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The sea rch  fo r  new synthetic approaches  for  the  p repara t ion  of compounds containing d i rec t ly  bound h e t e r o -  
cycl ic  and t e t r a z o l e  f ragments  has resu l ted  due to  the physiological  activity of these  compounds [1]. 

One of the genera l  methods for  the synthesis  of such products  is the reactical of hc te rocyc l i c  n i t r i l es  with 
organic  azides  under  high p r e s s u r e  [2, 3]. Thus,  we have previously  shown that 1 -phenyl -5-cyanotc t razo le  with 
benzyl azide gives a good yield of a d i te t razole  der iva t ive  [3] 
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In the presenf  work,  we studied the reac t ions  of furan and thiophene n i t r i l e s  with methyl ,  amyl,  and benzyl 
azides as  well as  with ethyl azodiacetate  
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B ~ Me (I), PhCI-I2 (II), Et0~CCH~ (III), C5H~1 (IV). 

The  physicochemical  indices for  (I)-(HI) coincide with those given by Snyder [1]. The s t ruc tu re  of (IV) 
was supported by i ts  e lemental  analysis  and spec t ra l  methods.  

Phenyl  azide does not r eac t  under these  condit ions.  Similar  behavior  was observed  in an at tempt to  ob- 
ta in  a d i te t razole  der iva t ive  by the reac t ion  of phenyl azide with 1-phenyl -5-cyanote t razo le  [3]. In both cases ,  
the  lack of reac t ion  is  p resumably  a resu l t  of s t e r i c  fac tors .  

The  absence of an electron-withdrawing n i t ro  group on the furan r ing sharply r educes  the efficiency of this  
reac t ion .  Thus,  the  reac t ion  of 2-furoni t r i le  with benzyl azide and ethyl azodiacetate leads to  the format ion of 
t e t r a z o l e s  only in 7 and l l~oyie lds ,  r e spec t ive ly  

~ - c s  + N~a ~ .~.--C--N--n ,,o., ~ %// 
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dR = PhCH~ (V), EtO2CCH2 (VI). 

The  prepara t ion  af t e t r azo le s  with comparable  yie lds  by the reac t ions  of organic  azides  with 5 -n i t ro -2 -  
cyanothiophene r e qu i r e s  more  vigorous conditions than those for  n i t rofuroni t r i l e  

/~\ + NzR lao*,l~ kbar r e  tl ~-//~--~ 
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\ N f  
11 = PheIt~ (VII), FtO~CCH~ (VIII). 
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As in the case  of the tmsubstituted furoni t r i le ,  this  apparently is a consequence of the weaker  e lec t ron-wi th-  
drawing capacity of the  nitrothiophene f ragment  in compar ison  with the n i t rofuran  f ragment .  

Methylene chlor ide was used as the solvent for  the reac t ion  of ni t rc thiophenoni t r i le .  This  reac t ion  at 10 
kbar and 120~ gives (VII) and the adduct of (VII) with benzyl azide 

lo kbar 
/~--~ ' N3CH2Ph ~" (VII) + Me--C--N--CH2Ph 

O~N/~s /~CN ~- bIeCN, 120 ~ N'/~ ~N 
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An increase in the pressure to 14 kbar leads to an increase in the yield of (VII) up to 30%, although the yield of 
(IX) inthis case is 26%. This is the first example of the formation of a tetrazole from an unactivated nitrile 
and an organic azide. The formation of 5-methyltetrazole derivatives apparently requires that the reactions of 
organic azides with nitriles in acetonitrile be carried out at _>II0~ 

Thus, the use of high-pressure techniques is useful for the preparation of tetrazoles by the reactions of 
furan and thiophene nitriles with organic azides. 

LITERATURE CITED 

The high-pressure syntheses were carried out in a system described in our previous work [4]. The IR 
spectra were taken in KBr pellets on a UR-20 spectrophotometer. The PIVI_R spectra were taken in KBr pellets 

on a UR-20 spectrophotometer. The PMR spectra were taken on a l~erkin-Elmer R-12 spectrometer at 60 IV[Hz 
in CD3COCD 3 with HMDS as the internal standard. 

l-iViethyl-5-(5-nitro-2-furyl)tetrazole (1). A solution of 0.15 g (i.I mmoles) 5-nitro-2-furonitrile [5] axed 
0.13 g (2.2 mmoles) methyl azide in 0.5 ml acetonitrile was maintained for 6 h at i0 kbar and 90~ The solve~t 
was distilled off and the residue was crystallized from 2-butanol to give 0.12 g (56.8%) (I), mp 153-154~ [1]. 
PIVIR spectrum (6, ppm): 4.41 s (3H, Me), 7.68 d (2H, CH, J =6.65 Hz). IR spectrum (u, cm-t): 1360, 1520 

(NO2), 3150 (CH). 

1 -Benzy l -5 - (5 -n i t ro -2 - fu ry l ) t e t r azo le  (II}. A solution of 0.2 g (1.5 mmoles)  5 -n i t ro -2 - fu ron i t r i l e  and 0.39g 
(2.9 mmoles)  beazyl  azide in 0.5 ml ace toni t r i le  was maintained for  6 h at 10 kbar mid 100~ The solvent was 
dis t i l led off and the res idue  was c rys ta l l i zed  f rom 4:1 CHC13-hexaae to give 0.28 g {78%) (ii), mp 134-135 ~ [t]~ 
PM_R spec t rum (6, ppm): 5.71 s (2H, CH2), 7.21 s (5H, Ph), 7.43 d (2H, VII, J =6.65 Hz). IR s p e c t r u m ( ~ , c m - l ) :  
3040, 3150 (CI-I), 1360, 1520 (NO2). 

Ethyl  Es t e r  of [5 - (5-n i t ro -2- fury l ) t e t razo ly l -1 ]ace t ic  Acid (liD. A solution of 0.15 g (1.1 mmoles)  5 -n i t ro -  
2- furoni t r i le  and 0.28 g (2.2 mmoles)  e thylazodiazceta te  in 0.5 ml aee toni t r i te  was maintained for  6 h at 10 kbar 
and 100~ The solvent was dist i l led off and the res idue  was c rys ta l l i zed  f rom 2-butanol to  give 0.25 g (85~c) 
(liD, rap 118-119~ [1]. PM_R spec t rum (6, ppm): 1.21 t (3H, CH 3, J = 6.65 Hz), 4.20 q (2R, CH2, J = 7.30 Hz), 
5.58 s (2H, CH2), 7.50 d (2H, CH, J =3.99 Hz). IR spec t rum (9, cm-1}: 1520, 1350 (NO2), 1755 (C=O), 3140 (CH). 

1 -Amyl -5 - (5 -n i t ro -2 - fu ry l ) t e t r azo l e  (IV). A solution of 0.15 g (1.1 mmoles)  5- r t i t ro-2-furoni t r i le  and 
0.25 g (2.2 mmoles)  amyl azide in 0.5 ml ace toni t r i le  was maintained for  6 h at 10 kbar and 100~ The solvent 
was dist i l led off and the res idue  was c rys ta l l i zed  f rom 2-butanol to  give 0.12 g (42.4%) (IV), mp 108-109~ 
PMR spec t rum (6, ppm): 4.42 t (2H, CH2, J = 7.0 I-Iz), 7.64 d (2H, CH, J =6.65 Hz). IR spec t rum (9, cm-i):  
1370, 1520 (NO2), 2885, 2950, 3150 (CH). Found: C 47.73; H 5.08; Iq 27.70%. Calculated for  CIoH13OaN~: C 47.81; 
H 5.18; N 27.89%. 

1 -Benzy l -5 - (5 -n i t ro -2 - th ieny l ) t e t r azo le  (VII). A solution of 0.15 g (0.974 mmole) 5-n i t ro-2- th iophenoni-  
t r i l e  [6] and 0.26 (1.954 mmoles)  benzyl azide in 0.5 ml CH2C12 was maintained for  6 h at 10 kbar and 140~ 
The solvent was dist i l led off and the res idue  was crys ta l l ized  f rom 3:1 CHC13-hexane to give 0.16 g (58%) (VII), 
mp 121-122~ PM_R spec t rum (6, ppm): 5.93 s (2H, CH2), 6.83 s (5ii, Ph), 7.25 d (2H, CH~ 5 =4.65 Hz}. IR 
spec t rum (9, cm-1)- �9 1350, 1520 (NO2), 3095, 3120 (Ctt). Found: C 49.82; H 3.12; N 23.68; S 10.87%. Calculated 
for  Ct2ttgO2N~S: C 50.16; H 3.15; N 24.37; S 11.15%. 

Ethyl Es t e r  of [5- (5-Ni t ro-2- th ienyl ) te t razoly l -1]ace t ie  Acid (VIII). A solution of 0.15 g (0.974 mmole) 
5-n i t ro-2- th iophenoni t r i l e  and 0.25 g (1.948 mmoles)  ethyl d iazoaceta te  in 0.5 CH2CI 2 was maintained for  6 h at 
10 kbar and 140~ The solvent was dist i l led off and the res idue  was c rys ta l l i zed  f rom 2-butanol to give 0.18 g 
(64%) (VIII), mp 63-64~ PMR spec t rum (6, ppm): 1 .25 t  (3H, CI-I~, J =7.0  Hz), 4.05 q (2H, CH2, J = 7 . 0 0 R z ) ,  
5.33 s (2H, CH2), 7.67 d (2it, CH, J = 4.20 Hz). IR spec t rum (9, cm-1): 1350, 1525 (NO2), 1755 (C--O), 3120 (Ctt). 
Found- C 37.84; tI 3.12; N 24.35; S 11.14%. Calculated for CgH904NsS: C 38.16; H 3.20; N 24.72; S 11.31%. 
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C O N C L U S I O N S  

The r eac t ions  of furan  and thiophene n i t r i l e s  with organic  azides  under  high p r e s s u r e  yielded compounds 
containing t e t r a zo l e fu r an  and te t razoly l th iophene f r agmen t s .  
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T h e r e  have been v i r tua l ly  no s t ruc tu ra l  s tudies  of t r ime thy l s i l y l  de r iva t ives  of carboxyl ic  acid hydraz ides  
[1, 2]. In the genera l  case ,  these  compounds may  exis t  as  s e v e r a l  i s o m e r s  due to  equi l ibr ium of hydrazone  and 
hydraz ide  f o r m s  and h indered  ro ta t ion  about the C = N  and C ( O ) - N  bonds. According to our prev ious  work  [3], 
s i ly la ted  hydraz ides  of t r i f l uo roace t i c  acid exis t  p redominan t ly  in the  hydrazone  f o r m .  

In the p re sen t  work,  NMR spec t roscopy  was used to study mono-  and b i s t r ime thy l s i ly l  de r iva t ives  of N ' -  
m e t h y l -  and N ' ,N ' -d ime thy lhyd raz ide s  of acet ic  acid RNMeN(COMe)SiMea, where  R = Me (D or  MeaSi (H). Two 
i s o m e r s  in mobi le  equi l ibr ium a r e  found f o r  both compounds in the t e m p e r a t u r e  r ange  f r o m  - 8 0  to  +100~ 

According to our c r i t e r i a  for  the s t ruc tu ra l  a ss ignment  of i s o m e r s  [3, 4], (I) may  be cons idered  to  exis t  
as an equi l ibr ium mix tu re  of two O i s o m e r s  

Me2N N /OSiMe 3 Me2N ~ /Me 
N--~C ~ N~C 

0 ~Me 0 ~OSiMe a 
(Ia) -syn (Ib,- anti 

and (H) may be cons idered  to exis t  as an equi l ibr ium mix tu re  of O and N f o r m s  

Me Me 
\ \ 

N--N:CMeOSiM% ~ N--N(COMe)SiMea 
/ / 

M%Si (IIa) MeaSi (IIb) 

Indeed, the 170 ~ s p e c t r u m  of (D has  two over lapping s ignals  (116.3 and 100.3 ppm) which a r e  c h a r a c t e r i s t i c  
for  the oxygen a tom of the MesSiO group [5] and lacks  s ignals  in the r eac t ion  cha rac t e r i s t i c  for  carbonyl  oxygen 
a toms .  The 15N NMR s p e c t r u m  of (I*) shows two s inglets  (81.5 and 93.7 ppm) cor responding  to sp2-hybridized 
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