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INTRODUCTION 

N-Nitroso compounds a re  an impor tan t  c l a s s  o f  chemical carcinogens 

and mutagens. 

produce cancer i n  man, they  a r e  cons idered a hazard t o  human hea1th.l  

I n  s p i t e  o f  t h e  f a c t  t h a t  n i t rosamines  have been known s i n c e  1863,* 

t h e i r  b i o l o g i c a l  importance was n o t  recogn ized u n t i l  1956, when Magee 

and Barnes3 repo r ted  t h a t  N-n i t rosod imethy lamine was a l i v e r  carcinogen. 

Eleven yea rs  l a t e r ,  Druckrey e t  a1.4 demonstrated t h a t  many o t h e r  

n i t rosamines  a r e  p o t e n t  carcinogens, showing pronounced organ spec- 

i f i c i t y .  

r e l a t i o n s h i p  s t u d i e s  o f  N -n i t roso   compound^.^ They were shown t o  ex- 

h i b i t  a h i g h  degree of organ s p e c i f i c i t y ,  w i t h  t h e  t a r g e t  organ v a r y i n g  

f rom one species t o  another.6 To e x p l a i n  t h e  ca rc inogen ic  a c t i o n  and 

organ s p e c i f i c i t y  o f  n i  t rosami  nes, ex tens i  ve research  i n t o  t h e i  r meta- 

b o l i c  f a t e  i s  be ing  c a r r i e d  out, i n c l u d i n g  s t u d i e s  on t h e  a b i l i t y  o f  

t i s s u e s  t o  a c t i v a t e  these compounds i n t o  a l k y l a t i n g ,  o r  o t h e r  c e l l u l a r  

damaging,  agent^.^ 

A l though we lack  d i r e c t  evidence t h a t  these compounds 

These e a r l y  f i n d i n g s  l e d  t o  ex tens i ve  s t r u c t u r e - a c t i v i t y  

Humans a r e  exposed t o  t r a c e  amounts o f  N -n i t roso  compounds th rough 

va r ious  sources, and work i n  t h i s  area has r e s u l t e d  i n  ou ts tand ing  

developments i n  a n a l y t i c a l  i ns t rumy- t ta t i on  and techn iques  t o  d e t e c t  

these low leve ls .  A m i les tone  i n  t h i s  area was t h e  development o f  t h e  

Thermal Energy Ana lyzer  (TEA),8 which uses a chemi luminescence d e t e c t o r  
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SAAVEDRA 

s p e c i f i c  f o r  compounds t h a t  re lease  n i t r i c  oxide. 

ox ide  i s  o x i d i z e d  by ozone, and t h e  l i g h t  i n  t h e  f a r - v i s i b l e  and near- 

i n f r a r e d  reg ions  e m i t t e d  by t h e  a c t i v a t e d  NO2 i s  q u a n t i f i e d  as i t  decays 

t o  t h e  ground s ta te .  

1 ng amounts. 

o f  b e t t e r  than one p a r t  p e r  b i l l i o n  i n  t h e  a n a l y s i s  o f  v o l a t i l e  n i t r o s -  

amines9 can be reached. The s e l e c t i v e  de te rm ina t ion  of n i t rosamines  i n  

a i r  has been accompl ished w i t h  gas chromatographyllow-resolution mass 

spectrometry,  w i t h  d e t e c t i o n  l i m i t s  i n  t h e  0.1-0.2 pg/m3 range.1° Mass 

spec t romet ry  i s  t h e  most r e l i a b l e  method f o r  s t r u c t u r e  i d e n t i f i c a t i o n  o f  

n i t rosamines  i n  env i ronmenta l  samples, and i s  s e n s i t i v e  t o  sub- pg/kg 

l e v e l s . l l , 1 2  

t h e  t r a c e  a n a l y s i s  o f  v o l a t i l e  n i t rosamines  i n  env i ronmenta l  samples a 

r o u t i n e  process, t h e  methods a r e  n o t  always s u i t e d  t o  t h e  d e t e c t i o n  o f  

n o n - v o l a t i l e  n i t rosamines .  Recent ly,  t h e  use o f  a new t y p e  o f  chemilum- 

inescence d e t e c t o r  combined w i t h  c a p i l l a r y  GC o r  HPLC chromatography f o r  

a n a l y s i s  o f  n o n - v o l a t i l e  N - n i t r o s o  compounds has been reported.13 

As a r e s u l t ,  t h e r e  w i l l  be an i n c r e a s e  o f  da ta  on env i ronmenta l  non-vol-  

a t i l e  N - n i t r o s o  compounds. T h i s  i s  an impor tan t  development, s i n c e  i t  

a l l o w s  t h e  d e t e c t i o n  o f  N - n i t r o ~ o a m i d e s l ~  i n c l u d i n g  n i t rosoureas ,  

ni t rosocarbamates, n i t rosoguan id ines ,14  and n i t rosoamino  a ~ i d s . 1 ~ ~ 1 ~  

I n  t h e  TEA n i t r i c  

N-N i t roso  compounds can be measured i n  l e s s  t h a n  

Wi th  t h e  a d d i t i o n  o f  c o l o r i m e t r i c  techn iques  a s e n s i t i v i t y  

A l though these advances i n  a n a l y t i c a l  chemis t r y  have made 

Advances i n  t r a c e  a n a l y s i s  o f  n i t rosamines  have enabled us t o  ca te-  

g o r i z e  t h e  sources of human exposure t o  these  compounds.17 T h i s  ex- 

posure can o f t e n  be f rom exogenous sources depending on persona l  h a b i t s  

i n  such ma t te rs  as diet,18,19 tobacco p roduc t  use,20,21 cosmetics,22 

p e s t i c i d e s ,  23 drugs, 24,25 rubber  p roduc ts  f o r  i n f a n t  care, 26,27 auto- 

mob i l e  i n t e r i o r s 2 8  and household products.29 

be o f  an occupa t iona l  nature.17 

Exogenous exposure may a l s o  

Most o f  t h e  da ta  a v a i l a b l e  f o r  exposure 
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RECENT SYNTHETIC APPLICATIONS OF N-NITROSAMINES AND RELATED COMPOUNDS 

i n  t h e  work p lace  come f r o m  t h e  meta130~31 and rubber,3*,33 i n d u s t r i e s .  

Exposure t o  exogenous N-n i t roso  compounds i s  a l s o  known t o  occur i n  pes t -  

i c i d e  and de tergent  p roduc t ion ,  t h e  chemical and l e a t h e r  i n d u s t r i e s ,  and 

i n  m in ing  and f i she r ies .17  I n  v i v o  f o r m a t i o n  o f  N - n i t r o s o  compounds by 

r e a c t i o n  o f  n i t r o s a t a b l e  amino compounds and n i t r o s a t i n g  agents i s  re -  

sponsi b l e  f o r  t h e  endogenous exposure t o  many carcin0gens. l  ,17 Sander 

-- e t  a1.34 were t h e  f i r s t  t o  demonstrate t h a t  s u f f i c i e n t  amounts o f  a 

n i t r o s o  compound cou ld  be formed i n  v i v o  t o  induce cancer when r a t s  were 

f e d  methylbenzylamine and morphol ine toge the r  w i t h  n i t r i t e .  

s t u d i e s  w i t h  a l k y l u r e a s  f e d  t o  r a t s  toge the r  w i t h  n i t r i t e  gave r i s e  t o  

nervous system tumors, which i n d i c a t e d  t h a t  t h e  cor respond ing  a l k y l n i -  

t rosoureas  were formed i n  v ~ v o . ~ ~  Tumor i n d u c t i o n  by n i t r i t e  i n t e r a c t i o n  

w i th  a number o f  drugs c o n t a i n i n g  amino groups i n  v i v o  has a l s o  been 

s t u d i e d  e ~ t e n s i v e l y . ~ ~ , ~ ~  Mechan is t i c  s t u d i e s  o f  N - n i t r o s a t i o n  and 

n i t r o s a t i n g  agents l e a d i n g  t o  t h e  fo rma t ion  o f  N-nitrosamines, and 

n i t rosamides  i s  another  area o f  research  t h a t  has rece ived  v igorous  a t t e n -  

t ion.38~39,40 These s t u d i e s  a l s o  i n c l u d e  t r a n s - n i t r o s a t i o n 4 1  and t h e  

search f o r  substances which e i t h e r  f a c i l i t a t e ,  or i n h i b i t ,  t h e  N-n i t rosa -  

t i o n  react ion.1 The major  emphasis i n  these i n v e s t i g a t i o n s  has been t o  

e x p l a i n  how env i  ronmental carcinogens o r i g i n a t e .  

Subsequent 

The n i t r o s o  group i s  a r e a c t i v e  f u n c t i o n a l i t y ,  which con ta ins  f o u r  

p a i r s  o f  non-bonded e lec t rons .  

amino n i t r o g e n  lone -pa i r  o f  e l e c t r o n s  i n t o  t h e  T system o f  t h e  N=O group. 

The N-0 bond o f  t h e  n i t rosamine  f u n c t i o n  i s  angular,  and t h e  d e l o c a l i z a -  

t i o n  o f  e l e c t r o n s  produces a double-bond cha rac te r  i n  t h e  N-N bond. 

T h i s  b a r r i e r - o f - r o t a t i o n  g ives  r i s e  t o  (E) and ( Z )  rotamers. Nuclear 

magnetic resonance spectroscopy has been an impor tan t  t o o l  i n  s t u d y i n g  

t h e  r e s t r i c t e d  r o t a t i o n  about t h e  N-N bond and s t r u c t u r a l  assignments o f  

There i s  ex tens i ve  d e l o c a l i z a t i o n  o f  t h e  
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SAAVEDRA 

E and Z r o t a m e r ~ . ~ ~  

f o u r  l one -pa i r s  o f  e lec t rons .  

they  fo rm 1 : l  adducts when t r e a t e d  w i t h  concent ra ted  s u l f u r i c  ac id ,  72% 

p e r c h l o r i c  acid,  t r i f l u o r o a c e t i c  acid,  and t r i f l u o r o s u l f u r i c  acid.43 

Complexation w i t h  metal  s a l t s  t o  g i ve  1 : l  and 1:2 adducts has been r e p o r t -  

ed.44 Complexation i s  a l s o  known t o  t a k e  p lace  w i t h  Lewis and 

between n i t rosamines  and a lcoho ls ,  phenols and amines46 as w e l l  as w i t h  

c h i r a l  alcohols.47 A l k y l a t i o n  w i t h  s t r o n g  e l e c t r o p h i l e s  takes  p l a c e  a t  

t h e  oxygen atom o f  t h e  n i t r o s o  group t o  fo rm s a l t s .  

such as t r i e t h y l o x o n i u m  t e t r a f l u ~ r o b o r a t e , ~ ~  h e x a f l u o r ~ a n t i m o n a t e ~ ~  and 

d imethy l  s u l f a t e 4 9  have been used f o r  t h i s  purpose. 

g e n e r a l l y  r e s u l t  i n  N-N bond f i s s i o n  g i v i n g  t h e  cor respond ing  amide, 

carbonate o r  s ~ l f o n a m i d e . ~ ~  

i n  sydnone f 0 r m a t i o n . ~ 1  

across t h e  N=O group g i v i n g  a v a r i e t y  o f  coup l i ng  and decomposi t ion p ro -  

ducts. 

z i n e  w i t h  e i t h e r  Zn i n  a c e t i c  acid,54 t i t a n i u m  t r i ~ h l o r i d e , ~ ~  o r  l i t h i u m  

aluminum h ~ d r i d e . ~ ~  C a t a l y t i c  hydrogenat ions on Raney-Nickel ,57 cuprous 

c h l o r i d e  i n  a c i d i c  ethanol,58 and aluminum n i c k e l  a l l o y  i n  aqueous a l k a -  

l i n e  s o l u t i o n 5 9  have been used t o  reduce n i t rosamines  t o  t h e  pa ren t  amine. 

Ox ida t i on  r e a c t i o n s  o f  t h e  n i t r o s o  group t o  t h e  n i t r o  group a re  a l s o  w e l l  

known.60 Chow and co-workers have probed i n t o  t h e  photochemis t ry  o f  N- 

n i t rosamines61 and e s t a b l i s h e d  t h a t ,  i n  a c i d  so lu t i ons ,  t h e  pr imary  photo- 

process i n v o l v e s  genera t ion  of n i t r i c  ox ide  and aminium r a d i c a l s  (R2NHw). 

Al though, N-ni t rosamines a re  r e l a t i v e l y  s t a b l e  t o  p h o t o l y s i s  i n  n e u t r a l  

s o l u t i o n ,  they  have been known t o  undergo p h o t o l y t i c  decomposi t ion i n  

n e u t r a l  so lvents62 and i n  t h e  gas phase.63 Nitrosoamides behave as t h e  

amine coun te rpa r t s  i n  a c i d i c  so lu t i on .  I n  n e u t r a l  s o l u t i o n ,  these com- 

N-Nitrosamines a re  p o t e n t i a l  Lewis bases due t o  t h e  

They a re  known t o  t r a p  one pro ton :  t h a t  i s  

A l k y l a t i n g  agents 

A c y l a t i o n  r e a c t i o n s  

I n t r a m o l e c u l a r  a c y l a t i o n  a t  oxygen r e s u l t s  

Gr igna rd  reagents52 and l i t h i u m  reagents53 add 

The n i t r o s o  group can be reduced t o  fo rm t h e  cor respond ing  hydra- 
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pounds decompose t o  amidyl  and n i t r i c  ox ide  rad ica ls .64  

The known chemis t ry  o f  N-ni t rosamines and r e l a t e d  compounds i s  n o t  

r e s t r i c t e d  t o  t h e i r  f o rma t ion  and r e a c t i o n s  i n v o l v i n g  o n l y  t h e  n i t r o s o  

group. Because o f  t h e  e l e c t r o n i c  s t r u c t u r e  o f  t h e  n i t rosamine  func t i on ,  

a p o s i t i v e  as w e l l  as a nega t i ve  charge on t h e  a-carbon can be s t a b i l i z -  

ed.65 Thus, via t h e  n i t r o s o  group, an amine has t h e  a b i l i t y  t o  undergo 

n u c l e o p h i l i c  o r  e l e c t r o p h i l i c  r e a c t i o n  a t  t h e  a-pos i t ion .  

z a t i o n  o f  t h e  a-carbon g ives  r i s e  t o  t h e  development o f  l'umpolungll of 

amine r e a ~ t i v i t y . 6 ~ a  The e f f e c t  o f  t h e  n i t rosamine  f u n c t i o n  on remote 

f u n c t i o n a l  groups i n  t h e  molecule has been s t u d i e d  i n  r e l a t i o n  t o  i t s  

anch imer ic  ass i s tance  i n  s o l v o l y s i s  react ions,66 i n  r i n g   expansion^,^^ 
and i n  e l i m i n a t i o n  react ions.68 Loeppky e t  al.69 have made cons ide rab le  

p rogress  i n  t h e  s tudy  o f  chemical and biochemical  t rans fo rma t ions  o f  B- 

o x i d i z e d  n i t rosamines .  

environmental  carc inogenes is  and metabol ism o f  d i a l k y l  n i t rosamines. The 

syn thes i s  and chemis t ry  o f  a -hydroxy la ted  n i t rosamines ,  and d e r i v a t i v e s  

the reo f ,  have rece ived  cons ide rab le  a t t e n t i o n . 6 8 a ~ 7 0  T h i s  i n t e r e s t  has 

a r i s e n  because n i  t rosami  nes i n  general  requ i  r e  me tabo l i c  a c t i  v a t i  on t o  

promote cancer. 

~ e s s . ~ 1  

r e s u l t i n g  a-hydroxyni t rosamine 1 i s  q u i t e  unstable.  

breaks down t o  a d iazohydrox ide  2, o r  some o t h e r  species respons ib le  f o r  

t h e  a l k y l a t i o n  o f  n u c l e i c  ac ids  (Eq. 1). A l though i t  i s  by no means 

c e r t a i n  t h a t  n u c l e i c  a c i d  a l k y l a t i o n  i s  respons ib le  f o r  tumor i nduc t i on ,  

a-hydroxyni t rosamines a r e  c r i t i c a l  me tabo l i t es  t h a t  may behave as a t r a n s -  

p o r t a b l e  fo rm of an a l k y l a t i n g  agent.72 I n  a d d i t i o n  t o  a -hydroxy la t ion ,  

enzymatic B-69, ~ - 7 ~  and ~ - 7 ~  o x i d a t i o n  can occur. Thus, t h e  prepara- 

t i o n  and chemical p r o p e r t i e s  o f  t hese  me tabo l i t es  a r e  a l s o  o f  i n t e r e s t .  

Anion s t a b i l i -  

T h i s  t y p e  o f  compound p l a y s  an impor tan t  r o l e  i n  

The f i r s t  s tep  i n  a c t i v a t i o n  i s  t h e  a -hyd roxy la t i on  p ro -  

Although, t h e  enzymatic o x i d a t i o n  i s  a d e t o x i f i c a t i o n  step, t h e  

The i n t e r m e d i a t e  
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SAAVEDRA 

NO NO 
2 (1) 1 

RN,@ Alkylation 

A grea t  deal  o f  t h e  bas i c  o rgan ic  chemis t ry  o f  N - n i t r o s o  compounds 

remains unexplored. Yet, sound o rgan ic  chemical knowledge o f  N - n i t r o s -  

amines i s  e s s e n t i a l  i f  we a r e  t o  un rave l  t h e  mechanisms i n v o l v e d  i n  ca r -  

c inogenesis.  I r o n i c a l l y ,  i t  i s  p r e c i s e l y  because o f  t h e i r  ca rc inogen ic  

p r o p e r t i e s  t h a t  exhaust ive  e x p l o r a t i o n  o f  t h e  use fu lness  o f  N - n i t r o s o  

compounds as i mportant s y n t h e t i c  i n te rmed ia tes  has been neglected. Sev- 

e r a l  review a r t i c l e s  d e a l i n g  w i t h  d i f f e r e n t  aspects o f  t h e  chemis t ry  of 

n i t rosamines  have been publ ished. 

i e s t  a r t i c l e s ,  where they  d iscuss  t h e  advances i n  t h e  chemis t ry  of a l i p h -  

a t i c  N-ni t rosamines. Formation, i n h i b i t i o n  and d e s t r u c t i o n  o f  n i t r o s -  

amines were reviewed by Douglass e t  a1.75 A recent  chapter  by C h a l l i s  

and co-worker38b g ives  a thorough survey on t h e  fo rma t ion  and decomposi- 

t i o n  o f  N-ni t rosamines and N-n i t roso imines .  

chemis t ry  o f  N -n i t roso  compounds was presented  by A n ~ e l m e . ~ ~  Recent re -  

views by O l a j o s  -- e t  a l . l a  and D igen is  -- e t  a l . l b  cover some aspects of t h e  

o rgan ic  chemis t ry  o f  N-ni t rosamines, and N-nitrosoamides; however, t h e i r  

main focus  i s  on t h e  b iochemis t ry  o f  these compounds. 

Wi l l iams39b have w r i t t e n  two e x c e l l e n t  reviews on t h e  mechanism o f  n i t r o -  

sa t ion .  It i s  our  purpose i n  t h i s  review t o  cen te r  a t t e n t i o n  on t h e  

o rgan ic  chemis t ry  o f  N-ni t r o s o  compounds, t h e i  r syntheses and reac t ions ,  

Fridman e t  a l .40 w ro te  one o f  t h e  e a r l -  

A b r i e f  review on t h e  o rgan ic  

Ridd39a and 

r a t h e r  than t o  focus on t h e i r  b iochemis t ry ,  ca rc inogen ic  p r o p e r t i e s  o r  

environmental  i m p l i c a t i o n s .  B a s i c a l l y ,  on l y  proven s y n t h e t i c  methods and 
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RECENT SYNTHETIC APPLICATIONS OF N-NITROSAMINES AND RELATED COMPOUNDS 

reac t i ons  a re  d iscussed here, t he re fo re ,  i n  most cases no c r i t i c a l  eva lu -  

a t i o n  o f  each procedure i s  given. 

I. SYNTHESIS OF N-NITROSO COMPOUNDS 

N-ni t rosamines have been formed i n  t h e  r e a c t i o n  o f  va r ious  n i t r o s a t -  

i n g  agents w i t h  pr imary,  secondary, and t e r t i a r y  amines, as w e l l  as from 

a m i d e ~ . ~ ~ - ~ O  They can be formed i n  t h e  gas phase, i n  a c i d i c  o r  bas i c  

media77 and i n  o rgan ic  so lvents .  There a r e  agents which ca ta lyze ,  o r  

i n h i b i t  t h e  n i t r o s a t i o n  reac t i on .  Y ie lds ,  rang ing  f rom q u a n t i t a t i v e  t o  

t r a c e  amounts have been reported. We w i l l  l i m i t  ourselves,  i n  t h i s  sec- 

t i o n ,  t o  n i t r o s a t i o n  r e a c t i o n s  o f  s y n t h e t i c  va lue  s u i t a b l e  f o r  t h e  prepar -  

a t i o n  o f  q u a n t i t i e s  u s e f u l  f o r  f u r t h e r  s tud ies .  

1. N i t r o u s  Ac id  i n  Aqueous Media 

The most commonly used n i t r o s a t i n g  agent i s  sodium n i t r i t e  i n  aqueous 

a c i d i c  s o l u t i o n s  a t  pH 2-5. 

amine-format ion f rom secondary amines u s i n g  sodium n i t r i t e  i n  aqueous 

K i n e t i c s  and mechanism s t u d i e s  o f  N -n i t ros -  

b u f f e r s  i n d i c a t e  t h a t  t h e  a c t u a l  n i t r o s a t i n g  species a t  moderate pH i s  

(NOX). Th is  n i t r o s a t i n g  agent i s  formed f rom t h e  i n t e r a c t i o n  o f  p r o t o n a t -  

ed n i t r o u s  a c i d  (H20t-NO) and a n u c l e o p h i l i c  c a t a l y s t  (X-). When t h e  nuc- 

l e o p h i l i c  c a t a l y s t  i s  t h e  n i t r i t e  i n  i t s e l f ,  t h e  r e a c t i v e  n i t r o s a t i n g  

species i s  n i t r o g e n  t r i o x i d e  (N2O3). Other  common c a t a l y s t s  ( X ' )  are  

c h l o r i d e  i o n s  ( C l - )  and th iocyana te  i o n s  (SCN-). M i r v i s h 7 8  has repo r ted  

t h a t  amines o f  pKa > 5, show a pH-dependence d u r i n g  n i t r o s a t i o n ,  w i t h  an 

optimum va lue  a t  pH 3.4, t h a t  i s ,  t h e  amine b a s i c i t y  determines t h e  p ro -  

p o r t i o n  o f  unpro tonated  amine a v a i l a b l e  f o r  n i t r o s a t i o n .  Thus, t h e  reac- 

t i o n  r a t e  depends on t h e  concen t ra t i on  o f  non- ion ized amine as w e l l  as 

t h e  n i t r o s a t i n g  agent, and i t  i s  represented  by t h e  equa t ion  r a t e  = k 

[ R z N H I  [HN0,1.2 F o r  weakly b a s i c  amines, t h e  r e a c t i o n  r a t e s  a r e  indepen- 

dent o f  t h e  amine concent ra t ion ,  b u t  p r o p o r t i o n a l  t o  t h e  n i t r o s a t i n g  
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SAAVEDRA 

agent. 

a t  low pH, t h e  ease o f  n i t r o s a t i o n  inc reases  as t h e  b a s i c i t y  decreases.78c 

However, many weak bases a re  t o o  u n r e a c t i v e  t o  fo rm n i t r o s o  compounds 

w i t h  N2O3. 

r a t e  equation, r a t e  = k [R2NH] CHN021 CH30'1, where t h e  n e u t r a l  amine o r  

amide r e a c t s  d i r e c t l y  w i t h  n i t r o s o n i u m  i o n  (NOt) o r  n i t r o u s  ac id ium ion.79 

T y p i c a l l y ,  aqueous media n i t r o s a t i o n  of amines and amides a re  c a r r i e d  ou t  

a t  0' t o  25' i n  su l fu r i c ,80  acetic,81 hydroch lo r ic ,81  formic,82 o r  n i t r i c  

acid83 and sodium n i t r i t e .  A y e l l o w  o i l  genera l l y  separates ou t  i n d i c a t -  

i n g  t h e  fo rma t ion  o f  t h e  n i t rosamine,  which may be p u r i f i e d  by column 

chromatography or,  i f  v o l a t i l e ,  by vacuum d i s t i l l a t i o n .  C o n f i g u r a t i o n a l  

isomers i n  s u b s t i t u t e d  c y c l i c  n i t rosamines  have been p u r i f i e d  and separa t -  

ed by p r e p a r a t i v e  HPLC.84 

p r e c i p i t a t i o n  o f  t h e  n i t rosourea ,  which may then be p u r i f i e d  by r e c r y s t a l -  

l i z a t i o n . 8 0  

can be c a r r i e d  ou t  e f f e c t i v e l y  a t  pH 1 w i t h  n i t r o u s  a c i d  i n  a two phase 

system, u s u a l l y  a water-methylene c h l o r i d e  mix tu re .  

Since weakly bas i c  amines a re  no t  p ro tona ted  t o  a l a r g e  e x t e n t  

Therefore, a t  h i g h  a c i d i t y  t h e  r e a c t i o n  pathway f o l l o w s  t h e  

N i t r o s a t i o n  o f  some ureas o f t e n  r e s u l t s  i n  t h e  

The n i t r o s a t i o n  o f  a m i d e ~ , ~ ~  i n c l u d i n g  ureas and ~ a r b a m a t e s ~ ~ b  

2. N i t r o s y l  C h l o r i d e  and N i t r o s y l  T e t r a f l u o r o b o r a t e  i n  Organic 

Sol vents 

N i t r o s y l  c h l o r i d e  i s  formed i n  aqueous media when n i t r i t e  s a l t s  and 

aqueous h y d r o c h l o r i c  a c i d  a re  used i n  n i t r o s a t i o n  reac t ions .  

gaseous n i t r o s y l  c h l o r i d e  can be bubbled i n t o  an o rgan ic  s o l u t i o n  o f  an 

arnine t o  fo rm a m i x t u r e  o f  t h e  cor respond ing  n i t rosamine  and t h e  amine 

hydroch lo r ide86.  

s t a r t i n g  amine i s  conver ted  t o  i t s  sodium s a l t  3 i n  t e t r a h y d r o f u r a n  which 

i s ,  i n  tu rn ,  t r e a t e d  w i t h  N O C l  a t  -7OOC. 

fo l lowed by p u r i f i c a t i o n  gave sometimes t o  q u a n t i t a t i v e  y i e l d s  o f  n i t r o s -  

a m i n e ~ ~ ~  (Eq. 2). P y r i d i n e  was a l s o  employed as a scavenger f o r  hydrogen 

However, 

To a v o i d  t h e  fo rma t ion  of t h e  amine hyd roch lo r i de ,  t h e  

Simple i s o l a t i o n  procedures, 
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RECENT SYNTHETIC APPLICATIONS OF N-NITROSAMINES AND RELATED COMPOUNDS 

c h l o r i d e  g i v i n g  h i g h  y i e l d s  o f  N-nitrosamines.87 A h i t h e r t o  d i f f i c u l t  

syn thes i s  o f  2 ,2 -d isubs t i tu ted  n i t rosooxazo l i d ines88  became p o s s i b l e  by 

u s i n g  N O C l  i n  methylene ch lo r ide-po tass ium carbonate media a t  0°C.89 

(2) 
NaH NOCl 

R,NH - R2NNa - R,NNO + NaCl 
THF -70" 

3 

N-arylamidesgo and N-(=-butyl)amides91 have been n i t r o s a t e d  w i t h  

NOC1. However, i n  these cases, N204 g i ves  much b e t t e r  resul ts.91 

s a t i o n  o f  1 ,3 -d ia ry lu reas  5 w i t h  n i t r o s y l  c h l o r i d e  i n  dimethyl formamide 

a t  0°C gave 1 ,3-d ia ry ln i t rosoureas  5 i n  59-96% y i e l d s g 2  (Eq. 3 ) .  

N i t r o -  

4 5 

Ni t rosamino ac ids  have been prepared i n  l a r g e  q u a n t i t i e s  by n i t r o -  

s a t i o n  w i t h  n i t r o s y l  t e t r a f l u o r o b o r a t e  (NOBF4) i n  a c e t o n i t r i l e  and p y r i -  

dine.93 T h i s  n i t r o s a t i n g  agent, a source o f  t h e  n i t r o s o n i u m  i o n  (NOt), 

i s  a l s o  e f f e c t i v e  i n  t h e  syn thes i s  o f  N-ni t rosoamides 5 and N-n i t roso-  

sul fonamides 9 under bas i c   condition^.^^ The amide or sul fonamide i n  

e t h e r  i s  f i r s t  conver ted  t o  t h e  sodium or l i t h i u m  s a l t ,  t hen  n i t r o s a t e d  

w i t h  NOBF4 a t  0" (Eq. 4). 

0 0 0 
II M +  II(-) NOBF, I I  

RXNR' - RXNR' - RXNR' 
H Na(+) NO (4) 

6a; X = C 
b; x = so 
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SAAVEDRA 

3. 

The ox ides  o f  n i t r o g e n  i n v o l v e d  i n  amine or amide n i t r o s a t i o n  a re  

N i t r o s a t i o n  by Oxides o f  N i t rogen  i n  Organic Media 

n i t r i c  ox ide  (NO), d i n i t r o g e n  t r i o x i d e  (N2O3) and d i n i t r o g e n  t e t r a o x i d e  

( N z O ~ ) . ~ ~  D i n i t r o g e n  t r i o x i d e  (N2O3) i n  o rgan ic  so l ven ts  g ives  h i g h  

y i e l d s  o f  n i t rosamines;95 i t  a l s o  n i t r o s a t e s  1 ,3 -d ia ry lu reas  4 i n  good 

y i e l d s  ( E q .  3).  

Amides i n  carbon t e t r a c h l o r i d e  and a c e t i c  a c i d  a r e  e f f e c t i v e l y  n i t r o s a t e d  

w i t h  gaseous N ~ 0 3 . ’ ~  

amides i s  n i t r o g e n  t e t r a o x i d e  (N2O4). 

0°C i n  carbon t e t r a c h l o r i d e - a c e t i c  acid,  and i t  goes t o  comple t ion  w i t h i n  

10 ~ n i n . ~ ~  

t h e  reac t i on ,  sodium ace ta te  i s  used as a base. N2O4 i n  methylene c h l o r -  

i d e  a t  0°C i s  a good n i t r o s a t i n g  agent f o r  secondary amines; however a t  

-80°, t h i s  reagent becomes a n i t r a t i n g  agent.97 

n i t r o s a t e s  1 ,3 -d ia ry lu reas  2 ( E q .  3).92 However, when t h e  a r y l  r i n g s  

were s u b s t i t u t e d  w i t h  methoxy groups, 2 (R = OMe), d i n i t r o g e n  t e t r a o x i d e  

gave n i t r o  and d i n i t r o  d e r i v a t i v e s  on t h e  p o s i t i o n s  o f  t h e  aromat ic  

r ings .  

f o l l owed  by i n  s i t u  n i t r o s a t i o n ,  was accomplished w i t h  N2O4 i n  carbon 

t e t r a c h l o r i d e  a t  0-45°C. 

A c e t i c  anhydr ide  may be used as a s o l v e n t  i n  t h i s  reac t i on ,  bu t  t h e  

y i e l d s  o f  n i t rosamine  were nuch lower. N i t r i c  ox ide  (NO) a lone i s  i n a c t -  

i v e  as a n i t r o s a t i n g  agent. 

t o  t h e  r e a c t i v e  species N2O3 and N204.” 

i d e  i n  t h e  absence o f  oxygen does occur where ca ta l yzed  by i od ide ,  or 

A g ( I ) ,  C u ( I ) ,  C u ( I I ) ,  Z n ( I I ) ,  F e ( I I I ) ,  and C o ( I 1 )  sal ts.38 Equimolar 

concen t ra t i ons  of Ag(1) s a l t s  and p i p e r i d i n e ,  c o n t a i n i n g  t r i e t h y l a m i n e  

o r  2,2,6,6-tetramethylpiperidine, gave 100% y i e l d  of n i t r o s o p i p e r i d i n e  1. 

The l a t t e r  n i t r o s a t i o n  i s  c a r r i e d  ou t  i n  DMF a t  0°C.92 

The bes t  reagent f o r  t h e  p r e p a r a t i o n  o f  n i t r o s o -  

The r e a c t i o n  i s  c a r r i e d  ou t  a t  

To avo id  d e n i t r o s a t i o n  caused by n i t r i c  a c i d  formed d u r i n g  

A t  0°C i n  DMF, N2O4 

Demethy la t ion  o f  a l i p h a t i c  a c y c l i c  and c y c l i c  t e r t i a r y  amines, 

The y i e l d s  o f  n i t rosamine  ranged from 42-89%.98 

I n  t h e  presence of oxygen, NO, i s  o x i d i z e d  

Rapid n i t r o s a t i o n  by n i t r i c  ox- 
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RECENT S Y N T H E T I C  A P P L I C A T I O N S  OF N-NITROSAl4INES AND RELATED COMPOUNDS 

(Eq. 5). The r e a c t i o n  proceeds via t h e  i n t e r a c t i o n  of NO w i t h  t h e  amino 

r a d i c a l  c a t i o n  i n t e r m e d i a t e  d e r i v e d  f rom t h e  Ag(I1)-amine complex.100 

N-Nitrosamines have been formed q u a n t i t a t i v e l y  w i t h  NO and i o d i n e  (12) 

i n  bas i c  aqueous solut ions.101 

s o l v e n t s  t o  i nc rease  t h e  s o l u b i l i t y  of t h e  i od ine .  

- v i a  t h e  i n t e r a c t i o n  o f  n i t r o s y l  i o d i d e  w i t h  t h e  unpro tonated  amine. 

s a t i o n  by NO i n  o rgan ic  s o l v e n t s  i s  ca ta l yzed  by i o d i d e  s a l t s  i n  t h e  p re -  

sence o f  hydrogen iod ide .  N i t r o s y l  i o d i d e  i s  generated under these reac- 

t i o n  cond i t i ons ,  and i s  t h e  a c t u a l  n i t r o s a t i n g  species.100 

Ethano l  o r  a c e t o n i t r i l e  a r e  used as co- 

The r e a c t i o n  proceeds 

N i t r o -  

A g ' +  2 0 + Ago + R,NH+ (5 )  

H NO 

7 

4. 

A l k y l  n i t r i t e s  d e r i v e d  f rom monohydric a l c o h o l s  a r e  r e a c t i v e  under 

N i t r o s a t i o n  w i t h  N i t r i t e  E s t e r s  i n  Organic So lvents  

a c i d i c ,  thermal  and p h o t o l y t i c  condit ions.38b Compounds o f  t h i s  t y p e  

bear ing  e lec t ron -w i thd raw ing  B -subs t i t uen ts lo2  n i t r o s a t e  amines r a p i d l y  

i n  a l k a l i n e  aqueous s 0 l u t i o n s . 1 ~ ~  I n  o rgan ic  so lvents ,  n i t r i t e  e s t e r s  

a r e  convenient n i t r o s a t i n g  agents due t o  t h e i r  pronounced s o l u b i l i t y  i n  

these media. 

t h e  amino lys i s  o f  phenethy l  n i t r i t e  i n  61% dioxane-water. The r e a c t i o n  

i n v o l v e s  a n u c l e o p h i l i c  s u b s t i t u t i o n  on t h e  sp2 h y b r i d i z e d  t r i v a l e n t  

n i t rogen .  A p r o t o n  t r a n s f e r  occurs i n  t h e  ra te -de te rm in ing  step, and i t  

probab ly  proceeds th rough a concer ted  mechanism, as shown i n  Eq. 6. The 

r e a c t i o n s  i n  t h i s  r e p o r t  were n o t  c a r r i e d  ou t  on a p r e p a r a t i v e  scale.  

However, p roduc t  a n a l y s i s  by gas chromatography i n d i c a t e d  t h a t  N -n i t roso -  

p i p e r i d i n e  was formed i n  100% y i e l d .  

Oae e t  a l . l o4  i n v e s t i g a t e d  t h e  k i n e t i c s  and mechanism o f  
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SAAVEDRA 

H -- N R i  
I I 
I I 

RON0 + RiNH __t R -O--NZ-O - ROH + RiNNO (6) 

Quan t i  t a t i  ve fo rma t ion  of N-methyl-N-ni t r o s o a n i  l i n e  and N-ni t r o s o d i  - 
phenylami ne were observed upon t rea tment  o f  t h e  cor respond ing  ami nes 

w i t h  t - b u t y l  n i t r i t e  i n  a c e t i c  acid-hexane a t  0" (Eq. 7 ) .  

cou ld  n o t  be ob ta ined  i n  e i t h e r  aqueous, or non-aqueous, n i t r o s a t i n g  

systems.106 

These compounds 

As n-BuONO 

8,A H0AC:Hexan: 

I 0" H 

(7) 

8 

NO 

9 

5. 

An i n d i r e c t  r o u t e  t o  n i t rosamines  under n e u t r a l  c o n d i t i o n s  has been 

Misce l laneous N i t r o s a t i o n s  o f  S y n t h e t i c  Value 

repo r ted  where carbamoyl c h l o r i d e s  10 w i t h  sodium n i t r i t e  i n  a c e t o n i t r i l e  

g i v e  t h e  cor respond ing  n i t rosamine  i n  76% t o  100% y i e l d s . l o 7  

proceeds th rough a carbamoyl n i t r i t e  i n t e r m e d i a t e  fl (Eq. 8). 

t i o n  dep ic ted  i n  Eq. 8 was a t  f i r s t  thought  t o  occur via a homo ly t i c  c l e a -  

vage o f  t h e  N-0 bond t o  g i v e  aminyl  r a d i c a l s  and n i t r i c  oxide, which on 

recombina t ion  would fo rm t h e  cor respond ing  n i t rosamine.  However, t h e  

h i g h  y i e l d s  o f  pure  n i t rosamines  ob ta ined  f rom t h i s  r e a c t i o n  probab ly  

r u l e  o u t  t h e  f r e e  r a d i c a l  mechanism f a v o r i n g  a concer ted  o r  an i o n - p a i r  

The r e a c t i o n  

The reac- 

d i s s o c i a t i o n  process. 

0 It CHSCN [ ? ] 4 0 2  

R,NCCI + NaN02 - R,NCO-NO - R2NN0 (8) 

70 77  
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RECENT SYNTHETIC APPLICATIONS OF N-NITROSAMINES AND RELATED COMPOLJXDS 

N-Chlorodialkylamines 12 can be converted t o  t h e  corresponding n i -  

trosamines w i t h  two equiva lents  o f  sodium n i t r i t e  suspended i n  acetoni -  

t r i l e  a t  re f l ux . l o8  The r e a c t i o n  takes p lace via n u c l e o p h i l i c  d isp lace-  

ment o f  n i t r i t e  i o n  on c h l o r i n e  and t h e  generat ion o f  N204 which ac ts  as 

t h e  n i t r o s a t i n g  agent (Eq. 9). 

(9) 
A 

CH,CN 
R,NCI + 2NaN0, - R,NNO + NaN0, + NaCl 

72 

Under phase t r a n s f e r  condi t ions,  amines are converted t o  t h e  corres-  

ponding N-nitrosamines i n  t h e  presence o f  N-chlorosuccinimide, two equi-  

va lents  o f  sodium n i t r i t e  and a quaternary ammonium sa l t . l o9  The reac- 

t i o n  o f  N-chlorosuccinimide w i t h  n i t r i t e  forms n i t r y l  c h l o r i d e  (NO2C1) 

which, upon r e a c t i o n  w i t h  a second mole o f  n i t r i t e ,  produces t h e  actual  

n i t r o s a t i n g  agent, i n  t h i s  case N2O4 (Eq. 10). Halogenat ing agents, 

than N-chlorosuccinimide are a l s o  e f f e c t i v e  i n  mediat ing n i t r o s a t i o n  

react ions.  

o the r  

( + I  
R ~ N C I ( - )  

R,NH + G N C I  + 2NaN0, - H,O/CH,CI, R,NNO (1 0) 

0 

A m ix tu re  o f  sodium n i t r i t e  i n  a c e t i c  ac id -ace t i c  anhydride n i t r o -  

sates amides i n  good y i e l d  w i t h i n  15 h r  a t  0°C.91 A s y n t h e t i c  r o u t e  t o  

ni t rosoamides has been developed i n  order  t o  i n t roduce  a n i t r o s o  moiety 

con ta in ing  nitrogen-13. 

obta ined i n  t h e  form o f  13N03-. The r e a c t i o n  i nvo l ves  copper reduct ion 

o f  NO3' t o  NO*' i n  g l a c i a l  a c e t i c  a c i d  wi th concomitant n i t r o s a t i o n  o f  t h e  

amide.110 The reac t i on  i s  c a r r i e d  ou t  a t  2 5 O C  and i t  goes t o  completion 

w i t h i n  5 min. This  pathway has prov ided good y i e l d s  o f  13N-labeled s t rep -  

This  i so tope  i s  c y c l o t r o n  produced and i t  i s  
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SAAVEIDRA 

t ozo toc in ,  n i t r o s o c a r b a r y l  and N-n i t roso -2 -py r ro l i done  t o  be used i n  d i s -  

t r i b u t i o n  s tud ies .  Potassium n i t r o s o d i s u l f o n a t e  (Fremy's s a l t )  reac ts  

w i t h  secondary and t e r t i a r y  amines i n  aqueous sodium carbonate o r  p y r i d i n e  

s o l u t i o n  t o  fo rm t h e  cor respond ing  n i t rosamine  i n  moderate y i e l d s . l 1 2  

H igh  y i e l d s  o f  n i t rosamines  were ob ta ined when a secondary amine was t r e a -  

t e d  w i t h  Fremy's s a l t  i n  aqueous sodium carbonate s o l u t i o n  i n  t h e  presence 

of hydroxy1amine.l12 2-Cyano-2-propyl n i t r a t e  has been used i n  t h e  phase- 

t r a n s f e r  ca ta l yzed  n i t r o s a t i o n  o f  2 -ary1-3-n i t ro indo les ,  b u t  i t s  use i s  

l i m i t e d  t o  these compounds.l13 

11. N-NITROSAMINES AS SYNTHETIC EQUIVALENTS OF a-SECONDARY 

AMINO AND a-PRIMARY AMINO CARBANIONS 

The fo rma t ion  o f  carbon-carbon bonds i s ,  i n  general,  a p o l a r  process 

i n v o l v i n g  t h e  i n t e r a c t i o n  o f  a n u c l e o p h i l i c  and an e l e c t r o p h i l i c  center.  

The e l e c t r o n i c  environment con fe r red  by t h e  a c t i v a t i n g  group a t tached  t o  

t h e  carbon i s  what determines t h e  " p h i l i c i t y "  o f  t h a t  carbon.l14 Many 

t a r g e t  molecules i n  o rgan ic  syn thes i s  c o n t a i n  n i t r o g e n  and thus a - n i t r o -  

gen -subs t i t u ted  carbanions a re  va luab le  i n te rmed ia tes  t o  r e a c t  w i t h  e lec -  

t r o p h i l e s  t o  fo rm new bonds.l15 

p h i l i c  center,  t h a t  i s ,  a 

t o  s t a b i l i z e  an a-carbanion (THNHR). 

ad jacent  carbanion, i t s  normal r e a c t i v i t y  mode must be reversed th rough 

a temporary heteroatom m o d i f i c a t i o n  t o  13. I t  i s  now p o s s i b l e  t o  c a r r y  

ou t  reac t i ons  w i t h  e l e c t r o p h i l e s  on t h e  a-carbon, which i s  now a donor 

(d )  o r  n u c l e o p h i l i c  center,  t o  fo rm a new compound 14. Removal o f  t h e  

mod i f y ing  group ( X )  t o  15 w i l l  r e s t o r e  t h e  normal r e a c t i v i t y  as o u t l i n e d  

i n  Eq. 11. Th is  process i s  u n i v e r s a l l y  known as "umpolung", and i n  t h e  

case o f  n i t r o g e n  i t  i s  s p e c i f i c a l l y  c a l l e d  "umpolung of amine r e a c t i v -  

itY".65a Genera l l y ,  a l l  t h a t  i t  r e q u i r e s  t o  reve rse  t h e  p o l a r i t y  o f  t h e  

N i t r o g e n  normal ly  behaves as a nucleo- 

donor (d )  heteroatom,l16 and thus  i s  unab le  

F o r  t h a t  n i t r o g e n  t o  s t a b i l i z e  an 
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RECENT S Y N T H E T I C  A P P L I C A T I O N S  OF N-NIT'ROSAMINES AND FXLATED COMPOUVDS 

amino n i t r o g e n  i s  t o  g i v e  i t  a p a r t i a l  p o s i t i v e  charge. 

l i s h e d  by t h e  i n t r o d u c t i o n  o f  an e lec t ron -w i thd raw ing  group which w i l l  

t hen  promote t h e  fo rmat ion  of an a-carbanion 2, where d i p o l e  p o l a r i z a t i o n  

f a c t o r s  c o n t r i b u t e  t o  i t s  s t a b i  l i z a t i 0 n . 1 1 ~  

Th is  i s  accomp- 

13 15 

1. a-Secondary Amino Carbanions. React ion  w i th  E l e c t r o p h i l e s  

The f i r s t  i n d i c a t i o n  t h a t  n i t rosamines  were p o t e n t i a l l y  u s e f u l  as 

a-secondary amino ca rban ion ic  synthons was repo r ted  by Keefer  e t  a l w  

They observed t h a t  a number o f  a l i p h a t i c  n i t rosamines  undergo base-cat- 

a l yzed  hydrogen-deuterium exchange. A t y p i c a l  example i s  t h a t  o f  N-n i -  

troso-4-methylpiperazine 16, which on exposure t o  sodium deuterox ide  i n  

deuter ium ox ide  a t  100°C gave t h e  t e t r a d e u t e r a t e d  d e r i v a t i v e  

115 min. T h i s  exchange, the re fo re ,  gave evidence f o r  t h e  involvement o f  

an a-n i t rosamino carban ion  16a i n  t h e  exchange r e a c t i o n  (Eq. 12). More- 

over, t h i s  procedure has become t h e  s tandard  method f o r  t h e  syn thes i s  o f  

numerous deu t e r i  um- , 65a s 68b, 81 1 19 and t r i  t i  um- 1 a be 1 ed n i t rosami nes .1 Z o  

The e f f e c t s  o f  s te reochemis t ry  and t h e  s t e r e o e l e c t r o n i c  c o n t r o l  on t h e  

w i t h i n  
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SAAVEDRA 

r a t e s  of hydrogen-deuterium exchange o f  a-protons i n  c y c l i c  n i  t rosami  nes 

have been s t ~ d i e d . ~ ~ d ~ l ~ 1  

I n  1972, Seebach e t  a1.122 r e p o r t e d  t h a t  m e t a l a t i o n  o f  d ime thy l -  

n i t rosamine  18 w i t h  l i t h i u m  d i i sop ropy lamide  a t  -80°C conver ted  i t  quan- 

t i t a t i v e l y  t o  t h e  cor respond ing  l i t h i o n i t r o s a m i n e  2. The l i t h i o n i t r o s -  

amine 19 t h e n  undergoes a l k y l a t i o n  or a c y l a t i o n  w i t h  va r ious  e l e c t r o p h i l e s  

t o  fo rm t h e  cor respond ing  adduct 20. 
secondary amine - 21 .122bs123 

o f  d imethylamine t o  d ime thy ln i t rosamine  18 t o  t h e  fo rma t ion  o f  a new 

amine 2, e s t a b l i s h e d  N-ni t rosamines as umpolung synthons f o r  a-secondary 

amino carbanions (Eq. 13). Treatment o f  t h e  l i t h i o n i t r o s a m i n e  - 19 w i t h  an 

D e n i t r o s a t i o n  o f  20 prov ided  a new 

The e n t i r e  process, f rom t h e  n i t r o s a t i o n  

LDA 
CH3NCH3 - CH3NCH3 - Li(+N-)CHPNCH3 

H NO -80' NO 

18 19 

20 27 

a l k y l a t i n g  agent such as methyl  i o d i d e  gave me thy le thy ln i t rosamine  - 20 

(E = CH3) i n  75% y i e l d .  

- 20 (E = CH2Ph) i n  95% y i e l d ,  and h y d r o x y a l k y l a t i n g  agents, i.e. 2 - b u t y r a l d e -  

hyde, produced 20 (E = CHOHn-C3H7) i n  80% yield.122 Me ta la ted  n i t rosamines  

a l s o  r e a c t  w i t h  he teroa tom-conta in ing  e l e c t r o p h i l e s  t o  f o r m  a-heterosub- 

s t i t u t e d  n i t r o ~ a m i n e s . 1 ~ ~  

d i s u l f i d e ,  and w i t h  d ipheny l  d i s u l f i d e  i n  THF a t  -78OC t o  fo rm t h e  co r res -  

ponding a - m e t h y l t h i o d i a l k y l - ,  23a (R'= Me) and t h e  a - p h e n y l t h i o d i a l k y l n i -  

t rosamine 9 (R'= Ph) r e s p e c t i v e l y  (Eq. 14). 

and t r i m e t h y l s t a n n y l  c h l o r i d e  add t o  22 forming t h e  corresponding etri- 

B e n z y l a t i n g  agents such as benzyl  bromide formed 

A l i t h i o n i t r o s a m i n e  - 22 r e a c t s  w i t h  d ime thy l  

T r i m e t h y l s i l y l c h l o r i d e ,  
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RECENT SYNTHETIC APPLICATIONS OF N-NITROSAMINES AND RELATED COMPOUNDS 

m t h y l s i l y l  - 24 and t h e  a-trimethylstannyldialkylnitrosamine 25. For t h e  

i n t r o d u c t i o n  o f  a phenylseleno group on t h e  a-pos i t ion ,  d ipheny l  d i s e l e -  

n i d e  was used t o  fo rm 26 (Eq. 14). 

be f u r t h e r  conver ted  t o  t h e i r  cor respond ing  s u l f o x i d e s  on o x i d a t i o n  

a-Thio n i t rosamines  23a and 9 can 

R 
I I  R 

I 

NO 

R 
1 

NO 
RNCHSe Ph 

9 1  
RNCHSn- 

NO I 

25 26 

w i t h  potassium p e r i o d a t e  i n  aqueous 1 n e d i a . 1 ~ ~  The a - t r i m e t h y l s t a n n y l n i -  

t rosamine 25 can undergo r e a c t i o n  w i t h  a romat ic  aldehydes a t  60-80°C f o r  

9-18 h r s  t o  give, a f t e r  a c i d  h y d r o l y s i s  o f  t h e  s tanny l  e t h e r  9, t h e  

cor respond ing  N-ni t rosoarylethanolamine 27 i n  40-72% y i e l d s ,  (Eq. 15).125 

The a-phenylselenonitrosamines 26 a r e  u s e f u l  reagents i n  t h e  syn thes i s  

o f  v i n y l i c  n i t rosamines  upon o x i d a t i v e  e l i m i n a t i o n  o f  pheny lse len i c  

a c i  d.68a 

25 - RN AAr HCI RN (1 5) 
ArCHO 

A 
NO OSn- 

1 

25b 27 
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SAAVEDRA 

A d d i t i o n  o f  c a r b o x y l i c  a c i d  c h l o r i d e s ,  anhydrides, o r  e s t e r s  t o  li- 

t h i o a n i o n s  28 g ive  a -acy la ted  n i t rosamines  2 i n  poor y ie lds .122b How- 

ever, t h e  y i e l d s  o f  2 can be improved by u s i n g  a c y l  cyanides 

a c y l a t i n g  e l e c t r o p h i l e s  ( E q .  l 6 ) . l Z 5  

amine 28 g ives  N-ni t roso-a-aminoacids - 29c i n  20-90% y ie lds .12  

A d d i t i o n  o f  C02 t o  t h e  

as t h e  

i t h i o n  

b,126 

t r o s -  

The 

methyl  e s t e r s  o f  N-ni t roso-a-aminoacids 29d a r e  i s o l a t e d  i n  y i e l d s  of 59- 

97% when t h e  e l e c t r o p h i l e  used i s  methyl  ch lo ro fo rma te  ( E q .  16).127 

0 
II 0 

II RNCH,-Li+ -* R'CX RNCH,CR' 
NO NO 

28 29a R '  = CH3 (22%) 

b R '  = Ph (54%) 

c R '  = OH (20-90°/o) 

d R '  = OCH, (59-97%) 

There i s  cons ide rab le  r e g i o -  and s t e r e o s p e c i f i c i t y  i n  e l e c t r o p h i l i c  

r e a c t i o n s  w i t h  c y c l i c  nitrosamines.121c,128 The an ion  of N-n i t roso-4-  

p h e n y l p i p e r i d i n e  30 g ives  on ly  t h e  a x i a l - s u b s t i t u t e d  p roduc t  2 upon r e -  

a c t i o n  w i t h  an e l e c t r o p h i l e .  A second l i t h i a t i o n  w i t h  l i t h i u m  d i i s o p r o -  

pylamide g i ves  t h e  2 ,6 -d iax ia l  d e r i v a t i v e  32 ( E q .  17).121b 

t i o n a l  s t e r e o s p e c i f i c i t y  i n  e l e c t r o p h i l i c  r e a c t i o n  i s  a l s o  i l l u s t r a t e d  

The conforma- 

i n  t h e  syn thes i s  o f  t h e  *-isomer 35 o f  t h e  n a t u r a l l y  o c c u r r i n g  pseudo- 

conhydr in,  which has t h e  t r a n s  c o n f i g u r a t i ~ n , l ~ ~  

t r o s o  d e r i v a t i v e  o f  3 - p i p e r i d i n o l  f o l l o w e d  by a l k y l a t i o n  w i t h  f i-propyl 

i o d i d e  gave t h e  a x i a l  adduct 34. Reduct ive  c leavage o f  t h e  n i t r o s o  group 

i n  34 gave t h e  amine - 35 i n  52% y i e l d ,  ( E q .  18).  

M e t a l a t i o n  o f  t h e  n i -  
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RECENT SYNTHETIC APPLICATIONS OF N - N I T R O S M N E S  AND RELATED COIWOUNDS 

d 

30 31 32 

33 34 35 

I n  a d d i t i o n  t o  hemlock a l k a l o i d s  such as pseudoconhydrine 35, o t h e r  

n a t u r a l l y  o c c u r r i n g  compounds have been syn thes ized y& n i t rosamine  anions. 

2 -Ethy l  -5 -hep ty lpy r ro l  i dine  hydroch l  o r i  de 36, a c o n s t i t u e n t  o f  South 

A f r i c a n  f i r e  a n t  venom was prepared by way o f  i t s  a-amino ca rban ion ic  syn- 

thon, N-ni t r o s o p y r r o l  i d i  ne. 130 The a-1 i t h i  oanion of n i  t r o s o p y r r o l  i d i  ne 

has a l s o  been used t o  syn thes i ze  macrostomine 37, t h e  main a l k a l o i d  o f  

papaver macrostormm Bc!iss e t  H ~ e t . 1 ~ 1  

36 

37 UO) 0 

Another f i r e  a n t  venom, se lenops in  A 2, was ob ta ined  f rom i t s  read- 

i l y  a v a i l a b l e  --isomer 38. 
w i t h  potassium t - b u t o x i d e  i n  d ime thy l  s u l f o x i d e  a t  90-100" f o r  60 h r s  

f o l l o w e d  by r e d u c t i v e  d e n i t r o s a t i o n  over  Raney-Ni t o  g i ve  (2) 2 i n  94% 

y i e l d  (Eq. 19).132 

Compound 38 was n i t r o s a t e d ,  t hen  t r e a t e d  
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SAAVEDRA 

2. k+-Ot-BU CH3(CH2)10 \\' 0 H CH, ("' 

38 39 

The use o f  a l k y l -  o r  a r y l l i t h i u m s  f o r  n i t rosamine  an ion  f o r m a t i o n  

shou ld  be avo ided s i n c e  t h e  r e s u l t i n g  l i t h i u m  s a l t s  undergo e l i m i n a t i o n  

t o  g i v e  azomethine im ines  i n t e r m e d i a t e ~ . ~ ~ b  Carbon-carbon bond f o r m a t i o n  

between n i t rosamines  and non-eno l i zab le  carbony l  compounds can be c a r r i e d  

o u t  u s i n g  po tass ium t - b u t o ~ i d e . ~ ~ ~  M e t a l a t i o n  o f  n i t rosamines  w i t h  p o t -  

assium t - b u t o x i  de /bu ty l  l i t h i u m / d i  i sopropy lamine (KDA) takes  p l a c e  more 

r a p i d l y  than  w i t h  l i t h i u m  d i i sop ropy lamide  (LDA) and g ives  more r e a c t i v e  

po tass ium d e r i v a t i  ~ e s . 1 ~ ~  

n i t r o s a m i  nes, "one-pot procedures" have been developed where t h e  in te rmed-  

i a t e  p roduc ts  a r e  n o t  i ~ o l a t e d . ~ ~ ~ b , 1 ~ ~  D e n i t r o s a t i o n  t a k e s  p l a c e  on 

cleavage w i t h  h y d r o c h l o r i c  a c i d  i n  benzene, or r e d u c t i  v e l y  w i t h  Raney-Ni 

i n  t e t r a h y d r o f u r a n .  Aluminum-nickel a l l o y  r a p i d l y  reduces n i t rosamines  

t o  t h e  cor respond ing  secondary amine i n  aqueous a l k a l i . 1 3 4  Removal o f  t h e  

n i t r o s o  group by i t s  sequen t ia l  r e d u c t i o n  w i t h  l i t h i u m  aluminum h y d r i d e  

f o l l o w e d  by Raney-Nickel has a l s o  proven t o  be an e f f e c t i v e  "one-pot 

procedure".133b Sodium borohydr ide-T ic14 i n  glyme i s  a l s o  a conven ien t  

system fo r  t h e  r e d u c t i v e  d e n i t r o s a t i o n  o f  amines.134b 

I n  o rde r  t o  a v o i d  exposure t o  ca rc inogen ic  

2. a-Secondary Amino Carbanions. Format ion o f  1,2,3,-Triazoles 

and Sydnones 

L i t h i o n i t r o s a m i n e s  r e a c t  w i t h  non -eno l i zab le  n i t r i l e s  t o  fo rm 1,2,3- 

t r i a z o l e s  40 i n  45-90% y i e l d s ,  as shown i n  Eq. 20.135 
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RECENT SYNTHETIC APPLICATIONS OF N-NITROSAMINES AND RELATED COMPOUNDS 

40 

Al though some n i t rosamino  ac ids  a r e  r e a d i l y  access ib le  f rom t h e i r  

cor respond ing  secondary a m i n ~ a c i d s , l ~ ~  a much more v a r i e d  s e r i e s  o f  these 

compounds can be ob ta ined  from a-lithionitrosamines~~~b,126,127 as de- 

s c r i b e d  i n  t h e  p rev ious  sec t ion .  

a c e t i c  anhydr ide  g i ve  sydnones 41,51 t hus  a - l i t h i o n i t r o s a m i n e s  p r o v i d e  an 

access r o u t e  t o  t h e  syn thes i s  o f  sydnones (Eq. 21). 

N-n i t rosamino ac ids  on t rea tmen t  w i t h  

R '  R '  

NO NO 

I I R'y7$ (21) 
RNCH(-) Li(+) --* RNCHCO,H ,-) 

N 0 
' 0  

41 

3. a-Secondary Amino Carbanions. D i m e r i z a t i o n  React ions 

Te t rahyd ro -v - te t raz ine  ox ides  48 a r e  formed upon decomposi t ion o f  

l i t h i o n i t r o s a m i n e s  a t  -73' under nitrogen.137 A head-to-head d i m e r i z a t i o n  

takes  p lace  a n i t rosamine  r a d i c a l  an ion  42 formed by l i t h i u m  r e d u c t i o n  

o f  t h e  anion. 

N,N'-dini t rose thy lened iamine,  a r e p r e s e n t a t i v e  a c y c l i c  N-ni t r o s o  compound, 

g i ves  t h e  cor respond ing  v - t e t r a z i n e  ox ide  44 i n  50% y i e l d .  C y c l i c  n i t r o s -  

amines can a l s o  d imer i ze  t o  t h e  cor respond ing  oxides; l i t h i o n i t r o s o p i p e r i -  

A p robab le  mechanism i s  shown i n  Eq. 22. N,N'-Dimethyl- 
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SAAVEDRA 

dine, f o r  example, g i ves  t h e  cor respond ing  ox ide  45 i n  32% y i e l d .  

t rosopy r r o l  i d i  ne , N-n i t ros  ohexamet hy 1 enei  m i  ne and N-n i t roso-4-met hy 1 p i  pe r -  

az ine  g i v e  t h e  cor respond ing  t r i c y c l i c  dimers i n  2%, 5% and 22% y i e l d s ,  

respec t i ve l y .  These ox ides  can be reduced w i t h  Raney-nickel ,  i n  good 

y i e l d s ,  t o  t h e  cor respond ing  diarnines. 

n i t rosamines  undergo o x i d a t i v e  c o u p l i n g  t o  fo rm d i n i t r o s o  c0mpounds .1~~  

N-Ni- 

I n  t h e  presence o f  i od ine ,  l i t h i o -  

\ /  

0 / N = N  

43 

/ 
\ /  
N=N “=N 

rl $ 0 0 
44 45 

t h e  pheny 

amine 47 
w i t h  l i t h  

4. 

L i t h i a t i o n  o f  me thy la l ky ln i t rosamines  i s  known t o  occur  s e l e c t i v e l y  

a-Secondary Amino Carbanions w i t h  an A d d i t i o n a l  A c t i v a t i n g  Group 

a t  t h e  p r imary  carbon. 

n o t  s e l e c t i v e ,  due t o  a d d i t i o n a l  a c t i v a t i o n  of t h e  secondary carbon by 

However, m e t a l a t i o n  o f  rnethylbenzylni t rosamine i s  

y 1 met hy 1 n i t ros  - 
t h e  molecule 

138 A l k y l a t i o n  

group.122b A l l y l - t - b u t y l -  46 (R = t -Bu)  and a1 

R = Me) fo rm t h e  an ion  48 on t h e  a l l y l i c  s i d e  o f  

u m d i i s op ropy 1 ami de o r  w i t h p o t  as s i u m- t - bu t  o x i  de 
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RECENT SYNTHETIC APPLICATIONS OF N-NITROSAMINES AND RELATED COMPOUNDS 

o f  48 leads  e x c l u s i v e l y  t o  t h e  a-product 49. Carbonyl compounds add t o  

- 48a t o  g i v e  t h e  a-adducts (2) and t h e  g-adducts 50. However, under t h e r -  

rnodynamic c o n t r o l ,  t h e  6-adduct 50 i s  formed e x c l u s i v e l y ;  t h e  methyl  ana- 

l o g  - 48b f a v o r s  a - a d d i t i o n  t o  49 (Eq. 23). 

46,4 7 48a R = t-Bu 

b R = M e  
(23) 49 

+ 

R"-E 
NO 

50 

The use of 8-ketoni t rosamines as a n i o n i c  synthons i s  under c u r r e n t  

i n v e s t i  g a t i  on.139 

r e p r e s e n t a t i v e  compound i n  t h i s  se r ies .  

vated, bo th  by t h e  n i t r o s o  and t h e  carbony l  group. Moreover, t h e  carbony l  

o f f e r s  a v e r s a t i l e  f u n c t i o n a l i t y  t h a t  can be conver ted  e i t h e r  t o  a d i f f e r -  

e n t  group (C=O + C-NH, C-OH), o r  used t o  f u r t h e r  e l a b o r a t e  t h e  molecule 

(C=O + C-C). 

and a l k y l a t e d  w i t h  methyl  i o d i d e  t o  g i v e  53 i n  60% y i e l d .  

undergoes a r e t r o - C l a i s e n  condensat ion t o  me thy le thy ln i t rosamine  54 i n  

near q u a n t i t a t i v e  y i e l d  (Eq. 24). 

e q u i v a l e n t  o f  a-methylene-methylamino anion ('CHzNHCH3). 

r i d e  r e d u c t i o n  o f  53 g ives  t h e  cor respond ing  a l coho l  - 55 i n  good y i e l d ,  

demonstrat ing,  i n  tu rn ,  t h e  equ iva lency  o f  51 t o  t h e  a-(6-alkano1)amine 

anion CCH3( HO)CHCH'NHCH31. Ansel me e t  a1 . 139b have i n v e s t i g a t e d  a system 

analogous t o  t h e  one descr ibed i n  Eq. 24. 

i n  t h e i r  sequence i s  a c a r b o x y l i c  e s t e r  [R'02CCH-N(NO)RI. A l k y l a t i o n  

N-Ni  t roso-N-methyl -2-oxopropyl n i  t rosami ne 2 i s a 

The a-methylene group i s  a c t i -  

The eno la te  an ion  52 was formed a t  25OC w i t h  sodium hydr ide ,  

Th is  compound 

Th is  i n d i c a t e s  t h a t  - 51 i s  a s y n t h e t i c  

Sodium borohyd- 

The a d d i t i o n a l  a c t i v a t i n g  group 
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SAAVEDRA 

w i t h  an e l e c t r o p h i l e  (E') occurs a t  t h e  a - p o s i t i o n  t o  g i v e  CR'OzCCHEN(N0)- 

R], which upon deca rboxy la t i on  forms t h e  cor respond ing  n i t rosamine  [CHzEN- 

(NO)Rl. 

A N '  
NO 

57 52 
CH3 

5. a-Primary Amino Carbanions 

P r i m a r y  amines are  r e a d i l y  conver ted  t o  a -n i t rosaminoa lky l  e t h -  

e r s . 7 0 a ~ 1 ~ ~  These compounds a re  v e r s a t i l e  s y n t h e t i c  e q u i v a l e n t s  o f  a- 

p r imary  amino ~ a r b a n i o n s . 1 ~ 1  A r e p r e s e n t a t i v e  example i s  N-ni t roso-N- 

methyl-1-methoxyamine 56. It forms anion upon m e t a l a t i o n  w i t h  l i t h i u m  

d i i sop ropy lamide  a t  - 8 O O C  w i t h i n  5 min. A l k y l a t i o n  w i t h  methyl  i o d i d e  

g ives  N-n i t roso-N-e thy l -1  -methoxyethylami ne 57 i n  80% y i e l d .  Regenerat ion 

o f  t h e  pr imary  amine f u n c t i o n a l i t y  i s  c a r r i e d  o u t  upon t rea tment  o f  t h e  

n i t r o s a m i n o a l k y l  e t h e r  w i t h  e t h y l  ch lo ro fo rma te  i n  b o i l i n g  acetone, f o l l o w -  

ed by a c i d  h y d r o l y s i s  o f  t h e  i n t e r m e d i a t e  urethane. I n  t h e  case o f  57, 
an 80% y i e l d  o f  e thy lamine hyd roch lo r i de  was ob ta ined (Eq. 25) .  Reduct ion 

o f  57 over aluminum-nickel a l l o y  i n  aqueous a l k a l i  gave d ie thy lam ine  i n  

86% ~ i e l d . 1 ~ 1  
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RECENT SYNTHETIC APPLICATIONS OF N-NITROSAMINES AND REUTED CO~OUXDS 

‘N 
NO 

56 

LDA 
-780 
___) 

NO 

56a 

CH3l - OCH3 

P N A  NO 

57 -N’ 
H 

An e f f i c i e n t  p repara t i on  o f  N-ni troso-2,2-di subs t i  t u t e d  oxazol i d i n e s  

was repor ted recently.89 The use o f  these compounds f o r  use as umpolung 

synthons f o r  B - a l k a n ~ l a m i n e s l ~ ~  i s  be ing studied. The l i t h i o a n i o n  58 o f  

N-nitroso-2,2-dimethyloxazolidine reac ts  w i t h  methyl i o d i d e  t o  form N-ni- 

troso-2,2,4-trimethy1oxazolidine 59 which upon h y d r o l y t i c  demasking gives 

2-ami nopropanol 60 (Eq. 26). 

58 59 60 

111. U-OXYGENATED NITROSAMINES 

N-Nitrosamines, i n  v i v o  and i n  v i t r o s  undergo cytochrome P-450- 

dependent d e a l k ~ l a t i o n . 1 ~ ~  By t h e  a c t i o n  o f  t i s s u e - s p e c i f i c  microsomal 

0xygenases,~1 they are converted i n t o  a-oxygenated intermediates.  The 

h i g h l y  r e a c t i v e  a-hydroxynitrosamine breaks down t o  a d iazo ic  a c i d  o r  a 

s i m i l a r  species capable o f  a l k y l a t i n g  c e l l u l a r  nuc leophi les ( E q .  1). a- 

Hydroxynitrosamines, t h e i r  es te rs  and ethers are impor tant  i n  s tud ies  o f  

t h e  metabolism o f  ni t rosamines and t h e i r  carcinogenic act ion.  a-Hydroxy- 

l a t i o n  appears t o  be a c r i t i c a l  step i n  t h e  metabolism of acyclic,143,144 
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SAAVEDFiA 

as w e l l  as c y c l i c  n i t r 0 s a m i n e s . 1 ~ ~  The e x t e n t  o f  me tabo l i c  a-hydroxyla- 

t i o n  can be measured f rom t h e  amount o f  mo lecu la r  n i t r o g e n  formed d u r i n g  

t r e a t m e t 1 t s . 1 ~ ~  T h i s  techn ique  r e q u i r e s  doubly [ l 5 N 1  l a b e l e d  n i t rosamines .  

F a r r e l l ~ l ~ ~  has developed a general  assay f o r  measuring microsomal ox ida-  

t i v e  d e a l k y l a t i o n .  The assay t r a p s  and measures carbony l  compounds which 

r e s u l t  f rom t h e  breakdown o f  t h e  a-hydroxy n i t rosamines  formed d u r i n g  me- 

tabo l i sm.  Because o f  t h e  b i o l o g i c a l  i m p l i c a t i o n s  concern ing  a-hydroxyla- 

t i o n ,  t h e r e  has been a concen t ra ted  e f f o r t  t o  s tudy  t h e  chemis t r y  o f  a- 

hydroxyn i t rosamines  and t h e i r  d e r i v a t i v e s  and t o  develop s y n t h e t i c  methods 

f o r  t h e i r  p repara t i on .  

1. Synthes is  of a-Hydroxyni t rosamines and D e r i v a t i v e s  

Due t o  t h e  a n t i c i p a t e d  i n s t a b i l i t y  o f  a-hydroxyni t rosamines, most o f  

t h e  e a r l y  e f f o r t s  were d i r e c t e d  towards t h e  syn thes i s  o f  t h e i r  correspond- 

i n g  e t h e r s  and es ters .  These d e r i v a t i v e s  a r e  r e l a t i v e l y  s tab le ,  and upon 

h y d r o l y s i s  generate t h e  d e s i r e d  a-hydroxy compound. C y c l i c  and open c h a i n  

a - n i t r o s a m i n o a l k y l  e thers ,  5 and - 62, were f i r s t  syn thes i zed  by E i t e r  g 
- a1.88a The c y c l i c  compound - 61 was syn thes i zed  i n  a one-step r e a c t i o n  us-  

i n g  a-, 8- and 6-alkanolamines w i t h  aldehydes i n  t h e  presence o f  n i t r o u s  

a c i d  (Eq. 27). 

aldehyde, an a l coho l  ( R " =  a l k y l )  and n i t r o u s  ac id ,  (28). The m o d i f i c a t i o n  

of t h e  l a t t e r  method, i n v o l v i n g  t h e  replacement o f  t h e  a l c o h o l  (R"0H) 

w i t h  a c e t i c  ac id ,  gave t h e  cor respond ing  a-acetoxyn i t rosamine 62b ( R " =  

a ~ e t y l ) . ~ ~ ~  Mochizuki  -- e t  al.148 developed a method where t h e  a l k y l  e t h e r  

- 62a c o u l d  be r e a d i l y  conver ted  t o  t h e  a-acetoxy d e r i v a t i v e  w i t h  a c e t i c  

a c i d  heated a t  r e f l u x  f o r  1.5-6 h r .  

The open-chain ana log  62 r e q u i r e d  a p r imary  amine, an 
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RECENT S Y N T H E T I C  A P P L I C A T I O N S  OF N-NITROSAMINES AND RELATED COMPOUNDS 

r ( F H 2 ) n  - 1  
(27) 

HONO 
0 

HO(CH,),NH, + R'CHO 

VNNO 
R' 
61 

OR' ' 
HONO I 

RNH, + R'CHO + R"OH - RNCHR' 
NO 

62a (R '  ' = Alky) 
b ( R '  ' = Acetyl) 

Add i t i on  o f  n i t r o s y l  c h l o r i d e  t o  S c h i f f  bases 63 gives t h e  a-chloro- 

n i t rosamine 64, which i s  s t a b l e  a t  - 3 O O C .  

a c i d  o r  p-n i t robenzoic  a c i d  i n  t r i e t h y l a m i n e  gave t h e  corresponding methyl 

e the r  65a (R"=  Me), t h e  acetoxy 65b (R"= a c e t y l )  or t h e  p-ni t robenzoate es- 

t e r  65c (R"=  e-NO$&CO) (Eq. 29).70a Benzyl and n-buty l  ethers,  subs t i -  

t u t e d  benzoic, t r i f l u o r o a c e t i c ,  d i c h l o r o a c e t i c  a c i d  es te rs  and a-D-glu- 

Add i t i on  o f  methanol, a c e t i c  

curonides o f  a-hydroxynitrosamines have a l s o  been prepared by t h i s  me- 

thod.70b,149 

CI OR 
I R '  'OH I 

RNCR; RNCRi XT- NO Et3N: NO 
RN = CRi 

63 65 a,b,c 

C y c l i c  a-chloroni t rosamines, such as a-chloro-N-nitrosopyrrolidine 

- 67, are prepared by c h l o r i n a t i n g  a-thioethylnitrosopyrrolidine 66 a t  

-78°C. The in te rmed ia te  - 67 i s  no t  i so la ted ,  bu t  t r e a t e d  i n  s i t u  a t  -78" 

w i t h  triethylammonium acetate t o  g ive a-acetoxy-N-nitrosopyrrolidine 68 
i n  24% y i e l d  (Eq. 30).150 

111 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



SAAVEDRA 

+ 
C'Z Et3N OAC- 

NO NO NO 

66 67 68 

The o x i d a t i v e  d e c a r b o x y l a t i o n  w i t h  l e a d  t e t r a a c e t a t e  of N - n i t r o s o -  

p r o 1  i ne, N - n i t r o s o p i p e c o l  i c a c i d ,  N -n i  t r o s o s a r c o s i  ne, N -n i  t r o s o - N - b e n z y l -  

a - p h e n y l g l y c i n e ,  and N - n i t r o s o - N - p h e n e t h y l g l y c i n e  gave a - a c e t o x y - N - n i t r o -  

s o p y r r o l i d i n e  68, a-ace toxy -N-n i t rosop ipe r id ine  69, N-( a - a c e t o x y m e t h y l -  

ene)-N-methylni t rosamine 70, a-acetoxybenzylbenzylnitrosamine 71 and  N- 

(a  - a c e t  o xy me t hy 1 e ne ) -N- ( 1 -p he ny 1 e t hy 1 ) n i t r os ami ne 72, r e s p e c t  i ve - 
1Y. 70h,72cY 151 

0 

69 70 77 72 

N-Ni t rosoenamines,  such as m e t h y l v i n y l n i t r o s a m i n e  73, undergo  r a p i d  

e l e c t r o p h i l i c  a d d i t i o n  a c r o s s  t h e  d o u b l e  bond, and t h u s ,  t h e y  a r e  e x c e l l -  

e n t  r e a g e n t s  f o r  t h e  p r e p a r a t i o n  o f  a-methoxy and a - a c e t o ~ y n i t r o s a m i n e s ~ ~ ~ .  

A c i d - c a t a l y z e d  a d d i t i o n  of a c e t i c  a c i d  t o  73 a t  0°C gave m e t h y l  ( l - a c e t o x y -  

e t h y 1 ) n i t r o s a m i n e  3 i n  86% y i e l d ,  w h i l e  a d d i t i o n  o f  methanol  gave 3 i n  

98% y i e l d  (Eq. 31). 

H +  
\N- + ROH - 'N 

NO Ether NO 

73 
74a R = CH,CO 

b R = CH, 

11 2 
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RECENT SYNTHETIC APPLICATIONS OF N-NITROSAMINES AND RELATED COMPOUNDS 

The B a e y e r - V i l l i g e r  ox ida t i on  o f  8-ketonitrosamines 75 w i t h  m-chloro- 

perbenzoic a c i d  (MCPBA) i n  methylene c h l o r i d e  gave t h e  corresponding a- 

a c e t o w  d e r i v a t i v e  76 (Eq. 

1 i t h i o n i  t rosami ne 77 g i  ves t h e  corresponding a-hydroperoxyni t rosami ne 

- J8.70e These hydroperoxi  des are excel  l e n t  precursors o f  a-hydroxyni t r o s -  

amines.7Of Th is  conversion takes p lace  upon reduct ion o f  t h e  peroxide 78 
w i t h  t r iphenylphosphine i n  ch loroform under n i t rogen,  or w i t h  aqueous 

sodium b i s u l f i t e ,  t o  produce the  corresponding a-hydroxynitrosamine 79 
(Eq. 33). 

being prepared and characterized.70f 

E l e c t r o p h i l i c  a d d i t i o n  o f  oxygen t o  a 

This is t h e  f i r s t  r e p o r t  of an unprotected a-hydroxynitrosamine 

(32) 
- R  

' MCPBA NO 

R 

75 76 

77 78 to 

2. P roper t i es  o f  a-Oxygenated Nitrosamines 

Baldwi n and c o - w o r k e r ~ ~ ~ 9  discovered pronounced d i f f e rences  i n  

chemical r e a c t i v i t y  between t w o  s t r u c t u r a l  isomers, N-methyl-N-(a-acetoxy- 

benzyl )n i t rosatnine 80 and N-(a-acetoxymethy1)-N-benzylnitrosamine 81. The 

former isomer was hydrolyzed a t  a r a t e  32-fold f a s t e r  than 81 a t  pH 8, and 

i t  was a powerful  b a c t e r i a l  m ~ t a g e n . 1 ~ ~ ~  Even a t  n e u t r a l  pH, isomer 80 
decomposed rap id l y ,  (t 1/2 = 19 min), w h i l e  81 was stable.  I t  was pro- 

posed t h a t  h y d r o l y s i s  o f  a-acetoxynitrosamines undergo O-acyl f i s s i o n  t o  

n i t rosoimnin ium ions, which a c t  as e lec t roph i l es .  However, a h y d r o l y s i s  
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SAAVEDRA 

i s  n o t  i n  l i n e  w i t h  t h e  mechanism i n v o l v e d  i n  t h e  decomposi t ion o f  these 

compounds. 

The a-acetoxy compound 80 upon d i s s o c i a t i o n  g i ves  t h e  resonance s t a b i l i z e d  

benzy ln i t roso immin ium i o n  (Eq. 34) ;  imminium i o n  9, i s  much more 

s t a b l e  than - 81a, which i s  d e r i v e d  f rom t h e  d i s s o c i a t i o n  o f  81 (Eq. 35), 

and thus  convers ion  o f  80 t o  80b i s  a much more r a p i d  r e a c t i o n .  

ueous media, t h e  n i t roso immin ium i o n  

benzy1)n i t rosamine - 80b which  w i l l  r a p i d l y  decompose t o  benzaldehyde and 

an a l k y l a t i n g  species,  l i k e l y  t o  be t h e  methy ld iazon ium i o n  [CH3N2+1 o r  

t h e  ca rboca t ion  (Eq. 34). S i m i l a r l y ,  b u t  a t  a much s lower  r a t e ,  t h e  

s t r u c t u r a l  isomer 81 w i l l  go th rough 

- 81b, which i n  t u r n  breaks down t o  a b e n z y l a t i n g  agent and formaldehyde 

(Eq. 35). 

d i s s o c i a t i o n  r a t h e r  than  h y d r o l y s i s  i s  a more accu ra te  term. 

I n  aq- 

w i  11 g i v e  N-methyl-n-(a-hydroxy- 

and fo rm t h e  a-hydroxyn i t rosamine 

81 8lb 

Wiess le r  gt- fi.72a i n v e s t i g a t e d  t h e  s t a b i l i t y  of a s e r i e s  o f  a-ace- 

The s t a b i l i t y  o f  these toxyn i t rosamines  i n  aqueous medium (pH 7, 37OC). 

compounds was mon i to red  by t h e  decrease i n  t h e  U V  absorbance a t  A max 

230 nm as a f u n c t i o n  of t ime. The German au tho rs  found t h a t  anch imer ic  

ass i s tance  o f  t h e  n i t r o s o  group f a v o r s  d i s s o c i a t i o n .  

t h e  r a t i o  o f  Z / E  rotamers, t h e  g r e a t e r  t h e  r a t e  o f  h y d r o l y s i s .  

Thus, t h e  h i g h e r  

It was 
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RECENT S Y N T H E T I C  A P P L I C A T I O N S  OF N-NITROSAblINES AND RELATED COMPOUNDS 

a l s o  found t h a t  secondary ace ta tes  were d i s s o c i a t e d  44 t o  350 t imes f a s t e r  

t han  pr imary  acetates.  

a re  formed and secondary ace ta tes  g i v e  r i s e  t o  more s t a b l e  n i t roso immin ium 

i o n s  than do t h e  pr imary  ones. 

chemical behav io r  o f  a-hydroxyni t rosamines and d e r i v a t i v e s ,  i n  s o l v o l y s i s  

reac t ions ,  i s  governed by t h e  in te rmed iacy  o f  t h e  N - n i t r o s o i m i n i u m  

ion. 

es which a l k y l a t e  c e l l u l a r  n u c l e o p h i l e ~ . ~ ~ a  The r o l e  o f  n i t roso immin ium 

i o n s  i n  t h e  o x i d a t i v e  deca rboxy la t i on  of n i t rosoamino  ac ids  w i th  l e a d  

t e t r a a c e t a t e  t o  a-acetoxyni t rosamines has been reported.70h 

been demonstrated t h a t  t h e  thermal decomposi t ion o f  a-acetoxyni t rosamines 

i s  governed by t h e  in te rmed iacy  o f  n i t roso immin ium i o n ~ . ~ ~ a  

T h i s  g ives  an i n d i c a t i o n  t h a t  carbonium i o n  species 

These s t u d i e s  c l e a r l y  i n d i c a t e  t h a t  t h e  

I t  may even be p o s s i b l e  t h a t  n i t roso immin ium i o n s  a c t  as e l e c t r o p h i l -  

It has a l s o  

As p r e v i o u s l y  mentioned, a-hydroxyni t rosamines a r e  ex t remely  reac t i ve .  

However, i t  has been found t h a t  these in te rmed ia tes  a re  s u f f i c i e n t l y  

s tab le ,  i n  v ivo ,  t o  fo rm con jugated  products.  T h i s  has come t o  l i g h t  

th rough t h e  i s o l a t i o n  o f  g lucuron ides  of a-hydroxyni t rosamines f rom r a t  

urine.154 S o l v o l y s i s  o f  a-acetoxyni t rosamines 82 i n  aqueous phosphate 

has been inves t i ga ted .  Compound - 82 underwent 0-CO f i s s i o n  t o  g i v e  t h e  

cor respond ing  a-hydroxy d e r i v a t i v e  83. 
composed t o  t h e  imminium i o n  83a which was t rapped  by t h e  phosphate ion ,  

t o  g i ve  N-nitroso-N-(a-phosphoroxyalkyl )a lky lamines  - 84 (Eq. 36).155 The 

reduc t i on  o f  perox ides  78 i n  t h e  presence of hydrogen phosphate a l s o  

gave t h e  a-phosphoroxynitrosamines 84. 
ou t  i n  t h e  presence o f  o t h e r  nuc leoph i les ,  such as, t h i o s u l f a t e  and d i t h i o -  

carbonate. I t  was proposed f rom these s t u d i e s  t h a t  t h e  amount o f  a d d i t i o n  

a t  t h e  a - p o s i t i o n  i s  d i r e c t l y  r e l a t e d  t o  t h e  e x t e n t  o f  e q u i l i b r i u m  between 

t h e  a-hydroxy la ted  species and t h e  n i  t rosoimnonium ion.156 

Th is  i n t e r m e d i a t e  i n  t u r n  de- 

The r e d u c t i o n  was a l s o  c a r r i e d  
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SAAVEDRA 

0 

82 83 83a (36) 

0 

NO 'OH 

84 
I V .  B-, y- AND L J - O X I D I Z E D  NITROSAMINES 

There has been much i n t e r e s t  i n  t h e  study o f  t h e  chemis t ry  o f  " o x i -  

d ized"  n i t rosamines  as they  r e l a t e  t o  t h e  human exposure, carc inogenes is  

and metabolism.69a 

t a i n i n g  an hydroxy l ,  a carbonyl ,  c a r b o x y l i c  a c i d  group o r  d e r i v a t i v e s  

t h e r e o f  on t h e  B-, y- o r  w-carbon. A number o f  8 -ox id ized  n i t rosamines  

have been found i n  t h e  environment, e.g. N-n i t rosod ie thano lamine C(HOCH2- 

CH2)2NNO]. 

f luids,30,158 cosmetics, l o t i o n s  and shampoos,l59 and i s  p resent  i n  a n t i -  

f reeze, l60 and i n  s n u f f  and o t h e r  tobacco products.161 B-Hydroxyni t r o s o -  

p y r r o l i d i n e  has been found i n  cooked bacon,16* and o the r  B-ox id ized  n i t r o s -  

amines d e r i v e d  f rom common drugs have been r e p 0 r t e d . 1 ~ ~  I n  some reg ions  o f  

China, B-ke ton i t rosamines  a re  found i n  corn  bread and p i c k l e  j ~ i c e , 1 ~ ~  and 

t h i s  may be r e l a t e d  t o  t h e  r e g i o n ' s  h i g h  i nc idence  o f  esophageal cancer. 

The compounds a re  de f i ned  as N-n i t roso  compounds con- 

T h i s  c a r c i  n ~ g e n l ~ ~  i s  a contami nant o f  metal  c u t t i n g  

Ox id ized n i t rosamines  have been i s o l a t e d  as s t a b l e  me tabo l i t es  o f  

c y c l i c  and d i a l k y l n i t r o s a m i n e s ,  o r i g i n a l l y  c o n t a i n i n g  no oxygen f u n c t i o n -  

ality.69d,73,165 

degraded by a cha i  n -sho r ten i  ng process i nvo l  v i  ng o x i d a t i o n  o f  t h e  t e r m i n a l  

carbon as t h e  i n i t i a l  step, and r e t a i n i n g  t h e  n i t r o s o  group. 

f a t e  o f  d i -1 -bu ty ln i t rosamine  85 i l l u s t r a t e s  w e l l  t h i s  degradation.166 

A f t e r  o r a l  a d m i n i s t r a t i o n  t o  r a t s ,  t h e  me tabo l i t es  were i s o l a t e d  and charac t -  

Long-chai n N-n i t rosod i  a l ky lam i  nes a r e  metabol i c a l  l y  

The metabo l ic  

116 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



RECENT S Y N T H E T I C  A P P L I C A T I O N S  OF N-NITROSAMINES AND RXLATED COMPOUNDS 

er ized. 

are shown i n  Eqs. 37 and 38. Dibu ty ln i t rosamine  - 85 undergoes w-oxida- 

t i o n  t o  g ive compound 86 w i t h  a te rm ina l  hydroxy l  group. Fu r the r  oxida- 

t i o n  gives t h e  ca rboxy l i c  a c i d  87, t h e  major me tabo l i t e  i s o l a t e d  i n  t h i s  

The t h r e e  main pathways through which 85 i s  o x i d a t i v e l y  metabol ized 

- RN -OH RN -OH (R),NNO - 
0 NO 

study. 

NO 

85 86 87 

90 91 

92 94 

93 95 

6-Hydroxy 1 a t i  on of - 87 y i e l  ds N - p b u  ty  1 -N- ( 2-hydroxy-3-ca rboxyp ropy 1 ) - 
n i t rosamine 88 which on o x i d a t i o n  and degradat ion through t h e  correspond- 

i n g  ketone 89 forms N-n-butyl-N-(2-oxopropy1)nitrosamine !3J (Eq. 37). An 

0-1 o x i d a t i o n  o f  85 gives t h e  y-hydroxy compound 92. 
i nvo l ves  a w-2 hyd roxy la t i on  t o  form t h e  6-hydroxy d e r i v a t i v e  93. These 

hydroxy compounds undergo f u r t h e r  o x i d a t i o n  t o  t h e  corresponding y-keto-, 

- 94 and B-keto- ni t rosamines 95 (Eq. 38). The hydroxy compounds were i s o -  

The o the r  pathway 
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SAAVEDRA 

l a t e d  as t h e  g l u c u r o n i c  a c i d  conjugates,  b u t  f o r  s i m p l i c i t y  sake t h e  

m e t a b o l i t e s  have been shown i n  t h e  equa t ion  as t h e  f r e e  hydroxy compound. 

M e t h y l a t i o n  o f  n u c l e i c  ac ids  by long-cha in  d i a l k y l n i t r o s a m i n e s  i s  a 

d i r e c t  r e s u l t  o f  c h a i n  degradat ion.  

n u c l e i c  a c i d  o f  r a t  l i v e r  a f t e r  exposure t o  d i b u t y l n i t r o s a m i n e  85 was 

7-methylguanine. 

which a l l o w s  t h e  f o r m a t i o n  o f  m e t h y l a t i n g  agents by subsequent a-hydroxy- 

l a t i o n  o f  t h e  n -bu ty l  group.165a,167 

w-oxi d i  zed metabol i t e s  have a ca rc inogen ic  e f f e c t  which i s  n o t  i d e n t i c a l  

t o  t h a t  o f  t h e  pa ren t  compound.168 Moreover, t h e  ca rc inogen ic  potency 

and tumor spectrum a l s o  v a r i e s  acco rd ing  t o  t h e  o x i d a t i o n  s t a t e  of t h e  

oxygen-bear ing carbon ( i  .e. hydroxy, ox0). l69 

x y l a t i o n s  a r e  a l s o  pathways o f  n i t r o s a m i n e  a c t i v a t i o n  i n  carc inogenes is  

and metabolism, t h e  s tudy  o f  t h e i r  chemis t ry  and syntheses has been g r e a t -  

l y  s t imu la ted .  

The main r e a c t i o n  p roduc t  found i n  

A m e t a b o l i t e  such as 2 forms methy lbu ty ln i t rosamine ,  

I n  many cases, t h e  8-, y- and 

Because 8 - ,  y- and w-hydro- 

1. Ne ighbor ing  Group P a r t i c i p a t i o n  by t h e  N i t r o s o  Func t ion  i n  

Sol v o l y s i  s React ions 

Miche jda  e t  a1 prepared and s t u d i e d  a-ureidonitrosdimethylamine 

- 96 and a-ureidoni t rosopyrrol idine 97 i n  r e l a t i o n  t o  t h e i r  s t r u c t u r a l  

s i m i l a r i t i e s  t o  a-acetoxyni t rosamines. 

these compounds revea led  a s t r o n g  N-ni t r o s o  group p a r t i c i p a t i o n .  

d iscovery  o f  t h i s  anch imer ic  e f f e c t  prompted t h e  s tudy  o f  t h e  s o l v o l y s i s  

o f  e - t o l u e n e s u l f o n a t e  d e r i v a t i v e s  o f  8- and y - h y d r o x y n i t . r o s a m i n e ~ . ~ ~ a , 1 ~ 1  

The k i n e t i c s  o f  h y d r o l y s i s  o f  

The 

0 

(39) 
NH2 

CH3N AN A NH2 
NO H 

NO H 
96 97 

A c e t o l y s i s  o f  two r e p r e s e n t a t i v e  examples, N-methyl-N-ni t roso-2- 
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RECENT S Y N T H E T I C  A P P L I C A T I O N S  OF N-NITROSAMINES AND R E L A T E D  COMPOUNDS 

( t osy 1 o>;y ) e t hy 1 ami ne 2 and N-met hy 1 -N-n i t ros 0-3- ( t osy 1 oxy ) p ropy 1 ami ne - 99 

were c a r r i e d  o u t  i n  g l a c i a l  a c e t i c  a c i d  b u f f e r e d  w i th  po tass ium acetate.  

The t o s y l a t e  - 98 s o l v o l y z e d  200 t imes  f a s t e r  t han  benzy l  t o s y l a t e  t o  g i v e  

t h e  2-acetoxy produc t  101. The k i n e t i c  da ta  suppor t  t h e  concept o f  n e i -  

ghbor ing  group p a r t i c i p a t i o n  by t h e  n i t r o s o  group. 

th rough t h e  c y c l i c  i n t e r m e d i a t e  

t h e  ace ta te  ion ,  forms 101 (Eq. 40). 

ion ,  can a c t u a l l y  be i s o l a t e d  i n  q u a n t i t a t i v e  y i e l d  when t h e  pa ren t  

t o s y l a t e  98 i s  warmed i n  a non -nuc leoph i l i c  s o l v e n t  ( i .e. CH2C12). 172 

The tosy loxypropy lamine 2 passes th rough t h e  six-membered i n t e r m e d i a t e  

- 102 t o  g i v e  t h e  3-acetoxy produc t  103 (Eq. 41). 

s lower  than  f o r  t h e  tosy loxye thy lam ine  98, s i n c e  t h e  l a t t e r  has fewer 

degrees o f  freedom, and thus  a l e s s  nega t i ve  en t ropy  o f  ac t i va t ion .66a 

The r e a c t i o n  proceeds 

which, upon n u c l e o p h i l i c  a t t a c k  by 

Th is  c y c l i c  compound, o r  o x a d i a t o l i u m  

The a c e t o l y s i s  o f  99 i s  

'OTs 

CH3N -OTs __t CH3N '3 %* C H 3 N w o A c  (40) 
NO \\ NO 

N-0 

98 100 

'OTs 

101 

OAc' + 
CH3N - CH3N - CH3N-OAc (41) 

NO NO 

99 102 
103 

The oxad iazo l ium i o n  100 i s  an a l k y l a t i n g  agent, bo th  i n  o rgan ic  

so l ven ts  and i n  n e u t r a l  aqueous s o l u t i o n .  Treatment o f  t h i s  compound 

w i t h  a n i l i n e  r e s u l t s  i n  q u a n t i t a t i v e  fo rma t ion  o f  methyl-(2-anilinoethy1)- 

n i t rosamine  104 (Eq. 42), which r e s u l t s  f rom an a t t a c k  on t h e  2 -e thy l  group, 

as i s  t h e  case w i t h  t h e  ace ta te  i o n  (Eq. 40). However, when 3,4-dichloro- 

t h iopheno l  i s  used as t h e  nuc leoph i le ,  t h e  s i t e  o f  a t t a c k  i s  t h e  methyl 
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SAAVEDRA 

group g i v i n g  a q u a n t i t a t i v e  y i e l d  o f  3 ,4 -d i ch lo ro th ioan iso le  105 (Eq. 

43). 

a t tack  on t h e  methyl  g r 0 u p . 1 ~ ~ ~ 1 ~ ~  

The r e a c t i o n  of 100 w i t h  guanine and guanosine a l s o  i n v o l v e  an 

I 104 

105 

The i nvo l  vement o f  t h e  oxadi azo l  ium i o n  i n  c a r c i  nogenesi s has been 

proposed by Miche jda  gt.172-174 F o r  example, t h e  s t r o n g  l i v e r  ca r -  

c inogen N-n t rosomethyl-2-hydroxyethylamine 106 may undergo a s u l f a t e  

con juga t ion  o f  t h e  hyd roxy l  group t o  g i ve  107. 
undergoes i . . t r a m o l e c u l a r  n u c l e o p h i l i c  d isplacement t o  t h e  c y c l i c  s u l f a t e  

- 108 which i n  t u r n  i n t e r a c t s ,  as a m e t h y l a t i n g  agent, w i t h  c e l l u l a r  nucleo- 

p h i l e s  (Eq. 44) .  

T h i s  s u l f a t e  con jugate  

108 

Anchimeric ass i s tance  by t h e  n i t r o s o  group i s  a l s o  i n v o l v e d  i n  t h e  

h y d r o l y s i s  o f  N-nitroso-2-(methy1amino)acetonitrile 109 t o  N-n i t rososarco-  

s i n e  - 111.175 A l though n i t r i l e s  do n o t  hyd ro l yze  r a p i d l y  a t  room tempera- 

t u r e  i n  bas i c  medium (pH 13), t h e  n i t r i l e  109 undergoes two unusua l l y  f a s t  

h y d r o l y t i c  changes. The r e a c t i o n  proceeds t o  t h e  amide 110 v i a  t h e  c y c l i c  

i n t e r m e d i a t e  109a, f o l l o w e d  by hydrox ide  i o n  a t tack .  The amide in te rmed i -  

a t e  - 110 i s  r a p i d l y  hyd ro l yzed  t o  N-n i t rososarcos ine  111, v i a  t h e  five-mem- 

bered r i n g  (Eq. 45). 

120 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



RECENT SYNTHETIC APPLICATIONS OF N-NITROSAMINES AND RELATED COAWOUNDS 

L 

11& 

111 

2. Base-induced Fragmentat ion o f  6-Oxidized N i t rosamines  

Loeppky e t  a1 d iscovered t h e  base-i nduced r e t r o - a l d o l  condensat ion 

o f  6-hydroxyni t rosamines d u r i n g  t h e  a t tempted e s t e r  h y d r o l y s i s  of 112 i n  

e t h a n o l i c  potassium hydroxide. The f ragmen ta t i on  p roduc ts  d e r i v e d  f rom 

t h i s  p a r t i c u l a r  compound were benzal dehyde and N-ni t roso-N-buty l  benzy lami  ne 

- 113 (Eq.46). A sys temat i c  s tudy  o f  t h i s  f ragmen ta t i on  r e a c t i o n  was c a r r -  

l e d  o u t  w i th  a v a r i e t y  of 6 - h y d r o ~ y n i t r o s a m i n e s . ~ ~  The r e a c t i o n  was gener- 

a l l y  c a r r i e d  ou t  a t  7OoC i n  THF- t -bu ty l  a l coho l  and po tass ium t -bu tox ide .  

Most o f  t h e  compounds s t u d i e d  f o l l o w e d  t h e  pathway descvibed i n  Eq. 46 

g i v i n g  two c lean  products.  

KOH p h / \ N M  + PhCHO (46) phGNM NO NO 

OAc 
112 113 

N-Methyl-N-hydroxyethylamine 106 n o t  o n l y  underwent f ragmenta t ion  t o  

t h e  expected d ime thy ln i t rosamine  18 and formaldehyde b u t  a l s o  gave N-methyl 
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SAAVEDRA 

v i n y l n i t r o s a m i n e  114 (Eq. 47) .  

lo6 - 'N' + CH,O + P N H  
NO NO 

(47) 

18 114 

A s  we d i s c u s s e d  p r e v i o u s l y ,  N - n i t r o s o d i e t h a n o l a m i n e  115 i s  a v e r y  

i m p o r t a n t  compound because o f  i t s  c a r c i n o g e n i c  p r o p e r t i e s ,  and i t s  o c c u r -  

r e n c e  i n  t h e  env i ronmen t .  I n v e s t i g a t i o n  o f  t h e  r e t r o - a l d o l  t y p e  f r a g m e n t a -  

t i o n  o f  t h i s  compound i n d i c a t e d  t h a t  o t h e r  base - induced  f r a g m e n t a t i o n s  

were  a l s o  t a k i n g  p l a ~ e . ~ g  

s o m e t h y l e t h a n o l a m i n e  i s  a slow r e a c t i o n ,  and t h u s  o t h e r  f r a g m e n t a t i o n s  

become i m p o r t a n t .  

2 -hyd roxye thy l v iny ln i t rosamine  9 w h i c h  upon r e t r o a l d o l  c l e a v a g e  g i v e s  

N-nitrosomethylvinylamine 114. 
upon e l i m i n a t i o n  o f  w a t e r ,  and  i t  can  f u r t h e r  f r a g m e n t  t o  116 (Eq. 48). 

The r e t r o - a l d o l  f r a g m e n t a t i o n  o f  115 t o  N - n i t r o -  

The b a s e - c a t a l y z e d  e l i m i n a t i o n  o f  w a t e r  g i  ves N-n i  t r o s o -  

N - n i t r o s o m o r p h o l i n e  117 i s  a l s o  fo rmed  

'OH 
106 - 18 

H O M ~ ~ O H  - HowN+ - 114 (48) 
NO NO 

116 115 \ r  
117 

NO 

D e t a i l e d  m e c h a n i s t i c  s t u d i e s  o f  t h e  base - induced  f r a g m e n t a t i o n  r a t e  

o f  6 - h y d r o x y n i t r o s a m i n e s  and, i n  p a r t i c u l a r ,  t h e  k i n e t i c  d e m o n s t r a t i o n  of 

t h e  " s y n - e f f e c t "  i n  t h e  f r a g m e n t a t i o n  r e a c t i o n  have been repo r ted .69c  
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RECENT SYNTHETIC APPLICATIONS OF N-NITROSAMINES AND RELATED COMPOUNDS 

T h i s  i n v e s t i g a t i o n  t i e s  i n  remarkably w e l l  w i t h  t h e  s t a b i l i t y  s t u d i e s  o f  

t h e  a -n i  t rosami no carban i  ons d i  scussed i n  S e c t i o n  I I .  

diphenylethy1)methylni t rosamine 118 e x i s t s  as an e q u i l i b r i u m  m i x t u r e  o f  

- 118E and 1182 where t h e  E rotamer predominates. The minor  rotamer 1182 
was syn thes i zed  i n  pu re  fo rm f r o m  t h e  l i t h i o  an ion  a d d i t i o n  o f  d ime thy l -  

n i t rosamine  18 t o  benzophenone, and i t s  r a t e  o f  decompos i t ion  t o  d ime thy l -  

n i t rosamine  2 and benzophenone (Eq. 49) was compared w i t h  t h a t  o f  t h e  

e q u i l i b r i u m  m i x t u r e  ( c o n t a i n i n g  mos t l y  E). 
t imes  f a s t e r  t h a n  f o r  rotamer 

exper imen ta l l y  suppor ted  a mechanism where t h e  f ragmen ta t i on  o f  

ceeds by r a t e d e t e r m i n i n g  i s o m e r i z a t i o n  o f  m t o  1182 p r i o r  t o  r a p i d  

r e t r o - a l d o l  cleavage. Fragmenta t ion  o f  t h e  a l k o x i d e  2 g ives  t h e  an ion  

- 18a o f  d i m e t h y l n i  t rosami  ne 2, i n d i c a t i n g  s i g n i f i c a n t  s t e r e o e l e c t r o n i c  

c o n t r o l  by t h e  N-NO func t i on .  The i n c i p i e n t  syn-carban ion  i s  pe rpend icu la r  

t o  t h e  N-NO p lane  and a b l e  t o  d e l o c a l i z e  th rough  a 4-atom 6 -n -e lec t ron  

system;121*128 t h e  a n t i - c a r b a n i o n  - 18b would n o t  be as s t a b l e .  

(2-Hydroxy-l , 1 - 

T h i s  r e a c t i o n  occurs  287 

(87%). Loeppky -- e t  al.69c proposed and 

p ro -  

1182 

0 -7 

119 18a 

+ 
-CH2N’ 

II 

(49) 
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SAAVEDRA 

It has been shown t h a t  u n d e r  b a s i c  c o n d i t i o n s ,  B - k e t o n i t r o s a m i n e s  

undergo  a r e t r o - C l a i s e n - t y p e  c leavage .  

a t  room t e m p e r a t u r e ,  2-oxopropy 1 p r o p y  1 n i t  rosami  n e  p r o d u c e s  p o t  a s s i  um 

a c e t a t e  and m e t h y l p r o p y l r ~ i t r o s a m i n e . ~ ~ ~  Under  b a s i c  c o n d i t i o n s  Z -pheny l -  

2-oxoethylmethylnitrosamine 120 decomposes t o  p o t a s s i u m  benzoa te ,  d i m e t h -  

y l n i t r o s a m i n e  and a l s o  t h e  Q - n i t r o s a m i n o  a l c o h o l  121 (Eq. 50).69a 

I n  a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  

120 
121 

P r e l i m i n a r y  s t u d i e s  o f  t h e  r e t r o - C l a i s e n  c o n d e n s a t i o n  o f  N - n i t r o s o - N -  

m e t h y l - 2 - o x o p r o p y l a m i n e  3 have  been r e ~ 0 r t e d . l ~ ~  

i n d i c a t e  t h a t  a t  e q u i l i b r i u m  i t  e x i s t s  i n  1.5:l r a t i o  o f  51Z:51E r o t a m e r s  

w h i c h  a r e  s e p a r a b l e  on HPLC. 

c l e a v a g e  t o  f o r m  t h e  a c e t a t e  an ion ,  and  d i m e t h y l n i t r o s a m i n e  via t h e  syn 

a n i o n  m. Rotamer - 51E does n o t  r e a c t  u n d e r  t h e s e  c o n d i t i o n s ,  b u t  i t  i s  

necessa ry  f o r  i t  t o  e p i m e r i z e  t o  512 t o  undergo  f r a g m e n t a t i o n .  The "2 

e f f e c t "  a s s o c i a t e d  w i t h  t h e  r e t r o - a l d o l  f r a g m e n t a t i o n  i n  B - h y d r o x y n i t r o s -  

amines i s  a l s o  e n c o u n t e r e d  i n  t h e  r e t r o - C l a i s e n  c l e a v a g e  o f  b - k e t o n i t r o s -  

amines. 

g r e a t e r  s t a b i l i t y  o f  t h e  i n c i p i e n t  x n  ca rban ion .  

A n a l y s i s  o f  3 by NMR 

I n  aqueous a l k a l i  a t  25OC, 512 undergoes  

Thus t h e  more r a p i d  f r a g m e n t a t i o n  o f  t h e  Z i s o m e r  i s  due t o  t h e  

572 51E 
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RECENT SYNTHETIC APPLICATIONS OF N-NITROSAMINES AND RELATED COMPOUNDS 

Thermal deca rboxy la t i on  o f  a -n i t rosamino ac ids  g i v e  t h e  cor respond ing  

n i t rosamines  i n  h i g h  ~ i e 1 d s . l ~ ~  The r e a c t i o n  occurs v i a  a c y c l i c  concer ted  

mechanism t h a t  i s  on l y  p o s s i b l e  w i t h  t h e  E rotamer (Eq. 52). 

R&’$’OH : KO li 0 11. c NO 
R i h O  R N A R r  (52) 

-o”Fo - 
The y -ox id i zed  n i t rosamine  122 when t r e a t e d  w i t h  sodium isopropox ide  

a t  70-75OC c o n s t i t u t e s  a l a r g e  sca le  p r e p a r a t i o n  o f  diazomethane (Eq. 

53). 179 

C”3N d t, >=K + H 2 0  + CH2N2 (53) 

NO 0 

122 

3. Chemical Ox ida t i on  o f  N-Nitrosamines a t  t h e  B and y-Carbons 

The most commonly known o x i d a t i o n  r e a c t i o n  o f  N-ni t rosamines occurs 

P e r o x y t r i -  a t  t h e  n i t r o s o - n i t r o g e n  t o  fo rm t h e  cor respond ing  n i t ramine.  

f l u o r o a c e t i c  a c i d  has been found t o  be a unique reagent f o r  t h i s  pu r -  

pose.60,180 However, s i n c e  enzymatic o x i d a t i o n s  occur  a t  d i f f e r e n t  carbon 

atoms i n  t h e  n i t rosamine  molecule, t h e r e  has been an i n t e r e s t  i n  t h e  o x i -  

d a t i o n  o f  these compounds i n  p u r e l y  chemical systems. An enzyme-free model 

system t h a t  has been used i n  t h e  o x i d a t i o n  o f  n i t rosamines181 i s  t h e  Uden- 

f r i e n d  system,182 which r e q u i r e s  molecu la r  oxygen, asco rb i c  acid,  Fe+2 and 

EDTA. 

1 i ver  m i  crosomes gave N-ni t roso-4-p iper i  done 124 and N-ni t roso-4-hydroxy- 

p i p e r i d i n e  - 125 (Eq. 54).181b 

Ox ida t i on  o f  N - n i t r o s o p i p e r i d i n e  123 i n  t h i s  system, and by r a t -  
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SAAVEDRA 

(J T fi + g (54) 

N 
NO NO NO 

123 124 125 

E l e c t r o c h e m i c a l  o x i d a t i o n  o f  N - n i t r o s o d i a l k y l a m i n e s  such as N - n i t r o s o -  

d i - n - b u t y l a m i n e  85 was c a r r i e d  o u t  i n  a c e t o n i t r i l e  i n  t h e  p r e s e n c e  o f  d i -  

s s o l v e d  oxygen. C y c l i c  v o l t a m e t r y  a t  ambient  t e m p e r a t u r e  c o n v e r t e d  85 
t o  t h e  c o r r e s p o n d i n g  n i t r a m i n e  and  N - n - b u t y l - N - ( 2 - o x o b u t y l  ) n i t r o s a m i n e  

- 95.183 

V.  N-NITROSOENAMINES 

P r i o r  t o  1979, v e r y  l i t t l e  was known abou t  t h e  c h e m i s t r y  and c a r c i n o -  

g e n i c i t y  o f  v i n y l i c  n i t r o s a m i n e s  (N-n i t rosoenamines ) .  O n l y  t h r e e  members 

o f  t h i s  c l a s s  o f  compounds had been r e p ~ r t e d , l ~ ~  m a i n l y  because o f  t h e  

l a c k  o f  a g e n e r a l  s y n t h e t i c  method f o r  t h e i r  p r e p a r a t i o n .  I n  1979 t h r e e  

p r a c t i c a l  methods f o r  t h e  s y n t h e s i s  o f  a ,B -unsa tu ra ted  n i t r o s a m i n e s  were  

descr ibed.68a 

b i o l o g i c a l  a ~ t i v i t i e s l ~ ~  and t h e i r  v e r s a t i l i t y  as s y n t h e t i c  i n t e r m e d i a t -  

T h i s  has r e s u l t e d  i n  i n c r e a s e d  i n v e s t i g a t i o n s  o f  t h e i r  

es. 68 9 1 52 

1. S y n t h e s i  s o f  N - N i  t rosoenami nes 

The r e a c t i o n  o f  3 - ( t o s y l o x y ) - N - n i t r o s o p i p e r i d i n e  126a o r  3 - c h l o r o -  

N - n i t r o s o p i p e r i d i n e  126b w i t h  p o t a s s i u m  h y d r o x i d e  suspended i n  e t h e r  and  

c a t a l y z e d  w i t h  18 -c rown-6 -e the r  gave t h e  c o r r e s p o n d i n g  2 ,3 -dehydro -N-n i t ro -  

s o p i p e r i d i n e  - 128 i n  q u a n t i t a t i v e  y i e l d  (Eq.  55).68a 

o r  c h l o r o  group o c c u r s  a c l a s s i c a l  E l c B  mechanism, i .e. t h e r e  i s  a 

r e v e r s i b l e  f o r m a t i o n  o f  c a r b a n i o n  127 p r i o r  t o  e l i m i n a t i o n .  

The l o s s  o f  t h e  t o s y l  

126 
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RECENT SYNTHETIC APPLICATIONS OF N-NITROSAMINES AND RELATED COMPOUNDS 

126a, X = TsO 
b, X = CI 

727 128 

Another method, which i n v o l v e s  an o x i d a t i v e  e l i m i n a t i o n  reac t i on ,  

r e q u i r e s  t h e  fo rma t ion  o f  an a-phenylselenonitrosamine 130. T h i s  compound 

i s  made f rom t h e  a-n i t rosaminocarban ion  o f  129 w i t h  pheny lse leny l  c h l o r i d e  

o r  d ipheny l  d i se len ide .  

ch lo roperbenzo ic  a c i d  (MCPBA) a t  30-35' g i ves  t h e  cor respond ing  a, 6-un- 

s a t u r a t e d  n i t rosamine  131 i n  64-71% y i e l d  (Eq. 56), upon e l i m i n a t i o n  o f  

pheny lse lenen ic  acid.  

Treatment o f  130 w i t h  a t w o - f o l d  excess o f  ;- 

If t h e  a l l y l i c  unsa tu ra ted  n i t rosamine  i s  a v a i l a b l e ,  

SePh 
MCPBA A - RNA (56) LDA 

RN- _I_t RN 
NO 4SeCI NO NO 

129 130 131 

hea t  

we1 1 

i t  can r e a d i l y  be conver ted  t o  t h e  N-nitrosoenamine upon e q u i l i b r a t i o n  by 

ng i n  methano l ic  potassium hydroxide. 

2. 

The N-n i t roso  f u n c t i o n  has t h e  a b i l i t y  t o  s t a b i l i z e  a p o s i t i v e  as 

React ions o f  N-Nitrosoenamines w i t h  Nuc leoph i les  

as a nega t i ve  charge on t h e  a-carbon. Thus, N-nitrosoenamines a r e  

r e a c t i v e  towards nuc leoph i l es  as w e l l  as e l e c t r o p h i l e s ,  as shown i n  Eq. 

57, i n  which m e t h y l v i n y l n i t r o s a m i n e  114 i s  used as a r e p r e s e n t a t i v e  

examp 1 e. 152 
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SAAVEDRA 

N-ni t rosoenamines a re  r e a c t i v e  toward nuc leoph i  l i c  reagents such as 

a l k y l c o p p e r l i t h i u m s  and e n o l a t e  anions. A M ichae l - t ype  a d d i t i o n  o f  d i -n -  

b u t y l c o p p e r l i t h i u m  t o  114 g ives  N-methylhexylnitrosamine - 132 i n  88% y i e l d  

(Eq. 58). 

hexanone, t h e  cor respond ing  adduct - 133 i s  ob ta ined  i n  45% y i e l d  (Eq. 59). 

Ary l -  and a l k y l l i t h i u m s  a r e  n o t  very u s e f u l  i n  t h i s  system s i n c e  a t t a c k  

on t h e  n i t r o s o  group competes w i t h  Michae l - type  a d d i t i o n .  C y c l i c  N - n i t r o -  

soenamines i n  base-ca ta lyzed r e a c t i o n  w i t h  a l c o h o l s  form t h e  cor respond ing  

3 -a 1 k y o xy a d du c t . I  * 

When t h e  n u c l e o p h i l e  i s  an e n o l a t e  an ion  such as t h a t  o f  c y c l o -  

133 

3. 

A s  d iscussed i n  s e c t i o n  111, N-nitrosoenamines a r e  e x c e l l e n t  sources 

These a r e  good examples 

React ions  o f  N-Nitrosoenamines w i t h  E l e c t r o p h i  l e s  

o f  a-methoxy and a-acetoxyn i t rosamines  (Eq. 31 1. 

o f  e l e c t r o p h i l i c  a d d i t i o n s  across t h e  double bond. 

o f  t - b u t y l  h y p o c h l o r i t e  t o  m e t h y l v i n y l n i t r o s a m i n e  114 i n  methanol gave 

E l e c t r o p h i l i c  a d d i t i o n  
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RECENT SYNTHETIC APPLICATIONS OF N-NITROSAMINES AND RELATED COMPOUNDS 

t h e  corresponding 6-chloro-a-methoxy adduct 134 i n  82% y i e l d .  

o f  134 w i t h  potassium-t-butoxide i n  e t h e r  w i t h  c a t a l y t i c  amounts o f  18- 

crown-6-ether gave t h e  enol e the r  135, which was u n t i l  now an unknown 

c lass  o f  N-n i t roso compound (Eq. 60).152 

Treatment 

'01-Bu - (60) 
1-BUOCI 

774 - \ 
'N \ MeOH N 

NO CI NO 

734 735 

The r e a c t i o n  o f  2,3-dehydro-N-nitrosopiperidine 128 w i t h  s t rong  

mineral  ac ids gives t h e  oxime s a l t  137. This  probably r e s u l t s  f rom t h e  

p ro tona t ion  o f  128 a t  C-3 t o  form t h e  c a t i o n i c  species 128a which i n  t u r n  

n i t r o s a t e s  t h e  N-nitrosoenamine 128 a t  C-3 t o  form in te rmed ia te  136. De- 

n i t r o s a t i o n  o f  136 gives t h e  oxime s a l t  137 (Eq. 61).65b 

NOH 
728 % 0 + - O N O H *  :/ x- (61) 

NO NO X-  H 

728a 136 737 

4. Oxidat ion Reactions 

Seebach and EnderslE2b repor ted t h a t ,  i n  t h e  absence o f  oxygen, 

methyl-p-styrylnitrosamine 138 formed t h e  oxime 139 under r a d i c a l  producing 

cond i t i ons  Eq. 62). S i m i l a r l y ,  Michejda e t  a1.186 repor ted t h a t  2,3- 

dehydro-N-n t r o s o p i p e r i d i n e  128 was photo lab i  le ,  and t h a t  p h o t o l y s i s  i n  

t h e  absence o f  oxygen gave t h e  oxime 137. However, i n  t h e  presence o f  

oxygen, t h e  ni t roenamine 141 was obtained. The r e a c t i o n  proceeds by photo- 

d i s s o c i a t i o n  o f  t h e  N-N bond t o  g i ve  n i t r i c  ox ide and t h e  enaminyl r a d i c a l  

- 140. The n i t r i c  ox ide i s  ox id i zed  t o  n i t r o g e n  dioxide, which couples 
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SAAVEDRA 

w i t h  r a d i c a l  - 140 t o  g i v e  - 141 (Eq. 63). 

n i t rosamine  128 w i t h  iodosobenzene o r  1 -ch lo roperbenzo ic  a c i d  a l s o  gave 

Ox ida t i on  o f  t h e  a,8-unsaturated 

t h e  n i t roenamine 141. 

138 139 

[Ox1 

728 - o + N O -  n o 2  QNo2- (7JN0' (63) 

H 

140 141 
Ox ida t ion  o f  t h e  8,y-unsaturated n i t rosamine  142 w i t h  m-chloroper-  

benzoic a c i d  (MCPBA) gave t h e  cor respond ing  3,4-oxide - 143. 

bas i c  cond i t i ons ,  143 was conver ted  t o  t h e  a l l y l i c  a l coho l  4-hydroxy-2,3- 

dehydro-N-nitrosopiperidine 144, ( E q .  64).68b T h i s  a l coho l  was a l s o  ob- 

t a i n e d  i n  t h e  microsomal r e a c t i o n  o f  - 128187. O x i d a t i o n  o f  - 128 w i t h  l ead  

t e t  raace t  a t e gave 4 -acetoxy -2,3-dehy dro-N-n i t rosop i p e r i  d i  ne 145 as t h e  

Under m i l d  

major product.  OR 

0 NO NO NO 

,-- 0' & fi (64) 
N N 

744 R = H 
145 R = Ac 

142 143 

V I .  THE CHEMISTRY OF N-NITROSO-N,O-DIALKYLHYDROXYLAMINES 

The ca rc inogen ic  a c t i v i t y  o f  N-nitroso-O,N-diethylhydroxylamine 146 
and N-nitroso-O,N-dimethylhydroxylamine 147 has been studied.187 Me tabo l i c  

s tud ies  on these and o t h e r  compounds o f  t h i s  t y p e  a re  c u r r e n t l y  underway 

i n  our l a b o r a t o r y  and shou ld  p r o v i d e  some i n t e r e s t i n g  i n f o r m a t i o n  about 

t h e i r  b i o l o g i c a l  a c t i v i t y . 1 8 8  Al though t h e  n i t r o s a t i o n  o f  N,O-dialkyl-  
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RECENT SYNTHETIC APPLICATIONS OF N-NITROSAMINES M D  RELATED COMPOUNDS 

hydroxylamines was descr ibed i n  1931 as t h e  s imp les t  way f o r  p r e p a r i n g  

t h e  cor respond ing  n i t r o s o  c o m p o ~ n d 1 ~ ~ - 1 ~ ~  very l i t t l e  i s  known about t h e  

chemis t ry  of t h i s  c l a s s  o f  N-nitrosamines. 

t h i s  type191 have been syn thes ized u s i n g  t h i s  same bas ic  method. 

o f  s y n t h e t i c  methods f o r  t h e  p r e p a r a t i o n  of t h e  amine p recu rso rs  o f  t h e  

t i t l e  compounds i s  beyond t h e  scope o f  t h i s  review. However, i t  should 

be p o i n t e d  ou t  t h a t  t h e i r  syn thes i s  i s  w e l l  es tab l i shed.  The p r e p a r a t i o n  

i n v o l v e s  t h e  s e l e c t i v e  a l k y l a t i o n  o f  hydroxyure thane lg2  o r  hydroxyurea lg3  

w i t h  subsequent hyd ro l ys i s .  C a t a l y t i c  reduc t i ons  o f  N-n i t roso-0 ,N-d ia lky l -  

hydroxylamines have been r e p ~ r t e d , ~ ~ ~ , ~ ~ ~  and t h e i r  p r o p e r t i e s  under hydro- 

l y t i c  c o n d i t i o n s  have a l s o  been studied. lgO The use o f  t hese  compounds 

as i n te rmed ia tes  i n  t h e  syn thes i s  o f  azoxyalkanes has been explored.195 

14C-labeled compounds o f  

D e t a i l s  

146 147 

1. C a t a l y t i c  Reduct ion and H y d r o l y s i s  

C a t a l y t i c  hydrogenat ion  o f  147 i n  g l a c i a l  a c e t i c  a c i d  ove r  Adam 

c a t a l y s t  under 1.3 atmosphere of hydrogen gave methylammonium ace ta te  

and methanol w i t h i n  6 h 0 u r s . 1 ~ ~  The reduc t i on  takes  p l a c e  i n  two stages. 

Reduct ive  cleavage o f  t h e  n i t r o s o  group t o  ammonia i s  t h e  f i r s t  s tep  i n  

t h e  format i on o f  N ,0-di methy 1 hy droxy 1 ammoni um ace ta te  ( CHQONHCH~ *HOAc ) . 
The s u b s t i t u t e d  hydroxylamine then  undergoes an N-0 cleavage t o  t h e  

pr imary  amine and t h e  a lcoho l .  

proceeded r a p i d l y  over  aluminum-nickel t o  g i v e  methylamine i n  93% ~ i e l d . 1 ~ ~  

Reduct ion o f  147 i n  aqueous bas i c  media 

When N-nitroso-N,O-diethylhydroxylamine 146 was hydro lyzed i n  concen- 

t r a t e d  h y d r o c h l o r i c  acid,  e thano l  and acetaldehyde were formed. 

s i  m i  l a r  cond i t i ons ,  N-ni troso-N,0-di methyl  hydroxylami ne 147 gave methanol 

Under 
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SAAWDRA 

and formaldehyde. The proposed mechanism c o n s i s t s  i n  t h e  o x i d a t i v e  c l e a -  

vage o f  t h e  a l koxy  group t o  g i v e  t h e  cor respond ing  aldehyde, l e a v i n g  t h e  

d iazohydrox ide  wh ich  upon l o s s  o f  n i t r o g e n  g i ves  t h e  a l c o h ~ l . ~ ~ ~ a  N - N i t -  

roso-0-methy1-N-3-amy1hydroxylamine 148 g ives  upon a c i d  h y d r o l y s i s ,  form- 

aldehyde and 3-pentanol. 

- 149 which  upon l o s s  o f  n i t r o g e n  g i ves  t h e  cor respond ing  a l c o h o l  (Eq.  65). 

I n i t i a l  N-0 c leavage forms t h e  d iazohydrox ide  

NO 

148 

149 

Anseline and KanolgO i n v e s t i g a t e d  t h e  h y d r o l y s i s  o f  l a r g e r  and more 

r e a c t i v e  compounds than  148, such as N-(e-methylbenzy1)-0-benzyl-N-nitroso- 

hy d r o xy 1 a m i  n e , [e- C H 3C 6H 4 C H 2 N ( N 0 ) 0 C H 2 P h 1. D i f f e r e n t  p r o d  u c t s we r e  o b t  a i n e d 

f rom those p r e d i c t e d  by t h e  work o f  Ma jor  e t  a l . , le9 even though t h e  same 

r e a c t i o n  c o n d i t i o n s  were used. The predominant p roduc t  f rom t h e  a c i d  hy- 

d r o l y s i s ,  i n s t e a d  o f  t h e  expected e-methy lbenzy l  a l coho l ,  was t h e  hydro-  

ch 1 o r i  de sa 1 t o f  N- (2-met hy 1 benzy 1 ) -0-benzy 1 hy droxy 1 ami ne. 

ancy prompted these  au tho rs  t o  r e - i  n v e s t i g a t e  t h e  a c i d  h y d r o l y s i s  o f  

- 148. 

formaldehyde was de tec ted  as i m p l i e d  i n  Eq. 65. 

t h e  h y d r o l y s i s  was t h e  d e n i t r o s a t i o n  produc t ,  N-(3-pentyl)-O-methyl-hydro- 

xylamine hyd roch lo r i de .  

h y d r o l y s i s  and t h e  p roduc ts  proposed by Ma jo r  e t  a1.189 cannot be c o r r e c t .  

Th i s d i  screp- 

Al though, 3-pentanol  was i s o l a t e d  as one o f  t h e  major  p roduc ts ,  no 

The major component o f  

It appears f rom t h i s  work, t h a t  t h e  mechanism o f  

2. S y n t h e t i c  A p p l i c a t i o n s  

N u c l e o p h i l i c  a d d i t i o n  o f  a l k y l l i t h i u m s ,  a l k y l  Gr igna rd  reagents,  

and d i a l  ky l copper  1 i th iums t o  N-ni t roso-N,O-dial  ky lhydroxy lamines  - 150 

forms t h e  Z-azoxyalkanes 152 accord ing  t o  t h e  mechanism desc r ibed  i n  Eq.  
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RECENT SYNTHETIC APPLICATIONS OF N-NITROSAMINES AND RELATED COMPOUNDS 

66.1g5 Although t h i s  r e a c t i o n  appears t o  be use fu l  as a r e g i o s e l e c t i v e  

synthesis o f  unsymmetrical azoxyalkanes, i t  has some ser ious l i m i t a t i o n s .  

The y i e l d s  are low, t h e r e  i s  always "over-react ion",  and i t  i s  l i m i t e d  

t o  pr imary a l i p h a t i c  organometa l l ic  reagents. 

azoxymethane i s  i so la ted ;  however, i n  t h e  reac t i on  o f  m e t h y l l i t h i u m  w i t h  

I n  most cases t h e  ( 2 ) -  

N-nitroso-0-methyl-N-n-butylhydroxylamine 153 both t h e  154 
isomers are obtained, t h e  l a t t e r  be ing t h e  predominant one 

R"O\ 8 R\.. ../OM 
N-N + R'M - [ 

R' R '  ' 0  

150 151 

'R' 

R\ Yo - N = N  

152 

n-BuNOCH3 
NO 

Z, and t h e  154 E 
(Eq. 67). 

n-Bu 
(67) / + f 0  

\CH3 $0  

n-Bu 

\N=N MeLi - 
153 1542 154E 

N-Nitroso-0,N-dimethylhydroxylamine 147 undergoes r a p i d  H-D exchange 

i n  deuterium oxide/-OD a t  room temperature. The exchange occurred a t  t h e  

N-methyl group t o  g ive N-nitroso-0-methyl-N-methyl-dg-hydroxylami ne 

[CD3N(NO)OCH3]. Th is  f i nd ing ,  and t h e  f a c t  t h a t  these compounds are ca t -  

a l y t i c a l l y  reduced t o  t h e  pr imary amine, prompted t h e  eva lua t i on  o f  these 

compounds as a-primary amino carbanion synthons. M e t a l a t i o n  o f  147 w i t h  

l i t h i u m  di isopropylamide fo l lowed by a d d i t i o n  o f  methyl i o d i d e  unexpectedly 

gave dimethylni t rosamine 2 i n  very smal l  quan t i t i es ,  w i t h  no o the r  n i t roso -  

compound being f 0 r m e d . 1 ~ ~  These r e s u l t s  i n d i c a t e  t h a t  meta lat ion on t h e  

N-methyl group leads t o  a very unstable an ion i c  species, 147a (Eq. 68). 
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SAAVEDRA 

However, m e t a l a t i o n  a l s o  occurs on t h e  oxygen-bearing carbon fo rm ing  a 

s h o r t - l i v e d  i n t e r m e d i a t e  147b t h a t  breaks down i n t o  t h e  E -d iazo ta te  155, 
which, i n  t u r n ,  i s  a l k y l a t e d  t o  f o r m E  (Eq. 69). 

o s i t i o n  o f  N,O-disubst i tuted-N-ni t rosohydroxylamines has been s t u d i e d  by 

Anselme and Kano.190 T h e i r  work suppor ts  t h e  i n te rmed iacy  o f  d iazo ta tes ,  

p r o v i d e d  t h a t  a p r o t i c  s o l v e n t s  a r e  used. 

Base-catalyzed decomp- 

147 - +Li -CH2NOCH3 (68) 
I 
NO 

147a 

Me I 
147 - CH,NOCH,- Li+ CH3N - 18 (69) 

I I I  
NO NO- Li+ 

747b 
155 

V I I .  O-ALKYLATION OF N-NITROSAMINES 

The oxygen atom o f  t h e  N - n i t r o s o  group bears a p a r t i a l  nega t i ve  

charge; t hus  i t  can i n t e r a c t  w i t h  e l e c t r o p h i l i c  reagents. Some aspects 

o f  t h e  n u c l e o p h i l i c  cha rac te r  o f  t h i s  oxygen were touched upon i n  s e c t i o n  

IV-1  under t h e  d i s c u s s i o n  o f  t h e  r o l e  o f  oxadiazol iurn i o n s  i n  ne ighbor ing -  

group p a r t i c i p a t i o n  by t h e  n i t r o s o  f u n c t i o n .  Oxygen a l k y l a t i o n  i s  o f  

i n t e r e s t  i n  n i t rosamine  chemis t ry  f o r ,  upon reac t i on ,  t h e  l a t t e r  becomes 

an e l e c t r o p h i l i c  i n te rmed ia te .  O-A lky la ted  n i t rosamines  were d i scove red  

by Hdnig -- e t  a l . l g 6  and a r e  commonly known as a lkoxyd iazen ium i o n s  o f  gen- 

e ra1  s t r u c t u r e  156. 
n i t rosamine  and a t r i a l k y l o x o n i u m  t e t r a f l u o r o b o r a t e  (Eq.  70). The 

s a l t s  a re  a l s o  a c c e s s i b l e  by a l k y l a t i o n  of t h e  n i t r o s a m i n e  w i t h  a l k y l  

h a l i d e s  i n  t h e  presence o f  s i l v e r  pe rch lo ra te .  Magic methyl  o r  e t h y l  

r e a d i l y  a l k y l a t e  t h e  n i t rosamine  oxygen t o  fo rm t h e  cor respond ing  a l koxy -  

diazenium f l u o r o s u l f o n a t e s  (R*+N=NOR' FSO3'). 146 

These compounds a r e  formed on r e a c t i o n  o f  a d i a l k y l -  
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RECENT SYNTHETIC APPLICATIOXS OF N-NITROSMNES AND RELATED COMPOUNDS 

R + R BF4' 
R'NOR + RjOBF, - 'N' (70) 

NO II 

156 
A l k y l a t i o n  React ions o f  Alkoxydiazenium Ions  

Alkoxydiazenium ca t ions ,  of t h e  general  s t r u c t u r e  157, r e a c t  w i t h  

ca rboxy la tes  t o  g i v e  t h e  a-carbonylazo compound 158 i n  h i g h  y ie ld . l g6a  The 

r e a c t i o n  works w e l l  as shown i n  Eq. 71 p rov ided  t h a t  R '  i s  e i t h e r  an aro-  

ma t i c  o r  a t e r t i a r y  a l k y l  group. 

R'  

+ I -  1 R '  
- I  

+ 
R '''-COZ- 

R '  
I 

+ 
1 57 

RCH,N = N-OR" - = N0R"'RCHN-N-OR" 

R '  OR" 

-R"OH - R'N=NCOR"' + RCHO 

158 

\ I  

The syn thes i s  o f  2 - t r i a z o l i u m  c a t i o n s  (i.e. 159) can be achieved by 

r e a c t i o n  o f  t h e  alkoxydiazenium i o n  157 w i t h  n i t r o g e n  he te rocyc les  ( i .e. 

p y r i d i n e )  (Eq. 72).196b The r e a c t i o n  o f  - 157 w i th  hydrox ide  i o n  g i ves  a- 

hyd roxyd ia l ky ld iazenes  160 (Eq. 73). 

t o  e x i s t  i n  t h e  t r a n s  s te reochemis t ry  about t h e  azo double bond w i t h  i n t r a -  

mo lecu la r  hydrogen b 0 n d i n g . 1 ~ ~  The %-isomers can be prepared o n l y  i n  

s o l u t i o n  by i r r a d i a t i o n  o f  t h e  t rans- isomer  and i t  cannot be i s 0 1 a t e d . l ~ ~  

N o t i c e  t h a t  t h e  t r a n s  s te reochemis t ry  about t h e  azo bond, i n  160, i s  de t -  

ermined by hydrogen bonding as shown i n  Eq. 73. 

methoxide o r  az ide  i o n s  w i t h  157 g i v e  a a'-dimethoxy and a a l - d i a z i d o t e t r a -  

zenes 

T h i s  hydroxy compound has been shown 

Nuc leoph i les  such as 

and j6lJ r e s p e c t i v e l y  (Eq. 74). lg9 
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SAAVEDRA 

-OH 
157 - 

159 

160 

R '  
R'\ N-N = N-N 0 

I I 
I 

R-CH HC-R 

X 
I 
X 

161a: X = OMe 

b: X = N, 

(73) 

(74) 

The r e a c t i o n  o f  a lkoxydiazenium f l u o r o s u l f o n a t e  s a l t s  w i t h  va r ious  

nuc leoph i l es  has been e ~ a r n i n e d . 1 ~ ~ ~ ~ ~ ~  

t h e  f l u o r o s u l f o n a t e s  a r e  s o l u b l e  i n  o rgan ic  solvents.  These s a l t s  gener- 

a l l y  r e a c t  w i t h  nuc leoph i l es  by displacement of t h e  0 - a l k y l  group. How- 

ever, t h e i r  r e a c t i o n  w i t h  3 ,4 -d ich lo ro th iopheno l  i n  o rgan ic  so l ven ts  r e -  

s u l t s  i n  t h e  fo rma t ion  o f  t h i o e t h e r s  f rom 0- and N-dea lky la t i on .  

I n  c o n t r a s t  t o  f l u o r o b o r a t e  s a l t s ,  

VIII. NITROGEN HETEROCYCLES WITH MULTIPLE NITROSO GROUPS 

L i m i t e d  aspects o f  t h e  chemis t ry  o f  h e t e r o c y c l i c  d i - ,  t r i -  and t e t r a -  

n i t rosamines  have been s t u d i e d  i n  connect ion  w i t h  t h e  s t r u c t u r e  and t h e  

chemistry o f  aldehyde-ammonia adducts.200 

have a l s o  been prepared as i n te rmed ia tes  f o r  t h e  syn thes i s  o f  c y c l i c  1,3- 

H e t e r o c y c l i c  1,3-dini t rosamines 
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RECENT S Y N T H E T I C  A P P L I C A T I O N S  OF N-NITROSAMINES AID RELATED COMPOUNDS 

d in i t ram ines ,  which a r e  a p o t e n t i a l l y  impor tan t  c l a s s  o f  e n e r g e t i c  mater- 

ia ls.201 A few examples d e a l i n g  w i t h  a - a l k y l a t i o n  o f  po l yn i t rosamines  

have been reported. 202 

1. N i t r o s a t i o n  o f  Hexamethylenetetramine and Re la ted  Compounds 

The r e a c t i o n  between hexamine 162 and n i t r o u s  a c i d  a t  pH 1 g ives  

e x c l u s i v e l y  t h e  t r i n i t r o s o  compound 163 i n  50% y i e l d .  

of 3-6, t h e  d i n i t r o s o  compound 164 i s  formed i n  76% y i e l d .  

m i x t u r e  o f  t h e  d i n i t r o s o  and t h e  t r i n i t r o s o  compounds i s  

The s te reochemis t ry  o f  these p roduc ts  has been s t u d i e d  i n  d e t a i l  by 

p ro ton-  and carbon-NMR. 

I n  t h e  pH range 

A t  pH 2, a 

162 

C y c l i c  1,3-dini t rosamines 167 are  prepared f rom a,wdiamines 165 

and formaldehyde t o  form t h e  c y c l i c  aminal 166 f o l l o w e d  by i n  s i t u  n i t r o -  

s a t i o n  (Eq. 77). 

c y c l i c  1 ,3 -d in i t ramines  168, impor tan t  i n  t h e  s tudy  o f  e n e r g e t i c  mater-  

i a1 s .201 

- 
-- 

T h i s  o f f e r s  an a l t e r n a t e  method for  t h e  p r e p a r a t i o n  o f  

137 
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H NO 

1 68 

(77) 

NO2 
169 

2. A l k y l a t i o n  o f  C y c l i c  gem-Dinitrosamines 

The f i r s t  examples o f  a - a l k y l a t i o n  o f  po l yn i t rosamines  were r e p o r t e d  

r e c e n t l y  by Boyer and Kumar.202 T h i s  work i s  r e l a t e d  t o  t h e  a-n i t rosamino 

carban i  on i n v e s t i g a t i o n s  d iscussed i n  s e c t i o n  11. Potassium-t-butoxide 

ca ta l yzed  t h e  a d d i t i o n  o f  benzaldehyde t o  1,3-dinitrosoimidazolidine 

- 169a, and 1,3-dinitrosohexahydropyrimidine J6!3J t o  g i v e  t h e  2-hydroxybenzyl 

d e r i v a t i v e s  and i n  88 and 76% y i e l d s ,  r e s p e c t i v e l y  (Eq. 78). 

Monobenzylat ions o f  and m w i t h  benzyl  bromide can be accomplished 

i n  aqueous sodium hyd rox ide  s o l u t i o n s  w i t h  c a t a l y t i c  amounts o f  t r i e t h y l -  

benzylammonium c h l o r i d e  t o  g i v e  t h e  cor respond ing  adducts and a. 
NO NO 

(78) 
NO NO 

169a: n = 2 170a: n = 2; R = &HOH 

b:n = 3 6: n = 3; R = &HOH 

171a: n = 2; R = $CH, 

6: n = 3; R = 4CH, 
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I X .  PHOTOCHEMISTRY OF NITROSAMINES 

The k i n e t i c s  and mechanism o f  n i t rosamine  and n i t rosoamide photochem- 

i s t r y  have been s t u d i e d  e x t e n s i v e l y  and a r e  t h e  main s u b j e c t  o f  two 

review a r t i c l e s . 6 1 ~ ~ ~  We w i l l  l i m i t  ourse lves  t o  a b r i e f  i n t r o d u c t i o n  

t o  t h i s  sub jec t .  P h o t o l y s i s  o f  n i t rosoamides  generates amido r a d i c a l s  

toge the r  w i t h  NO. I n  t h e  presence o f  d i l u t e  acid,  N-ni t rosamines undergo 

pho to reac t i on  t o  generate p r i m a r i l y  n i t r i c  ox ide  and aminium r a d i c a l s  

(R2NH*+). Recent ly  Chow e t  al.*04 repo r ted  t h a t  t h e  decomposi t ion o f  

n i t rosamines  t o  aminium r a d i c a l s  occurs f rom t h e  s i n g l e t  e x c i t e d  s ta te ,  

and i t  i s  t o o  r a p i d  f o r  i n t e r s y s t e m  c r o s s i n g  t o  t h e  t r i p l e t  s t a t e  t o  occur. 

B a s i c a l l y ,  pho to reac t i on  o f  n i t rosamines  i n v o l v e s  t h e  chemis t ry  o f  an 

aminium r a d i c a l  i n  t h e  presence o f  n i t r i c  oxide. Several  competing p ro -  

cesses t a k e  p l a c e  i n  t h e  photochemis t ry  o f  n i t rosamines  which determine 

t h e  f a t e  o f  t h e  aminium ion .  

a r e  pho toe l im ina t i on ,  pho to reduc t i on  and pho toadd i t i on  reac t i ons .  Photo- 

l y s i s  o f  n i t r o s o p i p e r i d i n e  123 t o  t h e  p i p e r i d i n i u m  r a d i c a l  1 7 2  under 

d i f f e r e n t  c o n d i t i o n s  g i  ves d i f f e r e n t  p roduc t  p a t t e r n s  r e p r e s e n t a t i  ve o f  

t h e  d i f f e r e n t  photoprocesses. I n  t h e  case of N-ni t rosoamino acids,  ox ida-  

t i  ve deca rboxy la t i ons  occur.205 

1. Pho toe l im ina t i on  

The p h o t o e l i m i n a t i o n  process i n  water, o r  i n  o t h e r  poor hydrogen 

atom-donating so lvents ,  i s  t h e  favo red  r e a c t i o n  pathway. The p i p e r i d i n i u m  

r a d i c a l  172 undergoes r a d i c a l  d i s p r o p o r t i o n a t i o n  t o  t h e  t e t r a h y d r o p y r i d i n e  

- 173 and HNO. N u c l e o p h i l i c  a t t a c k  o f  HNO on 173 g ives  t h e  p h o t o e l i m i n a t i o n  

produc t  174 (Eq. 79). 

t o  i s o t r i p i p e r i d i n e  and HzN202, which a re  r e l a t i v e l y  s t a b l e  compounds. 61,206 

The p roduc t i on  o f  HNO i s  on l y  a p o s t u l a t e d  pathway, and i t  i n v o l v e s  t h e  

i n i t i a l  fo rmat ion  of a n i t rosamine  - a c i d  complex, f o l l owed  by a photochem- 

The main t ypes  of processes i n  pho to reac t i ons  

. 

The t e t r a h y d r o p y r i d i n e  173 and HNO a l s o  po lymer ize  
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SAAVEDRA 

i c a l  homolysis o f  t h e  N-N bond. 

t h a t  p h o t o l y s i s  does occur i n  n e u t r a l  media,207 and thus, t h e  ex i s tence  

o f  hypon i t rous  a c i d  i s  ques t ionab le ,  a long w i t h  i t s  a b i l i t y  t o  add across 

a double bond, i.e. - 173. 

However, t h e r e  i s  mount ing evidence 

H 

7 72 

2. 

O N  (79’ 

H2O + - N O  - 0 + HNo - 
H I  

H OH 

7 73 7 74 

Photoreduc t i  on 

P h o t o l y s i s  o f  n i t r o s o p i p e r i d i n e  123 i n  t h e  presence o f  cyclohexene i n  

a c i d i c  media r e s u l t s  i n  a d d i t i o n  o f  172 and NO r a d i c a l s  across t h e  double 

bond. The tau tomer i c  oxime 177 i s  i s o l a t e d  i n  t h i s  r e a c t i o n  (Eq. 80). 

W 
772 + *NO - 

OH 
7 77 

I n  o rgan ic  syn thes is ,  n i t rosamine  pho toadd i t i on  i s  t h e  most u s e f u l  

o f  a l l  t h e  photo  processes mentioned. I t  i s  a very p r a c t i c a l  method f o r  

p repar ing  n i t r o g e n - c o n t a i n i n g  compounds from o l e f i n s ,  as 1: 1 adducts a re  

ob ta ined (Eq.  80). 

a z a b i c y c l i c  compounds have been c a r r i e d  ou t  successful ly.61 

p h o t o l y s i s  o f  n i t rosamine  178 i n  a c i d i c  methanol g ives  t h e  a z a b i c y c l i c  ox- 

ime - 179 (Eq. 81). 

thane g ives  endo-6-bromo-2-azabicyclo~3.2.1~octane 180 ( E q .  82). 

I n t r a m o l e c u l a r  c y c l o a d d i t i o n s  t o  fo rm a z a c y c l i c  and 

F o r  example, 

P h o t o l y s i s  of 178 i n  t h e  presence of bromotr ichlorome- 
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180 
3. O x i d a t i v e  Decarboxy la t ion  

a-Nitrosamino ac ids  a re  p h o t o s e n s i t i v e  due t o  t h e  p r o t o n  dona t ing  

a b i l i t y  o f  t h e  a-carboxyl  group. 

category o f  a pho toe l im ina t i on .  

Z -con f igu ra t i on  J8J f o r  maximum hydrogen bonding. 

and carbon d iox ide ,  t h e  a l k y l i d e n e i m i n e  182 i s  formed. 

HNO t o  183 g ives  t h e  C-n i t roso  compound 183a o r  t h e  tau tomer i c  oxime m. 

The r e a c t i o n  pathway f a l l s  i n  t h e  

The p h o t o l a b i l e  compound may r e q u i r e  t h e  

Upon l o s s  o f  NO r a d i c a l  

The a d d i t i o n  of 

R '  

RLN I 
M0 

&+H \ '  
- HNO+RN=CHR' - RNCHR' - 

H I  
NO 

182 183a 
181 

(83) 

RNCR' 
H II 

NOH 

1836 
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X. CONCLUSIONS 

T h i s  survey was in tended  t o  g i v e  t h e  reader an i n s i g h t  i n t o  t h e  

f r o n t i e r s  o f  n i t rosamine  chemistry.  

sound o rgan ic  chemical knowledge o f  t hese  compounds i s  i m p o r t a n t  i n  t h e  

u n r a v e l l i n g  o f  t h e i r  mechanism o f  a c t i o n  i n  carc inogenes is .  I t  i s  a l s o  

impor tan t  t o  no te  t h a t  N-n i t rosamine can be u s e f u l  reagents  i n  o rgan ic  

syn thes is .  The p r e p a r a t i o n  o f  these compounds can be ach ieved i n  h i g h  

y i e l d s  via numerous rou tes ,  and thus  they  a r e  r e a d i l y  a v a i l a b l e  reagents.  

N-Nitrosamines a r e  w i d e l y  used i n  l'umpolung'' chemis t ry  as s y n t h e t i c  equ iv -  

a l e n t s  o f  a-secondary amino and a-pr imary amino carbanions. The i m p o r t -  

ance o f  a -ox id i zed  n i t rosamines  i n  carc inogenes is  has s t i m u l a t e d  a g r e a t  

deal  o f  s y n t h e t i c  research  i n t o  methods f o r  t h e i r  p repara t i on ,  and has 

l e d  t o  t h e  d i scove ry  o f  some i n t e r e s t i n g  aspects o f  n i t roso immin ium i o n  

chemistry.  The chemis t r y  o f  B-,  y- o r  w-oxidized n i t rosamines  has a t t r a c t -  

ed mrch a t t e n t i o n  due t o  me tabo l i c  and env i ronmenta l  concerns. S o l v o l y s i s  

r e a c t i o n s  o f  these compounds have t a u g h t  us much about n e i g h b o r i n g  group 

p a r t i c i p a t i o n  by t h e  n i t r o s o  group. Base-induced f ragmen ta t i on  of 8-hydroxy 

I t  i s  ou r  purpose t o  s t r e s s  t h a t  

and 8-oxoni t rosami  nes 

These r e a c t i o n s  exp la  

lower  a l k y l  compounds 

s t i l l  i n  t h e  e a r l y  s t  

l e a d  t o  r e t r o - a l d o l  and r e t r o - C l a i s e n  t y p e  cleavages. 

n t h e  degrada t ion  o f  long-cha in  n i t rosamines  t o  

A l though t h e  chemis t ry  o f  8 -ke ton i t rosamines  i s  

ge o f  development, these compounds have proven t o  

be p o t e n t i a l l y  good a n i o n i c  synthons w i t h  m u l t i p l e  a c t i v a t i n g  groups. The 

development o f  new syntheses o f  v i n y l i c  n i t rosamines  o r  N-ni t rosoenamines 

has sparked renewed i n t e r e s t  i n  t h e  chemis t ry  o f  these compounds. 

a re  v e r s a t i l e  s y n t h e t i c  i n t e r m e d i a t e s  f o r  they  can i n t e r a c t  e f f e c t i v e l y  

w i t h  n u c l e o p h i l i c  as w e l l  as e l e c t r o p h i l i c  reagents. N-Nitrosoenamines 

a l s o  undergo i n t e r e s t i n g  o x i d a t i o n  as w e l l  as photochemical  reac t i ons .  

The chemis t ry  o f  N-ni t roso-N,O-dialkylhydroxylamines i s  v i r t u a l l y  a 

These 
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wide-open f i e l d  f o r  chemical research. Al though many aspects o f  t h e i r  

bas i c  chemistry a r e  known, i.e. decomposit ion, hyd ro l ys i s ,  reduc t ion ,  

t h e i r  a p p l i c a t i o n  as s y n t h e t i c  i n te rmed ia tes  remains t o  be explored. 

Some a t t e n t i o n  has been g iven t o  t h e  i n t e r a c t i o n  o f  t h e  n i t r o s o  oxygen 

o f  n i t rosamines  w i t h  e l e c t r o p h i l i c  reagents. Oxygen a l k y l a t i o n  conver ts  

t h e  n i t rosamine  i n t o  an e l e c t r o p h i l i c  in te rmed ia te .  Severa l  b iochemical  

s t u d i e s  have a t tempted t o  r e l a t e  t h e  n u c l e o p h i l i c  cha rac te r  o f  t h e  oxygen 

t o  t h e  fo rma t ion  o f  a l k y l a t i n g  agents a c t i v e  toward  c e l l u l a r  nuc leoph i les .  

N i t r o g e n  he te rocyc les  w i t h  m u l t i p l e  n i t r o s o  groups have been examined i n  

t h e  study o f  aldehyde-ammonia adducts and i n  t h e  search f o r  new e n e r g e t i c  

ma te r ia l s .  

begun t o  r e c e i v e  some a t t e n t i o n .  Photochemical research  o f  N-ni t rosamines 

and N-ni t rosamides has been a c t i v e l y  pursued f o r  more t h a n  20 years.  

The s y n t h e t i c  use o f  these compounds as a n i o n i c  reagents has 

A 

g rea t  deal  o f  i n f o r m a t i o n  has been accumulated on t h e  k i n e t i c s  and mechan- 

i sm o f  t h e  pho to reac t i ons  i n v o l v i n g  these t ypes  o f  compounds. 

on l y  touched upon t h e  n i t r o s a t i o n  o f  amides t o  g i v e  t h e  cor respond ing  

n i  trosoarni des, these compounds i n c l u d e  n i  t rosoureas, n i  trosocarbamates, 

n i t r o s o c a r b o x y l i c  a c i d  amides, and n i t rosoamid ines .  S ince  they  a re  

s t r u c t u r a l l y  d i f f e r e n t  f rom N-nitrosamines, t h e i r  chemical p r o p e r t i e s  

d i f f e r  a g rea t  deal. A separa te  review a r t i c l e  d e a l i n g  s t r i c t l y  w i t h  

We have 

N-ni t rosamides would be necessary i f  a f a i r  survey of t h e i r  chemis t ry  

were t o  be given. 
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