,4-Dimethoxy-1 -azoxycyanobenzene (oxidation of Arylazocyanide). 

3,4-Dimethoxyaniline (3.8 g, 25 mmol) was dissolved in methanol (20 

ml). Hydrochloric acid (20 ml, 20% wfw) was added and the solution was 

diazotised by the addition of sodium nitrite (3.8 g, 55 mmol). Ethyl acetate (70 

ml) was added and the reaction mixture was cooled to -10°C. After the addition 

of sodium cyanide (2.5 g, 51 mmol) dissolved in water (5 ml), the reaction 

mixture was stirred for 30 minutes. The organic layer was separated dried over 

sodium sulphate and evaporated to dryness. The resulting brown-orange solid 

was recrystallized from petroleum ether/dichloromethane to give the 3,4- 

dimethoxy-1-azocyanobenzene (2.6 g, 55%). 

3,4-Dimethoxy-l-azocyanobenzene (2.0 g, 10 mmol) was suspended in a 

mixture of formic acid (30 ml) and hydrogen peroxide (10 ml, 30% w/w). The 

mixture was heated to 60°C for 24 hours and then cooled in an ice bath. The 

resulting orange crystals were collected and washed with water to give 3,4- 

dimethoxy-1-azoxycyanobenzene (1.56 g, 72%). M.p. 157"C, m/e (M+): 207. 

Analysis: Found C, 52.5; H, 4.4; N, 20.0;C9H9N,0, requires C, 52.5; H, 4,4; N, 

20.2%. 

4-N-Phenylamido-1 -azoxycyanobenzene (Nitrene insertion with 

iodoso benzenediacetate) 

4-N-Phenylamidonitrobenzene (10 g, 41 mmol) was dissolved in THF 

(1000 ml) with Rh/carbon (0.2 g, 5%). The mixture was treated with hydrazine 

hydrate (2.4 ml) dropwise at ambient temperature. The reaction mixture was 

filtered through Celite and concentrated under reduced pressure. 

N-phenylamidohydroxylaminobenzene, 9.0 g) was dissolved in methanol (30 ml) 

and added to a solution of ferric chloride hexahydrate (7.2 g, 26 mmol) in 

The product (4- 
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626 WOOD ET AL. 

methanol/water (300 ml, 1:2) at room temperature. The precipitate was collected 

to give crude 4-N-phenylamidonitrosobenzene as a yellow solid (7.2 g) and used 

directly in the next step. 4-N-Phenylamidonitrosobenzene in DMF (1 00 ml) at 

0°C was treated with cyanamide (1.3 g, mmol) and then dropwise with 

iodosobenzenediacetate (7.2 g, mmol) in chloroform (100 ml). The reaction 

mixture was stirred for 12 hours at ambient temperature. The resultant brown 

solid was washed with chloroform to yield a yellow solid (1.2 g), m.p. 220-225°C. 

Analysis (of recrystallized sample): Found: C, 63.8; H, 3.8: N, 19.8. C,,H,,,N,O, 

requires C, 63.2; H, 3.8; N 21.1%. 

4-N-Phenylamido-1 -azoxycyanobenzene (DMF/SOC12 Dehydration) 

4-Carboxy-1-azoxyformamide (1.85 g ,  0.009 mol) was dissolved in dry THF (40 

ml) at 40°C and thionyl chloride (2.8 g, 1.8 ml, 0.024 mol) was added dropwise. 

The reaction mixture was stirred for three hours at 40°C before being quenched 

with aniline (3 ml, 2.9 g, 0.03 mol) and then stirred for a further 20 minutes at 

40°C. The reaction mixture was then poured into water and the yellow 

precipitate collected, to give a product identical to authentic material. Yield: 0.9 g 

(38%). 

4-N-Phenylamido-1 -azoxycyanobenzene (Nitrene Insertion with NBS) 

4-(N-Phenylamido)nitrosobenzene (2.7 g, 11.9 mmol) was suspended in 

DMF (65 ml). NBS (2.17 g, 12.2 mmol) was added in one portion. The reaction 

mixture was treated in portions with monosodium cyanamide (1.18 g, 18.4 

mmol). After 30 minutes at ambient temperature, the mixture was poured on 

water (700 ml) and the yellow solid filtered, washed with water and dried to give 

4-(N-phenylamido)-1 -azoxycyanobenzene (2.41g, 76%). M.p. 220-225°C. 

4-(N-Acetylamino)-l -azoxycyanobenzene (Nitrene Insertion with NCS) 

4-(N-Acetylamino)-l-nitrosobenzene (1.64 g, 10.0 mmol) was dissolved in 

DMF (20 ml) and treated with monosodium cyanamide (1 .O g, 15.6 mmol). NCS 

(1.33 g, 10.0 mmol) was added and the mixture stirred for 24 hours at ambient 

temperature. The mixture was poured on ice-water (1 00 ml) and the precipitate 
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ARYLAZOXYCYANIDES 627 

filtered off to give 4-(N-acetylamino)- 1 -azoxycyanobenzene as a yellow powder 

(1.2 g, 59%). M.P. 240-242°C. 

Calvatic Acid 

4-Hydrazinobenzoic acid hydrochloride ( 14 g, 0.074 mol) and urea (5.2 g, 

0.086 mol) in water (100ml) were heated under reflux for 12 hours and then 

acidified with 2N hydrochloric acid. The precipitate was collected and dried to 

give 4-semicarbazido-benzoic acid (12 g, 83%). Found: C, 49.3; H, 4.7: N, 21.4. 

C,H,N,O, requires C, 49.2; H, 4.7; N, 21.5%. M' (CI): 196 (M' + H). 'H n.m.r. 

(DMSO) 8.15 (lH, s,NH), 7.88 (lH, s,NH), 7.70 and 6.65 (4H, AB, C,H,), 5.98 

(2H, S ,  NH2). 

4-Semicarbazidobenzoic acid (2.0 g, 8.6 mmol) was suspended in THF (25 

ml) and water (2.5 ml) and DDQ (2.27 g, 0.01 mol) was added. The solution 

turned red, became homogeneous and a precipitate then formed. After 1 hour the 

precipitate was collected, washed with ethyl acetate and dried to give 4- 

azoamidobenzoic acid (1.82 g, 90%). Found: C, 49.7; H, 3.8; N, 21.7. C,H,N,O, 

requires C, 49.7; H, 3.7, N, 21.8%. M' (CI): 194 (M' + H). 'H n.m.r. (DMSO): 

8.10 and 7.82 (4H, AB, C,H,), 7.85 (2H, m, NH,). 

4-Azoamidobenzoic acid (5 g, 0.026 mol) was suspended in acetic acid 

(100 ml) and was treated with hydrogen peroxide (30%, 50 ml). No reaction 

occurred until formic acid (1 00 ml) was added and the mixture was heated to 

80°C to 2 hours. The mixture was then cooled and the precipitate collected, 

washed with ether and dried to give 4-azoxyamidobenzoic acid (3.85 g, 

71%).Found C, 46.7; H, 3.5; N, 20.0. C,H,N,O, requires C, 45.9; H, 3.4: N, 

20.1%. M' (CI): 210 (M'+ H). 'H n.m.r. (DMSO): 8.20 and 8.08 (4H, AB, C,H,), 

7.78 (2H, s, NH,). 

4-Azoxyamidobenzoic acid (2.0 g, 0.01 mol) was dissolved in dry DMF 

(40 ml) under N, at 40°C. Thionyl chloride (2.8 g, 1.8 ml, 0.024 mol) was added 

dropwise. After 1 hour the mixture was allowed to cool and the solution poured 

into water. The precipitate was collected and the product washed with ether and 
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628 WOOD ET AL. 

dried to give calvatic acid (0.95 g, 50%). Found: C, 49.9; H, 3.1; N, 21.8. 

C,HSN303 requires C,  50.3; H, 2.6; N ,  22.0%. M' (CI): 192 (M' + H).  'H n.m.r. 

(DMSO): 8.58 and 8.10 (2H, AB, C,H,). 
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