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The 1-nitroso derivatives of representative 1-alkyl-2-guanyl- and -2-carbamylhydrazines have been synthe- 
sized and characterized. l-Cyclohexyl-2-guanyl-l-nitrosohydr&zine cyclizes to 3-cyclohexyl-5-imino-1,2,3,4- 
oxatriazoline hydrochloride in concentrated hydrochloric acid a t  ambient temperature, but decomposes to cyclo- 
hexyl chloride, ammonium chloride, and carbamyl azide in hot acid. I-Benzyl-2-guanyl-1-nitrosohydrazine 
yields benzyl chloride, ammonium chloride, and carbamyl azide on treatment with concentrated hydrochloric 
acid a t  ambient temperature, whereas the analogous 2-carbamyl compound cyclizes to 3-benzyl-I,2,3,4oxatri- 
aaolin-&one. 1-Benzyl-2-carbamyl-1-nitrosohydrazine, on heating in neutral aqueous suspension, yields 
1-benzylurea and nitrous oxide through a reaction involving a 1,2-shift of the benzyl group. 

As part of a continuing program on the chemistry of 
polynitrogen compounds, the hydrolytic and thermal 
behavior of a number of substit,uted nit,roso guanyl- 
and carbaniylhydrazines, both new and prevlously 
described, was studied. The position of nitrosat’ion 
of the guanylhydrazines was elucidated as part of the 
invest’igation. 

The majority of the substit,uted guanylhydrazinium 
salts were made by the catalytic hydrogenation of the 
corresponding alkylidene guanylhydrazone hydrochlo- 
rides,’ following a procedure described previously2 or 
a niodification of it. These derivatives, RNHN- 
(R’)C(NR’’)NHR’’.HCI (R = benzyl or cyclohexyl; 
R’ = hydrogen or methyl; and R”  = hydrogen, 
methyl, or bridge ethylene), were similar in that  the 
hydrazino nit’rogens /3 to the guanyl group bore a single 
proton; these derivatives nitrosated readily and the 
nitroso derivatives of the free bases were isolated and 
characterized. 1 ,l-Diniethyl-2-guanylhydrazinium sul- 
fate, (CH3)2NNHC(NH)NH2.0.5H2S04, was conven- 
iently synthesized by the solvent-free reaction of 2- 
methyl-2-thiopseudouroniuin sulfate with excess 1,l- 
dimethylhydrazine; this hydrazinolysis was niuch 
less successful when attempted in aqueous solution. 
The advantage of using excess 1,l-dimethylhydrazine 
as a solvent was also demonstrated in the synthesis 
of 1 - (N-dimethy laniinoguanyl) -1-niethylhydrazine, 
(CH3),NNHC( NH) N (CH,) NH2. Since 1,l-dimethyl- 
2-guanylhydraziniuni sulfate did not nitrosate, it was 
concluded t’hat nitrosation occurred on the hydrazino 
group B to the guanyl group, i.e., RN(N0)KR’C- 
(N’R’’)NHR‘’. An X-ray crystallographic study3 of 
nitroso-l-(4-chlorobenzyl)-2-(4,5dihydro-2-i1~iidazolyl)- 
hydrazine hydrat)e confirnied that the nitroso group 
was on the nitrogen bearing the benzyl group. 

Cic,;H,CH,N(NO)NHC~N- 7 . H20 
‘NH-CH2 

The 1-alkyl-2-guanyl-1-nitrosohydrazinium salts are 
soluble and reasonably stable in cold dilute aqueous 
acids; the free bases are precipitated upon rieutraliza- 
tion of the acidic solutions. The alkylguanylnitroso- 
hydrazines can be recrystallized from water or aqueous 
base without deconiposition. Recrystallizatiori from 

( I )  W .  G. Finnegan, R.  A. Henry, and E. Lieber, J .  Org. Chem., 18, 779 
(1953). 

(2) W. G. Finnegan, R. A.  Henry, and G. R. L. Smith,  J .  Am.  Chem. Soc., 
74, 2981 (1952). 

(3) G. J .  Palenik. Ada  Cryet . ,  in press. 

ethanol or ethanol-ether solutions could be accoin- 
plished without decomposition if the cooled solutions 
were seeded and the crystalline product was removed 
promptly; if these solutions were allowed to stand 
without nucleation, however, a slow air oxidation of 
the nitroso derivative occurred and the corresponding 
alkylidene aniinoguanidiniuni nitrate was recovered. 
Catalytic hydrogenolysis (Adanis platinum oxide in 
ethanol solution) resulted in the formation of the start- 
ing 1-alkyl-2-guanylhydrazines. In  contrast to many 
nitroso amines, the solid, recrystallized alkylguanyl- 
nitrosohydrazines are unusually stable; thus the nielt- 
ing point of l-cyclohexyl-2-guanyI-l-nitrosohydrazine, 
CeHI1N(NO)NHC(NH)NH2 (I), remained unchanged 
after storage for 12 years a t  anibient temperature. 
Although this stability suggested that the free bases 
existed in a cyclic, resonance-stabilized forni, the X- 
ray study reported above did not confirm this thought. 

Several related hydraziniuni chlorides, including 1- 
ben~yl-2-carbaniyl-,~ l-benzyl-2-niethyl-2-carbamyl-, 1- 
benzyl-2-benzoyl-, and l-benzyl-2-benzoyl-2-n~ethyl-, 
were also nitrosated and the nitroso derivatives were 
i~o la t ed .~  On the other hand, l-(N-nitroguanyl)-2- 
phenylhydrazine, C6H5NHNHC (NH) ”NO2, did not 
nitrosate but was slowly oxidized by nitrite ion to the 
azo derivative, CsH,iY=NC(NH) ”NO2. 

The behavior of the riitrosoalkylguariylhydraziries 
in acidic and neutral iiiedia has been exaiiiiried system- 
atically. Nitroso derivatives of the type C8Hs- 
CH,N(NO)N(CH,)C(NH)NHR (R = H or inethyl) 
were stable in hot concentrated hydrochloric arid for 
a t  least 10 niin. 

Nitroso derivatives of the type RiY(NO)SHC(I\;R’)- 
NHR’, where R = an alkyl or aralkyl group arid R’ = 
hydrogen, niethyl, or a bridge ethylene group, were 
unstable in  acidic niedia. The niode of deconiposition 
depended on the nature of the acid, on the structure of 
R, and on the temperature of the reaction. The  
nature of these decompositions was elucidated by a de- 
tailed study of the deconipositions of l-cyclohexyl-2- 
guanyl-1-nitrosohydr%zine (I) and l-benzyl-2-guanyl-1- 
nitrosohydrazine (11) in  various acidic nicdia. It1 
systems containing anhydrous hydrogen chloride in at1 
oxygen-free solvent such as acetonitrile, denitroxylat ion 
occurred to give the allrylidene aminoguanidiii ium 

(4) S. Kessler and H. Rupe. Ber. ,  45, 26 (1912). 
(5) J. Thiele [Ann.. 378, 250 (1910)l prepared l-benzyl-2-hen7o).l-l- 

nitrosohydraeine by benzoylation of 1-benzyl-1-nitrosohydrazine. ]:or an 
interesting and novel synthesis of l-alkyl-2-beneoyl-l-nitrosoh).~razint.s, see 
P. 4. S. Smith and H. G. Pars, J .  Org. Chem., 24, 1325 (19.59). 
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chloride. The decomposition of l-benzyl-2-guanyl-l- 
nitrosohydrazine (11) in concentxat'ed hydrochloric 
acid a t  ambient temperature for 2-4 hr. or a t  steam- 
bat'h temperature for a few minutes (until the exo- 
thermic reaction subsided) led to the formation of 
benzyl chloride, ammonium chloride, and carbamyl 
azide in good yields. A similar decomposition, run 
in ghcial acetic acid a t  100' for 5 min., yielded benzyl 
acetate, a minor amount of benzyl azide, and animo- 
nium acetate, but no isolable carbamyl azide. Mod- 
erate gas evolution occurred and hydrazoic acid could 
be detected. Oxides of nitrogen were noted in only 
small quantities, and a minor amount of bensalamino- 
guanidine could be isolated as its picrate salt. 

Fusion of an intimate mixture of 1 equiv. of com- 
pound I1 with 2 equiv. of benzoic acid a t  looo re- 
sulted in an exotherniic reaction which raised the 
temperature of the melt to 120-125'. On work-up 
of the resulting mixture, moderate yields of benzyl 
benzoate and ammonium acid benzoate were obtained; 
no carbamyl azide could be isolated. A minor product, 
which was present in the neutral ester fraction and 
which showed azide absorption a t  4.75 p, was isolated 
as it's triphenylphosphinimide. Hydrolysis of this 
derivative in ethanol yielded triphenylphosphine oxide, 
benzaldehyde, and benzoic acid, suggesting that this 
minor product was benzylidene benzoate azide, CeH6- 
CH(X3)02CC6H6. The n.m.r. spectrum of the tri- 
phenylphosphinimide of a similar by-product obtained 
in the fusion of I1 with benzilic acid was in agreement 
with the proposed st'ructure. To further explore this 
novel alkylation reaction, the decomposition of I1 was 
attempted in 5-trifluoromethyltetrazole,6 a strong liquid 
nitrogen acid. On treatment with the anhydrous acid, 
denit'roxyIation occurred t'o give benzalaminoguanidine, 
isolated in 76.5% yield as its picrate salt. In aqueous 
5-trifluoromethyltetrazole, a smooth exothermic re- 
action ensued on heating t'o give a mixture of 1- 
and 2-benzyld-trifluoromet~hyltetrazoles. 2,4-Dinitro- 
phenol and I1 reacted in aqueous suspension a t  steam- 
bath temperature t'o give 2,4-dinitrophenyl benzyl 
ether in 26% yield. Fusion of the reactant's in the ab- 
sence of water led to decomposition of the nitroso 
compound. Phenol, on the other hand, reacted with 
I1 in the absence of water to give phenyl benzyl ether 
in low yield (<20%). 

1-Cyclohexyl-2-guanyl-1-nitrosohydrazine (I) deconi- 
posed in concentrated hydrochloric acid a t  steam-bath 
temperatures to yield cyclohexyl chloride, ammonium 
chloride, and carbamyl azide in the same manner as 
was observed for the corresponding benzyl derivative. 
At. anibient temperature in concentrated hydrochloric 
acid, cyclization occurred to give 3-cyclohexyl-5- 
imino-1,2,3,4-oxatriazoline hydrochloride (111). This 
product was also obtained in good yield by performing 
the reaction in dilute hydrochloric acid a t  50' for 30 
min. but decomposition to cyclohexyl chloride was an 
accompanying reaction ; prolonged reaction times led 
to complete decomposition. The structure of this new 
meso-ionic compound was established by analysis, by 
its further deconiposition to cyclohexyl chloride and 
carbamyl azide in  hot aqueous acidic solution, and by 
analogy with the formation of the 3-alkyl-1,2,3,4- 
oxatriazolin-S-ones from 1-alkyl-2-carbamyl-1-nitroso- 

(6) W. P. Norris, J .  O r g .  Chem., 27, 3248 (1962). 

hydrazines. On fusion with 3 equiv. of benzoic 
acid a t  100" (exotherm to 144O), I yielded cyclo- 
hexene rather than cyclohexyl benzoate. 

The reaction of l-benzyl-2-(4,5-dihydro-2-imidazol- 
y1)-1-nitrosohydrazine in hot concentrated hydrochloric 

//N-CH? 

N--CH2 
I 

C6H,CHzN( NOINHC, 1 
I 

H 

acid yielded benzyl chloride and N-(p-aminoethy1)- 
carbamyl azide hydrochloride, N3CONHCH2CH2NH3 f- 

C1-. The isolation of the latter salt in this reaction, 
together with the fact that carbamyl azide was re- 
covered in the decompositions of I and 11 in hot con- 
centrated hydrochloric acid, showed that the alkyla- 
tion reactions did not proceed through the formation 
and subsequent reaction of diazoalkanes. It is evi- 
dent that the chain of three nitrogen atoms in the nitroso 
derivative remained intact during the alkylation re- 
action. Furthermore, since guanyl azide hydrochloride 
is stable in hot concentrated hydrochloric acid, the 
carbamyl azides were not formed by hydrolysis of an 
intermediate guanylazide. 

The behavior of I in hydrochloric acid can bg de- 
scribed by the following possible reaction scheme. 

N=O N=O 
I 4" I //" H A  CsHu -N C HA CsH1i-N C 

\ NH / \  "I "H' \&a- 
I 

N-0 
I + (  + -  

C&IIL-N C=NH&I -t NHdCI 

'N' 

I11 

At elevated temperatures, the reaction proceeds 
further. 

rN- 0 7  

L -1 

The acid decomposition of 11 probably follows a 
similar route although the existence of 3-benzyl-5- 
imino-1,2,3,4-oxatriazoline hydrochloride, analogous to 
111, was not demonstrated as an intermediate. Recent 
work on the synthesis of "sydnonimines" has shown 
that 3-benzyl-5-imino-1,2,3-oxadiazoline salts' (IVa) 
are also unstable in hot aqueous solution, whereas aryl 
and alkyl analogs are quitJe stable under similar condi- 
tions. 

N-0 + 
/ + \  IVa, X=NH,CL- 

C,H,CHIN, C= X b, X=NCOCH3 CH' 

Catalytic hydrogenation of 3-benzyl-5-acetimino- 
1,2,3-0xadiazoline(IVb) in methanol solution, using 
palladium on carbon, yielded, in part, N-acetyldiazo- 
acetamide,* N2CHCONHCOCH3. It was postulated 

(7) H. w. Daeneker and J. Druey, Helu. Chim. Acto, 46, 2426 (1963). 
(8) K .  W. Daeneker and J .  Druey, ibid. ,  46, 805 (1963). 
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that this latter compound appeared by spontaneous 
ring opening of the intermediate 5-acetimino-1,2,3- 
oxadiazoline resulting from the debenzylation reaction. 

N- 0 
I1 I 
N ,C=NCOCHS 

'CH2 

The formation of carbamyl azide in the present instance 
from the spontaneous ring opening of the proposed 
5-imino-l,2,3,4-oxatriazoline is quite analogous. 

The failure of 1 -benzyl-2-guanyl-2-met hyl-1 -nitroso- 
hydrazine, C8H&H*N(NO)N( CHs) C (NH)",, to un- 
dergo a rapid decomposition to benzyl chloride in 
aqueous hydrochloric acid must be related to an in- 
ability to form a meso-ionic ring system; or conversely, 
those situations where reaction occurs appear to be 
those in which a meso-ionic intermediate is possible 
and in which the small additional resonance stabili- 
zation in this intermediate provides the driving force 
for the elimination of "I+. 

An interesting related cyclization reaction occurred, 
presumably via an azide ion elimination, when the 
dinitrosation of cyclohexylidene 1,2-diamino-3-cyclo- 
hexylaniinoguanidinium chloride was attempted. On 
making the reaction solution basic to pH 8, cyclo- 
hexylidene 3-cyclohexyl-1,2,3,4-oxatriazolon-5-hydra- 
zone was obtained. It is possible that cyclization oc- 
curred prior to making the reaction solution basic. 

2NaNO? 
C,H11NHNHC(NNHz)NHN=C$la H+- 
~,H;N~No)NHc(N,,=N-N=c~H~~ .HC] 5 

YT? 
CaHl , N \ N , C = N - N ~ ~ H I O  

The bisnitroso derivative of 1,2-bis(benzylamino)- 
guanidinium chloride, ( C~H~NHNH)ZC=". HCI, 
could not be obtained. Vigorous gas evolution and 
separation of benzyl chloride occurred during the 
nitrosation (approximately 50% recovered in one 
experiment); uncharacterized azido-containing nia- 
terials were also produced. 

The solubility and stability of 1-benzyl-2-carbamyl- 
1-nitrosohydrazine, CaH&HzN(NO) NHCONH,, (V), 
in strongly basic solutions a t  ambient temperature, as 
reported 1 by Kessler arid R ~ p e , ~  has been confirmed. 
The reaction of this hydrazine derivative in warin 
aqueous hydrochloric acid (both dilute and concen- 
trated) and with benzoic acid a t  100" yielded 3-benzyl- 
1 ,2,3,4-oxatriazolin-5-onee (VI). 

This cyclization probably proceeds in a manner 
similar to that proposed for the cyclization of I .  On 
the other hand, when an aqueous solution of V was re- 
fluxed for 1 hr., nitrous oxide was evolved and 1- 
benzylurea was formed in 64.5% y!eld. On refluxing 
in aqueous suspension, l-benzyl-l-nitroso-2-(N-phenyl- 
carbamyl) hydrazine] C6H6CHzN (NO) NHCOrc"CeH6 
(VII), which was prepared by nitrosation of l-ben- 
zyl-2-( X-phenylcarbamyl) hydrazine, lo decomposed to 

(9) The syntheses of 3-alkyl-1,2,3,4-oxatrissolin-5-one~ from l-alkyl-2- 
carbamylhydrazines has been reported IJ. H.  Boyer and F. C. Carter, J. 
Am. Chem. Soc.,  77, 1280 (1955)l. The intermediate nitroso compounds 
were not isolated, however. 

(10) S. R. Bailey and A. T. Mopherson. i b d ,  99, 1322 (1917). 

N- 0 N - 0  
I I + I  --t l i l  + H+ 

N H  N 
CBHICH~N\ ,C'O C B H ~ C H ~ N ,  ,C=O 

-+ NH&+ VI 

1-benzyl-2-phenylurea. This result showed that the 
reaction involved a 1,2-shift of the benzyl group. 1- 
Ben~yl-2-carbamy1-2-methy1-1-nitrosohydrazine1 CoH6- 
CH,N(NO)N(CH,)CONH,, was reasonably stable 
under these conditions; slight evolution of NO OC- 
curred but the major part of the starting material 
could be recovered. The dry, thermal decomposition 
of VI1 a t  140" for 1.5 hr. did not furnish l-benzyl- 
3-phenylurea; since oxides of nitrogen were evolved 
copiously, the most likely prorluct would be benzal 
4-phenylsemicarbazone, which arises from a denitroxj 1- 
ation reaction. 

The mechanism for the decomposition of the l-benzyl- 
2-carbamyl-1-nitrosohydrazines to benzylureas and 
nitrous oxide is not readily apparent. One possible 
route, suggested by the stability of 1-benzyl-2-car- 
bamyl-2-methyl-1-nitrosohydrazine in hot water, in- 
volves forming a five-membered hydrogen-bonded 
ring system which increases the electron density on the 
nitrogen adjacent to the carbamyl group. Simul- 
taneous migration of the benzyl group and loss of nitrous 
oxide could then occur. The decomposition does not 
proceed via cyclization to the oxatriazolin-5-one (VI) 

v [ IVYo'*: 1 + C ~ H ~ C H ~ N H C O N H Z  

and its subsequent decomposition, since VI was stable 
in boiling water and could be recovered quantitatively. 
Furthermore, no 1-benzylurea was forined when VI 
was refluxed in aqueous ammonia; rather l-benzyl-l- 
nitrosohydrazine" was obtained, which offered addi- 
tional proof of the correctness of the structure assign- 
ment of this ring system. The analogous 5-imino- 
1,2,3-oxadiazolines ("sydnonimiiies") were also un- 
stable in aqueous base and reverted to the N-substi- 
tuted nitro so ace ton it rile^.^ l-Benzyl-2-(N,N-dinieth- 
ylcarbamy1)-1 -ni troso hydrazine] C6H6CHzN( NO) NH- 
CON(CH3),, on refluxing in aqueous suspension yielded 
1-benzyl-1-nitrosohydrazine as the only isolable 
product rather than l-benzyl-3,3-diniethylurea. Cy- 
clization to VI and further decomposition of this in the 
basic solution must have been the predominant re- 
action sequence. 

2 - Benzoyl- 1 -benzyl-2-methyl- 1 -nitrosohydrazine, 
C6H&HzN(NO)N(CH3)COC,H,, denitroxylated spon- 
taneously on an attempted recrystallization. 2- 
Benzoyl-1-benzyl-1-nitrosohydrazine, C6H6CHzN(NO)- 
NHCOC&, is relatively stable and denitroxylation 
was not observed in  acid solution. Heating this nitroso 

r3+ 

+ 
N20 

C ~ H & H ~ N  - N-CONHz 

(11) T. Curtlus, Ber , 33, 2561 (1900); A Wohl and C Oesterlin, %bad , 
33, 2736 (1800). 
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derivative in concentrated hydrochloric acid for 10 
min. yielded 22.470 of 1-benzyl-2-benzoylhydrazine 
hydrochloride and an unidentified azide-containing oil. 
No benzyl chloride could be identified. 

Another type of cyclization of nitrosohydrazine 
derivatives is seen in the previously reported synthesis 
of 2-phenyl-5-cyanotetrazole12 and 2-(2,4-dibromo- 
phenyl)-,5-phenyltetrazole1s by the nitrosatiotis of 
"dicyanophenylhydrazine", CeHbNHNHC(NH)CN, 
and w-aminobenzaldehyde 2,4-dibromophenylhydra- 
zone, CsH5C(NH2)=NNHCeH3BrZ, respectively. 
Since the formation of tetrazoles has not been observed 
in the present work, the possibility exists that the 
nitrosations of these latter hydrazine derivatives do 
not occur on the hydrazine moiety. 

Experimental 
Benzal 1-( N-methylguany1)hydrazinium chloride was obtained 

by the following sequence of reactions: hydrazinolysis of 1,2- 
dimethyl-2-thiopseudouronium iodide, conversion to the hydra- 
zone with benzaldehyde, and conversion of the iodide to the 
chloride via the acetate. After two recrystallizations from 2- 
propanol-diethyl ether followed by drying at  80' (25 mm.) for 
72 hr., the compound melted 135-136', resolidified, and remelted 
148-149'. 

Anal. Calcd. for CgH18C1N4: C ,  50.82; H,  6.16; N, 26.34. 
Found: C, 51.03; H, 6.29; N, 25.89. 

Benzal 1-( N-methylguany1)-1-methylhydrazinium iodide after 
recrystallization from water melted at  218-220". 

Anal. Calcd. for CLoHlJN4: C, 37.75; H ,  4.75; N, 17.61. 
Found: C, 37.87; H ,  5-11; Fi, 17.65. 

Benzal 2-Hydrazino-4,5-dihydroimidazole.-The hydroiodide 
of the title compound1 was converted t o  the free base and re- 
crystallized from 50% aqueous ethanol, m.p. 158.5-159.5'. 

Anal. Calcd. for CIOH1QN4: C, 63.80; H, 6.43; N, 29.77. 
Found: 

l,l-Dimethyl-2-guanylhydrazinium Sulfate.-A slurry con- 
sisting of 13.9 g. (0.05 mole) of 2-methyl-2-thiopseudouronium 
sulfate and 30 ml. of 1,l-dimethylhydrazine was refluxed for 12 
hr. Methanethiol was evolved slowly; the character of the 
solid changed. The cold slurry was stirred with 25 ml. of diethyl 
ether and filtered; the solid was then washed twice with 25-ml. 
portions of ether and once with a 50-ml. portion of 1 : 1 ether- 
ethanol. The dried product weighed 14.9 g. (98.2%). One 
recrvstallization from 65 ml. of 95% ethanol gave white, felted 

C, 63.94; H ,  6.47; N, 29.95. 

neeiles, m.p. 191-192". 

37.07. Found: C, 23.55; H, 7.27; N, 37.89. 
Anal. Calcd. for CaHz2N8O4S: C, 23.84; H,  7.34; N,  

The Dicrate after recrystallization from 95% ethanol was ob- 
tained i s  orange needles, m.p. 212-213" dec. 

.4nal. Calcd. for CQH13N70,: C, 32.63; H ,  3.95; N,  29.60. 
Found: C, 32.49; H ,  3.53; S, 29.78, 29.24. 

Some of the picrate was converted to the hydrochloride by 
solution in 3 N hydrochloric acid, repeated extraction with diethyl 
ether to remove the picric acid, evaporation, and recrystallization 
from ethanol-ether; it had m.p. 154.5-155.5' 

Anal. Calcd. for C3HIIC1N4: C1, 25.58; N, 40.42. Found: 
CI, 25.25; N, 39.98. 

The hydrazinolysis was much less successful when 0.1 mole of 
the thiopseudouronium salt and 0.2 mole of 1, l-dimethylhydra- 
zine were refluxed in 125 ml. of water for 7.5 hr. The product 
was gummy and could not be induced to crystallize; the picrate 
prepared from this gum melted at  170-172" and required re- 
peated recrystallizations to bring its melting point up to 209-210' 
dec. Small amounts of both guanidine picrate and 3,4,5-tri- 
amino-l,2,4-triazole picrate were isolated and characterized; 
the latter compound most likely arises from hydrazine which is 
present as an impurity in the dimethylhydrazine. 

Attempted Synthesis of l,l-Dimethyl-2-guanylhydrazinium 
Nitrate.-Guanidinium nitrate (12.2 g., 0.1 mole), 1,l-dimethyl- 
hydrazine (12.0 g., 0.2 mole), and 50 ml. of water was refluxed 
for 24 hr. Some ammonia was evolved. When the solution 

(12) J. A .  Bladin, Ber. 18, 1544 (1885). 
(13) F. D. Chattaway and G. D. Parkee, J .  Chem. Soc. ,  113 (1926) 

was cooled at  0" for several days, 6.65 g. of guanidinium nitrate, 
m.p. 213-215", crystallized and was removed by filtration. 
An additional 2.7 g., m.p. 212-215', was recovered by evaporat- 
ing the aqueous mother liquors to dryness, dissolving the residue 
in 50 ml. of 95% ethanol, and chilling. The combined recovery 
of the nitrate salt amounted to 76.5%. When the alcoholic 
mother liquors were treated with picric acid, substantial quanti- 
ties of guanidinium picrate were also isolated. Nothing cor- 
responding to 1 ,l-dimethyl-2-guanylhydrazinium picrate was 
recovered by fractional crystallization of the picrate. 

The same negative results were obtained when 3 moles of 1,l- 
dimethylhydrazine/mole of guanidinium ion were employed in an 
aqueous system. Only guanidinium chloride was recovered when 
20 g. of this salt was refluxed for 24 hr. with 60 ml. of 1,l-dimethyl 
hydrazine (neat). 

1,l-Dimethyl-2-( Ndtroguany1)hydrazine .-1 ,1-Dimethyl- 
hydrazine (1.3 g.) in 5 ml. of cold water was added all a t  once to a 
slurry of 3 .O g. of 1-methyl-1-nitroso-2-nitroguanidine in 20 ml. 
of ice-cold 50% aqueous ethanol. Since there was essentially 
no gas evolution during 2 hr. a t  O D ,  the slurry was allowed to 
stand 16 hr. a t  ambient temperature. The nitroso compound 
dissolved slowly but completely during this period. Rechilling 
to 5' for several days yielded 0.6 g. of white crystalline product, 
m.p. 135-155". Several recrystallizations from ethyl acetate 
gave felted needles, dec. pt .  185-190'. The analyses suggest 
that this fraction is impure 1 ,l-dimethyl-2-nitroguanidine, 
reportedL4 to melt a t  193.5-195' 

Anal. Calcd. for C3H8N402: C, 27.27; H, 6.10; N, 42.41. 
Found: C, 26.98; H, 6.28; N, 42.50. 

Evaporation of the original ethanolic mother liquors gave 
another crop of material, which melted 138-140' after wasteful 
recrystallization from water. 

Anal. Calcd. for C3HgN502: C, 24.49; H,  6.16; N, 47.60. 
Found: C, 24.28; H, 6.21; N, 47.76. 

1-( N-Dimethylaminoguany1)-1-methylhydrazine .-2,3-Di- 
methylisothiosemicarbazide sulfate16 (13.8 g.) and 40 ml. of 1,l- 
dimethylhydrazine were mixed and allowed to stand a t  ambient 
temperature for 10 days. The evolution of methanethiol was 
slow; the system waa never completely homogeneous. After 
the mixture had been refluxed for 4 hr., 75 ml. of absolute ethanol 
was added and the now homogeneous solution was chilled a t  5' 
for 3 days. A small quantity (0.5 g.) of crystalline material 
separated, was removed by filtration, and was washed with 
ethanol-ether. Recrystallization from 35 ml. of 70% aqueous 
ethanol gave rosettes of small white needles melting above 300'. 
This water-soluble material which contained sulfate proved to be 
1-guanyl-1-methylhydrazinium sulfate; its picrate, by itself and 
in admixture with authentic 1-guanyl-1-methylhydrazinium 
picrate, melted at  229-230'. 

Anal. Calcd. for C ~ H ~ S N ~ O ~ S :  N, 40.85; S, 11.69. Found: 
N, 40.66; S, 11.48. 

The alcoholic mother liquors were diluted with 25 ml. more of 
ethanol and treated with 20 g. of picric acid. A solid crystalline 
picrate was obtained which was recrystallized twice from 9501, 
ethanol, 7 g., m.p. 138-139". The analyses are consistent with 
those required for the picrate of the title compound. 

Anal. Calcd. for CIOHLON807: C, 33.33; H, 4.48; N,  31.10. 
Found: C, 33.23; H, 4.59; N, 30.64. 

When the combined mother liquors from the preparation and 
recrystallization of the above picrate were shaken with excess 
benzaldehyde, 9.4 g. of crude benzal hydrazone was precipitated. 
Two recrystallizations from 95% ethanol yielded coarse yellow 
urisms which decomDosed 215.5-216.5'. The sample for analysis 
bas dried at  70' (25 mm.) for 96 hr. 

Anal. Calcd. for CnHznNsO~: C, 45.53; H, 4.50; N, 24.99. 
Found: 

Benzal 1-Benzoyl-1-methylhydrazine.-Bend l-benzoyl-l- 
methylhydrazine, white needles, m.p. 208-209', after recrystal- 
lization from 2-propanol-benzene (1 : l ) ,  was made by refluxing 
an ethanolic solution of methylhydrazine (3  moles) and ethyl 
benzoate (1 mole) for 16 hr., stripping solvent and excess hydra- 
zine under reduced pressure, redissolving in hot ethanol, reacting 
with 1 mole of benzaldehyde, re-evaporating the solvent, and 

C, 45.23; H,  4.46; N, 25.10,25.06. 

triturating with ether. " 

Found: 

- 

Anal. Calcd. for Cl5Hl4N20: C, 75.60; H,  5.92; N, 11.76. 
C, 75.49; H,  5.50; N, 12.63, 12.01. 

(14) A. F. McKay and G .  F. Wright, J .  Am. Chem. Soc., 89, 3028 (1947). 
(15) A. H .  Greer and G. B. L. Smith,  ibid.. 71, 874 (1950). 
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Di(cyclohexy1idene)triaminoguanidinium Chloride.-Tri- 
aminoguanidinium chloride (14.1 g., 0.1 mole) and 30 g. of cyclo- 
hexanone in 200 ml. of 50YO aqueous ethanol were heated for 2 
hr. in the steam bath. The orange-colored solution was cooled 
a t  5" for 4 days; the product was removed by filtration, washed 
twice with cold water, and dried, 12.0 g., m.p. 190-191" dec. 
Recrystallization from 120 ml. of 50% ethanol gave 7.6 g. of pale 
orange plates. 

Anal. Calcd. for CI,Hy,C1N6: X. 27.94. Found N. 27.44. - -  -" " 

I-Alkyl-2-guanylhydrazinium Salts.-A considerable improve- 
ment can be made in , the procedure reported2 for the catalytic 
hydrogenation of alkylidene aminoguanidinium salts by conduct- 
ing the hydrogenation in ethanol instead of glacial acetic acid 
solution and by using ,palladium black as catalyst. Glacial 
acetic acid occasionally acylated the product, particularly if the 
hydrogenations were run at elevated temperatures. The Adams 
platinum catalyst used previously is readily poisoned by sulfur- 
containing products which are often present in trace quantities 
since hydrazinolysis of 2-methyl-2-thiopseudouronium salts is 
the most convenient route to the alkyl-substituted aminoguani- 
dinium salts. At elevated temperatures, platinum black also 
catalyzed the hydrogenolysis of aminoguanidinium salts to  guani- 
dine derivatives. Palladium black does not appear to  be so 
readily poisoned by traces of sulfur compounds nor does it appear 
to catalyze the hydrogenolysis reaction. New l-alkyl-2-guanyl-, 
2-carbamyl-, and 2-benzoylhydrazinium salts are reported in 
Table I .  
I-Alkyl-2-guanyl-l-nitrosohydrazines.-The nitrosation of 1- 

benzyl-2-guanylhydrazinium chloride is given as an example. 
The nitroso derivatives prepared are reported in Table 11. 

1-Benzyl-2-guanylhydrazinium chloride (20.1 g., 0.10 mole) 
was dissolved in 50 ml. of distilled water. Concentrated hydro- 
chloric acid (9 ml., 0.106 mole) was added and the solution was 
cooled to 0" in a salt-ice bath. A solution of 6.9 g. (0.1 mole) 
of sodium nitrite in 25 ml. of distilled water was then added 
slowly with stirring until a permanent starch-iodide end point 
was obtained. At this point, the solution was clear and yellow 
in color. The solution was then adjusted to pH 8 with 50% 
sodium hydroxide solution; a yellow oil separated during the 
addition. On continued stirring and cooling, or on seeding, the 
oil crystallized to a white or pale yellow solid. The pH of the 
solution was again adjusted to 8 if necessary. The product 
(14.9 9.) was separated by filtration and recrystallized from a 
minimum of hot water, yielding 9.92 g. (51.4%) of l-benzyl-2- 
guanyl-1-nitrosohydrazine (11) as pale yellow needles, m.p. 

An attempted recrystallization of the nitroso compound from 
2-propanol resulted in the slow, formation of benzalaminoguani- 
dinium nitrate, m.p. 176-1765' dec., by air oxidation. 

Anal. Calcd. for CsH,,Ns03: C, 42.66; H,  4.92; N, 31.10. 
Found: C, 43.03; H,  4.96; N, 33.57. 

An X-ray powder pattern was identical wit,h that of an authen- 
tic sample. 

Attempted Nitrosation of I-( N-Nitroguany1)-2-phenylhydra- 
zine.-A solution of sodium nitrite (0.025 mole) in 5 ml. of dis- 
tilled water was added dropwise with stirring to a slurry of 
4.88 g. (0.025 mole) of l-(N-nitroguanyl)-2-phenylhydrazine 
in 25 ml. of distilled water and 5 ml. of concentrated hydrochloric 
acid. The slurry was cooled to 5" during the addition. Nitrite 
uptake was slow; a negative nitrite test was obtained in 5 hr. 

After removal of the product by filtration, it was recrystallized 
from 2-propanol and then from benzene to give 2.94 g. (60.7%) 
of I-( N-nitroguany1)-2-phenyldiimide as golden plates, m.p. 
153-155" dec. 

Anal. Calcd. for C,H7N,02: C, 43.52; H, 3.65; N ,  36.26. 
Found: C, 43.51; H ,  3.85; N, 36.02. 

Decomposition of 1-Benzyl-2-guanyl-1-nitrosohydrazine (11) 
in Acetonitrile-Hydrogen Chloride Solution .-The nitroso com- 
pound I1 (1.93 g., 0.01 mole) was dissolved in 25 ml. of dry 
acetonitrile and approximately 7 g. of gaseous hydrogen chloride 
was bubbled into the solution with ice-bath cooling. The result- 
ing clear solution was slowly heated to 70'; hydrogen chloride 
was evolved copiously and a solid precipitated. After a few 
minutes, the solution was cooled to room temperature. The 
solid was removed by filtration: yield 1.70 g. (85.77c)  of benzal 
aminoguanidinium chloride, m.p. and m.m.p. 139-140". 

Decomposition of I1 in Concentrated Hydrochloric Acid.- 
The nitroso compound I1 (1.93 g., 0.01 mole) waR dissolved in 
5 ml. of concentrated hydrochloric acid (forming a bright yellow 
solution) and heated to 100" on a steam bath in a 25-ml. round- 

125126'. 

bottom flask equipped with a condenser. An exothermic reaction 
ensued and subsided within 5 min. and the solution turned color- 
less. After cooling and dilution with 100 ml. of water, the 
insoluble oil was extracted from the solution with 25 ml. of 
pentane. Evaporation of the pentane on a .steam bath left 
1.05 g. (83%) of benzyl chloride contaminated with some car- 
bamyl azide. The aqueous hydrochloric acid solution was evapo- 
rated to  dryness at reduced pressure on the steam bath leaving 
0.46 g. (86%) of ammonium chloride. In  a separate experiment, 
the hydrochloric acid solution, after heating, was evaporated' to  
dryness under reduced pressure a t  room temperature. The 
solid residue was extracted with diethyl ether. Evaporation of 
the ether left 0.16 g. (379") of carbamyl azide, m.p. and m.m.p. 
95.5-98.5'. An X-ray powder pattern was identical with that 
of an authentic sample prepared from semicarbazide, hydro- 
chloride. The fact that carbamyl azide sublimes readily a t  
reduced pressures may account for the low yield. 

Guanyl azide hydrochloride is stable to concentrated hydro- 
chloric acid at comparable temperatures. After heating 2.43 g. 
(0.02 mole) of guanyl azide hydrochloride in 5 ml. of concentrated 
hydrochloric acid for 5 min., the solution was evaporated to 
dryness a t  room temperature. The residue was soluble in abso- 
lute ethanol. Evaporation of the ethanol left 2.37 g. (97.6%) 
of recovered guanylazide hydrochloride, m.p. and m.m.p. 154- 
155" dec. 

Decomposition of I1 in Glacial Acetic Acid.-The nitroso com- 
pound 11 (5.79 g., 0.03 mole) was dissolved in 10 ml. of glacial 
acetic acid and the solution was heated t o  100' on a steam bath. 
A vigorous exothermic reaction with moderate gas evolution 
ensued and subsided within a few minutes. The solution was 
cooled to room temperature and diluted with 50 ml. of ice water. 
After neutralization with 25% sodium hydroxide solution (phen- 
olphthalein end point), the solution was extracted with two 25- 
ml. portions of hexane. After drying the solution with magne- 
sium sulfate, the hexane was removed by distillation to yield 4.62 
g. of oily residue. Infrared analysis showed the product to be 
predominantly benzyl acetate with a minor amount of an azide- 
containing impurity. Distilhtion of the sample a t  reduced 
pressure left a minor residue (0.1 g.) of benzalaminoguanidine, 
identified as its picrate, m.p. 248-250' dec. Analysis of the 
distillate by n.m.r. spectroscopy indicated it to  be approxi- 
mately 95% benzyl acetate and 590 benzyl azide. 

Fusion of I1 with Benzoic Acid.-When 3.9 g. (0.02 mole) of 
I1 and 7.32 g. (0.06 mole) of benzoic acid were mixed in a large 
test tube and placed in an oil bath a t  looo, an exothermic reac- 
tion occurred within 5 min. The tube was removed from the 
bath and the temperature rose to 127", then dropped slowly. 
When it was down to loo", the mix was replaced in the oil bath 
and heated for 20 min. more. Trace amounts of oxides of nitro- 
gen were evolved. The cooled reaction mixture was stirred with 
50 ml. of diethyl ether and filtered; the solid cake was washed 
once with 50 ml. of ether and twice with 25-ml. portions. The 2.2 
g. of ether-insoluble material, m.p. 170-190", was soluble in 
water and evolved ammonia when it was made alkaline with 
cold, aqueous sodium hydroxide. Two recrystallizations from 
absolute ethanol gave white plates which melted at 187-189'. 
This fraction was mainly ammonium acid benzoate admixed with 
some ammonium benzoate; the X-ray powder pattern shows new 
lines which are distinctly different from those for either ammo- 
nium benzoate or benzoic acid. 

A n d .  Calcd.: K, 5.36. Found: W ,  5.94. 
The combined ethereal extracts were diluted with 150 ml. of 

pentane and allowed to stand overnight a t  5'. The ether- 
pentane layer was decanted from a brown gum. (The latter 
gave 0.69 g. of benzalaminoguanidinium picrate, m.p. 241-243', 
when dissolved in 95y0 ethanol and treated with picric acid; 
the X-ray powder pattern was identical with that for an authentic 
sample.) The solution was washed several times with saturated 
aqueous sodium bicarbonate to remove excess benzoic acid, then 
with cold water, and finally dried over sodium sulfate. Evapo- 
ration of the filtered solution left 2.4 g. of a neutral oil whose 
infrared spectrum showed both ester carbonyl at 5.8 p and azide 
function at 4.75 p .  The oil was dissolved in 15 ml. of cyclohexane 
and treated with small portions of triphenylphosphine until 
nitrogen was no longer evolved. Addition of 50 ml. of pentane 
and cooling at 5" precipitated 0.75 g. of a viscous oil (see below). 

The cyclohexane-pentane solution was evaporated; the residual 
oil was slurried in absolute ethanol, chilled in a Dry Ice bath, 
and filtered from excess triphenylphosphine (m.p. 77-79"), 
The oil which remained after evaporation of the ethanol was next 



FEBRUARY 1965 1 -NITROSO- 1-ALKY L-8-GUANY L- A N D  -2-CARBAMY LHY DRAZINES 573 

slurried with a small volume of pentane; the latter solution was 
decanted from some insoluble material and evaporated to leave 
1.4 g. (34%) of a fragrant liquid whose infrared spectrum was 
identical with that for authentic benzyl benzoate. A small 
additional amount of ester was recovered by reworking the alco- 
hol- and pentane-insoluble fractions. The total yield probably 
approached 50% of theory. I n  another experiment on a smaller 
scale, the yield of ester was 37%. In  a third experiment in 
which the ratio of benzoic acid to substituted hydrazine was 2: 1, 
the yield of recovered ester was 30.3ojO. In  a fourth experiment, 
the reactants were refluxed in dry tetrahydrofuran for 6.5 hr.; 
oxides of nitrogen were evolved and cubic ammonium nitrate 
(based on X-ray powder pattern) was deposited in the condenser; 
the other products appeared to be the same as in the first three 
runs. 

All efforts to get the oily triphenylphosphinimide to crystallize 
were unsuccessful, and hydrolysis of this material in ethanol 
yielded impure triphenylphosphine oxide, (m.p. 147-149'), 
benzaldehyde (isolated and identified as its 2,4-dinitrophenyl- 
hydrazone), and benzoic acid. 

When benzilic acid was used instead of benzoic acid, the yield 
of benzyl benzilate, once recrystallized from methanol and 
melting 72-74', was 27%. In  this caae the ester w a ~  recovered 
directly from the crude product which remained after the base- 
extracted ether-pentane solution had been evaporated to dryness. 
The methanolic recrystallization liquors were evaporated to a 
viscous oil which was dissolved in dry cyclohexane, filtered from 
a small amount of insoluble material, and treated with triphenyl- 
phosphine until gas evolution ceased. An oily phosphinimide 
precipitated from the cyclohexane; the solvent was decanted and 
the oil was triturated with more dry cyclohexane, which was also 
decanted and discarded. The oil was vacuum dried (1.1 g. was 
recovered in an experiment involving 0.02 mole of nitroso com- 
pound); it could not be induced to crystallize. A proton n.m.r. 
spectrum (deuteriochloroform solution) was consistent with the 
structure (CeHS)3P=NCH(C6H6)00CC(OH)(C~H~)~. A com- 
plex phenyl multiplet was centered a t  approximately T 2.8. A 
single benzyl CH line was observed at 7 4.85 superimposed on a 
broad OH line. Integral values corresponded to 30 phenyl 
protons and 2 others. Benzilic acid was isolated and identified 
as one of the products from an acid hydrolysis. 

Fusion of I with 3 molar equiv. of benzoic acid gave 
mainly volatile material (which, based on odor, is probably 
cyclohexene) and only traces of ester-containing liquid products. 

Benzylation of 5-Trifluoromethyltetrazole .-The nitroso com- 
pound I1 (1.95 g., 0.01 mole) was dissolved in a solution of 2.76 
g. (0.02 mole) of 5-trifluoromethyltetrazole in 3 ml. of water, the 
yellow solution was heated for 12 min. on a steam bath, and the 
solution turned colorless. After cooling and diluting of the 
reaction mixture with 10 ml. of water, it was neutralized to a 
phenolphthalein end point with 500/, sodium hydroxide solution 
and extracted with two 15-ml. portions of hexane. The hexane 
solution was dried with magnesium sulfate and then evaporated 
to  give 1.13 g. (49.5%) of liquid residue. Comparison of an 
infrared spectrum of the residue with that of an authentic mix- 
ture of 1- and 2-benzyl-5-trifluoromethyltetraeoles (see next 
paragraph) showed them to be identical except for an azide im- 
purity absbrption at  4.80 p in the former and absorptions at- 
tributable to benzyl chloride in the authentic sample. 

1- and 2-Benzyl-5-trifluoromethyltetrazo1es.-A solution of 4.0 
g. (0.025 mole) of the sodium salt of 5-trifluoromethyltetrazole 
and 3.15 g. (0.025 mole) of benzyl chloride in 50 ml. of dry aceto- 
nitrile was refluxed for 6 hr., filtered to remove sodium chloride, 
then concentrated to dryness a t  reduced pressure on a steam bath. 
The residue was extracted with 25 ml. of ether. The ether solu- 
tion was evaporated, leaving 4.59 g. of an oily mixture of 1- and 
2-benzyl-5-trifluoroniethyltetrazoles with some benzyl chloride. 
N.m.r. spectroscopy of the mixture indicated it to be about 
80% 2-benzyl-5-trifluoromethyltetrazole, 10% l-benzyld-tri- 
fluoromethyltetrazole, and 10% benzyl chloride. 

Distillation of the mixture gave 2.82 g. (49.6%) of 2-benzyl-5- 
trifluoromethyltetrazole, b.p. 107" (5 .5  mm.). 

Anal. Calcd. for C8H7F3NI: C, 47.37; H,  3.09; F ,  24.98; 
N, 24.56. Found: C, 47.69; H ,  3.09; F,  24.85; N, 24.47. 

2,4-Dinitrophenyl Benzyl Ether.-The nitroso compound I1 
(1.6 g.), 4.0 g. of 2,4-dinitrophenol, and 5 ml. of water were 
heated on the steam bath for 1 hr. An exothermic reaction was 
noted soon after the mixture reached bath temperature; com- 
plete solution was obtained. Toward the end of the heating, 
solid began to separate. The cooled mixture was diluted with 

water and extracted with ether. The ether solution was washed 
in turn with cold water, cold saturated aqueous sodium carbonate, 
and then with cold water. Evaporation of the dried ether solu- 
tion left 0.6 g. (26y0) of brown solid. After one recrystallization 
from ethanol the orange-yellow ether melted 149-150°, lit.lB 
m.p. 149.5'. 

Anal. Calcd. for C13H10N20b: C, 56.93; H, 3.68; N, 10.22. 
Found: C, 57.28; H,  3.97; N ,  10.15. 

When the two reactants were fused on the steam bath without 
solvent, oxides of nitrogen were evolved. On the other hand, 
when phenol and I1 were heated to 115', a mild exothermic 
reaction occurred (the temperature rose to 125"), but no oxides 
of nitrogen were noted. Benzyl phenyl ether contaminated 
with carbamyl azide was recovered in less than 20% yield when 
the mixture was heated for 1 hr. a t  120-130" and worked up in 
the same manner as described above. 

Decomposition of 1-Cyclohexyl-2-guanyl-1-nitrosohydrazine 
(I) in Concentrated Hydrochloric Acid.-The nitroso compound 
I (0.93 g., 0.005 mole) waa dissolved in 5 ml. of concentrated 
hydrochloric acid. The solution was heated on a steam bath for 
5 min., then evaporated to dryness a t  room temperature and 
reduced pressure. The distillate was collected in a Dry Ice 
cooled trap. The residue from the evaporation was extracted 
with two 25-ml. portions of ether. Evaporation of the ether 
left 0.16 g. (37.20/0) of carbamyl azide, m.p. and m.m.p. 95.5- 
98.5". When the ether-insoluble residue was extracted with 
acetone, there remained 0.25 g. (93.6%) of d i d  residue, identi- 
fied by X-ray powder pattern as ammonium chloride. The 
distillate from the original evaporation was warmed to room 
temperatureand extracted with three 25-ml. portions of methylene 
chloride. After drying with magnesium sulfate, the methylene 
chloride solution was evaporated, leaving 0.55 g. (93.2%) of 
cyclohexyl chloride, which was identified by its infrared spectrum; 
carbamyl azide was also identified as an impurity. 

Decomposition of I-Benzyl-2-(4,5-dihydro-2-imidazolyl)-l-ni- 
trosohydrazine in Concentrated Hydrochloric Acid .-1-Benzyl-2- 
(4,5-dihydro-2-imidazolyl)-l-nitrosohydrazine (1.1 g., 0.005mole) 
waa dissolved in 3 ml. of concentrated hydrochloric acid and al- 
lowed to stand a t  room temperature until the solution turned 
colorless. The water-insoluble phase was extracted with pen- 
tane, yielding, after evaporation, 0.35 g. (55.7%) of benzyl 
chloride, identified by infrared spectroscopy. The aqueous 
hydrochloric acid solution was evaporated to dryness a t  reduced 
pressure and room temperature. The residue, 0.83 g. (lOOyo) 
of N-(@-aminoethy1)carbamyl azide hydrochloride, melted at  
164.r>-165.5' dec. after recrystallization from 2-propanol. An 
infrared spectrum showed carbonyl absorption at  5.9, azide 
absorption at  4.65, and NH absorption at  3.0 and 3.1 p.  

Anal. Calcd. for C3HsClNSO: C, 21.76; H ,  4.87; C1, 21.41; 
N, 42.30. Found: C, 21.97; H ,  4.97; C1, 21.58; N, 42.27. 

3-Cyclohexyl-5-imino-1,2,3,4-oxatriazoline Hydrochloride 
(III).-The nitroso compound I (1 3 6  g., 0.01 mole) was dissolved 
with cooling in 5 ml. of concentrated hydrochloric acid and the 
solution was allowed to stand a t  room temperature. Precipita- 
tion of solid material was noted in 2 hr. and the solution became 
almost solid in 4 hr. The precipitated solid WM recovered by 
filtration, washed with 5 ml. of acetonitrile, and dried to yield 
1.31 g. (65.3%) of 3-cyclohexyl-5-imino-l,2,3,4-oxatriazoline 
hydrochloride (111), m.p. 130-134" dec. Recrystallization from 
200 ml. of acetonitrile raised the melting point to 138-139' 
dec. An infrared spectrum shows strong C=N absorption a t  
5.9 p,  and an absorption at  4.6 p attributed t o  ammonium ion," 
since the compound gives no qualitative test for the azido group 
with potassium iodide in trifluoroacetic acid.18 

Anal. Calcd. for C7H13C1N40: C, 41.08; H, 6.40; C1, 17.32; 
N,  27.38. Found: C,41.03; H,6.27; C1, 17.29; N ,  27.62. 

In another experiment, 0.93 g. (0.005 mole) of I was dissolved 
in 10 inl. of 1 N hydrochloric acid and heated to 50' for 30 min. 
The solution turned colorless and an odor of cyclohexyl chloride 
was noted. The solution was evaporated to  dryness a t  reduced 
pressure and 40-50" within 15 min. The residue was dissolved 
in 200 ml. of hot acetonitrile and the solution was filtered to 
remove ammonium chloride. On cooling overnight 0.53 g. 
(51.8%) of I11 precipitated, m.p. 134" dec. The filtrate was 
concentrated to 10 ml. and recooled, yielding an additional 

(16) L. C. Raiford and J .  C. Colbert. J .  A m .  Chem. Soc.,  48, 2652 (1926). 
(17) W. P. Norria and R. A .  Henry, J .  Org. Chem., 19, 650 (1964). 
(18) W. R. Carpenter, unpublished results. 
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0.18 g., m.p. 130-131" dec. The total yield of crude product 
amounted to 76.8%. 

Attempted Decomposition of l-Benzyl-2-guanyl-2-methyl-l- 
nitrosohydrazine in Concentrated Hydrochloric Acid.-The 
title compound (1 g., 0.0048 mole) was dissolved in 5 ml. of con- 
centrated hydrochloric acid; the solution was heated for 10 min. 
on a steam bath, then evaporated to dryness a t  reduced pressure. 
The residue was dissolved in 15 ml. of hot ethanol and 1 g. of 
picric acid was added. On cooling, 1.04 g. (49.3%) of l-ben- 
zyl-2-guanyl-2-methy1-1-nitrosohydrazinium picrate, m.p. and 
m.m.p. 169-170", was obtained. The moderate recovery of 
picrate is perhaps due to its solubility in ethanol, but the excellent 
melting point of the unrecrystallized derivative infers that it was 
uncontaminated with derivatives of potential decomposition 
products such as ammonium picrate, benzal l-methyl-l-amino- 
guanidinium picrate, or l-benzyl-2-guanyl-2-methylhydrazinium 
picrate. 

When l-benzyl-2-(N-methylguanyl)-2-methyl-l-nitrosohydra- 
zinium picrate was heated with excess concentrated hydrochloric 
acid on the steam bath for 10 min., no nitrogen dioxide was 
evident. Complete stripping of the water and acid under 
reduced bressure at  ambient temperature left a gummy picrate 
which could not be crystallized but whose infrared spectrum was 
essentially the same as that for the starting material; no absorp- 
tion due to the azido group was present. The sample, hoBTever, 
rapidly liberated iodine in the sodium iodide-trifluoroacetic acid 
test (a  behavior typical of a nitrosoamino group). 

Cyclohexylidene 3-Cyclohexyl-l,2,3,4-oxatriazolon-5-hydra- 
zone.-Three grams (0.01 mole) of monocyclohexylidene 1,2- 
diamino-3-( cyclohexy1amino)guanidinium chloride was slurried in 
35 ml. of ethanol, 25 ml. of water, and 2 ml. of concentrated 
hydrochloric acid and cooled to 3". Sodium nitrite (1.4 g., 0.02 
mole) in 5 ml. of water was added dropwise with stirring while 
the temperature was held below 5 " .  The nitrite was consumed 
rapidly during the early stages of the addition, but more slowly 
near the end. When the solution no longer gave a positive 
nitrite test, it was filtered to remove 1.0 g. (after drying) of white 
solid which melted 185-186" dec. and which was not further 
investigated. The yellow filtrate was diluted with 25 ml. of 
water and treated with 2 g. of sodium bicarbonate. The bright 
yellow oil which separated crystallized when allowed to stand 
overnight a t  5 " .  The solid was filtered, washed with cold water, 
and dried, 1.05 g., m.p. 68-70'. One recrystallization from 200 
ml. ,of pentane gave yellow-orange plates,, m.p. 78-79'. The 
compound was readily soluble in benzene, acetone, and ethanol; 
it did not give a positive test for nitrosoamine. The infrared 
spectrum revealed no absorption due to the azido group; the 
ultraviolet spectrum showed absorptions a t  240 mp ( e  23,300) 
and 357 mp ( e  7100). An acetone solution treated with copper 
acetate gave an intense olive-green color. 

Anal. Calcd. for C1&1x'50: C, 59.29; H, 8.04; X, 26.60. 
Found: C ,  59.33; H, 8.20; N, 26.76. 

Evidence consistent with the structure assigned to this com- 
pound was obtained as follows. Approximately 200 mg. of the 
compound was added to 2 ml. of concentrated hydrochloric acid 
at, ambient temperature. The almost colorless solution de- 
veloped a turbidity within 10 min.; after standing overnight, 
droplets of oil had separated. The latter were extracted into a 
small volume of rz-pentane and the resulting pentane solution 
was chromatographed (vapor phase). Based on a comparison of 
retention times, it was concluded that the main product was 
cyclohexyl chloride contaminated with small amounts of cyclo- 
hexene and cyclohexanone. The presence of the latter was con- 
firmed in an infrared spectrum. 

The acidic mother liquor remaining after the pentane extrac- 
tion was adjusted to pH 8.5, and the solution was extracted with 
diethyl ether. Evaporation of the latter gave a gum whose 
infrared spectrum agreed with that expected for the structure of 

3-Benzyl-I ,2,3,4-oxatriazolin-5-one (VI).-Benzoic acid (2.44 
g.;  0.02 mole) and V (1.94 g., 0.01 mole) were intimately 
mixed in a large test tube, then heated for 1 hr. in an oil bath at  
100'. After about 40 min. of the heating period, an exothermic 
reaction began and the temperature of the semisolid mix rose to 
107'; nithin 5 min. the temperature dropped back to 100'. 
Work-up in the same manner as for the reaction of I1 with benzoic 
arid yielded 1.44 g. of ether-insoluble material (ammonium acid 
benzoate plus ammonium benzoate), 1.05 g. of benzoic acid from 
the sodium bicarbonat,e wash of the ether-soluble portion, and 
1.56 g.  (88'3) of solid, m.p. 40-45'. The compound was purified 

CBHio=NNHCONa. 

by solution in benzene and fractional precipitation with hexane 
giving felted, flat needles, m.p. 46.5-47.5'. 

Anal. Calcd. for CaH,N302: C, 54.23; H, 3.99; N,  23.72; 
mol. wt., 177.2. Found: C, 54.64; H, 3.99; N, 23.32; mol. 
wt., 186. 

The infrared spectrum showed an intense carbonyl absorption 
at  5.63 p ;  there was 110 absorption in the region 4.5-4.7 p which 
would correspond to Na or NCO. 

Denitroxylation of l-Benzyl-2-carbamyl-2-methyl-l-nitroso- 
hydrazine in Acetic Acid.-A solution of the title compound 
(0.31 g., 0.004 mole) in 5 ml. of glacial acetic acid was heated 
on a steam bath for 5 min., then poured into 25 ml. of 2,4- 
dinitrophenylhydrazine reagent. The immediate precipitation 
of benzaldehyde 2,4-dinitrophenylhydrazone, 0.4 g. (loo%), 
m.p. 237O, indicated complete denitroxylation. 

Solutions of the title compound in concentrated hydrochloric 
acid at ambient temperature, or in 6 N hydrochloric acid at  steam- 
bath temperature, rapidly evolved oxides of nitrogen. 

Decomposition of I-Benzyl-2-carbamyl-I-nitrosohydrazine (V)  
in Water.-The title compound V (2  g.) was refluxed for 1 hr. in 
20 ml. of water; some amine (ammonia or hydrazine) was evolved 
in the early stages of the heating. The product, which separated 
as an oil but which crystallized when the mixture was cooled to 
5 " ,  was filtered and washed with cold water, then with three 
20-ml. portions of diethyl ether-pentane (1 : l ) .  The yield of 
dried material, whose melting point by itself or admixed with 
authentic 1-benzylurea was 149-150', was 1.0 g. (64.5%). 
The infrared spectrum waa also identical with that for authentic 
1-benzylurea. 

When either VI or 1-benzyl-2-guanyl-2-methyl-l-nitrosohydra- 
zine was similarly treated, only unchanged starting compound 
was recovered and no amine was evolved. Although trace 
amounts of nitrogen dioxide were detected by starch-iodide 
paper when 0.5 g . of l-benzyl-2-carbamyl-2-methyl-l-nitroso- 
hydrazine was refluxed for 1 hr. in 10 ml. of water, the product 
which was recovered melted at  102-103' both by itself and 
when admixed with starting material. 

Decomposition of l-Benzyl-l-nitroso-2-(N-phenylcarbamyl)- 
hydrazine (VII) in Water.-The title compound VI1 (0.58 g.) 
was refluxed for 2 hr. in 50 ml. of water. The solid in suspension 
softened and partially melted during the early stages of the 
reaction, then resolidified. After cooling, the product was 
removed by filtration, washed with cold water, and dried: 
yield, 0.38 g. (75.7%), m.p. 155-165'. I ts  infrared spectrum 
was essentially the same as that for an authentic sample of 1- 
benzyl-3-phenylurea. One recrystallization from benzene raised 
the melting point to 171-172"; admixture with an authentic 
sample of 1-benzyl-3-phenylurea did not depress its melting 
point. 

Basic Decomposition of 3-Benzyl-l,2,3,4-oxatriazolin-S-one 
(VI).-The benzyloxatriazolin-5-one VI (0.5 9.) was refluxed for 
2 hr. in 10 ml. of water plus 2 ml. of concentrated ammonium 
hydroxide, Some oily material was present during the  ,entire 
heating period; it did not crystallize when the reaction mixture 
was cooled and seeded with starting compound. The aqueous 
phase, after the oil had been removed by ether extraction, was 
evaporated to dryness and furnished 0.1 g. of white solid. After 
two recrystallizations from water the compound was obtained 
as white plates or flat needles, m.p. 71-72', reported" for 1- 
benzyl-1-nitrosohydrazine, 71 '. 

Anal. Calcd. for C7H9NaO: C, 55.62; H, 6.00; N, 27.80. 
Found: C, 55.68, 55.51; H, 5.70, 5.97; N ,  27.51. 

An absorption characteristic of carbonyl was lacking in the 
infrared spectrum; NH was indicated. The compound gave a 
positive test for nitrosoamine with potassium iodide in trifluoro- 
acetic acid.'* 

A much better conversion of VI to 1-benzyl-1-nitrosohydrazine 
could be effected as follows. One gram waa mixed with 32 ml. 
of 3.3 N ammonium hydroxide and allowed to stand at  ambient 
temperature in a stoppered flask until the oil which was initially 
present had been replaced completely by crystalline material. 
The yield of crude product melting at  65-68' was 0.85 g. 

Decomposition of l-Benzyl-2-( N,N-dimethylcarbamy1)-1-nitro- 
sohydrazine in Water.-When l-benzyl-2-(N,N-dimethylcar- 
bamy1)-1-nitrosohydrazine was boiled in water for 1 hr., theprinri- 
pal product (53%) which waa isolated and characterized was 
1-benzyl-1-nitrosohydrazine, m.p. 71-72'. A lower melting 
material with an intense carbonyl absorption at  5.6 p was also 
recovered, but was not further purified or identified; most likely 
it was the intermediate 3-benzyl-1,2,3,4-oxatriazolin-5-one (VI). 



FEBRUARY 1965 1,2-DIMETHYL-3-ISOPROPYLAZIRIDINE 575 

Acknowledgment.-The authors wish to acknowledge interpreting n.m.r. spectra, and of Dr. Lohr A. Burk- 
the assistance of Mr. Robert 0. Schmidt in the syn- ardt in obtaining and interpreting X-ray powder 
thetic work, of Mr. Donald W. Moore in obtaining and patterns. 

Quaternization of cis- and trans-1,2-Dimethyl-3-isopr(opylaziridine with 
Methyl Iodide'"-" 

ALBERT T. BOTTINI AND ROBERT LEE VANETTEN'~ 
Chemistry Department, University of California, Davis, California 96616 

Received September 4, 1964 

Treatment of cis- or trans-l,2-dimethyl-3-isopropylaziridine (1 and 2) with methyl iodide was found to give 
the corresponding 1,1,2-trimethyl-3-isopropylaziridiniurn iodide (3 and 4). Characterization of the aziridinium 
compounds was accomplished by elemental analysis, n.m.r. spectroscopy, vapor pressure osmometry, and ex- 
amination of their reactions with thiosulfate ion. trans-l,2-Dimethyl-3-isopropylaairidine (2), which exists 
as an 8070-2070 mixture of rapidly interconverting diastereomers (2a and 2b) in which the isomer with cis 
methyl groups predominates, gives with methyl-& iodide a nearly equal mixture of the two diastereomeric 
trans-l,1,2-trimethyl-3-isopropylaziridinium-l-d~ iodides (4a and 4b) as indicated by n.m.r. spectroscopy. cis- 
1,2-Dimethyl-3-isopropylaziridine ( I ) ,  which we estimate is -99% of the trans-, cis-diastereomer (1 b), has also 
been quaternized with methyl-& iodide; approximately half of the product is formed by quaternization of the 
cis-diastereomer ( 1 b) of 1. 

Since their implication as intermediates in the mech- 
anism of biological action of nitrogen mustards (p- 
haloalkylamines) , 2  5t substantial number of aziridin- 
ium compounds have been prepared and character- 
i ~ e d . ~ . ~  In addition, reactions with nucleophiles of 
other aziridinium compounds, which were generated 
from aziridines in the presence of acid but not isolated, 
have been ~ t u d i e d . ~  Interestingly, although the large 
majority of known aziridinium compounds are highly 
reactive toward nucleophiles, there are notable excep- 
tions, and these exceptions are aziridinium compounds 
that possess two secondary ring carbons. 3e 

We report here our study of the formation of aziridin- 
ium compounds by quaternization of cis- and trans- 
1,2-dimethyl-3-isopropylaziridine (1 and 2, respec- 
tively) with methyl iodide and methyl-& iodide. This 
work was undertaken not only because of our desire to 
learn more of the chemistry of these potentially bio- 
logically useful compounds but also because the static 
geometrical requirements of the three-membered 
aziridinium ring make study of their formation and re- 

(1) (ah Structure-Activity Relationships of Ethylenimines. IV. Pre- 
sented at the 148th National Meeting of the  American Chemical Society, 
Chicago, Ill., Aug.-Sept. 1964. (b) Previous paper in the series: A .  T. 
Bottini, R. L. VanEtten, and A .  J. Davidson, J .  A m .  Chem. Soc., t o  be 
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Butterworth and Co. (Publishers) Ltd., London, 1962. See also the papers 
cited in footnotes 9-18 or ref. 3b. 
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and K. Jann, J .  A m .  Chem. Soc., 83, 6418 (1960); (b) N. J. Leonard and 
K. Jann, i b i d . ,  84, 4806 (1962); (c) N. J. Leonard, K. Jann, J. V. Paukstelis, 
and C. K. Steinhardt. J .  Org .  Chem., 38, 1499 (1963); (d) N. J .  Leonard, 
E. F. Kiefer, and L. E. Rrady, ibid. ,  38, 2850 (1963); (e) P. E. Fanta, 
L. J. Pandya, W. R. Groskopf, and H . J .  Su ,  ibid. ,  18, 413 (1963); ( f )  R. D. 
Clark and G .  K. Helmkamp, ibid., 39, 1316 (1964); (g) V. B. Schata,  Ph.D. 
Thesis, Brown University (1954) (cited in 3f); (h )  L. M. Trefonas and R. 
Towns, J .  Heterocyclic Chem.. 1, 19 (1964). See also the papers cited in foot- 
notes 10, 20, 22, 24, 25. and 28 of ref. 3b. 

(4) The  number of known  aziridiniurn compounds seems quite small when 
compared with the  number of known nitrogen mustards and aairidines. Cf. 
R. P. Bratzel, R. R .  Ross, T. H. Goodridge, W. T. Huntress. M. T. Flather, 
and D. E. Johnson, Cancer Chemotherapy Rept . ,  36,  1 (1963), and T. H. 
Goodridge, W. T. Huntress. and R. R. Bratzel, ibid.. 36,  341 (1963). 

(5) See especially (a) J. E. Earley, C. E. O'Rourke, L. B. Clapp. J. 0. 
Edwards, and B. C. Lawes. J .  A m .  Chem. Soc., 80, 3458 (1958); (b) G. J. 
Buiat and H. J. Lucas, ibid., 79, 6157 (1957). 
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actions particularly suitable for assessing the role of 
steric effects on reactivity. 

Treatment of cis-l,2-diniethyl-3-isopropylaziridine1b 
(1) in benzene with an equal molar amount of methyl 
iodide gave cis-1 , 1,2-triinethyl-3-isopropylaziridinium 
iodide (3) as white needles in over 50% yield after 
recrystallization from anhydrous ethanol-ethyl ace- 
tate. The yield of crude 3 was greater than 90%. 
The elemental analysis of the product indicated that 
it was either an aziridiniuin compound or a polymer 
thereof, the most likely polymer being the dimer having 
the bispiperaziniuni structure 5 .  The number aver- 
age molecular weight (NAAIW) of the product was 
determined in ethanol using the vapor pressure osinom- 
etry technique, and the value found (125 f 3) 
was in accord with the aziridinium structure 3, XAMW 
= 127.6, and inconsistent with the dimer structure 
5, NAMW = 170.1. The reaction of thiosulfate with 3 
under conditions that did not affect N,N,N',K'-tetra- 
methylpiperaziniuni diiodide provided convincing proof 
that the compound was indeed an aziridiniuni coin- 
pound. 
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