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SUMMARY 

Double ‘$-labeled N-nltropiperidine and N-nitrodimethylamine have been 
conveniently prepared by oxidation of t h e  corresponding nitrosamines. 
Dimethylamine-’ =N w a s  commercially ava i lab le  while t h e  required p iper id ine  

5N w a s  synthesized from cyclopentanone v i a  t h e  Schmidt ring-expansion 
procedure using potassium azide-1-I 5N, followed by hydride reduct ion of 
t h e  r e s u l t i n g  2-piperidinone-’ =N. 
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INTRODUCTION 

The proper t ies  of secondary nitramines are of g r e a t  interest t o  t h i s  laboratory 

because they are important energe t ic  materials. 

of t h e  decomposition mechanism of compounds containing more than one ni t ramine 

moiety ( l ) ,  and t o  inves t iga te  t h e  s t r u c t u r a l  parameters that inf luence t h e  

spin-coupling between d i r e c t l y  bonded 15N-15N n u c l e i  ( 2 )  , severa l  double 15N- 

labeled ni t ramines were required i n  these  labora tor ies .  

15N-labeled secondary nitramines, 1 ,3 ,5- t r ini t ro-1 , 3 , 5-triazacyclohexane and 

1,3,5,7-tetranitro-l,3,5,7-tetraazacyclooctane by n i t r o l y s i s  (3) of hexamine 

with ammonium n i t r a t e  and n i t r i c  acid is t h e  subject  of a separa te  repor t  (4). 

This repor t  descr ibes  t h e  d e t a i l s  of another method, namely, t h e  bxidation (5) 

of t h e  corresponding nitrosamines, used t o  obta in  t h e  nitramines, N-nitropiperidine 

and N-nitrodimethylamine. 

As model compounds i n  t h e  study 

The preparat ion of two 
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SCHEME I 
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SCHEME I1 

The r e a c t i o n  sequence o u t l i n e d  i n  Scheme I was used t o  s y n t h e s i z e  t h e  15N- 

l a b e l e d  p i p e r i d i n e  and is pa t t e rned  a f t e r  t h e  procedure p rev ious ly  used (6) t o  

p repa re  2-14C-N-nitroso hexamethyleneimine. 

r e p r e s e n t i n g  t h e  H202 o x i d a t i o n  w a s  a l s o  common t o  t h e  o x i d a t i o n  of t h e  15N- 

l a b e l e d  dimethylni t rosamine ind ica t ed  i n  Scheme 11. 

The last s t e p  i n  th i s  sequence 

EXPERIMENTAL 

The 15N-labeled materials used i n  t h e s e  procedures  were ob ta ined  from S t o h l e r  

K Ng (50% 15  I s o t o p e  Chemicals and contained t h e  fo l lowing  ni t rogen-15 abundances: 

N - 1 ) ,  Na NO2 (99%) and (CH3)215NHl C1- (99%). 

a Varian Assoc ia t e s  T-60 spec t romete r .  

21-492 double  focus ing  mass spectrometer .  

N- [ nitro-15N] -piperidine-15N 

1 5  'H-NMR s p e c t r a  were obtained using 

Mass s p e c t r a  w e r e  ob ta ined  us ing  a DuPont 

Melt ing p o i n t s  are uncorrected.  

To a s t i r r e d  s o l u t i o n  of 1.04 g of cyclopentanone i n  20.0 g of polyphosphoric 

a c i d  a t  room temperature  w a s  added i n  small p o r t i o n s  over  1 h, 0.99 g of potassium 

azide-l-15N (99%). The temperature  of t h e  r e a c t i o n  mix tu re  was  r a i s e d  t o  55'C and 

s t i r r i n g  was cont inued f o r  1 2  h .  The r e a c t i o n  was quenched by t h e  a d d i t i o n  of 
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of crushed i c e  (10 g) and a f t e r  ad jus t ing  t h e  pH t o  9 by t h e  dropwise addi t ion  of 

50% NaOH t h e  mixture w a s  extracted with 7 x 25 mL port ions of chloroform. 

combined e x t r a c t s  were dr ied  over Na SO 

d i s t i l l a t i o n  through a 30 c m  Vigreaux column t h e r e  w a s  obtained 1 . 2  g (99%) of 

crude 2-piperidin0ne-~’N (50% enriched) as o i l .  A mass spectrum of t h e  sample 

15 showed t h e  moleuclar ions a t  m / e  99 and m / e  100 ( 

The 

and a f t e r  removal of t h e  solvent  by 2 4  

N) in approximately 1:l r a t i o .  

To a cooled so lu t ion  of t h e  crude 2-~iperidinone-~’N (1.2 g) i n  32 mL of 

anhydrous e t h e r  w a s  added 0.684 g of l i th ium aluminum hydride. 

suspension w a s  heated under re f lux  f o r  5 h and allowed t o  stand a t  room temper- 

a t u r e  f o r  12 h. 

a granular  p r e c i p i t a t e  from which t h e  e therea l  so lu t ion  w a s  e a s i l y  f i l t e r e d .  

Removal of the  e t h e r  gave 0.45 g (44%) of piperidine-15N (50% enriched; molecular 

ions i n  t h e  mass spectrum a t  m / e  85 and 86 i n  1:l r a t i o . )  

The r e s u l t i n g  

Dropwise addi t ion  of 0.7 mL of water and s t i r r i n g  f o r  0.5 h gave 

A so lu t ion  of 0.45 g of sodium nitrite-15N (99% ”N) in 0.5 mL of water w a s  

N in 0.5 mL 15 added dropwise over 1 h t o  a pH 1 solu t ion  of 0.37 g of piper idine-  

of 0.1N HC1. The mixture w a s  heated a t  55°C f o r  1 h, cooled and made bas ic  by 

t h e  addi t ion  of about 10 mg of potassium carbonate. The n i t r o s o  d e r i v a t i v e  w a s  

i so la ted  by ex t rac t ing  seven times with 5 mL port ions of e ther  and t h e  combined 

e ther  e x t r a c t s  were dr ied  over sodium s u l f a t e .  Removal of t h e  e t h e r  gave 0.48 g 

15  (78%) of t h e  N - [ n i t r ~ s o - ~ ~ N ]  -p iper idhe-  N a s  an o i l ,  whose mass spectrum con- 

firmed t h e  I 5 N  abundance a s  50% and 99% in t h e  n i t r o s o  and amino groups respect ive-  

ly .  

To a s t i r r e d  so lu t ion  of 0.18 g of n i t rosopiper id ine  i n  0.5 mL of t r i f l u o r o -  

acetic acid w a s  added 0.30 mL of 30% hydrogen peroxide a t  0°C. 

w a s  slowly heated and maintained a t  40°C f o r  3 h. 

addi t ion  of crushed i c e  (20 g ) ,  carefu l  neut ra l iza t ion  with 5% sodium carbonate, 

followed by ex t rac t ing  t h r e e  times with 10-mL por t ions  of e ther .  The e t h e r e a l  

so lu t ion  w a s  d r ied  over sodium s u l f a t e  and a f t e r  removal of t h e  solvent  t h e r e  was 

obtained 0.20 g (97%) of N-Nitropiperidine-15N2 (99% enriched in t h e  NOp and 50% 

i n  t h e  r i n g  ni t rogen) .  

m / e  131 and 132, i n  1:l r a t i o .  

centered a t  61.72 and 63.86, respect ively.  

The reac t ion  mixture 

The product was i so la ted  by t h e  

The mass spectrum shows corresponding molecular ions at 

1 The H-NMR spectrum (CDC13) exhibited two mul t ip le t s  

These proper t ies  were e s s e n t i a l l y  the  
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same as those observed f o r  unlabeled m a t e r i a l  prepared on a l a r g e r  s c a l e  and 

having bp 86'C a t  7 mm. 

N- [ N i t r ~ - ' ~ N ]  -dimethylamine-I5N 

15 A s o l u t i o n  of 0.83 g of sodium ni t r i te - I5N (99% N) in  1 .0  mL of water was 
15 added dropwise over 1 h t o  a s o l u t i o n  of 1.08 g of d i m e t h ~ l a m i n e - ~ ~ N  (99% 

hydrochloride dissolved i n  0.5 mL of water and ad jus ted  t o  pH 1.5 by the  a d d i t i o n  

of a t r a c e  of hydrochlor ic  a c i d .  The r e s u l t i n g  dimethylnitrosamine was ext rac ted  

with t h r e e  5-mL a l i q u o t s  of methylene ch lor ide .  The combined extracts w e r e  d r ied  

over Na2S04 and removal of t h e  so lvent  gave 0.67 g (76%) of an  o i l  which w a s  

dissolved i n  2.5 mL of t r i f l u o r o a c e t i c  ac id  and t r e a t e d  wi th  2.0 mL of 30% H202. 

A f t e r  s t i r r i n g  a t  room temperature f o r  1 .5  h t h e  mixture  was poured on crushed 

ice and ex t rac ted  three times wi th  5.0 mL p o r t i o n s  of methylene ch lor ide .  The 

combined e x t r a c t s  w e r e  washed with 5% sodium carbonate  followed by w a t e r  and 

f i n a l l y  d r i e d  over Na2S04. 

crude s o l i d  from hexane-chloroform gave 0.35 g (43%) of d i m e t h ~ l n i t r a m i n e - ~ ~ N ,  

mp 54-55'C. 

N) 

Removal of t h e  solvent  and r e c r y s t a l l i z a t i o n  of t h e  

The mass spectrum (1) of t h e  product shows t h e  molecular ion a t  

m / e  92 corresponding t o  (CH3)2 15N-15N02. 
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