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THE FORMATION OF [3+21 CYCLOADDUCTS AND THEIR CONVERSIONS: REACTIONS OF 

N-CYCLOHEPTATRIENYLIDENEAMINE OXIDE WITH ISOCYANATES AND ISOTHIOCYANATES 

* ** 
Sho j i  Kaj igaeshi  . Shingo Matsuoka, Shuj i  Kanemasa , and Mich ih iko  Noguchi 

Department of I n d u s t r i a l  Chemistry, Facul ty o f  Engineering, 

Yamaguchi Un i ve rs i t y ,  Tokiwadai, Ube 755, Japan 

Abst rac t  - The sp i ro  [3+21 cycloadducts from N-cycloheptatrienylidene- 

methylamine oxide w i t h  a l k y l  isocyanates were i s o l a t e d  and character ized. 

The reac t i on  of N-oxide w i t h  isothiocyanates afforded cyclohepta[d]imid- 

azole, cyclohepta[d]thiazole, and/or 2-methylaminotropothione, which were 

brought through the s i m i l a r  [3+2] cycloadducts. 

Recently, we have repor ted t h a t  8-azaheptafulvenes (1) behave exc luss i ve l y  an 8 pa i  e l ec t ron  system 

1 t o  a f f o r d  [8 t2 ]  cycloadducts i n  the  reac t i on  w i t h  heterocumulenes . I n  a cont inuat ion  o f  our 

studies,  the  next  a t t e n t i o n  has been pa id  f o r  the react ion  o f  N-cycloheptatrienylideneamine oxide 

(21, because 2 i s  regarded as the  N-oxide of 8-azahepta- 

fu lvene (1). Now, on l y  two examples concerning the 

2 reac t i on  o f  ?were repor ted by Houk and h i s  co-wokers . 
Therein, the cyc loadd i t ion  reac t i on  o f  N-cycloheptatr i -  

1: X = -  - 
enylidenemethylamine ox ide (3 )  w i t h  the  e lec t ron  d e f i -  

2: X= 0 - 
c i e n t  d ipo laroph i les  occurred on the n i t r o n e  (4  p a i l  o r  

3: X= 0 ;  R = M e  - the cyc lohepta t r ieny l idene moiety ( 4  and 6 p a i l  i n  3. 

I n  t h i s  communication we wish t o  descr ibe a successful i s o l a t i o n  of the s p i r o  [3+21 cycloadducts i n  

the  reac t i on  of 3 w i t h  a l k y l  isocyanates and the i n te res t i ng  reac t i ons  v i a  t h e  decomposit ion o f  the  

s p i r o  [3+2] cycloadducts i n  t h a t  w i t h  isothiocyanates.  

When an equimolar (3 mM) mix ture  of N-oxide (5) and methyl isocyanate i n  dry  chloroform (10 ml)  was 

s t i r r e d  a t  room temperature f o r  5 h and concentrated i n  vacuo t o  g i v e  the  residue, which was p u r i -  

f i ed  w i t h  chromatography on s i l i c a  gel ,  a s p i r o  (cyc1oheptatriene)-1.3'-(2',4'-dimethyl-5'-0x0- 

1',2',4'-oxadiazolidine) (5), mp 68.5-69.5 "C, was isolated i n  59% y i e l d  as co lo r l ess  prisms. 
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Scheme - 

Ar: C&,- , P- and m-C1C6H4- 

3 The s t r u c t u r a l  e l uc ida t i on  o f  &was accomplished on the basis of t h e  spect ra l  data ; espec ia l ly ,  

1 i n  H-nmr spectrum a s i m p l i f i e d  s igna l  pa t te rn  o f  o l e f i n i c  protons i nd i ca ted  the symnetr ical  s t ruc-  

3 tu re  of 5 and, furthermore, i n  "c-nmr spectrum a s p i r o  sp -carbon s igna l  a t  83.6 ppm was charac- 

te r ized by off-resonance technique. S im i l a r l y ,  the react ion  o f  3 w i t h  e t h y l  isocyanate a f fo rded 

a spiro [3+2] cycloadduct (4b)4 i n  36% y i e l d .  

Previously, i n  the  reac t i on  of N-oxide (3) w i t h  phenyl v i n y l  su l fone Houk e t  a l .  pos tu la ted the 

2 
[3+21 cycloadduct as an intermediate,  bu t  f a i l e d  t o  i s o l a t e  due t o  i t s  u n s t a b i l i t y  . Thus, the  

spiro [3+2] cycloadduct from N-oxide (3 )  and 2 pa i  d ipo la roph i l e  was here in  i s o l a t e d  and character-  

ized f o r  the  f i r s t  time. 

However, t h e  react ions  w i t h  a r y l  isocyanates i n  the  s i m i l a r  cond i t ions  a f fo rded no any adducts, 

but  the s t a r t i n g  mater ia l ,  N-oxide (3).  was recovered almost q u a n t i t a t i v e l y  i n  every case. 

1 Now, the H-nmr spectra o f  the  reac t i on  mix tures  showed the format ion o f  the  s p i r o  [3+2] cycload- 

ducts5 j u s t  a f t e r  the  mix ing of the  two reactants ,  bu t  the  i n t e n s i t y  of t h e  s igna ls  assigned t o  the  

[3+2] cycloadduct had diminished gradua l ly  and f i n a l l y  the  s i gna l s  disappeared a f t e r  about 2 h a t  

50 T. Some ef for ts  i n  oder t o  i s o l a t e  these s p i r o  cycloadducts were made w i thou t  success. - This means the exisfence o f  a r a p i d  cyc lorevers ion which provides the s t a r t i n g  ma te r i a l s  from the 

[3+21 cycloadduct. These r e s u l t s  were i n  agreement w i t h  the  thermal m o b i l i t y  of the  s p i r o  [3+21 

6 cycloadducts (5) . 
The react ions  o f  3 w i t h  isothiocyanates were fu r the r  invest iga ted.  I t  turned ou t  t h a t  they  were 

more complicated than those w i t h  isocyanates. For example, the  heat ing of 3 w i t h  phenyl i s o t h i o -  

cyanate i n  chloroform gave two main products, & a n d  &, i n  20 and 21% y ie lds ,  respect ive ly ,  

7 together w i t h  s u l f u r  and a t r ace  o f  2-methylaminotropothione ( I )  . Now, & and 3 were i d e n t i -  
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fied'as a 1,3-dimethyl-2-oxo-2,3-dih~dro-3a~-cyclohepta[d]imidazole~~ and a 3-methyl-2-phenylimino- 

2,3-dihydro-8a~-cyclohepta[d1thiazole~~, cycloadducts formed by treating 8-methyl-8-azaheptafulvene 

with phenyl isocyanate and phenyl isothiocyanate respectively, on the basis of the consistency with 

the melting points and spectral data of the authentic samples. Similarly, the reactions of J 

with p-cyanophenyl-, tosyl-, and methyl isothiocyanate provided 5, 6, and/or L. These results 

are sumnerized in Table I and Table 11. 

Table I Reactions of N-Oxide (3) with Isothiocyanates 

Reaction Yield (%) 
R Condition (h) - 5 6 1  1 

a reflux, 76 20 21 trace 

b p-CN-C6H4 reflux, 3.5 38 5 trace 

c Ts r t  1 24 0 33 

d Me reflux, 80 0 16 trace 

The Melting Points and Spectral Data of Cyclohepta[dlimidazoles (5) and Cyclohepta[dl- 

thiazoles (6) 

'~-nmr (CDC13) 6 ir (K8r)-l 
c m -  

Compds mp ( OC) 3a-Hbr 4-~& 5-ff 6-ff 7 - ~ ~ ~  8 - ~ ~  -~e' C=O C=C ~+(m/e) 

8a-Hbr 8 . ~ ~ ~  7-Hrn 6-ff 5-~& 4 - ~ ~  -~e' C=C C=N 

6a a) 68-70 b, 3.81 5.05 6.04 6.14 6.49 5.42 3.23 - 1635 1585 254 

6b - 156 3.91 5.13 6.0-6.4 6.59 5.58 3.26 1640 1590 279 

6d - oil 3.87 5.09 6.0 - 6.3 6.60 5.43 3.11 3.14 1665 1590 192 

a) Known compounds. See ref. la 

b) Melted with decomposition. 



To explain the l o s s  of the su l f u r  o r  oxgen atom from the ( 1 : l )  adduct o f  N-oxide (3) and i s o t h i o -  

cyanate, we suggest the  f o l l ow ing  reac t i on  pathway, which i s  made of t h ree  steps, i.e., i )  the  de- 

composition o f  the  s p i r o  [3+21 cycloadduct (A) t o  an 8-azaheptafulvene (B) and a b e t a i n e  (C); i i )  

the subsequent generat ion of an isocyanate (E) o r  an iso th iocyanate  (f) by the l o s s  of s u l f u r  o r  

oxgen atom from C; i i i )  fo l lowed by the cycloaddi  t i o n  reac t i on  o f  w i t h  o r  C. 

On the o the r  hand, the reac t i on  pathway g i v i n g  L i s  no t  secure, however one poss ib le  exp lanat ion  

i s  t o  postu la te  t h e  intermediacy o f  another type o f  s p i r o  [3+2] cycloadduct (F) which i s  r e s u l t a n t  

9 from the a d d i t i o n  o f  n i t r o n e  moiety i n  3 t o  t h e  C=S bond i n  iso th iocyanate  . The cycloadduct (r) 
i s  converted i n t o  a cyclohepta[dl-l,3,6-oxazine (Q, which proceeds a cyc lorevers ion t o  a f f o r d  

and isocyanate (E). 
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