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did not change the melting point. Structure IV was supported 

by elemental analysis and IR and NMR spectra. A mixture melt- 

ing point with the starting material (111) occurred at 45-50°. 

Amine IV after treatment with formic acid in the same 

manner was recovered in an 88% yield. 
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N-Nitrosohexahydroazepine L is a powerful liver and eso- 
phageal carcinogen in rats' and initial biochemical studies 

indicated that y-hydroxylation to 2 and B-hydroxylation to 2 
are major metabolic pathways (Scheme 1). 

OH 

I 
NO 

I I 
NO NO 

1 - 3 - 2 - 

Scheme 1 

In order to prepare metabolites 2 and 2 for use as syn- 
thetic standards,2 we explored the ring expansion of some N- 
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OPPI B R I E F S  

s u b s t i t u t e d  3- and 4 - p i p e r i d i n o n e s .  The r e a c t i o n  o f  diazometh-  

ane  w i t h  N-nitroso-4-oxopiperidine 5 a f f o r d e d  t w o  new c y c l i c  

n i t r o s a m i n e s .  The h i g h l y  e l e c t r o n e g a t i v e  n i t r o s o  group f a v o r s  

epox ide  fo rma t ion  o v e r  r i n g  expans ion  r e s u l t i n g  i n  a 6 2 %  y i e l d  

o f  6-nitroso-l-oxa-6-azaspiro[ 5 . 2 l o c t a n e  5 and o n l y  a 17% y i e l d  

of N-n i t roso  hexahydroazepine-4-one(6). 

8-8 Et20, MeOH + (-j 
I I 

25' I 
NO NO NO 

4 - 6 - 5 - 
Major Minor 

The r e a c t i o n  o f  diazomethane w i t h  s e v e r a l  N - s u b s t i t u t e d  

4 - 0 x o p i p e r i d i n e s ~ - ~  

k e t o n e  t o  epox ide  v a r i e d  a c c o r d i n g  to  t h e  s u b s t i t u e n t  on  t h e  

r i n g  n i t r o g e n .  However, i n  most  cases t h e  r ing-expanded ke- 

t o n e  was t h e  major  p roduc t .  I n  t h e  c a s e  of N-benzoyl-4-0x0- 

p i p e r i d i n e ,  o u r  r e s u l t s  d i d  n o t  a g r e e  w i t h  t h o s e  o f  Favre  et 
- a l . 4  They r e p o r t e d  a 4 0 %  y i e l d  of t h e  epox ide  and a 26% y i e l d  

of  t h e  r ing-expanded ke tone  ( a s  i t s  pheny lhydrazone ) .  Our ex-  

pe r imen t s  c o n s i s t e n t l y  gave t h e  r ing-expanded p r o d u c t  i n  52% 

i n d i c a t e d  t h a t  t h e  r a t i o  o f  r ing-expanded 

y i e l d ,  and t h e  epox ide  i n  23% y i e l d . '  The y i e l d s  w e r e  q u a n t i -  

f i e d  by GLC a n a l y s i s  as w e l l  a s  by i s o l a t i o n  of  t h e  compounds. 

The i n f r a r e d  spec t rum of  compound 5 shows t h e  C=O s t r e t c h -  
-1 i n g  f r equency  a t  1738 c m  which is h igh  compared w i t h  t h a t  

of N-benzoyl-4-piper idone (1725 c m - l )  , of  N-methyl and N-ace- 

t y l - 4 - p i p e r i d o n e s 6  (1.724 c m - l  and 1730 c m - l  r e s p e c t i v e l y )  . 
The e x p e r i m e n t a l  r e s u l t s  i n d i c a t e  t h a t  t h e  n i t r o s o  f u n c t i o n  

has  a pronounced e f f e c t  on t h e  n a t u r e  o f  t h e  c a r b o n y l  group 
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and t h e  mig ra to ry  a p t i t u d e s  of t h e  methylene carbons .  This  

s u p p o r t s  t h e  f i n d i n g s  of H i r s c h  e t  a1.6 t h a t  t h e  h y b r i d i z a t i o n  

a t  n i t r o g e n  a f f e c t s  t h e  e l e c t r o n  d e n s i t y  a t  each  r i n g  carbon 

i n  a six-membered n i t r o g e n  h e t e r o c y c l e ,  t h e  s t r o n g e s t  e f f e c t  

be ing  a c a r b o n y l  group a t  t h e  y -pos i t i on .  

EXPERIMENTAL 

Pro ton  magnet ic  resonance  s p e c t r a  were measured on a Var- 
i a n  XL-100 spec t romete r  u s i n g  CDC13 as s o l v e n t  c o n t a i n i n g  0.5% 
t e t r a m e t h y l s i l a n e  as t h e  i n t e r n a l  s t a n d a r d .  The I R  s p e c t r a  
w e r e  o b t a i n e d  on a Perkin-Elmer 180 spec t romete r .  Mass spec-  
t ra  w e r e  t aken  on a F inn igan  3300 mass spec t romete r  equipped 
w i t h  a F innigan  6000 MS data system. Mel t ing  p o i n t s  w e r e  de- 
te rmined  on an  E l e c t r o t h e r m a l  c a p i l l a r y  m e l t i n g  p o i n t  a p p a r a t -  
us and are n o t  c o r r e c t e d .  G a s  chromatographic  a n a l y s e s  w e r e  
carried o u t  on a Shimadzu Model 4BM chromatograph equipped w i t h  
a Hewlet t -Packard 18652A A/D c o n v e r t e r  coupled  to  t h e  record-  
er of  a f l a m e - i o n i z a t i o n  d e t e c t o r .  A 2.5 m, 8% HI-EFF-1BP 
c o a t e d  on G a s  Chrom Q column w a s  used  (Appl ied  Sc ience  Labora- 
to r ies ,  Inc . ,  S t a t e  Co l l ege ,  PA). The s t a r t i n g  materials used  
were o b t a i n e d  from A l d r i c h  Chemical C o . ,  Mulwaukee, W I .  E l e -  
menta l  a n a l y s e s  were done a t  G a l b r a i t h  Laboratories, Inc . ,  
Knoxvi l le  , TN. 

N-Nitros0-4-oxopiperidine(4) w a s  p repa red  i n  75% y i e l d  as des-  

c r i b e d  by L i j i n s k y  and T a y l ~ r , ~  mp. 68-69? lit.7 65-67'; 

(CHC13) : 

6 2.65 ( q u i n t e t ,  4 H )  , 4.0 ( t ,  2 H ) ,  4.66 ( t ,  2 H ) .  

I R  

2925, ,1738, 1440, 1365, 1145, 980 c m - l ;  NMR (CDC13)  : 

Reac t ion  o f  4 w i t h  Diazomethane.- Diazomethane (0.014 m o l )  i n  
8 

80 m l  of e t h e r ,  g e n e r a t e d  by t h e  method o f  deBoer and Backer  

w a s  added dropwise t o  a s o l u t i o n  of 1 . 2 2  g (0.0095 m o l )  o f  N-  

n i t ro so -4 -oxop ipe r id ine  i n  30 m l  of methanol  a t  5O. The ice- 

b a t h  w a s  removed and t h e  s o l u t i o n  s t i r r e d  a t  25O f o r  8 h r s .  

Excess diazomethane w a s  d e s t r o y e d  by adding  a few d rops  of  

aqueous acetic a c i d .  The s o l u t i o n  was then  washed w i t h  5% 

aqueous sodium b i c a r b o n a t e ,  d r i e d  ove r  anhydrous sodium s u l -  

f a t e  and t h e  s o l v e n t  removed under  vacuum t o  g i v e  1.15 g 

1 3 1  
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o f  a y e l l o w  o i l .  

t h a t  t h e  e p o x i d e  2 and t h e  e n l a r g e d  k e t o n e  5 were p r e s e n t  i n  

81% and 19% relat ive y i e l d s  r e s p e c t i v e l y .  

6-Nitroso-l-oxa-6-azaspiro[5.2]octane(~).- A s o l u t i o n  o f  1 . 1 5  

g of p r o d u c t  o b t a i n e d  above  i n  5 m l  of g l a c i a l  acetic acid a n d  

50 m l  o f  95% e t h a n o l  w a s  r e f l u x e d  fo r  30 min w i t h  2 g ( 0 . 0 1 1  

m o l )  o f  1-(carboxymethy1)-pyridinium c h l o r i d e  h y d r a z i d e  ( G i r -  

a r d ' s  Reagent  P) . 
t h e  e t h a n o l  removed o n  a r o t a r y  e v a p o r a t o r .  Then 25 m l  water 

w a s  added  and t h e  n o n - k e t o n i c  components  were e x t r a c t e d  i n t o  

m e t h y l e n e  c h l o r i d e .  The aqueous  l a y e r  w a s  saved fo r  t h e  iso- 

l a t i o n  of 5 (see below). The o r g a n i c  l a y e r  w a s  washed w i t h  

5% aqueous  sodium b i c a r b o n a t e ,  d r ied  o v e r  a n h y d r o u s  sodium 

s u l f a t e  and  t h e  s o l v e n t  e v a p o r a t e d  u n d e r  vacuum. The r e s i d u e  

w a s  chromatographed  o n  n e u t r a l  a l u m i n a  u s i n g  m e t h y l e n e  c h l o r -  

ide  as t h e  e l u e n t ,  and  gave 837 mg ( 6 2 % )  of  5 as  a n  o i l  w h i c h  

c r y s t a l l i z e d  on s t a n d i n g .  Al though vacuum d i s t i l l a t i o n  can  

a l so  be u s e d  t o  p u r i f y  t h e  compound, t h e  r e c o v e r y  i s  lower t h a n  

w i t h  chromatography;  b p  78O/0.2 mm Hg; mp. 4 2 - 4 2 O ;  I R  ( f i l m ) :  

2970,  2925,  1430,  1 3 7 0 ,  1 1 5 0 ,  1060,  980 ,  c m - l ;  NMR (CDC13)  : 

6 1 . 5 7  ( s ,  2 H ) ,  1 .5-2 .3  ( m ,  4 H ) ,  2.8 ( s ,  2H) ,  3.35 ( m ,  1 H  

a x i a l )  , 4.20 ( m ,  1 H  a n t i  a x i a l )  , 4.60 ( m ,  1 H  e q u a t o r i a l )  , 

6 4 . 7 1  ( m ,  1 H  e q u a t o r i a l ) ;  M S :  m / e  ( % I ,  142 ( 6 6 . 6 ,  M'), 

1 1 2  ( 9 . 7 ) ,  96 ( 4 . 1 ) ,  8 3  ( 1 2 . 1 1 ,  65 (161 ,  55 (32 .6)  , 42 (100). 

- Anal.  C a l c d  f o r  C6H10N202: 

GLC a n a l y s i s  o f  t h e  o i l  a t  190° i n d i c a t e d  

\ 

The r e a c t i o n  m i x t u r e  w a s  cooled to 25O, a n d  

C ,  50.69%; H ,  7 .09%;  N ,  19 .71% 

Found: C ,  50 .48%;  N ,  7 .17%;  N ,  19 .76% 

N-Nitrosohexahydroazepine-4-one(h).- The a q u e o u s  l a y e r  con-  

t a i n i n g  5 w a s  a c i d i f i e d  w i t h  6N HC1 t o  pH 2 .  A f t e r  t h e  s o l u -  
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t i o n  had been h e a t e d  to 60° f o r  30 min, it was coo led  t o  25O 

and e x t r a c t e d  w i t h  methylene c h l o r i d e .  The o r g a n i c  l a y e r  was 

dr ied over anhydrous potass ium carbonate and f i l t e r e d  through 

a l a y e r  of anhydrous magnesium s u l f a t e .  The s o l v e n t  w a s  re- 

moved on a r o t a r y  e v a p o r a t o r ,  and the r e s i d u e  chromatographed 

through n e u t r a l  a lumina u s i n g  1 0 %  a c e t o n e  i n  methylene c h l o r -  

i d e  as t h e  e l u t i n g  s o l v e n t  to g i v e  229 mg (17%) o f  5, bp. 160°/ 

0.05 mm H g  ( d i s t i l l a t i o n  of t h i s  compound is not  recommended 

s i n c e  it decomposes); I R  ( f i l m ) ;  2960, 1700, 1462, 1420, 1360, 

1105, 895 cm-'; NMR (CDC13):  

4 H ) ,  4.96 (m, 2H) , 5 .51  ( m ,  2 H ) ;  MS: m/e  ( % ) ,  1 4 2  (49 ,  M'), 

125 1 2 ) ,  1 1 2  ( 4 5 ) ,  98 ( 4 ) ,  84 (91 ,  69 (171, 56 (261,  4 2  (100). 

Anal Calcd for C6H10N202: C, 50.69%; H,  7.09%; N ,  19.70% 

6 1.82-2.2 (m,  2 H ) ,  2.5-3.0 (m,  

Found: C, 50.40%; H ,  7.22%; N ,  19.54%. 

Acknowledgement.- The NMR s p e c t r a  were reco rded  by D r .  D.  W i l -  

bur,  and t h e  mass s p e c t r a  were run  by M r .  S. S. Huang. Th i s  
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LEWIS A C I D  CATALYZED PREPARATION OF 

TETRAMETHY LHEXATH IOADAMANTANE 

t S u b m i t t e d  by C. S. Giam*, R. L. Tabor  and  T .  E .  Goodwin 
(5/2/80)  

Depar tment  of C h e m i s t r y  
Texas  A & M U n i v e r s i t y  
C o l l e g e  S t a t i o n ,  Texas  77847 

W e  h a v e  u t i l i z e d  t w o  new and c o n v e n i e n t  p r o c e s s e s  f o r  t h e  

s y n t h e s i s  of t e  trame t h y  l h e x a  th ioadaman t a n e  ( I )  l r 2  f rom t h i o l -  

acet ic  a c i d .  The compound i s  u s e f u l  b o t h  as a l u b r i c a n t  a d d i -  

+4CH CO H 
3 2  

l2 or 

CH 
3 +2H2S 

8 CH3COSH 

I 

4 
t i v e ,  and  as a t h e r m a l  s t a b i l i z e r  i n  p o l y  ( m e t h y l m e t h a c r y l a t e )  

where it promotes  a n t i s e i z e  p r o p e r t i e s  and  c o n f e r s  o x i d a t i v e  
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