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Al&a&-The conversion of anions of aliphatic and aromatic primary aminea to tbc corresponding 
tides by the &zo trmrsfer reaction with tosyl azide is reported. Anions of amides do not give the acyi 
azides while those of hydrazones are converted to the diazoaikanes presumably via the corresponding 
N-azidimes. The mechanisms of these transormationsare discussed. 

THE direct conversion of compounds containing activated methylene groups to the 
corresponding diaxoalkanes is known as the diuzo transjb reaction,’ p-Toluene- 
sulfonyl azide (tosyl azide) has been used in most cases as the diazo transfer agent 
although azidinium salts,z nitrous oxide’ and even diazoalkanes4 and aryl azidesf 
have been shown to effect this conversion. Although the first examples of this reaction 
date back to the work of Dimroth and Curtius,’ the preparation of diazocyclo- 
pentadiene from the reaction of cyclopentadienide anion with tosyl axides was the 
first case in which two nitrogens specifically replaced two H atoms. Over the past 5 
years, Regitz and his students and other groups’ have extended the scope and the 
utility of this reaction. 

We have recently reported the transfer of two nitrogens to primary amineslO and 
hydrazones,’ ’ and this paper describes in detail the results of our investigations. 

RESULTS AND DISCUSSION 

Prior to our initial report,l” d&o transfer reactions to elements other than carbon 
were not known. Since amino hydrogens arc not acidic to the usual bases, organo- 
metallic reagents such as methyllithium and methylmagnesium chloride were used 
to prepare the required amine anions. Our frst experiments were carried out with 
methylmagnesium chloride as a base. The reaction of the chloromagnesium salts of 
aniline, ~tol~~e and p-chloroaniline with ~tolu~~~onyl axide (tosyl tide) 
gave the corresponding aryl azides in about !Q!/, conversion.” In all cases, 15-20X 
of tosyl azide was recovered and p-toluenesulfonamide was obtained as a by-product 
in varying yield. Owing to the reaction of the or~ome~ic compounds with the 
nitro groups, p-nitrophenyl axide could not be isolated although the IR qectrum of 
the reaction mixture indicated its formation to a small extent. Benzylamine reacted 
with methylmagnesium chloride to give the anion which, with tosyl axide, gave 
benxyl axide in 26% conversion. The use of methyllithium instead of methyhuagnesium 
chloride facilitated the isolation of the azides. Thus, a 430/, yield of ptolyl axide was 
obtained from the lithium ptoluidide and tosyl azide. Similarly, cyclohexyl azide 
was isolated in 35% yield from lithium cyclohexylamide. t-Butyl tide’* was formed 
from t-butyl amine anion as indicated by the IR spectrum of the reaction mixture. 
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This reaction has been extended to anions of hydrazones.’ ’ When solutions of the 
anions of benxophenone, fluorenone and acetophenone hydrazones were treated with 
tosyl azide, the corresponding diazoalkanes were formed. They were isolated as the 
3,5dinitrobenzoate ester of the corresponding alcohols ; with benxil monohydraxone, 
azibenzil was formed but no attempts were made to isolate it. In the case of the 
lithium salt of fluorenone hydrazone, the addition of tosyl azide gave what is pre- 
sumably the adduct (II) as a yellow suspension. Addition of water and ether to this 
suspension generated diazofluorenone as indicated by the appearance of the charac- 
teristic red color. As in the reaction with amine anions, the starting hydrazones and 
tosyl azide were recovered in varying amounts. The possible intervention of N- 
azidimines in these reactions has been discussed.” 

Although a complete and thorough investigation of the mechanism of the diazo 
transfer reaction has not been carried out, certain aspects of the mechanism may be 
defined. There seems to be little question that the diazo rrunsfer reaction proceeds via 
the formation of an adduct (III) of the anion and tosyl azide. Roth with aniline and 
with fluorenone hydrazone anion, the formation of this initial adduct was indicated. 
Evaporation of the solvent from the reaction mixture of the chloromagnesium salt of 
aniline with tosyl azide gave a yellowish solid which is presumably adduct I. Upon 
being heated at 100” under reduced pressure, I underwent decomposition and a 
mixture of phenyl azide and aniline was obtained. 

I 

Phenyl azide was isolated as a yellow oil in 40”/, yield. The formation of the adduct 
(II) of fluorenone hydrazone anion and tosyl azide has been mentioned previously. 
Attempts to isolate the protonated adducts or derivatives thereof were unsuccessful. 

The relative stability of the REH anion with respect to that of the tosylamide 
anion has been found to be of significant importance in this reaction. Earlier, we 
ascribed the poor conversion of pnitroaniline anion to p-nitrophenyl azide to the 
reaction of the organometallic compound with the nitro group ; however, the in- 
creased stability of the anion in this case may well be responsible in part for the low 
yield of azide. The reaction of the anion of benzamide and of t-butyl carbamate gave 
no detectable amount of benzoyl azide and t-butyl azidoformate. 

Evidently, with such reactive intermediates, side-reactions are possible and could 
account for the balance of the products. In fact, with benzylamine anion, N-benzyl-p 
toluenesulfonamide was isolated as a by-product.’ 3 

The rather remote possibility that azide formation occurred by acylation of anion 
followed by displacement of the tosylamide group by azide ioni was eliminated as 
follows. Treatment of N-phenyl-ptoluenesulfonamide with sodium azide gave no 
detectable amount of phenyl azide. The reaction of phenyl azide with ptosylamide 
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anion gave no tosyl azide, thus eliminating the reverse reaction as a possible cause 
for the recovered tosyl azide. 

PhNHTos + NaNj f) PhNI + TosNHNa 

PhN, + TosNH- ff PhNH- + TosN, 

Our observations may be summarized as shown in the following equations. 

%/ 

RNHTos + N,- 

R-BH + TosN~ 

(R=AIkyl, aryl, R:GN) 

RNH-N=N--H_--Tos 

III 

N=N 

R--d j’&Tos 

/ 
“K’ - 

\ 
RNHN=mos Rm=NNHTos -. RN, + Tosm 

III 

A 

It is interesting to note the anology with the intermediates (VI) postulated for the 
formation of diazoalkanes from N-nitroso-N-tosylamides.15” Even more closely 
related to our reaction is the conversion of N-nitroso hydrazides to the corres- 
ponding azides. IS* Presumably, similar intermediates (VIII) are involved also in 
these latter cases. 

R,CHNTos + R&H-N=N--OTos + R,C=;=N + TosOH 

I 
NO 

V VI 

R-NHNCOAr+ RNHN=N--OCOAr -. RN=fi=fi + ArC02H 

NO 

VII VIII 

EXPERIMENTAL 

AI1 m.p. and b.p. ax uncorrected. The m.ps were dekrmined with a Thomas-Hoover capillary apparatus. 
The infmred spectra were recorded on a Perkin-Elmer Infracord spectrophotometer. The organometallic 
reagents were used as obtained from Alpha Inorganics Inc., Beverly, Mass. 

Azidesfrom the reaction of the chlorowwgnesium salt’0 
General procedure. To a stirred soln of 30 mmoles of the amine in 100 ml ether, was added 10 ml of 3M 

soln of Me&Cl in THF. Once the evolution of gas had subsided (5 min), M) g (30 mmoles) tosylazide in 
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10 ml ether was added dropwise. The reaction mixture was stirred at room temp for 5 hr. After the volume 
had been reduced to about 25x, 10 ml water was added and the reaction mixture steamdistilled. The distil- 
late was extracted with ether. The ethereal soln was extracted with 1N HCl and washed with water. The 
dried soln was then stripped of solvent and the residue distilled in uacuc to give the corresponding azide.” 
The residue from the distillation of the azide consisted of unreacted tosyl azide, which was converted to its 
triphenylphosphine adduct. Acidification of the aqueous solution left in the distilling flask of the steam 
distillation gave ptoluenesulfonamide.* 

Cyclohexyl &de. To a soln of 2.18 g (20 mmoles) cyclohexylamine in 15Oml THF, flushed with N, 
was added 10 ml of 2.1M MeLi in ether. After the evolution of gas had subsided. 4Q g (20 mmoles) tosyl 
aside was added slowly, and the reaction mixture was stirred for an additional period of 15 mm. After 
addition of 150 ml water, the mixture was extracted with 100 ml ether. Tbe ethereal extract was washed 
successively with 2N HCI and water. The dried ethereal soln was evaporated in vacuum and the resulting 
oil distilled to give. @84 g (35%), b.p. 71-73”/30 mm, lit. i6 b.p. 64-65”/21 mm. Its IR spectrum had a strong 
aaide band at 2075 cm-‘. 

t-Butyl azide was prepared in a similar fashion. However, owing to its volatility, no attempt was made 
to separate it from the reaction mixture. 

pToly1 axide was similarly prepared from ptoluidine anion (from McLi) in a 43% yield. Its IR spectrum 
was superimposable upon that of an authentic sample. 

Phenyl d&from the pyrolysis of initial odduct (1). To a soln of 2.8 g (30 mmoles) aniline in 100 ml THF 
was added 10 ml 3GM MeMgCl in the same solvent. Aher the evolution of gas was cornpIe&, 69 g (30 
I!UIO~CS) tosyl azide was added and the mixture stirred for @5 hr. The solvent was removed in wcuo and 
the yellowish residue was heated to loo” under reduced pressure (3 mmHg). The distillate, collected at - 70”, 
consisted of a mixture of phenyl azide and aniline. It was dissolved in ether, washed with 5% HCl and 
water. The dried ethereal soln was evaporated to give 1.43 g (40%) yellow phenyl axide. Its IR spectrum 
was identical to that of an authentic sample. 

Reaction ofphenyyl uzide with the sodium salt ofptoIuene&Ifinumide. To a soln of ptoluenesulfonamide, 
dissolved in the minim um amount of pyridine, was added an equimolar amount of MeLi. After the evolution 
of gas had ceased, an equimolar amount of phenyl azide was added. Wokk up of the reaction mixture 
gave an oil whose IR spectrum indicated the presence of phenyl ax& (2110 and 2080 cm-i). No detectable 
amount of tosyl az.ide (1178 and 1360 cm- l) was present. 

Diphenyldiuromethane and 1-phenyldiazomethune.i To a soln of 59 g (Mmmoles) bcnzophenone 
hydrazone in 150 ml THF, was added 10 ml 36M MeMgCI in THF. After the evolution of gas had sub- 
sided, a soln of 5.9 g (30 mmoles) tosyl axide in 20 ml THF was added. The change in color from yellow to 
red was accompanied by copious evolution of gas. After addition of 100 ml ether and 50 ml 10% NaOHaq, 
the aqueous layer was separated and acidified. p-Toluenesulfonamide was isolated in 48% yield. The 
organic layer was dried and 6.3 g (30 mmoles) 3,Sdinitrobenzoic acid was added. The color slowly changed 
from red to yellow. The soln was washed with a lo”/, NasCOsaq and then water. The dried soln was 
evaporated to dryness and the yellow residue dissolved in hot EtOH. Upon cooling, 565 g (soo/,) benx- 
hydryl3,5dinitrobenxoate, m.p. 141-142”. was isolated as yellow crystals, A mixture m.p. with an authentic 
sample was not depressed. Evaporation of the filtrate, left 1.3 g (220/.) unreacted benaophenone hydrazone 
and small amounts of tosyl azide. 

Similarly, from 27 g (20 mmole) acetopbenone hydrazone (Li salt), a 35% yield of the 3,Sdinitrobenzoate 
of 1-phenylethyl alcohol, m.p. 95-96”, was obtained. Its IR spectrum was superimposable upon that of an 
authentic sample. 

From benxil monohydrazone anion, azibenxil was formed as indicated by the red orange color and the 
IR spectrum of the reaction mixture. 

Diazofluorene. To a soln of 498 g (21 mmoles) fluorenone hydraxone in 150 ml THF, was added 10 ml 
2*1M MeLi in the same solvent. The evolution of gas was accompanied by the appearance of a green 
color. After the gas evolution was complete, a soln of 4.15 g (21 mmoles) tosyl azide in 20 ml THF was 
added. The color gradually changed to orange and a yellow suspension was formed. The reaction mixture 
was poured into water and extracted with lOOm1 ether. The red ethereal soln was separated from the 
aqueous layer which upon acidification gave 26Og (720/,) tosylamide, mp. 135-137”. The red ethereal 
layer was dried and evaporated. The red mass obtained was dissolved in hot benzene, and hexane added 

l In the case of benaylamine, N-benayl tosylamide, lap. 117-l 18”, was also isolated. 
7 AR operations were carried out under a N, blanket in order to exclude tbe possibility of air oxidation.” 
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until the soln became cloudy. The ppt was tiltered and was identified as tluorenonc hydrazone (@28 g, 
20”/. yield). Concentration of the red fdtrate gave 2.82 g (700/,) diazolluorene, m.p. 9394”. 
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