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Anal. Calcd for Cl2Hl~N6”~O: N, 28.09; HzO, 7.33. 
Found: N,  28.16; HzO, 7.9. 
2-Benzyl-5-benzylmethylaminotetrazole.-Benzylation of so- 

dium 5-benzylmethylaminotetrazolate in an analogous manner 
gave a %yo yield of mixed 1- and 2-benzyl-5-benzylmethylamino- 
tetrazole (1:5 based on 1H nmr analysis), mp 58-57’. The 2 
isomer, mp 58-59’, was recovered when the crude product was 
recrystallized from n-hexane. 

Anal. Calcd for ClBHI7N6: C, 68.79; H, 6.14; N, 25.07. 
Found: C, 68.49; H ,  6.09; N, 25.40. 

No ylide was found. 
5-(3-Chlorobenzyldimethylammonium)tetrazolate .-This ylide, 

prepared in 33% yield, decomposed at  227-228’ after recrystal- 
lization from %yo ethanol. 

Anal. Calcd for C1OHlZNSC1: N,  29.47; C1, 14.91. Found: 
N,  29.33; C1,15.01. 

The ratio of 1- and 2-(3-chlorobenzyl)-5-dimethylamino- 
tetrazoles, also recovered (569$ yield) in this alkylation, was 
1:lO. 

Registry No.-2-Benzyl-5-benzylmethylaminotetra- 
zole, 24302-07-6. 
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Reactions of phosphonium ylides with ketenes or 
isocyanates have been reported in a few papers. Lus- 
cher had reported that the reaction of diphenylmethy- 
lenetriphenylphosphorane with diphenylketene yielded 
tetraphenylallene and triphenylphosphine oxide.‘ On 
the other hand, Staudinger and Meyer reported that 
the reaction of the same ylide with phenyl isocyanate 
yielded ketenimine.2 Trippet and Walker observed 
that the products varied with the structure of y l i d e ~ . ~  

In  this paper, we studied the reactions of phos- 
phonium ylides with carbodiimides. 

The reaction of diphenylmethylenetriphenylphos- 
phorane (1) with diphenylcarbodiimide yielded N- 
phenyliminotriphenylphosphorane (2) and triphenyl- 
ketenimine (3) in good yield. The ketenimine 3 ex- 
hibited the principal infrared peak a t  2000 cm-l (C= 
C=N) and was hydrolyzed easily to diphenylacet- 
anilide (4). The reaction process seemed to involve 

PhaS-CPh, 
PhaP=CPhz + PhN=C=NPh + I + 

1 PhR--b=NPh 
5 

PhaP=NPh + PhzC=C=NPh 
2 3 

PhzCHCONHPh 
4 

(1) G. Luscher, Diss. Eidg. Techn. Hochschule, Zurich (1922); A. W .  John- 
son, “Ylid Chemistry,” Academic Press, New York, N. Y., 1966, p 132. 

(2) H. Staudinger and J. Meyer, Heh. Chin .  Acta, 2, 635 (1919). 
(3) 8. Trippet and D. M. Walker, J .  Chem. Boo., 3874 (1959). 

the intermediate 5 according to Wittig-type reaction. 
Bestmann and Seng4 reported a similar reaction 
between phenylmethylenetriphenylphosphorane and 
benzalaniline to afford stilbene and N-phenylimino- 
triphenylphosphorane. 

In  the reaction of the ylides 6, containing a hydrogen 
atom on the ylide carbon, diphenylcarbodiimide 
reacted with two molecules of the ylide 6, and N- 
phenyliminotriphenylphosphorane (7) and the ylides 
8 were obtained. 

PhaP=CHR + PhN=C=NPh + 
6a, R = COOEt 
b, R = Ph 

RCH=C=NPh + PhaP=NPh 
7 

P haP=CH R 

+ 
Ph3P-CHR - -  I 

RCHz- phap=:R =NPh RCH-C=NPh 
10 8 

In  the nmr spectrum of the ylide 8a, the chemical 
shifts of the two ethyl protons were separated at  6 
0.58 (t, CH3)-3.85 (q, CH2) and 6 1.02 (t, CH,)-4.12 
(q, CH2); the methylene group adjacent to the imino 
group was seen as a singlet at-6 4.11. The infrared 
spectrum of the ylide 8a in a Nujol mull indicated the 
peak a t  1570 em-’ (imino group). Similar absorption 
was observed at  1530 cm-l for the ylide 8b. In  these 
reactions, the ketenimines 9,  formed in the initial step, 
react immediately with additional ylide 6 to give 8 via 
the betaine 10 by a prototropic shift. 

Methylenetriphenylphosphorane (1 1) reacted with 
an equimolar quantity of diphenylcarbodiimide in 
dimethyl sulfoxide; N,N’-diphenylacetamidine (12) 
and triphenylphosphine oxide were obtained by treat- 
ment with water. The ylide 13 was not isolated; 
only the acetamidine 12, presumably formed by hy- 
drolysis of the ylide 13, was obtained as a major prod- 
uct. 

Pha$--CHz + PhaPZCHz + PhN=C=NPh + 
11 Ph%-A=NPtl 

I + PhsP=O 

13 12 

No reaction was observed between dicylohexyl- 
This may be carbodiimide and the ylides 2 and 6. 

due to the lower reactivity of the carbodiimide. 

Experimental Section 

Preparation of the Carbodiimides.-A mixture of 15.7 g of 
phenyl isocyanate and 1.73 g of triphenylphosphine was refluxed 
for 10 hr and distilled to give 8.9 g (70%) of diphenylcarbodi- 
imide, bp 122-127’ (1 mm). The physical constants and the 
infrared spectrum were identical with the reported data.6 

Dicyclohexylcarbodiimide was purchased and distilled, bp 
135-138’ (1 mm). 

(4) H. J. Bestmann and F. Seng, Angew. Chem., 76, 475 (1963): Tetra- 

(6) F. Kurzer and K. Douraghisadeh, Chem. Reo,, 67, 107 (1962). 
hedron, 21, 1373 (1965). 
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Preparation of Diphenylmethylenetriphenylphosphorane (1 ) .- 
The ylide I was prepared according to the procedure of Stau- 
dinger The :physical properties were identical with reported 
data. 

Preparation of Carbethoxymethylenetriphenylphosphorane 
(6a).-The ylide 6a was prepared according to the procedure of 
Denney and Ross.e The physical properties were identical with 
reported data. 

Reaction of Diphenylmethylenetriphenylphosphorane (1) with 
Diphenylcarbodiimide.-A mixture of 0.025 mol of the ylide 1 and 
0.625 mol of diphenylcarbodiimide was stirred at  160~180” for 4 
hr under nitrogen stream. The reaction mixture was extracted 
(petroleum ether), and 4.7 g (53%) of the insoluble solid was 
separated and recrystallized (ethyl ether) to give N-phenylimino- 
triphenylphosphorane (2), mp 135-136”. 

Anal. Calcd for CzrHzoNP: C, 81.57; H, 5.70; N, 3.96; 
P,  8.76. Found: C,81.82; H, 5.64; N,4.07; P,8.63. 

The extract (petroleum ether) was evaporated to give the 
yellow solid, ir 2000 cm-l, but recrystallization did not give a 
pure sample. The column chromatography (AlzOs, benzene) of 
the solid gave 6.8 g (94%) of diphenylacetanilide (4) and 0.2 g of 
diphenylurea. The acetanilide 4 was identified by ir comparison 
with an authentic sample and by the mixture melting point test _. 

(mmp 185-186‘’). 
Reaction of CarbethoxvmethvlenetriDhenvhhosDhorane (6a) 

with Dipheny1carbodiimide.-A mixture- of 0:65 mil of the yiide 
6a and 0.025 mol of diphenylcarbodiimide was stirred a t  140- 
150” for 4 hr under nitrogen stream. The reaction mixture was 
chromatographed (Al& benzene) to give 8.2 g (93%) of N- 
phenyliminotriphenylphosphorane (7)  and 13.5 g (100%) of the 
ylide 8a. The ir spectrum of the iminophosphorane 7 was identi- 
cal with that of the sample 2 described above. The ylide 8a was 
recrystallized (MeOH) to give white crystals: mp 164.5- 
165.5’; ir (Nujol mull) 1720 (C=O), 1640 (C=O, conjugated to 
P=C), 1575 cm-1 (C=N); nmr (benzene) 6 0.58 (t, 3, J = 7.1 
Hz, CH,), 1.02 (t, 3, J = 7.1 Hz, CHa), 3.85 (9, 2, CH2Me), 4.11 
(s,2, CHzC=N), 4.12 (q, 2, CHZMe). 

Anal. Calcd for C ~ ~ H S Z O ~ N P :  C, 73.72; H, 6.00; N, 2.61; 
P, 5.76. Found: C, 73.33; H,5.97; N,  2.69; P,5.91. 

Reaction of Phenylmethylenetriphenylphosphorane (6b) with 
Dipheny1carbodiimide.-Sodium t-butoxide (0.05 mol) and tri- 
phenylbenzylphosphonium chloride (0.04 mol) were dissolved in 
100 ml of benzene under nitrogen stream. Diphenylcarbodi- 
imide (0.02 mol in 50 ml of benzene) was added dropwise to the 
solution with stirring over a period of 4 hr a t  room temperature. 
Stirring was continued for 3 hr. After separation of 2.1 g (91%) 
of sodium chloride, the filtrate was concentrated and chromato- 
graphed (A120aw benzene-methanol) to give 0.7 g (10%) of N- 
phenyliminotriphenylphosphorane, 6.2 g (56%) of triphenylphos- 
phine oxide, 1.4 g (33y0) of diphenylurea, and 1.4 g (13%) of the 
ylide 8b. Ir spectra of these compounds except the ylide 8b were 
identical with those of authentic samples. The ylide 8b was re- 
crystallized (benzene-hexane) to give yellow crystals: mp 209- 
210’ (lit.? 209-210O); mass spectrum (70 eV) m/e 546 (M* calcd 
546). 

Anal. Calcd for CasHazNP: C, 85.84; H, 5.91; N, 2.57; 
P,5.68. Found: C,86.11; H,61.5; N,2.41; P,5.51. 

Reaction of Methylenetriphenylphosphorane (1 1) with Di- 
phenylcarbodiimide .-Sodium hydride (0.02 mol) and methylene- 
triphenylphosphonium bromide (0.02 mol) were dissolved in 140 
ml of dimethyl sulfoxide.8 Diphenylcarbodiimide (0.02 mol) was 
added dropwise to the solution with stirring; color of the solution 
changed from yellowish green to deep red. The reaction mixture 
was allowed to stand for 2 days. The reaction mixture was 
poured into 200 ml of ice water and extracted with ethyl ether. 
The ethereal extract was washed (water), dried (CaSO,), con- 
centrated, and chromatographed (AlzOa, benzene-methanol) to 
give 3.3 g (810/,) of N,N’-diphenylacetamidine (mp 134-135’) 
and 5.4 g (97%) of triphenylphosphine oxide. These compounds 
were identified by ir spectra and mixture melting point test with 
authentic samples.8 

Registry No.-2, 2325-27-1; 8a, 24375-91-5; 8b, 
14630-48-9; dliphenylcarbodiimide, 622-16-2. 

(6) D. B. Denney and S. T. Ross, J .  Ore. Chem., N, 998 (1962). 
(7) R. Huisgen and J. Wulff, Tetrahedron Lett., 917 (1967). 
(8) J. Asunskis and H. Schechter, J .  Org .  Chem., 88, 1164 (1968) 
(9) M. Sen and J .  N. Ray, J .  Chem. ~ o c . ,  646 (1926). 
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The high solvolytic reactivity of @-halo sulfides has 
been extensively investigated, particularly that of 0- 
chloroethyl sulfides, the “mustard gases.”2 The effect 
of sulfur as a neighbouring groupS is readily demon- 
strated, for example, by comparing the rates of solvol- 
ysis (aqueous dioxane, looo) of p-chloroethyl ethyl 
sulfide with that of p-chloroethyl ethyl ether (kaulfide/ 

kether = 15,000).4 Halogen atoms in a relationship 
to more than one sulfur atom may undergo displace- 
ment with still greater facility, and, in accord with this 
possibility, compounds la and l b  are described as fum- 
ing liquids which lose HBr spontaneously a t  room tem- 
perature.6 

Br 

Rsr?sR RS SR 

la, R = CH, 
b, R = CH,CH3 

We wish to describe the preparation of a p-halo 
sulfide which incorporates the functional group arrange- 
ment 1 and the results of qualitative solvolysis experi- 
ments with this substance (3). In the course of an 
investigation of the chemistry of tetrathiaadamantanes,6 
the reaction of tetramethyltetrathiaadamantane 2 with 
bromine was examined. With a fourfold excess of 
bromine, the monobromo derivative 3 was obtained 
in 33% yield. More highly brominated products may 
have been formed but could not be isolated. 

The structure of the bromide 3 is based mainly on 
its nmr spectrum. The spectrum contains a six-proton 
singlet a t  1.70 ppm and two three-proton singlets a t  
1.58 and 1.73 ppm establishing the presence of one 
pair of equivalent methyl groups and one pair of non- 
equivalent methyl groups. (For comparison, the 
CHa signals in 2 appear a t  1.65 ppm.) The methylene 
protons appear as a singlet a t  2.21 ppm and the proton 
on the brominated carbon atom appears as a singlet 
a t  4.79 ppm. The substance can be recrystallized from 
alcohols without serious decomposition. This mod- 
erate stability is rather surprising since the trans- 
coplanar stereoelectronic requirement for sulfur-assisted 
ionization is already satisfied in this rigid system.? 
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