
E X P E R I M E N T A L  

The electronic absorption spectra were obtained with a Specord UV-vis Spectrophotometer. 
synthesis of the 1,2,4-triazoles was described in [6-8]. 
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T H E R M O Y L Y S I S  

IN T H E  P R E S E N C E  OF A R Y L H Y D R A Z I N E S .  

OF AN ALKYLSULFONYL GROUP IN A 1,3-DIPOLE 

I. Ya .  P o s t o v s k i i ,  Vo L.  N i r e n b u r g ,  
a nd  u  P. M a m a e v  

OF I -PHENYL-5-ALKYLSU LFONYLTETRAZOLE 

AN INSTANCE OF MIGRATION 

UDC 547.796.1:541.124 

When 1-phenyl--5-alkylsulfonyltetrazoles are heated with arylhydrazines, the heteroring is 
cleaved to give nitrogen and 1-arylamino-2-phenyl-3-alkylsulfonylguanidine. According to the 
proposed scheme, the intermediate product of nucleophilic addition of the arylhydrazine to the 
tetrazole decomposes to give nitrogen and a 1,3-dipole, which is stabilized by migration of an 
alkylsulfonyl group. 

It has previously been shown that the product of replacement of the methylsulfonyl group of 1-phenyl- 
5-methylsulfonyltetrazole (Ia) by a hydrazino group on heating (100-130~ is recyclized to the isomeric 
1-amino-5-anilinotetrazole (III) [1]: 

N~N N2H4"H20 N--N 
/ / \ \  * / / \ \  

J~.N/~SO2CH3 N\N/ '~N H NH 2 C6H s HN '~N /N  
I 1 I 

C6H5 C6H 5 NH 2 

I a I I  I I I  

It seemed of interest  to ascertain the scope of this transformation for the reaction of sulfone Ia with 
other nucleophilic agents, part icularly arylhydrazines.  It was found that the reaction with phenylhydrazine 
commences only at 170" and proceeds vigorously at 180-190" with nitrogen evolution. A reaction product with 
empirical  formula C14H16N402S was isolated in 30% yield from the reaction mixture. The IR spectrum of 
crystals  of the product contain two high-intensity bands at 1253 and 1112 cm -1, which are character is t ic  for 
the SO 2 group in sulfones [2]; there are s imilar  bands in the spectrum of starting sulfone Ia (1312 and 1160 
cm-t). Absorption bands of stretching and deformation vibrations of NH groups are  observed in the IR spee- 
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t r u m  of IVa at 3330 (s), 3287 (s}, 1603 (vs), and 1562 cm ~l (In). The reac t ion  of phenylhydrazine with 1- 
phenyl -5 -e thy l su l fony l te t razo le  {Ib) and of sulfone Ia with p-ch lorophenylhydraz ine  p roceed  s imi la r ly .  This  
indicates  that compounds containing alkylsulfonyl  and ary lhydraz ino  groupings a re  fo rmed in the reac t ion  of 
sulfones I with a ry lhydraz ines  by c leavage of the t e t razo le  ring. 

Star t ing sulfone Ia  is s table  at 180-190 ~ and decomposi t ion  occurs  only in the p r e s e n c e  of an a ry lhydraz -  
ine. In analogy with the reac t ion  of sulfone I with hydraz ine  hydra te  [1] it may  be a s sumed  that  nucleophilic 
a t t ack  at the carbon a tom of the t e t razo le  r ing occurs  initially.  The in te rmedia te  addition product  - t e t razol ine  
A - then decomposes  at high t e m p e r a t u r e s  to give m o l e c u l a r  oxygen and 1,3-dipole B (the fo rmat ion  of 1,3- 
dipoles  during the t h e r m o l y s i s  of t e t r azo l e s  is known in other  c a se s  [3]). The max imum poss ib le  de loca l iza-  
tion in dipole B is ensured  by the unshared  p a i r  of e lec t rons  of the ni t rogen a tom bonded to the phenyl ring: 

-NH  NNAr 1 //\\N--N ArNNH2 ff \ /S%R -N2 fiN:. /SOo~ / Dimer 
N. /C~ - ..\C - 

J i I " ~  
C6H5 C6Hs R' C6H ~ R' HN\ /SO2R 

I / c \  
I a,b A 13 C6Hs--N N H--N--Ar 

" t Migration of R" 
SO~R 

SCH 3 NHSOoR NHSO2R 
I CH3SO2NHNa I " -2 H I 

G6HsN=C--NHNHC6H s C6HsN~C--NHo-N--Ar �9 ~ C6HsN=C_N~N_Ar 
I +2H 
R" 

IV a -d  V a 

[ . IY ,  Va R=CH3, R'=H, Ar=C6H5; I, IVb  R=CzH 5, R'=H, At=Cells; I V c  R=CH~, R'=H, 

Ar=p-ClCsH4; d R=CH3, R'=CH 3, Ar=C6H s 

The 1,3-dipole could be  s tabi l ized in the absence  of a dipolarophile  via th ree  pathways.  A hexahydro-  
t e t raz ine  r ing could be  fo rmed during its d imer iza t ion ,  but this is contradic ted by the mo lecu l a r  weight (cor-  
responding to the monomer )  T ~ n d  for  the produc t  of the reac t ion  of Ia  with phenylhydrazine.  One might  have 
a s sumed  the fo rmat ion  of a covalent  bond between the ni t rogen a toms ,  and this would lead to a diazir idine.  
However ,  this sor t  of s t ruc tu re  was re jec ted  on the bas i s  of the 13C NlVIR data: The  laC NMR s p e c t r u m  does 
not contain a signal cor responding  to the chemica l  shift  of a t h r e e - m e m b e r e d  ring, which l ies  in the region of 
o rd inary  sp a carbon a toms .  This  was conf i rmed by compar i son  with the 13C spec t rum of specia l ly  synthes ized 
cyclohexyldiazir idine.  In accordance  with the third assumpt ion ,  the 1,3-dipole is s tabil ized through migra t ion  
of the e lec t ronega t ive  alkylsulfonyl  group f rom the carbon a tom to the vicinal  pos i t ive ly  charged ni trogen a tom 
to give 1-ary lamino-2-phenyl -3-a lkylsu l fonylguanid ine  (lu This  is the f i r s t  observa t ion  of this sor t  of m i g r a -  
tion (a 2,3-shift)  of an SO2R group in a 1,3-dipole.  

The c o r r e c t n e s s  of the conclusion regard ing  the s t r u c t u r e s  of the products  of t he rmo lys i s  of IV is con- 
f i rmed  by the data f rom the IR s p e c t r a  (see above} and the PMR spec t rum of IVa (three signals  of NH protons  
at 7.87, 8.70, and 9.12 ppm) and a lso  by a m a s s  spec t roscop ic  study (see the exper imen ta l  section}. 

Compound IVa is dehydrogenated smoothly  by chlorani l  or  diethyl azodicarboxyla te  to give orange diene 
u  I ts  e lec t ronic  s p e c t r u m  contains two absorpt ion  m a x i m a  at 243 (log c 4.21} and 304 nm (log c 4.28). Ac-  
cording to the PMR s pec t r a l  data, the s ignals  of both phenyl groups in the spec t rum of the product  a r e  shifted 
to weak field as compared  with IVa, and this p rov ides  evidence for  an e l e c t r o n - a c c e p t o r  group next to them. 
In addition, only one signal of an NH group at 10.42 ppm is observed .  Bands of an NH group at  3244 (m) and 
3087 cm -1 (w} and of an SO 2 group at 1284 (vs) and 1112 cm -1 (vs) a r e  obse rved  in the IR spec t rum.  The com-  
pound is eas i ly  and quanti tat ively reduced by tin chloride to s t a r t ing  IVa. Dehydrogenat ion product  u  acqui res  
the acid p r o p e r t i e s  c h a r a c t e r i s t i c  for  a sulfonamide,  is quite soluble in alkali ,  and is methyla ted  by methyl  
iodide. 

To convince ou r se lves  that it was  p r e c i s e l y  the hydrazino group that underwent dehydrogenation,  we 
ca r r i ed  out the reac t ion  of sulfone Ia with N-methy l -N-pheny lhydraz ine .  In this case  we obtained IVd. Bands 
c h a r a c t e r i s t i c  for  SO 2 [1268 (vs) and 1117-1138 (vs)] and NH groups [3278 (s) and 1610 and 1596 cm - I  (s)] were  
observed  in i ts  IR spec t rum.  This  substance  is not capable  of undergoing dehydrogenation by chlorani l  and 
diethyl azodicarboxyla te .  However ,  oxidation with a solution of po tass ium fe r r i cyan ide  gave a react ion  prod-  
uct that was identical ,  accord ing  to the analyt ical  and s p e c t r a l  data  and i ts  mel t ing  point,  to the product  of 
dehydrogenat ion of Va. It is l ikely that  in this case  the methyl  groups is init ially oxidized to a carboxyl  group, 
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TABLE 1. Guanidines IVa-d 

!•R 
R' 

g 

IVa CHa H 
/vblC~H: 
[Vc CH3 H 
IVd CH3 Ct-I3 

Ar mp, *C 
Found, % 

C H N 

Emperical 
formula 

S 

i0,4 
C~H~ J 182--1831:[ 56,7[ 5,5[ 17,7[ t0,6] C15HtsN402S 

p-CIC6H4C1214--215bI49 6[4 51 16,6[ [C~4H~sCIN402S 
C6H~ 1160--161b]56'4[ 6'0 I , , 17,5110,7]CIsHzsN402S 

Calc., % ~" 

C II N S r ~ ;>. 

55,2 5,3 18,5 10,5 33 
56,6J5,7[ 17,6[ 10,1135 
49,7t 4,5 j ]6,6 l 56,7/5,61 17,61 to,81 4302 

aFrom dioxane, b F r o m  alcohol. CFound: C1 10.9%. Calculated: 
c1 10.5%. 

after  which the product  undergoes decarboxylation and dehydrogenation. 

The s t ruc ture  of IVa was also confirmed by alternative synthesis f rom the methyl derivative [4] of 1,4- 
diphenylthiosemicarbazide [5] by react ion with methanesulfonamide sodium salt. The s t ruc tures  of analogs 
IVb-d were also confirmed by the same prodedure.  

The authors s incere ly  than E. G. Kovalev for  his constant interest  in this r e sea rch  and for his par t ic ipa-  
tion in the discuss ion of the resul ts .  

E X P E R I M E N T A L *  

The electronic spec t ra  of alcohol solutions of the compounds were recorded with a Specord UV spect ro-  
photometer .  The IR spec t ra  of minera l  oil and perf luorocarbon suspensions of the crystal l ine compounds were 
recorded with a UR-20 spec t rometer .  The PMR spec t ra  of d6-DMSO solutions of the compounds were recorded 
with a Pe rk in - -E lmer  R-12B spec t rome te r  with hexamethyldisiloxane as the internal standard. The i3c NMR 
spec t ra  of DMSO solutions were recorded  with a Brucke r -Phys ik  HX 90 spec t rometer .  The mass  spect ra  
were recorded with a Varian Mat-311 spec t rometer .  The samples were introduced direct ly  into the ion source 
of the mass  spec t romete r  at a voltage of 70 eV, an emiss ion current  of 300 #A, and an ion-source  temperature  
of 160 ~ The authors thank N. A. Klyuev for making these measurements .  

Guanidines IVa-d (Table 1). A solution of 0o01 mole of 1 - a r y l - 5 -  alkylsulfonyltetrazole in 0.1 mole of 
the appropriate  arylhydrazine  was heated at 170-180 ~ until nitrogen evolution ceased, af ter  which the mixture 
was cooled and t reated with ether,  and the precipi tate  was removed by fi l tration and washed with ether.  

Mass spec t rum of IVa [mass number  m / e  (relative intensity), ion]: 77 (72.1), Ph; 92 (36.9), PhNH; 93 
(73.0), PhNH 2 migrat ion of hydrogen); 94 (13.8), CH3SO2NH; 105 (14.7), PhN = N; 107 (100.0), PhNHNH; 108 
(92.8). PhNHNH 2 (migration of hydrogen); 119 (70.0), PhN = NCH2; 197 (4.3), CH3S02N = CNHPh; 209 (2.0), 
PhNHNHC-NHPh; 225 (27.9), PhNHNHC = N(NHPh); 304 (42.7), M +. 

Alternative Synthesis of IVa. A mixture of 0.005 mole of S-methyldiphenylthiosemicarbazide and 0.005 
mole of methanesulfonamide sodium salt, obtained by the addition of an equivalent amount of sodium ethoxide 
to a solution of methanesulfonamide in absolute alcohol and subsequent separat ion of the precipi tate,  in 15 ml 
of dimethylacetamide was heated on an oil bath at 130 ~ for 3 h, af ter  which it was cooled and poured into ice 
water  (50 ml). The result ing precipi ta te  was removed by fil tration and washed with cold water.  Recrys ta l l i za-  
tion from a lcoho l -d ioxane  gave 0.4 g (26%) of a product  with mp 230-232 ~ which was identical to IVa. 

N1-Methylsulfonyl-N 2 -phenyl-C-,phenylazoamidine (V). A mixture of 3.04 g (0.01 mole) of IVa and 4.8 g 
(0.02 mole) of chloranil  in 25 ml of xylene was heated at 75-80 ~ fer  2 h, a f ter  which the result ing solution was 
cooled and fi l trated to give 1 g (50%) of an orange product.  Crystal l izat ion of this product  f rom acetone gave 
V with mp 142-143 ~ The product  was quite soluble in alcohol and acetone, soluble in hot benzene and carbon 
te t rachlor ide ,  and insoluble in water.  The crysta l l ine  orange sodium salt formed when the product was dis-  
solved in alkali. Found: C 55.3; H 4.6; N 18.4; S 10.6%. Ci4H14N402S. Calculated: C 55.6; H 4.7; N 18.5; 
S 10.6%. 

The dehydrogenation of IVa with diethyl azodicarboxylate  proceeded s imi la r ly  (V was obtained in 62% 
yield). 

* With the part icipat ion of A. I. Shadrina. 
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Methylation of u  A 0.06-ml (0.001 mole} sample of methyl  iodide was added to an alcoholic alkali  
solution of 0.3 g (0.001 mole} of u  The next day, the solvent was removed,  and the orange solid was removed 
by f i l t rat ion and washed with e ther  to give 0.25 g (80~o) of a methylat ion product  with mp 113-115 ~ Recrys ta l -  
l ization f rom methanol gave a product  with mp 120-122 ~ Found: C 57.3; H 5.1; N 17.7; S 10.1%. ClsH16N402S. 
Calculated: C 57.0; H 5.1; N 17.8; S 10.1%. 

Reduction of Va. An alcohol solution of 0.1 g of u was added to an alcoholic hydrogen chloride solution 
of tin chloride,  and the initially colored react ion mixture  immediate ly  became color less .  Workup gave 0.1 g 
of a co lor less  product  with mp 230-232 ~ No melt ing-point  d e p r e s s i o n w a s  observed for  a mixture  of a sample 
of this product  with IVa. 

Oxidation of IVd. A solution of 3.0 g (0.009 mole} of potass ium fer r icyanide  in 15 ml of water  was added 
to a suspension of 0.6 g (0.002 mole} of IVd in 35 ml of water ,  and the mixture  was heated to 50-60 ~ made alk- 
aline, and cooled. It was then acidified, and the orange precipi ta te  was removed by f i l t rat ion to give 0.5 g 
(prisms f rom alcohol} of a product  with mp 142-143 ~ All of the cha rac te r i s t i c s  of the product  were  identical  
to those of Va. 
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