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Chemistq of N-Nitrosamines Derived from 
' k 

a-Amino A c i d s  . 

-n In reiatim TG r h e i r  carcinogenic activity, a sirids of 

nitroso d e r i v a  i v e s  of N-afkyl and N-acyl a-amino acids was t r 
synth~s~5CKZE&5S5F >?,yS1CaI p r o p e r t i e s  a r e 1 1  a% t h ~ z  2-p -- p L  

therma1,'basic and ~hotolytic decompositions were inves t iga ted .  

13 15 t u 8 i . e ~  by C a N nmr t h e  , -r 
configuration of the nitroso 

was shown to Ee;s%abilized by an intramolecula~ I 
- - 

f 

bonding. Nitrososarcssine was the firsf n-itrosarnine t o  e x h i b i t  

?d -a l -ky l -n i t rosa ino  - acids u n d e d e n t  efficient o x i d s i v e  " / 
-1 

photodecarb'&w"hationt followed by addition of nitroxylJHN 
"a/ .f- 

to g i  e N-aeyl-cz~addoxhes. The .reaction w a s  shown d r i - 7 -  I - - -  1 t .. < 

vo>ve'an imine intermediate. 

The n i t m s o  derivat-of 3-acyl-&-amino acid.s alsc 

.- / '. 
I 

decarborylated under u.v/. . . iirrddittin to generate an N-acyl- 
i 

iriiine, a synthetically useful intermediate, which underwent 

' . facile.nucleophfiiz l,Q-addition. When +he nucleo 

a 



the con jug at^ base of nitroxyl, C-nitroso adducts wer 
P 

b?d rearranged intramolecularly to give derivatives of 1,2,4- 
fl d 

> 8 -  oxadiazo e. ? 

iherrnolysis of -N-nitroso-N-acetyl-D . , - -  ,~-~hen~l+anine (1) - 
in methanol gave 2-methoxy-3-phenyl-propanoic acid ( 2 )  - grid 
Zts methyl ester, w3ich were assumecrto arise f m d i a z o a  

d and/or 1,2,3-oxadiazo2-5-one (3 1 intermediates. In benzene', 
8 . -. 

- therrnolysis o f z  gave a-acetoxy carboxyli~ acid, a product a 

-- - - -  - - -- - -  . C - -  -- 

resulting from the normal thermal decom ition of nitro'samides, +- 
and phenylethylacetate arising from a diazoalkane intermediate. 

I 

>Some spectroscopic evidence for the latter is also presented. 

t 

Under basic conditions, 1 - underwent rapid decomposition, 
the mechanism of which .- depended upon the amoun and the strength 

----? 4 
added* For several strong the presen'ce of 

equivalent generated a diazoca~b6xylate anion. 

The charact rization of this-anion was attempted by uv spectros- d. 
copy.and by chemical tranformations. In the presence of one 

or less khan one mole equivalent of asstrong base (or in the 
J- a 

presence of an excess &a weak base), an intramolecularly 
k Ir,  -- 

t catalyzed nucleophilic deamination was observed. In methanol, 
1 
i s-- pp -- - 
k 

- 
a-nethoxy aCld 2 - i 
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INTRODUCTION - 

1-1 Nitrosamines and Cancer --- 

Nitrosdpes- h a s ~ ~  beenknown for more than a hundred years (1.) , - 

but it was only in 1956 that .Magee and Barnes (\2) discovered 

their tumorigenicity . Since then, over 15 0 nitrosamines have 

been tested for carcinogenic activity and of these, more than 

75% have been found to be carcinogenic towards animals ( 3 ) .  
1 

Nitrosamines are formed by the interaction of nitrous acid 
-- 

with secondary or tertiary amines ( 4 ) .  Recently, traces of 

nitrosamines have been found in environmental samples (5) and 

have been shown to occur in the mammalian stomach C,6). Secondary 
, b  \ 

amines are known to occur in variobs foods such as -6egetables, 

fish, cheese, mushrooms, fruits, wine and beer. Furthermore, 

nitrites are found in the environment either naturally or from 

reduction of nitrates by microorganisms (71, or are added to 

food as preservatives. The latter fact explains the detection. 

- . of N-nitrosodimethyIamine - 1-1 and N-nitro~opyrrolidi~ne - 1-2 in . 4 

cured meat, fish and fried bacon at levels of,up to 200 vgfkg (8). 
r 

~itrosation by nitrous acid is known to be pH dependent and is 

optimal at pH 1-3 (4) which is the prevailing condition in the' 

mammalian stomach. Simultaneous injection of morpholine and 



sodium n i t r i t e  r e s u l t e d  i n  t h e  induc t ion  o f  tumors i n  t h e  l i v e r  

of  r a t s  similar t o  t h a t  induced-& d i r e c t  i n j e c t i o n  o f  n i t r o s o -  

rnorpholine4 - 1-3 ( 9 ) .  The in -  viv'o fo rmat ion  of n i t rosamine  was 

a l s o  demonstrated when N-nitrosodiphenylamine 7 1-4 was i s o l a t e d  

-- 
from stomach con ten t s  of human s u b j e c t s  a f t e r  i n t r a g a s t r i c a l  

f 

i n j e c t i o n  of  sodium n i t r a t e  and diphenylamine (10). 

I 
NO I .  NO 

I- 2 1-3 - - +-L+ 
The mechanism of t h e  ca rc inogen ic  a c t i o n  of n i t rosamines  

has  been suggested by Fagee (11) t o  involve  a l k y l a t i o n  a t  t h e  

&nines. Nitrosocompounds a r e u s u a l l y  c l a s s i f i e d i n t o t w o  groups 

b a s e d o n t h e i r b i o l o g i c a l a c t i v i t y :  i l t h o a e  t h a t  a c t  d i r e c t l y  and 
-- 

ii) those  t h a t  require metabol ic  o r  chemical a c t i v a t i o n  t o  be ? 



t 

e f f e c t i v e .  The . former group i n c l u d e  i t r o s o  d e r i v a t i v e s  of 

amides and r e l a t e d  compounds such a s  u r e a s  and u r e t h a n s .  They 

d- are much less stable t h a n  n i t r o s a m i n e s  and are known t o  decompose 
# 

a t  a l k a l i n e  pH t o  g i v e  d i a z o a l k a n e s  (12-15) which a r e  p o t e n t  
- L 

a l k y l a t i n g  a g e n t s  (16). The s e c o n d  group i n c l u d e s  aliphatikk1and 
% 

a r o m a t i c  n i t r o s a m i n e s  and t h e i r  d e r i v a t i v e s .  A s  a r u l e ,  t h e y  \how 

organ specificity t o  a n  e x c e p t i o n a l  d e g r e e .  P r e s e n t l y  it is 

b l i e v _ e L t h a t  _the- a-carbononof a  t y p i c a l  d i a l k y l n i t r o s a m i n e  --- - - _  i s  --- 
, 

o x i d i z e d  t o  - .  y i e l d  t h e  cor respond ing  a-hydroxy compo;nd which 
#' 

undergoes h e t e r o l y s i s  o f  ?he C-N bond t o  g i v e  t h e  un4fable  

monoalkylni t rosamine  1-6. The' l a t t e r  c o l l a p s e s  td t h e  a l k y l a t i n g  

+ 
carbenium i o n  R - ( 1 7  1 .  

+ RxwH 
+ K, + OH- - a - I + RICHO 



by. n i t r o s a t i o n  of secondar:.~ a m  p r e p a r e d  
- .. 

t N - a l k y i a ~ i y s  w i t ? :  n i t r i t e s ,  n i ~ r i c  o x i d e ,  n i t r o g e n  t r i o x i d e  , 
, I 

g o t h e w e l l k n o w n d i a z o t i z a t i o n r e a c t i o n  (16) a n d t e r t i a r y  m i n e s  

. N i t r o s a m i n e s  are exzremely s t a b l e  compounds which e x h i b i t  

i~ a b s o r p t i o n s  a t  >) : 2 3 2 0  (X=G) ,  1 0 8 0  0:-N s t r e t c h .  ) and m x  

~ 8 0 0 0 1  and 340 rn (1G3). The ground s t a t e  e l e c t r o n i c  conf igura -  * .  

\ I 

m ~ n e  p l m a r  geometry c_' ?he a i t r o s m i n o  group h s' also been , - 

e2eF-*r 3 bzr~ifr f6=r ra11z~icz a r c u n e  the N-M bend was e v a l u a t e d  to  
'c, 



-.i 
Hitrosaminea a r e  s f a b l e  towards uv i r r a d i a t i o n  under n e u t r a l  

o r  bas ic  cond i t i ons  (21-23).  i n  t h e  presence of a  d i l u t e  

acid. t h e y  r e a d i l y  *u?idergo* (24 1. It i s  belidired 

t h a t  i n  t he  g r o u n d - s r a t e  ' a  proton complexes wi th  t h e  oxygen 
i 

95 the n i t r o s o  groQ;, (25). I n  t h e  e x c i t e d  s t a t e  t h e  proton i s  
/ 

f 

transferred t o  t h e  amino n i t r o g e n  t o  g ive  n i t r o s m o n i u m  ion  1-8 -- - - 
a \ 
- - 

, nhich then undergoes homolysis t o  g ive  aminium r a d i c a l  1-9 and 
1 9 - 



The requ i rement  o f  an  a c i d  f o r  n i t rosaminew'To undergo 

p h o t o l y s i s ,  prompted Chpw ( 2 8 )  t o  i n v e s t i - g a t e , t h e  p h o t o r e a c t i o n s  

Y? 'of n i t r o s o  d e r i v a t i v e s  such as N-nitroso-N-phenylglycine 1 - 1 0  
* 

and N - n i t r o s o p i p e c o l i n i c  a c i d  11-l-h which b e a r  a n  i n t e r n a l  

c a r b o x y l i c  f u h c t i o n .  Both compounds underwent l i g h t  induced 

d e c a r b ~ . l a t i o n - w i t h o u t  a d d i t i o n  o f  an e x t e r n a l  a c i d .  The 

p h o t o l y s i s  o f  n i t r o s o  d e r i v a t i v e  1 - 1 0  i n  rnkthanol resulted i n t h e  

$%ptat.ion o f  t r i a z i n e  1-11 and t h a t - o f  n i t r o s o  I I - l - h i n  w a t e r  - 9 > -* , 1 - .  - - -5 is 
a  h y g r o s c e p i c  i n t e l i n e d i a t e  which, on t r e a t m e n t  - w i t h  a n  . 

g c i d ,  i s o m e r i z e d - t o  2-piperidonoxime II-16-h.However n e i t h e r  

n i t r o s o n i p e c o t i n i c  a c i d  1113-a i t s e l f n o r  N - n i t r o s o p i p e r i d i n e  1 - 1 3  

and N-methyl-N-nitrosoani1,ine 1 - 1 2  i n  t h e  p resence  o f  ope 
i 

e q u i v a l e n t a o f  a c e t i c  acid showed any change under  prolonged . 

' * - d 
Some chemica l s  i -n tmduced in t h i s  c h a f l e r  a r e  numb6re'd 

e 

, ,- d 

':I-x - i n ' o r d e r  t o  a s y s t e m a t i c  n o t a t i o n  i n  c h a p t e r  11. 



. N-nitrosamides are prepared &y nit6osat:on of N-alkylamides 

w i t h  sodium nitrite, nitrous anhydride, n?itrosyl chloridef, 
4 3  

dinitrogen tetroxide ( 2 9 )  or nitrosyl tetrafluoroborate,(30 1. 
J 

c-(14c 
In general , nitrosamides are unstable and - - their i tability d 

i 

'increases from tertiary to pridry carbinam%es (31). They 

-1 ' exhibit ir absorptions at urnax: 1755-1715 crn CC-0) and at 

1535-1515 cm-' and uv absorptions at h (E?' : 242-246 (4000- 
max 

60001, 406-415 (100) and 425-435 (10) nm. 

-. 
I 

\ 

Photolysis of nitrosamides generates amido radicals which 3 

primarily undergo hydrogen atom abstraction either intramolecu- 

39). sl* ' - rntrarsilecular 

Ay&~8g+a~rrmahcf-r t Tor! occurs v i a  a ~ x - - - ~ ~ ~ r ~ & L i o n  

state to give 6-oximinc amides as shown in the following scheme. 



.+ NO' 

9 ' 

9 
I n  the absence s t r a c t a b l e  hydrogeA, amido r a d i c a l s  

undergo &-scission of a C-H o~ C-4 bond to,genera>ealkyl idene-  



involved in the light induced oxidative decarboxylation of 

nitrosamides derived from a-amino ac ids  ( 2 8 ) .  Thus, photolysis 

of N-nitroso-N-acetyla&-phenylalanine -- 11-22-a generat A a c y l i m i n e  - 

Furthermore, photplysis of N-nitroso-N-benzoyl-DL-feucine 1-18 - in 
ezher r e s u l t e d  in the i ~ m a t i o n  of compounds - 1-19 and - 1-20 

the 



N-hitrosamides, in contrast to nitrosamines, are only 

stable at or belowqaom temperature. It is now well established 

- ' (9)  P i the rate determining step df the thermolysis of 
nitrosamides is the initial formation of the unstable diazoester 

I 
1-22. The latter undergoes further decomposition, the pathways 

-- 
0 

' t a w  I t  
R - 0 - C - F '  

+ * 2  
Zi C 

I A i 
; -  -* [ 3 - 3  f .  

r '0 I I  ( -  .:ile l l  0 

1 - 2 2  J 

R'-C-OH + N 2 .  

r' f 
+ olefin derived 

"b" 

from R 

- 
m ~ s ,  aryidiazoesrers demnpose to give biaryls and carboxylic 

acids  - via the in~emediacy of either benzyne ( % O )  or aryl radi 4% als 
1 .  39 the other hand, alkyl diazoesters yield predominently 

carbsxylic esters (pthq- "al')in the case. of primary alkyl groups 

( 3 E )  and car3oxylic acids and otgfink (pathway "b") in the case 

- 

L i s e ~-or1&a=~-a+~efk~-a&k~~3 gmip s ( 4 2 ) . c ex i st 
+ 

- --- &*k= 

al&yldiazoesrers i i as  confirmed by interceptingpthe carboxylic 

z o l e c x l e  with externally acded diazoalkane. Thus, decompo- 

cf Fd- - ( r - 3 x t y i  1 -2;-r?.Ftrosotr-inethylacetmide - 1-2 3 in-the psence 
I 

of an excess ~f 6 i a z ~ e t h m e  resulted in the formation of the i 



n (! 
e t h y l  e s t e r  and diazobutane ( 4 2 ) .  Furthermore, thermolys i s  of 

ethyl-N-acetyl-N-nitrosoglycine - .  1 - 2 4  w a s  r epo r t ed  t o  g ive  t h e  

s t a b l e  e t h y l d i a z o a c e t a t e  1 - 2 5  ( 3 9 ) .  

B .  
I n  non p o l a ~  s o l v e n t s ,  o p t i c a l l y  a c t i v e  secondary d i a z o e s t e r s  

* - 
I r ea r r ange  i n t r a m o l e c u l a r l y  wi th  pred~mine~nce  of  f i e ten t ion  7 o f -  

i n  t h e  so lven t  cage,  t o  g ive  t h e  observed e s t e r s  (42 ) .  I n  t h e  

ea se  o f  o p t i c a l l y  a c t i v e  .and 180 l a b e l l e d  s u b s t q a t e s ,  secondary 

alkyl d i a h e s t e r s  l e a d  t o  e s t e r s  showing some l a b e l  

and p a r t i a l  racemizat ion ( 4 2 )  whereas t e r t i a r y  a l k y l  d i a z o e s t e r s  



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

amount o f  l a b e l  sc rambl ing  . (42) .  I t  i s  p o s t u l a t e d  t h a t  ,the ?? 

decomposi t ion  o f  d i a z o e s t e r  d- 1-26  i n v o l v e s  t h e  fo rmat ion  of  
I 

i o n - p a i r  1-27 which i n d u c e s  l a b e l  sc rambl ing  a n d . r a c e m i z a t i o n .  

i n v e r s i o n  i s  i n y r a m o l e c u l a r ' a n d  a  t e r t i a r y  carbenium i o n ,  

- - - 1 -  w l - f h L i t s  greate-ze, would haveTL~FlbweFLrTt~f-rotation. . 

The rear rangement  induced by s t r o n g  b a s e s  such a s  a l k a l i  

a l k o x i d e s ,  h a s  been shown t o  be i p i t i a t e d  by t h e  a t t a c k  o f  t h e  
* ' + -  

b a s e  a t  t h e  c a r b m y l  o r  a t  t h e  n i 6 o s o  group (43 1. The n a t u r e  

of t h e  s o l v e n t  h a s  a marked e f f e c t  on t h e  s i t e  o f  t h e  a t t a c k ;  
/'- T 1, 

f a v o u r  a t t a c k  a t  t h e  ' g i t r o s o '  n i t r o g e n  w h e r e a ~  
1 * 

5 f 
i 

f a v o u r  a t t a c k  a t  t h e  c a r b o n y l  ca rbon .  ' . 
r e s u l t i n g  c i g - d i a z o t a t e  i s  s t a b l e u i n  a p r o t i c  s o l v e n t s  ( 4 4 )  

- --- - -- -A 

b u t  h y d r o l y s e s  r e a d i l y  i n &  o f  w a t e r  t o  g i v e  

-7 d i a z o t i c  a c i d  which decomposes \n to  a  d i a z o a l k a n e ,  d e r i v a -  
, 

W 
-% 

t i v e  o r  a n  a l k y l  c a r  nium i o n  ( 4 4 ) .  



Recently, deamination of nitrosamides has also been observed 
*. 

in weakly acidic (45 as well as weakly basic ( 4 6 )  media. In both 

cases, the decomposition of N-nitrosopyrrolidone 1-28 was markedly 

catalysed by bases such as M ~ C O ;  , HCO; , pyridine, imidazole and 

n-butylamine. At pH= 7-9, the deamination reaction involves an t .. 
i 

addition elimination pathway as shown in the following schepe. 
- - -- - - -- 

The preference for nucleophilic rather than general base-catalysed 

hydrolysis is related to the enhanced'leaving properties of the 
i 

N-nitrosamino fragment, - - - - -- - i ! 
i 
e 

Products of, 
deamination 

1-4 Research Outline 

- pp 

Sl%e the CF~EE~STF~OT -n i t-rmrdmkes, -a~r&ir-part i 

of nitroso derivatives of amino acids remains largely unknow 

our understanding of the mechanism of their carcinogen5city is 

hampe~ed. Nitroso acids are potent 



carcinogens ( 6 )  and are 

tract of humans, either 

occurring 

(17). It 

chemistry 

known to occur in the gastro-intestinal 

by direct nitrosatipn of naturally 

amin ac-ds ( 6 )  or by metabolic oxidation of nitrosamines dp 
was, therefore interesting to investigate further the 

of these compounds in order to acquire a clear unders- 

The present work involves the synthesis of a eries of - 8 ' h  
nitroso derivatives of N-alkyl and N-acyl a-amino acids and the 

investigation of their photochemical, thermal and base induced 

decomposition. 



CHAPTER T I  
I 

RESULTS 

I n  t h e  fol lowing c h a p t e r s ,  t h e  r epo r t ed  percentage y i e l d s  
- - - - - - - - - 

a r e  based on one mole of s t a r t i n g  m a t e r i a l  and a r e  ob ta ined  

from gas chromatographic o r  nmr spec t roscopic  ana lyses  u n l e s s  

s p e c i f i e d  a s  i s o l a t e d  percen tages .  The n e u t r a l  and a c i d i c  
i 

f r a c t i o n s  always r e f e r  t o  t h e  m a t e r i a l  ob ta ined  from an ac id-  ' 1 

base e x t r a c t i o n  of t h e  crude product .  The Z and E-isomers 

of n i t rosamino a c i d s  r e f e r  con f igu ra t ion  shown below. 

11-1 Prepa ra t ion  and P r o p e r t i e s  of N-Alkyl-N-Nitroso-a-Amino 

Acids 

The n i t r o s o  d e r i v a t i v e s  of N-alkyl-a-amino a c i d s  11-1 were . 
- -- - - 

prepared by ni t rosat ' ion of t h e  pa ren t  amino a c i d s  wi th  sodium 
- - - - - - - - 

n i t r i t e  o r  nitrosyltetrafluoroborate; t h e  a-amino a c i d s  were 

e i t h e r  ob ta ined  commercially o r  synthesized v i a  t h e  s t r a i g h t -  



forward routes' depicted in schemes 2-1 and 2-2. All known ' - 

.- 
compounds ~ere'~urified by recrystallization and gave similar 

melting points to those reported in the literature hxcept for 

N-isopropyl derivative 11-1-c which showed a discrepancy of 

60• ‹C ( 4 7 ) .  Our samplg of 11-1-c was confirmed by the pertinent 

and 11-1-f gave  satisfactory elemental analyses. 
-1 

at about 350 nm ( E  -100) and 240 nm ( E  -10,000) attributable 

* 
to the nwf* and n+?r transitions, respectively. Their ir spec- 

- - - - - - ---* . . 
of carboxylic acids at -1730 cm as well as that of the 



p-TosC1 
EtI 

!<n2-CH -C02H -----, p-tos-NH-CH' CO H .-, P - ~ O S - N - C H ~ - C O ~ H  
2 NaOH I 

Scheme Synthesis of &ethyl-N-nitrosoglycine (11-1-b) 
4 

a 

. 5 

Schzme 2 - 2 :  Sycthesis of Yitrclsanino-  Acids 11-1-c, 11-1-d, 
0 -  

/ 

4 

f1-1-e - 2nd 11-1-5 



8.59 t ( ? . H z )  

5 . 2 1  sp ( 7  Hz) 

pyr id ine  b y r i d i n e  



Takle 2 - 2 .  n m r  Data of b i - ~ i t r a s o - ~ - ~ l k ~ l - ( r - ~ r n i n o  A c i d s  
2 * 



T a b l e  2 - 3 .  - 13c n m  S h i f t s  of Der iva t ives  o f  Ni t rosopiper id ine  

and N i t r o s o ~ v r r o l i d i n e  

Compound 

a )  R e f .  2" ( n e a t  l i q u i d )  b) Ref. 25  CDC13 c )  1n DYSO-d6 - 

dl  In CDCy3 + P y r i d i n e  e )  &is compound was syn thes ized  by 

catalytic hydmgenation ( P t 0 2 )  of n i c o t i n i c  a c i d  fol lowed by \ 

S r 

z i t r o s d t i o n .  f) Pi-is compounC was obta ined  by n i t r o s a t i o n  of 







T a b l e  2 . 5 .  uv D a t a  of  N i t r o s a m i n o  A c i d s  A ( € 1  max - 

.'I ,. 5 
Compound n-vr 7r-w Solven t  

C H 2 C 1 2  

MeOH 

MeOH 

MeOH 

H 2 • ‹  
E t O H  

C H 2 C 1 2  

H2• ‹  
E t O H  

*CH2CH2 

a )  t aken  f r o m  R e f .  4 2  



I H nmr: Nitrosamino acids are known >-d prkfere~tially crystal- * 

lize in the E or Z-conformation and to isomerize slowly in solu- 

tion 448,4911 Determination of the crystalqine conformation 
o* 

is generally accomplished by 'H nmr spectroscopy ( 4 8 ) :  the k i p  

spectrum of a freshly prepared solution of a_nitrosamino acid 
- - * ,  ---- - - -  - - -  - - -  - -- 

exhibits the signals due to the conformation at the solid state 

and when isomerization occurs, a new set of signals, corres- 
Y ,  

ponding to the other isomer, appears and increases slowly to 
- - 

reach its maximum intensity at equilibrium. The relative ratio 

of the two isomers at equilibrium can be measured from the 

ratio of areas 

set of signals 

acids the well 

amino group on 

are syn to the - 

of correspondhg signals. Assignment of each 

is then achieved by extending to nitrosamino 

established anisotropic effect of the nitros- 

the a-protons (G8 , S O ) ,  i .e . , a-protons which 
nitroso group are shifted upfield with respect 

to the anti a-protons. The same method was used to determine 

the conformation of the new compounds reported in Table 2-1. 

13 
C nmr: The .same "observation was made in 13c nmr spectra bf 

dialkylnitrosamipes: the carbon atom a to the nitrosamino group 

resonates at higher field when it is - syn to the nitroso group 

esting to study the anisotropic property of the nifrosamino 
. fa 

group on this class of derivatives. Two independent methods of 



s p e c t r a l  ass ignment  were a p p l i e d  t o  t h e  spect rum o f  N-nitroso-  - _ 
- 
\ 

s a r c o s i n e  (11-1-a). The f i r s t  t e c h n i q u e  d e p e n d < $ 3 w k n o w n  -. - - Z-conf igura t ion  of  11-1-a i n  t h e  s o l i d  s ta te  ( 4 8 )  and i t s  siow 

i s o m e r i z a t i o n  i n  s o l u t i o n  t o  a  1:l r a t i o  o f  E-Z i somers  i n  

-= 

t h e  e q u i l i b r i u m  s t a t e .  A s  shown i n  F i g u r e  2 - 2 ,  t h e  zero-hour 
- -- - - -- - 

- - - spectrum ( spec t rum a )  e x h i b i t e d  t h e  l i n e s  due t o  t h e  Z-isomer: - 
a f t e r  45 m i n u t e s ,  a new set of l i n e s  emerged (spect rum b )  a s -  
- - - 

t h e  p o p u l a t i o n  o f  t h e  E-isomer i n c r e a s e d ;  i n  3 hours  t h e  , 
- 

e q u i l i b r i u m  was reached  showing two s e t s  o f  s i g n a l s  w i t h  
g 

e q u a l  i n t e n s i t i e s  ( spec t rum c ) .  The secbnd method was t h e  - 
s e l e c t i v e  decoup l ing  t e c h n i q u e  r e p o r t e d  by Wilson ( 5 4 ) :  two 

\ 

s p e c t r a  were r e c o r d e d  w i t h  d i f f e r e n t  d e c o u p l e r  o f f s e t  v a l u e s ;  

t h e  c r o s s o v e r  p o i n t s ,  when t h e  cor respond ing  s h i f t s  a r e  con- 

n e c t e d ,  co r respond  t o  t h e  c a r b o n  s h i f t s  on t h e  x -ax i s  and 

t o  t h e  p r o t o n  s h i f t s  a l o n g  t h e  y - a x i s ,  as shown on F i g u r e  2-3. 

1 The w e l l  e s t a b l i s h e d  H nmr chemical  s h i f t s  o f  E and Z-isomers 

of  11-1-a ( 4 8 )  enab led  u s  t o  c o r r e l a t e  t h e  p r o t o n  w i t h  t h e  
- -- 

--  - -- 

---- 

c a r b o n - s h i f t s - a n d  - -- %o a S s i g n - t h e  13c 6 m r  s i g n a l s  t o  t h e i r  

co r respond ing  carbon i n  e a c h  isomer. For example, t h e  methyl  
- - 

2 -. 

p r o t o n s  o f  t h e  E-isomer ( r  = 6.87)  r e s o n a t i n g  a t  h i g h e r  f i e l d  

t h a n  t h a t  o f  t h e  Z-isomer ( r  = 6.10) must correspond t o  t h e  
-- 

- - - - - - - - - - T I = - - T l Z d c a r E n ;  ' t h e  methyl  carbon o f  t h e  Z-isomer t h e r e f o r e  
-- 

- - m u s t b e a ~ e g ~ e d t o f  E F C 3 ~ w T ~ e r i s l g n a l .  The second method 

confirmed t h e  ass ignments  o b t a i n e d  from t h e f i r s t  one (Tab le  

2-2). The ass ignments  o f  t h e  o t h e r  open c h a i n  d e r i v a t i v e s  

-- 

\ /- 

i 
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Figure 2-3. Spectral Assignment of %he 13c nmr spectrum 

of Nitrososarcosine, 11-1-a, by Selective Decoupling 

" Experiments. 
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( T a b l e  2 - 2 1  were made by u t i l i z i r i g / b f f  r e sonance  decoup l ing  
b 

J 

( o r d )  s p l i t t i n g  p a t t e r n s  and by comparing t h e  chemical  s h i f t s  

o f  some ca rbons  w i t h  t h e  cor respond ing  ones  i n  11-1-a. The 

s p e c t r a l  assignrneEts of t h e  c y c l i c  d e r i v a t i v e s  (Tab le  2-31 were 

made by u s i n g  o r d  d a t a  and t h e  c p r r e l a t i o n  diagram o f  F igure  
-7 

- 
-- - -- - - - - - - - - - - - a t -  - -  -- 

2 

2 - 1 .  The diagram w a s  c o n s t r u c t e d  by comparing t h e  chemical  

s h i f t s  o f  t h e  d i f f e r e n t  ca rbons  of n i t r o s o  p i p e r i d i n e  (52-54) 

and n i t r o s o p y r r o l i d i n e  ( 54) w i t h  t h o s e  o f  t h e  cor respond ing  

ca rbons  i n  t h e  n i t r o s a m i n o  a c i d s .  A l l  ca rbons  b e a r i n g  t h e  

c a r b o x y l  group a r e  i n d i c a t e d  by an  arrow and c o n s i s t e n t l y ~ s h o w  

a  s h i f t  of lo-14ppm downfie ld  from t h e  cor respond ing  carbon 

i n  t h e  parent ,  n i t r o s o p i p e r i d i n e  o r  n i t r o s o p y r r o l i d i n e .  

- 

S i m i l a r l y  to t h e  a-carbons  i n  d i a l k ~ l n i t r o s a m i n e s ,  t h e  

cor respond ing  carbons i n  n i t r o s a m i n o  a c i d s  e x p e r i e n c e  t h e  

e f f e c t  o f - t h e  n i t r o s o  group.  Thus, a carbon CY t o  t h e  n i t r o s -  

amino group % e s o n a t e s  a t  a h i g h e r  f i e l d '  when it i s  t o  t h e  

n i t r o s o  group t h a n  when it i s  a n t i .  The l a r g e  d i f f e r e n c e  i n  
e 

'd 

' s h i e l d i n g s  o f  t h e  syn and a n t i  ca rbons  o f  n i t r o s a m i n e s  h a s  - 
been a t t r i b u t e d  t o  a s ter ic  compression e f f e c t  ( 5 3 )  r a t h e r  

t h e o r e t i c a l  c a l c u l a t i o n s  on ketoximes (56 d i d - n o t  comple te ly  
- 

- - -- - -- -- - - - - - - - - - - ---- -- 
m 

-+ 
e x p l a i n  t h e  e x p e r i m e n t a l  v a l u e s ,  s i m i l q  s t e r i c  effects  a r e  

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

s h i e l d i n g s  i n  amides (57,581 and o x i m e s  (56-60) : The s y n - a n t i  



d i f f e r e n t i a l  s h i e l d i n g  of t h e  corresponding a-carbon i n  E 

and Z-isomers ( i s  def ined  a s  fo l lows:  
/' 

A & = '  ( o f  one isomer ) - 
s ~ n  ' an t i  

(o f  t h e  o t h e r )  

a  
Thus, n i t r o s o s a r c o s i n e  (11-1-a) d i s p l a y s  two A va lues :  one -- -- - - -- S& ---- 

f o r  t h e  rnethylene carbon [ 4& (CH 1 = 7 . 2  ppml and one f o r  t h e  
2 - 

methyl carbon [ b t A  (CH3 ) = 6 . 8  ppml . Open-chain d e r i v a t i v e s  

a  show an averaged ASA - 6 - 5  ppm ( s e e  Table 2 -61  s u b s t a n t i a l l y  7 
sma l l e r  t han  t h a t  observed i n  t h e  sTx-membered, r i n g  ni t rosamino 

%* a a c i d s  ( A S A  - 1 0 . 6  ppm) bu t  l a r g e r  than t h a t  of five-membered 

a r i n g  d e r i v a t i v e s  (ASA -3.9 ppm). This t r e n d  was a l s o  observed 

i n  d i a lky ln i t rb samines ,  where a l i c y c l i c  d e r i v a t i v e s  exh ib i t ed  - 
a an averaged A of 8 . 2  ppn (51,541, six-membered r i n g  d e r i v a t i v e s  SA 

a  showed a  ASA average of 1 1 . 2  ppn (52-54) and five-membered r i n g  

compounds an average o f  4 . 6  ppm ( ~ l , 5 4  ) . Simi l a r  observations.  

a ,  
have a l s o  been made f o r  oximes (60)  f o r  which AS* w a s .  shown t o  

c o r r e l a t e  s a t i s f a c t o r i l y  wi th  t h e  d i h e d r a l  ang le  formed by t%e 

C=N and t h e  a C-H bonds. The d i f f e r e n t i a l  s h i e l d i n g  o f  n i t r o s -  

amino groups has been proposed t o  simply be another  example o f  a 

y -e f f ec t  ( 5 3 L  

.- l$e &carbons r e l a t i v e  t o  t h e  ni t rosamino group a l s o  

! - exper ience  t h e  a n i s o t r o p i c  e f f e c t s  of t h e  n i t r o s o  moiety but  
i 

t o  a  l e s s e r  e x t e n t  t han  t h e  a-carbons ( s e e  A '. ip Table 2 - 6 ) .  
/ 

SA -.. 



Table 2,b. Syn-Anti D i f f e r e n t i a l  13c S h i e l d i n g s  for  -- 

a and 6-Carbons i n  Ni t rosamine  D e r i v a t i v e s  

c- 

i )??~ef.  51; b) R e f .  5 4 ;  c)  R e f . .  5 0 ;  d )  R e f .  6 1 ;  f) ' ~ e f .  5 2  ' 

el calculated for the methyl group ( € 0 )  
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The c a r b o x y l i c  ca rbons  o f  t h e  d e r i v a t i v e s - o f  a-amino a c i d s  
* 

T .  , '  B j_l, 
a l so  occupying t h e  8 - p o s i t i o r ,  e x h i b i t  a  r e l a t i v e l y  l a r g e  ASA . 

1 - 
C 

( 2 . 0  2 -'.r8 ppm). flowever, due t o  complex e l e c t r o s t a t i c  o - 
e B .  m 

i h t e r a c t i o n s - ,  it i s  d i f f i c u l t  t o  a t t r i b u t e  t h e  +A of  c a r -  = 

I ' 

b o x y l i c  carbons  .to a  s t e r i c  compression r a t h e r - t h a n  t o  an  

e l e c t r i c  - f i e l d  e f f e c t .  
-- - - -- - - - 

# / -  

1 5  .. N nmr: - The ''!I chemical s h i f t s  of b o t h  n i t r o g e n  atoms- of 11-1-e . 

xere measured as sh3wr: i n  Table 2-7. The chesiea~ s h i f t  of 
* ( ' .  " 

t h e  amino-ni t rogea  could be -r 'ecorded a t ,  t h e  n a t u r a l ' a b u n d a n c e  
* 

l e v e l ,  whereas o;ly a  15!4 g n r i c h e d  sample c o u l d  g i v e  a  s i g i l a l  + .  

for t h e  n i t r o s c - n i t r s g e n .  Tqe-emical s h i f t s  r e c o r d e d  were 

of t h e .  same order. of ziagnitude as' t h o s e  r e p o r t e d  for n i t r o s -  

= i n e s  (54 ,63 ,64) .  ? w e  l i n e s  of e q u a l  intensi3zy was observed 

* 
i5r- each n i t r o g e n  dce to t h e  E and Z - i s o m e r s .  The, s y n - a n t i  

5 l f f e r e n t i a l  s h i e l d i n g  of t h e  m i n o - n i t r o g e ~ !  was a t  l e a s t  
. c  

%?pee tlrnes s m a l l e r  t h & ~  t h a t  of t h e  n i t r o s o - n i t r o g e n .  The 

ass ignment  reporTed i n  Tab le  2-7  was made p o s s i b l e  by i) t h e  

recef i t  s t u d y  ef -Smes~arfa and Mart in  ( 5 4  1 ,  who showed t h a t ,  
u 

i i lc ing p r o t a n a t i o n  of n i t r o s a m i n e s ,  the1% chemical  s h i f t  o f  
* 

rke amin9 ncves S m m f i e l d  and that of the n i t r o s o  g r o u p .  T & 

.,-C;~I< ' as t h e  p r o t h c o n c e n t r a t i o n  i n c r P a s e s  and ii) by 
-- -- - - 

I ,  -- 

~ - - - - - - - - - - - - - - - - -- -- 
:?y2rc;gen 3636 ~'rich 2 s  nrjS Likely 'to exist  - i n  the-  E-isomer 

. . 



- .  

,Table 2-7 .  lSk Chemical 'shifts of N.I?itrososarcosine (11-lla) ' . 

,' 
0 

/ 
irequency sca le  

-. 
a scale  

a)' Calculzrs l  from ?le,8-= 3'3% ppm upiield from MeN02 . 

' . 1 

L 
5 . . .\ s -  

' -  The 15~? chemical s h i f t s  for the  E-Z isomerism i n  n i t roso  
u- 

' p der ivat ives  of ti-alkyi&nes have n e v d r  been r e p o r t e d .  , For 

exmpie,  Gouesnard axe Eartin (.jk have measuked the 1 5 N  - 

&r..s?ectra of a series of asjanerr ical iy gubst i tu ted  dia1k;l- . '. 

Y nitrogen atoms. It was concfuded'that ' t h ~  s t e r i c  compession 
' f l  



amino n i t r o g e n  atoms in 11- 
7- 

Since  it  h a s  been shown t h a t  

/ the chemica l  s5-0f t h e  amino and n i t r o s o  n i t r o g e n s  of -. .7' 

n i t r o s m i n e s  undergo drastic v h i a t i o n s  upon p r o t o n a t i o n  o f t h e  

/c t n i t r ~ s ~  grogp (,i+ +he d i f f e r e n c e  i n  1 5 ~  s h i f t s  observed i n  
- 

11-1-a may arise from hydrogen-bonding as ' shown below. The -- & 

r e l a t i v e l y  large L experienced by t h e  c a r b o x y l i c  carbon i n  
SP, 

- 2  
2 

C nmr may a l so  be accoun te2  f o r  by t h e  same e f f e c t .  Although 

d y n m i c a l l y  less favoured than t h a t  t h r o u g h  a six-membered 

r i n g  ( 6 5  1, i t  55s been shown ( E E )  t h a t  t h e  oxygen atom i s  

the nos? bas ic  a t m  a32 that p r o t o n a t i o n  of  oxyge\ may be ex- 

2 e c ~ e C  t o  be the d s r i k a n t  mechanism ( 6 6 ) .  

1 1 - 2  Preparation a z d  Frqex-ties of Nitrososarcosine S a l t s  

A series of salts d e r i v e d  f r o m  11-1 were p r e p a r e d  and 

acid 11-1 w i t h  3 a Q H  cr KOK i n  MeOH. The l i t h i u m  sal t  (11-14-a) 



was ~btained from the reaction of 11-1 with LiOH in water and 
- ,  

the 5icyclohexylamine salt to the reported 

procedure (67). The purity of th w salts (11-14-a, 11-14-b 

and 11-14-c) was ascertained by elemental analysis. 

11-14 M = NH2(C6HI1I2 11-14-d 

The ir spectrum of each derivative exhibited the two 

characteristic bands for carboxylate groups at 1640-1600 cm-1 

and -1340 cm-I and for the N=O stretching absorption at ca. 

1 lu43 cm-l. The  H and 13c nmr spectra of all- derivatives 

showed two sets of lines which were attributed to the two 

isomeric forms E and Z .  The 'H chemical shifts of the methyl 

grcup of both isomers and that of the methylene group of the 

2-isomer were identical to those of the free acid within ex- 

perimental error, whereas the methylene protons of the E-isomer 

consistently exhibited a 0.2 ppm upfield shift. The 13c 

chemical shifts for the same isomer ( E  or Z )  of all salts did 

not vary significaatly. .As expected, the methyl carbons, being 

screened by the nitmszmino group, did not experience the de- 

skielding effect due to the ionization of the carboxylic 

grs-. ig.  Eowever, the methylene carbons showed approximately a 

2.7 Tpm downfieLd ski3 in coqarison to the corresponding car- 
* .  

Soxy i i c  acid srizriar to that observed in the a 





carbon of aliphatic carboxylates (68). The carboxylate carbon 

also showed a downfield shift of approximately 2.8 ppm, which 

, is slightly smaller than the 4.7 ppm shift bbserved by the 

aliphatic carboxylic acids upon' ionization ( 6 8 1 .  

absorption ( E  - 9 0 )  in the 340 nm region corresponding to the 

n+nk transition. The metallic salts exhibited an increasing 

bathochromic shift of the nwrs band as the atomic nurnber,of 

the metal decreased. 

The isomeric composition of the crystalline salts was 
1 

determined by taking H nrnr spectra immediately after dissolu- 

tion in water. The potassium salt 11-14-c consisted of a mix- 

ture of the Z and E isomers in a 1:0.75 ratio, whereas the 

sodium and lithium salts (11-14-b and 11-14-a) were found to 

contain over 95% of E and Z isomers, respectively. However, 

all derivatives slowly isomerized in water at room temperature 

5 to give a 1:l ratio of the two isomers . The lithium and 

sodium salts 11-14-a and 11-14-b isomerized with approximately 

the same rate (see Fig. 2-41 but much slower.than the free acid 

& 
This observation is contradictory to Lijinskyls report (48) 
which claims an excess'of the E-isomer for the sodium salt 
equilibrium. 





s a r c o s i n e  i n  water t o o k  abou t  3 hours  a t  room t e m p e r a t u r e ,  

whereas o n l y  2 %  o f  t h e  c r y s t a l l i n e  isomer o f  a  m e t a l l i c  s a l t  

was i somer ized  d u r i n g  t h e  same p e r i o d .  The c r y s t a l l i n e  form 

o f  t h e  d icyclohexylamine  s a l t  11-14-d was shown' t o  c o n t a i n  1 0 %  

. o f  Z-isomer and t o  i s o m e r i z e  i n  w a t e r  a t  room t e m p e r a t u r e  t o  a  

The pH of  a 0 . 1  M s o l u t i o n  o f  each s a l t  i n  w a t e r  was 

measured and i s  r e p o r t e d  i n  Table  2 - 8 .  A s  e x p e c t e d ,  t h e  pH of  

t h e  dicyclohexylarnine s a l t  w a s  s l i g h t l y  b a s i c  (pH = 7 . 8 5 ) .  

However, s u r p r i s i n g l y  t h e  pH o f  t h e  s o l u t i o n s  of  t h e  m e t a l l i c  

s a l t s  were found s l i g h t l y  a c i d i c ,  w i t h  t h e  pH v a l u e  d e c r e a s i n g  
-- 4 

as t h e  a tomic  number o f  t h e  m e t a l  i n c r e a s e d .  

11-3 P h o t o l y s i s  o f  N-Alkyl-N-Nitroso-a-Amino Acids  

The p h o t o l y s i s  o f  n i t r o s o  d e r i v a t i v e s  o f  acyc l i - c  N-alkyl- 

a-amino a c i d s  i n  v a r i o u s  s o l v e n t s  were i n v e s t i g a t e d .  The . , 

p h o t o r e a c t i o n s  c a r r i e d  o u t  a t  room t e m p e r a t u r e  and under  

n i t r o g e n  showed a z e r o  o r d e r  d e c r e a s e  o f  t h e  350 nm band and a  

r a p i d  e v o l u t i o n  of COY I n  g e n e r a l ,  t h e  p h o t o l y s a t e  was 

e - v a p ~ r a t + ~ o  gi t~e--h%ghyi4 & + & N - a H m a m i d & e + l % - - L - - -  

( s e e  T a l e  2-91-and i x s a m e _ c a s ~ s  (11-1-band I I - l 4 ) - a -  t r a c e  - 

of t h e  p a r e n t  a-amino a c i d  w a s  a l s o  d e t e c t e d .  



R-NH-C-R' 
I t  

11-20 

Scheme 2-3 

Table 2-9. Percentage Yields of Amidoximes: Photoproducts of - 
-N-Alkyl-N-Nitroso-a-Amino Acids 

Starting Nitrosaminoacid Yield of 
11-1 -- Amidoxime 11-16 Solvent 

MeOH 
9 .  

MeOH 

R,Rt = (CH2I3 68a) ether 
- - - - - L 8  H+-,-H~--- 
R,Rt = ( c H ~ ) ~  76a) ether 

83a)b) 
, H20, ACOH') 

* 48 H20, HC1 

a) isolated as hydrochloride salt b) a small amount of a 

hygroscopic material was observed c) the photolysate was 

boiled with H C 1  



- - -- -- -- 

- 

40 

The m o l e c u l a r  formulae  of amidoximes were a s c e r t a i n e d  by 

e l e m e n t a l  a n a l y s i s  and by h i g h  r e s o l u t i o n  m a s s  s p e c t r o s c o p y  

(h rms) .  ~ h e s e  compounds e x h i b i t e d  c h a r a c t e r i s t i c  a b s o r p t i o n  

bands a t  c a .  1680 c m - l  f o r  t h e  C = N  group,  a t  c a .  900 cm-I f o r  - - 
t h e  N-0 s t r e t c h i n g  and a t  3250-2750 cm-I f o r  t h e  hydroxyl  

- - - - - - - 
-2 -- 

- 

group. T h F  LHx- m r  s p e c t r a  - o f  t h e  formamidoximes 11-16-a t o  s 

C 
11-16-d each e x h i b i t e d  a  s i n g l e t  a t  r 2.9-3.4 ( s e e  Table  2 - 1 0 )  - 
f o r  t h e  v i n y l i c  p r o t o n ,  a r i s i n g  from a  s i n g l e  i somer  of  t h e  

E-Z a ldoximes .  A s  t h e  chemical  s h i f t  o f  t h e  v i n y l i c  p r o t o n  was - 
compardble t o  t h a t  o f  t h e  t r a n s  v i n y l i c  p r o t o n  o f  Z-aldoximes 

a t  r 3.2 (69 ,701  t h e  Z - c o n f i g u r a t i o n  was a s s i g n e d  t o  t h e f o r m -  
-7 

amidoximes. The p r e s e n c e  o f  a  s t r o n g  hydrogen bond s t a b i l i z i n g  

t h e  Z-conf igura t ionwas  conf i rmedby  t h e  s i g n i f i c a n t  s h i f t  o f t h e  

/ hydroxy l  s t r e t c h i n g  towards  t h e  lower  f r e q u e n c y  r e g i o  (3250- 

2750 an- ' )  compared t o  t h e  f r e e  hydroxyl  s t r e t c h i n g  f requency  

o f  oximes (3650-3500 cm-'1 (71,721.  

# 

The p h o t o l y s i s  o f  a  suspens ion  o f  N-nitroso-N-(3-phenyl) 

p r o p y l g l y c i n e  1 - 1 -  i n  w a t e r ,  under  n i t r o g e n  a t  room temper'- 

. a t u r e  showed t h e  emergence o f  new uv a b s o r p t i o n  bands a t  Vmax 

= 328, 505, 540 and 720 nm which i n c r e a s e d  s t e a d i l y  t o  a 
- 

- - m a x i m u m ~ a m  ~ t h e n - b e c r ~ s e d s l o w l y  on f u r t h e r  i r r a d i a t i o n  ( s e e  
- --- - 

2-5-k; Dnrimgt-heph-lysTs; 2 b l u i ~ l ~ r t ~ ~ ~ ~ l a f -  

C - n i t r o s o  d e r i v a t i v e s  (73)  w a s  a l s o  observed and t h e  change i n  

i t s  i n t e n s i t y  p a r a l l e l e d  t h a t  of t h e  new uv bands.  





After completion of the photolysis, the solvent was dis-a 

tilled to give a small amount of 

L T h e  detected as its 2,4-dinitrophenylhydrazone derivatiu 

fraction obtained from extraction of the concentrated 

photolysate afforded N-(3-ph~nyl)-propylformamidoxime (11-16-d) 

* (5%1-a3?3 a r e ~ i ~ C u e - w h - i - c h ~ e x % i b l i t e d ~ ~ s t r o n g  ir zbso~pti-on-aY-- 

1700 cm-' (NHC=O). .This fraction was shown by gc-ms to be a 

mixture of three major and two minor components. The mass . - 
spectrum of one of the major compounds (23%) showed an intense 

molecular ion peak at m/e 163 and a spectral pattern compatible 

with fragmentation of N-formyl-3-phenyl-propylamine (11-17) - 

(Scheme 2-41. The assignment was further confirmed by gc k 

5 
mixed injection with an authentic sample. The other two majo~ 

n 
C6H6-(CH ) NH-C-H - 

2 3;+ 

Scheme 2-4 

c---- 

An au thentl c sample ~ ~ ~ I ~ ~ ~ s ~ h e S ~ ~ e - d b Y F h - l E I  - 

b 

-formylation of 3-phenylpropylamine (11-20). 





peaks ( 1 0 %  t o t a l )  were b a r e l y  s e p a r a t e d  on gc ,  b u t ' g a v e  q u i t e  

d i f f e r e n t  mass s p e c t r a .  The s t r u c t u r e  o f  N-(3-phenyll-propyl- 
b 

amino-1-ni trosomethane (11-18) was a s s i g n e d  t o  t h e  l e s s  p o l a r  

component on t h e  b a s i s  o f  i t s  is p a t q e r n  showing a  peak a t  

m / e  148 ( 5 7 % )  f o e  t h e  l o s s  o f  NO (Scheme 2 - 5 ) .  The p resence  

of m d e c u l w w & ~  -f+qpen% f d e  = ?5Z> 4 * , 3 h e - ~ -  

- spectruni  o f  t h e  second' peak- sugges ted  t h a t  11-18 e x i s t e d a s  a  

d i m e r i n t h e  s o l i d  s t a t e  (Scheme 2-61 .  I t  i s  ve ry  l i k e l y  

t h a t  dimer 1 1 - 1 9  p a r f i a l l y  d i s s o c i a t e d  i n  t h e  column t o  g i v e  

t h e  monomer 11-18. B a s i c  e x t r a c t i o n  of t h e  mother  l i q u o r  of 

The' p h o t o l y s a t e  gave 3'-phenylpropylamine 1 1 - 2 0  (12%) and a c i d i c  

e x t r a c t i o n  gave u n r e a c t e d ,  s t a r t i n g  m a t e r i a l  11-1-d ( 8 % ) .  The 
d L 

s t r u c t u r e  of compounds 1 1 - 2 0  and 11-1-d was confirmed by com- 
'--\ 

i p a r i s o n  of  t h e i r  s p e c t r a l  d a t a  w i t h  t h o s e  o f  a u t h e n t i c  samples.  

P h o t o l y s i s  o f  c y c l i c  n i t r o s a m i n o  a c i d s  11-1-g and'11-1-h. 
f 

also showeC a  z e r o - o r d e ~  d e c r e a s e  of t h e  350 nm band as w e l l  

as a rap id .C02  e v o l u t i o n .  I r r a d i a t i o n  of  n i t r o s o p i p e c o l i n i c  

acid (11-1-h) i n  e t h e r  gave a hygroscop ic  p r e c i p i t a t e  which 

e x h i b i t e d  i r  a b s o r p t i o n s  s i m i l a r  t o  Those of 2-piperidonoxime 
i 

(11-16-h).  Work up o f  t h e  p h o t o l y s a t e  gave 11-16-h ( 7 6 % )  and 

- #-pke-Apa*-~esUing fr-+btcm?action r a ~ r i  4 in 

water and a c e t i c  acid was b o i l e 2  x i t h  H C 1 ,  t h e  hydroch lo r ide  
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me photolysis o f t h e  sodium salt of nitrososarcosine (11-14-b) 

in methanol, also showed a zero-order decrease of the 350 nm 

band. During the photoreaction a new absorption at X max 305  nm 

appeared, probably due to a C-nitroso dimer and disappeared 

upon prolonged i~~adiatiori. The crude product was shown from 

midoxime 11-16-a (10%) was isolated. 

11-4 Preparation sad Properties of N-Nitroso-N-Acyl-a-Amino 

Acids 

Acylated a n t i r r ~  acids 11-21 were nitrosated withdinitrogen 

tetraoxide (method 3) or nitmxyl tetrafluoreborate (method C) 

to give the correspon6ing - nitrosamides -- 11-22. Due -- to the 

were not purified further and were stored in a dry container 

at -2Z•‹C. These 3itrosamiCes were yellow oils except 11-22-a 

which was a low melting solid. Therelevant spectral data are 

reported in Table 2-11. 
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Nitrosamides, analogous to nitrosamines, may also exhibit 

the Z-E isomerism. However, dipole-dipole repulsion between 

the carbonyl and the nitroso groups is expected to favour the 

E-configuration provided the R group is not so bulky as to 
. "e 

offset the effect by a no~bonded interaction. This has been- 

brium of nitrosamides by nmr spectroseopy. Thus, the nmr 

spectra of nitrosamides derived from primary carbinylamines 

exhibited only one signal for the syn-N-methylene protons. 

1 'The H and 13c nmr spectra of nitroso derivatives of N-acyl- 

a-amino acids showed only one set of lines due to one isomer. 

In order to determine the nature of this isomer, the 13c nmr 
f 

spectra of N-acetyl derivatives 11-22-a, 11-22-c and 11-22-d 

were compared to that of N-methyl-N-nitrosoacetamide (see 

Table 2-11) for which the nitroso group is known to be anti 

to the carbonyl groups ( 3 3 ) .  The 13c chemical shifts of the 

carbonyl and methyl carbons of 

identical, within experimental 

+ that nitrosakides aerived from 

configuration 3 
B' 

the N-acetyl groups were all 

emors. This led us to believe 

amino acids also occupy the E- 
/ 



- 
- - - - - --A - A - - - - - - - - 

Nit rosamides  d e r i v e d  from amino a c i d s  e x h i b i t  a  uv ab- 
<: 

s o r p t i o n  c e n t e r e d *  a t  Xmax -400 nm ,cor respond ing  t o  t h e  n+r 

t r a n s i t i o n  o f  t h e  n i t r o s a m i d o  group ( s e e  Table  2 -11 : ) .  However, 
- 

when t h e  spect rum w a s  t a k e n  immediately a f t e r . a d d i t i o n  o f  a n  

e x c e s s  amount o f  a s t r o n g  b a s e ,  t h i s  a b s o r p t i o n  w a s  r e p l a c e d  by 

a s e t  of two a b s o r p t i o n s  a t  A = 3 3 5  and 410 nm. The r a t e  o f  max 

d i sappearance  of t h e  former  a b s o r p t i o n  and t h e  appearance  of  

t h e  l a t t e r  were shown t o  be dependent  upon t h e  r a t i o  of  t h e  

c o n c e n t r a t i o n  o f  t h e  b a s e  t o  t h a t  of  t h e  n i t r o s o  d e r i v a t i v e .  

F ig .  2-6 and F i g .  2-7 'show t h e  uv s p e c t r a  o f  me thano l i c  s o l u -  

t i o n s  of 1 1 - 2 2 - a  c o n t a i n i n g  d i f f e r e n t  c o n c e n t r a t i o n s  of  KOH. 

The c o n c e n t r a t i o n s  and molar  r a t i o s  a r e  l i s t e d  i n  Table 2 - 1 2 .  

For  t h o s e  samples c o n t a i n i n g  l e s s  t h a n  one mole e q u i v a l e n t  of  , 

potass ium hydroxide  (samples  1-5 and 11-13.), a p a r t i a l  de- 

c r e a s e  of  uv absorp t5on  a t  X = 400 nm was obse rved .  Samples max 

o f  equimolar  compos i t ion  (samples  6 and 14.) showed t h e  ap- 
-~ ~ 

pearance  o f  a  new a b s o r p t i o n  a t  X 335  nm and f o r  t h o s e  max 

c o n t a i n i n g  an  e x c e s s  o f  po tass ium hydroxide  (samples  7-10 and 

15-16) t h e  400 nm a b s o r p t i o n s  w e r e  r e p l a c e d  by two new ab- 

s o r p t i o n s  a t  X = 3 3 5  and 410 nm. A r e s i d u a l  n i t r o s a m i d e  max 



1 

Table  2-12. Exper imenta l  Cond i t ions  f o r  t h e  Decomposit ions 

Shown i n  Fig.  2-6 and 2.7 

- - - 

Sample # 3- -- - 3  [II-22-a] X 1 0  mole/ l  [OH-] X 1 0  mole/l   OH*^ 
CII-22-a1 





F i g u r e  2-7.' The uv P r o f i l e s  o f  Methanol ic  

\ -  
S o l u t i o n s  o f  11-22-a w i t h  D i f f e r e n t  

E q u i v a l e n t s  of- KOH (-see -Tab le  2 - 1 2  ) 



- 
- 

- - - 

~ i ~ u r e - 2 - 8 .  Decomposition of 11-22-a in t h e  
: -7 

Presence of 5 Mole Equivalents of KOH at 

Room Temperature. 

KOH 

KOH 



a b s o r p t i o n  ( A  = 400 nm) was s t i l l  v i s i b l e  wfien two equiva-  max 

l e n t s  of KOH were added (sample 1 5 )  b u t  t h e  %fansformat ion  was 

p r a c t i c a l l y  i n s t a n t a n e o u s  i n  t h e  p resence  o f  5 e q u i v a l e n t s  o f  

base  as shown in F i g .  2 - 8 .  I n  a l l  c a s e s ,  t h e  a b s o r p t i o n - a t  
L 

410 nm w a s  much weaker t h a n  t h a t  c e n t e r e d  a t  335 nm. However, \ 

n o t  show any change a f t e r  a d d i t i o n  of up t o  6 mole e q u i v a l e n t s  
* 

of t r i e t h y l a m i n e .  

. 11-5 Decomposition of ~ i t r o s a m i d o  Acids  Under B a s i c , C o n d i t i o n s  

11-5-1 - K i n e t i c  Study 

Although n i t r o s a m i d e s  a r e  known t o  be t h e r m a l l y  l a b i l e  com- . 

1 pounds,  a methanol  o r  benzene s o l u t i o n  of n i t r o s o a m i d e  11-22-a 
1 
f 
, cou ld  be k e p t  a t  room t e m p e r a t u r e ,  i n  t h e  d a r k  f o r  a  p e r i o d  o f  

t 

\ h o u r s ,  and n e a r l y  i n d e f i n i t e l y  a t  O• ‹C ,  w i t h o u t  any decomposi t ion  

', 8 \H wever,  i n  benzene and i n  t h e  p resence  o f  1 , 2 , 3  o r  5 mole 
'. 
\ equ$va len t s  of t r i e t h y l a m i n e ,  11-2-a decomposed s lowly  a t  room t e m -  

t u r e ,  a s  i n d i c a t e d  by t h e  d e c r e a s e  of  t h e  n i t rosa rn ide  - 
I 

abso$tion a t  400 nm (see F i g .  2-91. The & s a p p a r a r i c e  o f  t h e  
\ 

absarp'thn-first order kinetics. I n  all ~ a s p s ,  +he 

* 
T h e  same absor2tiorr at 'max 3 3 0  nm w a s  once observed  a f t e r  

a d d i t i o n  of tnieT'nylamine t o  a n  aged sample of 11-22-a , inbe&ene  



- - 

spectra showed a residual absorption at -400 nm the absorbance 

of which never exceeded 20% of that of the zero hour curve. 

The rate constants of each reaction were calculated by plotting 

the logarithm of the absorbance at 400 nm as a function of 

time. The results of Table 2-13 show that an increasing 

amount of &ethylmine increases the rates of the decomposi- 

\ drastically increases when the temperarure is r%ed. 
L 

Table 2-13. Rate Constants for the Decomposition of 11-22-a in 

Benzene in the Presence of Triethvlamine and KOH 

mole equivalents 
of base T OC 







. ' .of po tass ium hydrox ide  n5tro'samide 11-22-a a l s o  underwent slow 

decomposi t ion .  Tfie decompos'ition of s o l u t i o n s  c o n t a i n i n g  0 . 2 ,  
3 ' 

" 8 5  and 1 d o l e  e p i  a l e n t  of potass ium hydrox ide  was monitored 

by f o l l o w i n g  t h e  d e c r e a s 4  of the 400 nm a b s o r p t i o n .  U . V .  pro-  
4 

f i l e s  s imilar  t o  t h a t  5-horn on F i g .  2-10 ( 0.5  e q u i v a l e n t .  of  
* 

L - - KG&&- * W z d  A ~ s ~ ~ i ~ g - L 2 - a & ~ a L  

of  b a s e .  The decqmposZtion,was f a s t e r  a s  t h e  c o n k e n t r a t i o n  
* 'h . d 

of  KOH was i n c r e a s e d .  A c o n t r o l  sample c o n t a i n i n g  no K O H ,  . 

* - 
k e p t  under  t h e  same c o n d i t i o n s  -Cat .Goom temperature! i n  t h e  + 

4 I 

d a r k ) ,  h a r d l y  sho&d any decomposi t i6n  a f t e r  one !day. - -  I This * - 

demonst ra ted  <hat  atha decomposi t ion  was indeed  markedly + .  
a c c e l e r a t e d  under  basic c o n b i t i o n s . '  The e f f e c t s  of t e m p e r a t u r e  

t '6 

w e r e  shown by t h e  cosr,pleke decomposi?ion ,of a s a m p l e . c o n t a i n i n g  
9 

.A 

one e q u i v a l e n t  of  potssslvm hydroxide  a f t e r  one h o u r  a t  40•‹C.. 
-- - - 

I n  c o n f r a s t ,  t h e  .same s&ple decornpooeh ' to: the' e x t e s t  of 30% . . - .  , - n t ' 
oom tempera tu re  an'd hone- a t  a l l  a t  0•‹C . ( F s .  2-12) .  The 

x m  

j rate eonstants of t h e  r e a c t i o r ,  were c a l c u l a t e d  and ar&epor ted  .. 
. \  

i n  Table  2 - 1 3 ,  . . ,  = . , 
L 

Q - * 

The decomposirion cf 11-22-a i n  - tKe-.presence oT 2.  and  more 
1. ... 

equivalents of KOH xas nearly i n s t a n t a n e o u s  and the nitrosamide*. % 
1 - -. 

= 2 

was q u i t e  stable since the new absorptions s t e d  f o r  f e w  



days. However, they disappeared instantaneously upon ac id i -  

11-5-2 ,Product+Analysis of tr-6e Basic Decompositi.on of, 

~ i t k o s m i d o  Acids 
f 

In protic so lven t s  with an excess of a strang base: When 

a suspension of ni t rosamide  11-22 in water aP O O C , + ~ ~ S  treated , . . . 
- - 

with an excess- of pot&ss<um hydroxide, a strong epolut ion - - - - '  , 

of gas indicated a rapid decomposition:. The reaction was, 
I . - 7 

over in few.minutes mcl U ~ O E  a c i d i f E c ~ i o n _ m a r e  gas was evolved. 
9 

'i 

The nmr spectra of - the acidic f~actions e x h i E i t e d  rhe  chpr- 
* - 

or hydroxy acids -11-23 as on ly  Goduc t .  



6 1  

2-Hydroxy-3-phenylpropanoic acid (TI-23-a) was i so la ted  a s  i t s  
. n  

methyl  e s t e r  1 1 - 2 4 ,  whose s t r u c t u r e  was confirmed by s p e c t r a l  

and elemental  analyses. ~ c e t i c  acid generated from t h e  

reactkon of nitrosamide If-22-a w a s  detected i n  t h e  nmr spec- 

t r u m  of t h e  crude product, showing a Pingle t  a t  r 8 . 0 ,  but was 

not i s o l a t e d ,  The decomposition of 11-22-b gave benzoic ac id  
. ? i  

.'uhich was b g a i e d  as ' such &.?d as i t s  methyl ester. 2-Hydroxy- 

to3raphy and had identical s p e c t r a l  p roper t i e s  t o  those  of an 
* 

1 
t 
L 
* 
t The gas evafveZ during addition of nitrosamide 11-22-a 
$ 

fo a rsethanolic po'assirrm hydroxide so lu t ion  a t  O•‹C, w a s  

+ea;iiFe~= t o t a l  oozume-repre sent- tfre d e c m p o s i t i o n  of 
4 
hppmximate ly  398  of the starting nitrosamide 11-22-a. 

In order to diffesenriate the products generated under 

:basic  condi t ions  from those famed upon a c i d i f i c a t i o n  of t h e  
f 

crude reaction p~oduct ,  the following experiment was c a r r i e d  

U .  A ~eethartolic so lut ion of n<tposmide 11-22-a was allowed 

ta dec~mpuse Z t  ~aom telnperature w i t h  an excess of sodium 

izethoxide. Eethanof was evapcrated and replaced by ~a?&. 

* 
I 

* 
A l l  methyl esters w e r e  prepared a)6 \\ diazomethane treatment 

\ 

of the csmespmding acids. 
4 > 

* 



Upon a c i d i f i c a t i o n  w i t h  h y d r o c h l o r i c  a c i d ,  more g a s  was evolved 

and u s u a l  workup gave a m i x t u r e  o f  t h r e e  a c i d s .  2-Methoxy-3- 

p h e n y l p m p a n o i c  a c i d  f f f - 2 5 )  ( 4 8 % )  and 2-hydroxy-3-phenyl- 

p r o p a n o i c  a c i d  (11-23-a) (14%) were i d e n t i f i e d  a s  t h e i r  

me thy l  e s t e r s  by gc peak matching w i t h  a u t h e n t i c  samples.) 

2-Chloro-3-phenylpropanoic a c i d  (11-26) ( 7 % )  w a s  ten ta t iveh$ 

a s s i g n e d  on basic of the  gc-ms f r a g m e n t a t i o n  p a t t e r n  of i t s  

3:1 r a t i o .  

Several artenpts w e r e  madk to trap-species "Xn r e s p n -  

- 

of Tn in the  presence of cychhexene was I n v e s t i g a t e d .  The 

second approach invo lved  the a2Xyfation of She carboxylatg 

group  of "XW w i t h  an alky2at , i~,g agent such as  phenacyfbromide. 
> 



6 3 

A s o l u t i o n  con ta in ing  s p e c i e s  "X" w a s  generated a s  usual 

from t h e  r e a c t i o n  of n i t rosamido  a c i d  1 1 - 2 2 - a  wi th  t w o  equiva- 

lents bf potassium hydroxide i n  methanol. Within two hours 

Scheme 2-10 

- -- 

t h i s  solution showed no n i t rosamide  a b s o r w n  a t  400-m but 

absorptions at 33C ad 410  nm at t h e i r  maximum (see F i g .  2-11). 

The so f r~ t ion ,  a f t e r a d d i t i o n  of cyclohexene, was i r r a d i a t e d  a t  

0 3 C  in a apparatus f o r  5 hours  until t h e  absorpt ion bands 

at 3 3 0  m and 410 nnt had completely disappeared ( s e e  Figt 2 - 1 1 ) .  
I 

The acidic fractlioia was shown to conta in  i n  a d d i t i o n  to two 

minor =identified components, cinnamic acid (12%), hydroxy 

acid PI-23-a(18%) and methow acid 11-25 (6t;%). The compounds 

were i d e n t i f i e d  as  t h e i s  methyl esters by gc peak matching with 

a u t h e n t i 4  s&fes. me y i e l d s  based on 11-22-a, uere estimated 

iron peak area measurements. The n e u t r a l  f r a c t i o n  contained 
4 

1-cyclo'rmexenol, l - ~ e ? h 0 ~ - 2 - p h e n y f e t h a n e  11-27 I - I $ ) ,  7-benzyl- 





bicyclo[4.1.0fheptane 11-28 (-1%) and one minor unidentified 

compound. Ether 11-27 was identified by gc peak matching . q  

with an authentic sample. Addition produc* 11-28 was identi- 

fied by gc-ms and showed a molecular ion peak at m/e I86 and 

base peak at m/e 57 characteristic of bicyelo[4.1.Olheptanes 

Scheme 2 P1 
- Treatmezt cr a scZztisx c m t a i n i n g  species "X" with an 

0 

excess of phenacylkwmide iz r e f l u x i n g  methanol caused rapid  

disappearance sf the absorptions at 3 3 0  and 410 nm, m e  a c i d i c  

fraction was shown fa ~ ~ ~ " i t a i ~  ~ethoxy acid 11-25 C 3 6 $ )  and a 

Trace ~f hydraxy acid 11-23-a by examination of the nmr spec- 



t* 
phenacyl  3-phenyl-2-diazopropanoate (11-291. The carbonyl 

stretching of the ester group of 11-29 could not be confirmed 
IC 

since t h e  crude product contained relatively large amount of 

phenacylbromide. Attempted chromatography of the m i x t u r e  on 

basic alumina f a i f e d  $0 give  the pure ester 11-29, , *, 

In methanol wirh one equivalent of s t r o n g  base: 
' 

a) ~ ~ ~ ~ & e n t  of r i i t r ~ s t d b o  Efcid 11-22-a with one e q u i v a l e n t  of 
- - -  - -  - - - - -  

sodiunz methoxide in aetha~oiic solution for 7 2  hours at 5 O C  
f 

foilowed by evaporat lan oi the  solvwt, gave methoxy acid 11-25 

5 
y i e l d e d  t h e  c o r r e s p n S i z g  e s t e r  1 1 - 3 7  i n  90% overzll y i e l d .  

5 )  Treztment of I I - 2 2 - a  sit3 one e~uivalent of rotassism hy- 
f 

d m x i d e  a+ b O G C  gave a first order  decrease of t h e  n-rn band. 
3 T. - -3 

(k = 3 2 . 2  X 1g-3 see '1 x?.Zzh w 2 s  ~t feast three times as fast 

as t h a t  at 2 2 O C  (see Pig .  2 - 3 2 ) ,  Ssterificatim cf an a'iqcgt 
3 

of the concentraaed r e a c t i o n  rnixtme followed by gc analysis 

gave raethoxyesterI1-57 as a major pmduct  and a t race  of 

bydr9x-y e s t e r  11-24 ( - 3 % ) .  Aci52c w ~ r k  up of the rest oi t he  crude 



ri - gure 2-12. Decomposition of N l t r o s a r n i d e  II-22-a 



fa benzene with triethylamin When a benzene solution of 

nitroso derivative 11-224 was treated with 1, 3 or 5 mole 

equivalents of triethylamine at room temperature, it underwent 

slbw decompositioa, as shown by the gradual decrease of the 

40b  nm band ( s e e  Fig. 2-91. In all cases, residual absorp- 

t i r i  L 

P 

zhe zepo hour curve was observed. The crude products obtained 
I. 

after evaporatisc cf the solvent showed identical ir spectra, 

-1: -- -- 

featuring broad absorpticns at 3 5 0 0  and 2 5 @  em for car- - 
bcxylic acids, a lcedium absorption at 2080 an-' characteristic 

-1 3f a d i a z o  linkage, a ~ d  s t r m g  bands at 1 7 k C  and 1250 cm for 

i? ester gro?Jp. ZYE fraction c r5~a ined  after basic (10% ?:aZCO 3 

extraction of t k e  zrz5e p~oSzcn was shown tc c 3 n t a i n  unreacted 
& 

nitrrsamido acid I L - 2 2 - a  (ca. - 2 5 4 )  , phenyletkylacetate (11-31) 
- - - - 

(164) and 2'-phezyIe+kyl-3-phenyl-2-diazopanoate (11-30) 
** 

( 1 7 % )  by exmLnatiox ~f i r s  is and nmr spectra.  h he starting 

material was characterized by a singlet at T 7.5 for.the methyl 
7 

g x u p  and a dcxble d o ~ 3 l e t  at T 4.4  ( J  = 6,13 Hz) for the methine 

proton ,  inthe mspectrum. Phenylethylacetate showed a singlet at 

r 8 = 0  for the methyl p-ons and a t r i p l e t  at T 5.72,  whereas 

s t r o n g e r  pH, ** 
T1-te yield of Ii-3k3 is 3ased on 

in 11-22-a requires a 
-- 

1 mole of 11-22-a to give a 



diazo ester 11-30 tras characterized by a t r i p l e t  at T 5.7 and 
t 

a s i n g l e t  a t  T 6 . 5  for the methy lene  group alpha t o  t h e  diazo 

l i nkage .  The yields were calculated from nmr integration and 

were i d e n t i c a l  w i t h i n  exper imental  errors i n  a l l  three exper i -  

sents. 

one 

\ 
When a benzene sol~tion 6f n5trosami.de If-22-a c o n t a i n M  

- - - -- - - - -- 
equivalent of e i e t h y f a m i n e  was r e f l u x e a ,  no r e s i d u a  ab- 

scsrption at 400 nm w a s  observed.  The rate of disappearance of 

t h e  n i t rosamido  absorption at 400 nm w a s  about twice as  f a s t  a s  

i n  t h e  thermofys i s  of 11-22-a i n  r e f l u x i n g  benzene without  

~ r 2 e t h y I a m i n e .  The neutral Brac t ion .ob ta ined  a f t e r  basic ex- 

traction showed the same ir characteristics as t h a t  ob ta ined  i n  
* 

t h e  room temperature r e a c t i o n ;  e.g.,-strong absorptions a t  2080 
Y 1 i 

1 7 b 5  and 1240 cm-' for ester 11-31. ~ h r o k t o ~ r a ~ h ~  of t h i s  , 

f r a c t i o n  over basic alumina afforded 2-pheny'lilethylacetate 

(11-31) ( 3 % ) ,  diazo ester 11- O ( 1 7 % )  and p h e n y l e t h y l a l c o h o l  -3- "-' 

(11-32) ( 7 % ) .  The acidic fraction w a s  mainly-parent  amide 



11-21-a ( 2 % )  as indicated by i t s i r  spectrum. 

RCH OH 

11-32 

Ester 11-31'was obtained by elution with hexane and 

by comparison of its spectral data with those of an 

identified 

authentic 

sample. Diaza ester 11-30, eluted w i t h  a mixture of 10% benzene 

in hexane, was a bright yellow oil which showed to be pure by. 

t i c  and hplc anazyses but gave poor elemental analysis. The 

diazo ester f u n c t i o n  waS-characterized by the strong ir ab- 

( 7 p  and a w e a k  uv absorption sorptions a t  2080 



X max 
406 nm ( E  The p r o t o n  nmr . spectrum. . exh ib i t ed .  t w o '  

t r i p l e t s  a t  T 5 .66  and 
. .  . 

6 Hz) which c o l l a p s e d  in-to a  
. . 

s i n g l e t  upon irradidtion ,of one of t h e  o t h e r  s i g n a l . '  . The 

. - s i n g l e t  a t  T 6 . 4 4 . ~ ~ ~  a t t r i b u t e d  t o  t h e  methylene p r o t o n s  >:+--- 
-. i 

a l p h a  t o  t h e  d i a z o  g r o u p  by comparison o f  t h e  chemical  
- 

- ~ -- s h i r t  with t h a t  o f  a s i m i l a r t y p e  of d i a z o  e s t e r  d e r i v a t i v e  ( 7 6 ) .  . . 
U n f o r t u n a t e l y ,  -due.to its long T ( 7 7 )  t h e  d i a z o  carbon* could  

I 

not be observed by I 3 c  n p  spect roscopy, -  t h e  o t h e r  carbons' - 

- 

showed chemical .  s h i f t s  and ord.  s p 1 i t t i n . g  p a t t e r n s  c o n B i s t e n t  
v 

w i t h  t h e  S ~ ~ U C ~ U P E .  

- 

t h e  3 , 5 - d i n i t r o b e n z o a t e  Fur thermore ,  
1 

d e r i v a t i v e  o f  d i a z o  eSTer 11-30  
-C 

was p r e p a r e d  i n  2 7 %  

v yield based on 11-3C. The structure of d e r i v a t i v e  1 1 - 3 3  was 

conf i rmed .by  2 lernenta l  analysis and ir; nmr and h i g h  r e s o l u -  

t i o n  mass spect roscopies .  ~ n e  ~ a s t c o m ~ o u n d  p~enethyl azcoho l  

1 1 - 3 2  was o b t a i n e d  by elution with benzene c o n t a i n i n g  25% 

hexane. I t s ' s t r u c - t u r e  was determined by comparison of i t s  

i r  d n d  rmr .spectra withsfhose of a n  a u t h e n t i c  sample. It i s  

t h e  decomposi t ion  t h a t  phenethyl 
. . 

alcohol was formed by 

of an intermediate during the separa t iom,  s i n c e  the  ir spectr 

of the neutral fraction- d i d  ndt  e x h i ~ b i t  any a l s o r p t i o n  

r e f 1 u x e d . h  methanol4or  one hour. 

The ir spectrum of rhe resulting crude p r o d u c t  showed no 

a 

-. I 

. - - 
t 

- - 
- ppp - - -- - - - - - 



m o d i f i c a t i o n s .  i n  c o n p a r i s a n  t o  t h a t  of t h e  s t a r t i n g  mix tu re  ,, 

i n d i c a t i n g  t h a t  no r e a c t i o n  had o c c u r r e d .  

- * 
When n i t r o s a m i d e  1 1 - 2 2 - a  w a s  aflowgd t o  decompgse i n  - 

r e f l u x i n g  methanol ,  i n  t h e  presence of one e q u i v a l e n t  bf 
- 

/ t r i e t h y l  m i n e ,  o n l y  ne thoxy acid-11-25 (93%) was o b t a i n e d .  . 

* 
11-6 Decomposition of 1;-Nitrosamido Acids  under  Thermal . 

Condi t ions  

*, 
i n  t h e  daek unde- i n e r t  &oslhere, i t  underwent r a p i h  decom- 

p o s i t i o n  as  sku-a by The firs? order  & c r e a s e  (k = 2 . 3  X *../--- 
-%. -- 

-I. 10-'sec of rko k 3 ?  :B a5s3r~tion. The uv  -profile of the  
. - reac t ion  (Fig. 2-13], e x h i b i t e d  two isoabsorptive p o i n t s  at 

* 
A = 3 5 2  and 4 4 5  A=, izdieating t he  p r e s e n c e  o f  one 

intermediate. 

- 3rw23. ine f c m e r  band along with a multiplet 

at T 6.3 in the 

- 1 - 





- i '  
stored at ro-om temperature overnight. ,The fhged" crude mix- 

, - 
.ture was analyzed by gc-ms of its methyl ester to give 

3-phenyl-2-acetoxypropanoic acid (11-34) (43%) ,  N-acetyla * - ' .- 
I 

- .. 
ph;nylalanine (11-21-a) (21%),trans-cinnamicacid-(11-35) - (4%), 

2-phenyi hyl acetate (11-31) <<l$) along with a compound (<I%) 
1 

'T , . . - -- 
whose methyl ester had a fragmentation fiattern and a retention . 

time very sirnilas To that of methyl cinnamate. This compound 

was assigned to - cis-cimaaicacid (11-361. All compounds ex- 
- -- 

- - - -  - - 

cept 11-36 w e m  identified on the basis of the fragmentatibn 
I - - 

pattern of their methyl esters and upon mixed injection with 

authentic samples. m e  methyl esters of 11-21-a and 11-35 

were obtained via - d i a z ~ m e ~ h a n e  esterification of the ?arefit 

acids.and that of 11-34 by acetylation of'the corresponding 



. . 
~hekal. Decomposition of N-Nitroso-N-AcetyT-D,L- . 

Phenylalamine, 11-224, in Methanol 

- 

- 

The thermolysis of nitrosamido acid 11-22-a w a s  c = m n i d  A 

out in refluxing dry methanol un-ier nitrogen in the dark. The 

decomposition' of 11-22-awas monitored by following the first 
* 

-- -& --I - - 

nrrter~&creaseof-thT40Um-a5~~tio5 (k = 2 ~ 2  x 10 sec ) *  

Basic extraction of the crude mixture gave methyl methoxy ester 

11-37 (2O%).and extraction of the acidified mother liquor gave - 

methoxyacidI1-25 (58%) and the parent amide 11-21-a (-10%). 

R-CH-COZCH3 
I 
OCH, ' 

Scheme 2-16 

- 

Hethoxy ester i1-37 was identified on the basis of its ir 

spectrum and gc retention time in comparison to those of 



a u t h e n t i c  sample ,  The methoxy ac id .  11-25 and t h e  p a r e n t  amide 

11-21-a were i d e n t i f i e d  a s  t h e i r  methyl  e s t e r s  by gc  matching 

w i t h  a u t h e n t i c  samples .  

When t h e  same r e a c t i o n  was c a r r i e d  o u t  a t  40•‹C, 11-22-a 

decomposed by a  first o r d e r  k i n e t i c s  w i t h  a - r a t e  c o n s t a n t  

-5 of (k = 1 .7  X 10  see-'1. A s i m i l a r  work up gave methoxy a c i d  I 

? 

11-25 ( 6 0 % ) ,  methoxy e s t e r  11-37 ( 1 0 % )  and t h e  p a r e n t  amide 

Thermolys is  of n i t r o s a m i d c  a c i d  11-22-a i n  
- 

0 - d e u t e r a t e d  methanol  a l s o  showed a  f i r s t  o r d e r  

4 0 0  m a b s o r p t i o n  (k = 1 . 5  X 1 0 - ~ s e c - l )  a n d g a v e  

r e f  l u x i n g  

d e c r e a s e  of  t h e  

methoxy a c i d  

11-25 ( 4 5 % ) ,  methoxy ester 11-37 ( 4 5 % )  and a t r a c e  of p a r e n t  
- - 

amide 11-21-a. The t o t a l  amount of  deuter ium i n c o r p o r a t i o n  a t  

t h e  a - p o s i t i o n  o f  the c a r b o n y l  group i n  b o t h  methoxy a c i d  11-37 

and m e t h o x y - e s t e r  11-25 w a s  approximafed t o  36% by comparison 

i n t e g r a t i o n  o f  t h e  methine  p r o t o n s  a t  T 6 .0  and t h a t  o f  

t h & e t h y l  p r o t o n s  a t  T. 6 . 3  i n  t h e  nmr of  t h e  c r u d e  p roduc t .  A 

.more  a c c u r a t e  v a l u e  was o b t a i n e d  f m m  gc-ms a n a l y s i s  u s i n g  t h e  

EM'-493 and IM+-321 ions  o f  e s t e r  11-37, The deu te r ium c o n t e n t  

o f  t h e  e s t e r  p reseAt  i n  t h e  c r u d e  p r o h c t  r e s u l t i p g  from t h e  
A I * 3 

t h e r m a l  r e a c t i o n  i n  MeOD, was 40%. E s t e r i f i c a t i o n  o f  t h e  c rude  

Jr 
It was shown by nmr t h a t  s t a r t i n g  n i t r o s a m i d e  11-22-a d i d  
n o t  i n c o r p o r a t e  deu te r ium i n  methanol-d a t  room t e m p e r a t u r e  
under  n e u t r a l  c o n d i t i o n s  f o r  2 4  hours .  



with diazomethane, followed by gc-ms analysis sRowed the same 
3 t 

amount of deuterium incodporation. This indkates that the , 
-* . .  L 

extent of deuteriurp incorporation in both methoxy acid 11-25 - 
< ' 

and ester 11-37. is identical. 

11-7-1 Photolysis of N-Nitroso-N-Acetyl-D,L-Phenylalanine - - 

11-22-a in Methanol 
I .  

Photolysis of-nitrosamido acid 11-22-a in methanol, under 

: nitrogen and at O•‹C was re:nvestigated. Previous results ( 2 8 )  

had given N-acetyl-1-phenyl-2-methoxyethyl&ine 1-16 (45%) and 

N-acetyl-6-styrylamine 1-17 (23%). The photolysis was run 

under the same Cpnditions and the photolysate was directly 

analyzed by gc-rns to give phenylacetaldehyde (11-41) ( 3 % ) ,  
* 

phenylacetonitrile (11-403 (3%), 3-benzyl-5-methyl-l,2,4- 

oxadiazole (11-3 9-a) (2% 1, methoxy amide 1-16 ( 3  5% And 

styrylamine der'ivative 1-17 (39%) accompanied by two minor 

unidentified components. 



0 'R Me OH 
U I 

CH3-C-N-CH-COZH , 
I 11-39-a 

- NO - h ~ ,  O0 
BP 

r 

Scheme 2-18 

4 
samples .  The y i e l d s  were e s t i m a t e d  from r e l a t i v e  peak a r e a s  . 
measurements.  Methoxy amide 1-16 was shown t o  decompose pa r -  

t i a l l y  i n  t h e  g c  column t o  g i v e  s t y r y l a m i n e  1-17. T h i s  ex- 

p l a i n e d  t h e  d i s c r e p a n c y  between t h e  y i e l d s  r e p o r t e d  on t h i s  
- 

work from t h o s e  p r e v i o u s l y  r e p o r t e d .  

-, C 

11-7-2 P h o t o l y s i s  of N-Nitroso-N-Acetyl-D.,L-Phenyla,lanine - - 
1 1 - 2 2 - a  Under B a s i c  Condi t idns  

. , 

I n  methanol  and i n  t h e , p r e s e n c e  o f  sodium cyan'ide: The - 
b 

p r e s e n c e  of a s h o u l d e r  a t  Xmax = . 3 4 0  nm i n  t h e  uv spect rum o f  

- -- -- - - - - - -- - 

----- - - -- - -- 

A u t h e n t i c  samples o f  1-16 and 11-39-a are d e s c r i b e d  f u r t h e r  
P 

I 

i n  t h e  t e x t  and a n  au then- t i c  sample o f  1-17 w a s  k i n d l y  'pro- - 
v i d e d  by Dr. Y . L .  Chow. 



a solution of nitrosamide - 11-22-a in a saturated methanolic 

solution of sodium cyanide indicated ca. 10% decompositionof - 
If-22-a prior to the irradiation. The photolysis of this 

solution at O•‹C under nitrogen, resulted in the formation of 

non-photolytic basic decomposition products (24%), methoxy 

acid 11-25 and hydroxy acid 11-23-a and photo products (72%), 

methoxy amide 1-15, oxadiazole,fI-39-a and N-acetyl-2-phenyl- 

1-cyanoethylamine (TI-41-a). Qulomtography of the neutral fraction 
- .  - - 

R 
MeOH, NaCN R = CN 

h v ,  O•‹C, N2 
11-39-a 

Scheme 2-18 

on basic alumina gave o adiazole 11-39-a (46%), methoxy amide 
r 2 

1-16 (7%) and nitriie (11-41-a) (19%). Gc analysis of the crude - /i 
6f neutral fractio9 also showed the presence of two unidentified 

1). 
--- -- 

m i n o r c F m ~ n t s T T h e m o l e c i l T r  formula of oxadiazol'e I I - 3 9 -a 

of the 1,2,4-oxadiazole ring was confirmed by a strong charac- 

teristic absorption at 1590 cm-l in the ir, spectrum ( 791,  a 

I 



deshielded methyf group resonating at r 7.52 in nmr and an uv 

absorption at A = 226 nm ( E  = 2 9 0 ) .  Ultimately, the struc- max 
ture of 11-39-a was confirmed by the unequivocal synthesis of 

the two positional isomers of benzyl-methyl-1,2,4-oxadiazole . 
% 

i.e., 11-39-a and 5-benzyl-3-methyl-l,2,4-oxadiazole (11-39-e) 
I 

(Scheme 2-19). 

Scheme 2-19 

The spectral data of If-39-a, 11-39-e and those of the 

photoadduct are summarized in Table 2-14. The C-5 carbon atom, 

being alpha to an oxygen and a nitrogen atom is expected to 

- - --- -- gen atoms ( 8 0 ) .  The s ~ l i t t h  Patterns for C-3 and C-5 of 

11-39-e were obtained by off acquisition decoupled 13c nmr 

and showed a triplet and a quartet, respectively. Compound 

11-39-a was found to be stable towards thermolysis ( 2 0 0 • ‹ C f ,  





.La * 

basic treatment (sodium hydroxide-methanol) v d  uv irradiation 

( 2 5 4  nm). In a l l  three experiments over 90% of the starting 

material was recovered. 

The structure of methoxy amide 1-16 was confirmed by 
- - - - - - - - - - -- 

--A- -~ ---- 

s 

spectroscopic and elemental analyses. The molecular formula of 

nitrile 11-41-awas ascertained by elemental analysis and hrms. 

The iT gpect~sexffibi-ted zbsorptions at 2240 cm-l ( E N )  

1 and at 1660 and 1540 cm-I ( N H C O ) .  The H hmr spectrum showed - 

a singlet a T 8.03 for the methyl and an ABX pattern 

for the. phenethyl groups. < 

W I  - .- 

The ir spectrum of the acidic fkaction exhibited the 

7 - -- -  - 

characteristicabsorptions for a carboxylic acid group at 17'10, 
I 

-1 2500 and 33COcm . A singlet at T 6.62 in the nmr spectrum in- 

dicated the presence of a methoxy derivative. The mixture was 

esterified with isopropanol and the resulpfng esters &re 

separated by preparative tlc to give iso&iipyl 2-methoxy-3- 

phenylpropanoate (11-46 (16%) 'and isopropyl 2-hydroxy-3- 
I 

phenylpropanoate (11-47) (8%). The structure of methoxy ester 

11-46 was confirmed by strong ir absorptions at 1740 and 1100 

-I cm for the ester group and by appropriate nmr signals for a* 
7 

methoxy ( T  = 6.67) andanisopropyl group. The ir spectrum of 

hydroxy ester 11-47 showed strong absorptions at 3500 ern-' (OH) 
8 -1 

and at 1740 and 1106 cm (-C-G) . The corresponding nmr 



spectrum exhibited an ABX pattern for the substituted phen- 

ethyl group and the expected splitting pattern for the 

isopropyl group. The molecular formulae of both 11-46 and 

11-47 were further ascertained by elemental analysis and hrms. 

In methanol and.in the presence of sodium carbonate: - 
- 

Nitrosamido acid 11-22-a in a methanol solution saturated with 

sodium carbonate decomposed partially as indicated by the ap- 

pearance of new uv absorption at h -350 nm. Photolysis of max 

this solution at O•‹C, resulted in a rapid disappearance of the 

niyrosamido absorption at 400 nm. The usual work up of the 

pliotolysate gave a neutral fraction containing oxadiazole 

11-39-a (12.5%) and methoxy amide 1-16 (46%) as shown by the 
t 

nmr signal's at T 5.98Cs)  and T 7.5(s) for compound 11-39-a and 

at T 4.6 and 7.lCd) 'for 1-16. The yields were estimated from 

the integration of- the two methyl signals. 

2 In tetrahydrofuran in the presence of 1,s-diazabicyclo 

[5.4.Ohndec-5-ene (DBU): ~itrdsamido acid 11-22-a decom- 

posed partially when dissolved in a tetrahydrofuran solution 

containing DBU, as shown by the new 350 nm'absorption band. 

~hotolysis of this solution at O•‹C,  resulted in the ,complete 
- 

disappearance of the nitrosamide abs 0 nm. Usual . 
4 

work up of the photolysate gave an acidic fraction which was 

shown by gc-ms to contain benzoic acid (6%), phenylacetic 



D 
- - ' i acid (ll%), oxacjiazole 11-39-4 (22%) and hydroxy acid 11-23-a " 

(23%). The acids d> as their methyl esters 
compounds were identified .on basis of their ms fragmentation -43  
patterns and upon mixed injection with authentic samples. The 

yields were estimated from the relative areas of each peak. 
- A 

b 

In methanol in the presence of triethylamine: The photo- 

lysis of a methanolic solution of nitrosamido acid 11-22-a 

containing slightly over two mole equivalents of triethyl- 

amine at O•‹C, gave oxadiazole 11-39-a (64%) and methoxy acid 

11-25 (9%). The two products were identifi'ed by tlc and gc 

peak matching with authentic samples and the yields were esti- 
! 
i 

mated by measuring the areas of the corresponding signals 
- 

the n m r  ,spectrum of the crude mixture. 

.The variation of the percentage yield of oxadiazole 
. ,  

11-39-a as a function of the amount of triethylamine was in- 

vestigated. The photolysates resulting from the irradiation of 

nitrosamide 11-22-gin methanolic solutions containing 1, 2 and 

5 mole equivalents of triethylamine were 'aria'lyzed by .gc-ms to 

give oxadiazole 11-39&a, and other products derived from 

'l4-acylimine intermediate 11-54 (vide infra); e.g., stpylamine 

11-38, methoxy aide 1-16, aldehyde 11-38 and nitrile 11-40. 

The percentage yields were estimated from peak area measurement 



and that of oxadiazole 11-39-a was calculated relative to 

dibenzofuran used as internal standard. The percentage yield 

of oxadiazole 31-39-a was to increase steadily as the 

amount of trimethylamine toreacha maximum of -70% 

for approximately two mole equivalents of base ,(Fig. 2-14). 

- -  

/-' Photolysis of methanolic solution of nitroso-N-acetyl- 
/ * 

D, L-phenylalanine dicyclohexylamine salt (11-48 ) at O•‹C gave - - 
- 

. j aldehyde 11-41 (20%), oxadiazole 11-39-a (15%),hethoxy amide , 

1-16 (31%) and styrylamine 11-17 (26%) (from gc analysis). - 

In acetonitrile with~riethylamine: Photolysis of 11-22-a 

in acetonitrile containing two mole equivalents of triethyl- 

'amine gave oxadiazole 11-39-a (63%, after distillation), as 

only product. The structure was confi>med by comparison of 

the spectral data with those of an authentic sample (vide 

supra). . 

In order to maximize the yield of formation of oxadiazole 

11-39-a , the photolysis of nitrosamide 11-22-a was- carried out 
in acetonitrile containing differing trieghylamine-nitrosamide 

- -7 m o ~ a r r ~ ~ % s ~ ~ ~ e ~ i e 1 d s  of 11-39-a were calculated as pre- 
I '  

* 
11-48 was prepared by addition of dicyclohexylamine to a 

slight excess of 11-22-a in ether.- 



viously described and are plotted as a function of *h+e number - 
of mole equivalents of-triethylamine .d (Fig. 2-14). No oxadiazole 

was detected in the absence of triethylamine but appeared and 

increased stead-ily when the amount of base increased to reach 

a maximum of -70% when two or more equivalents of base were 

---11 i - 

Figure 2-14. % Yield of 3-Benzyl-5-Methyl-l,2-4, Oxadiazgle as a 
--- - - - - - - - - - - -- -- 

Function of the Number of Triethylamine Equivalents 

MeOH 

mole equiva- 

5 
l e n t  of (Et) 3N3 



Pho to lys i s  of n i t r o s a m i d e  11-22-c, i n  a c e t o n i t r i l e  con- 
L, & 

t a i n i n g  two molar equivalents iof t r i&hylamine ,  a t  O • ‹ C ,  gavez 
f .  

3 - i s o b u t y l - 5 - m e t h y ~ 2 , 4 - o x a d i a z o l e  IS-39-c ( 6 8 % )  along w i t h  
# t\ t h e  pa ren t  amidc: acid If-21-c 4 7 % )  and ca 2 %  of a n  u n i d e n t i f i e d  

conpound.  

Scheme 2-20 

me pa ren t  acid TI-21-c  was identified as i t s  methyl e s t e r  by 
" :: 

mixed i n j e c t i o n  w i t h  a u t h e n t i c  sample i n  gc. The oxadia'zole 
.. 

11-39-c was isolated by prepara t ive  gc and was found t o  be 

q u i t e  v o l a t i l e  similarly t o  a l k y l  s u b s t i t u t e d  1 ,2 ,4-oxadiazoles  
I 

t 
4 

q -  
strwtsre w a s  detePnined by spectroscopic anafysiS,  The .r 

t 

lazole ring uas confirmed by t h e  &ong ir absorption . 
at 1599 cm-'and t he  two low f i e l d  s i n g l e t s a t  6 1 7 5 . 8  ( C - 5 1  

13 -i and 1 6 9 . 7  ppm (C-31 in the C rn spectrum, The -H mr spec- 



e 

and zke expected s2Pitting patzern f o r  the isobutyl group.  
/f 

7 - :+= - - -  skaract;risr5~ ir a5sorgrior. at 1593 cm ' and the two low 

- - -  1 3 c  fieL5 zigra2s at f rk:.S fS-5) a33 168.5 F ~ E  ( C - 3 1  iri t he  



a T 7 . 8 5  ( C H 3 )  and 4 . 8 2  (CHi) i n  t h e  p r o t o n  nmr spect rum and by 

13 - 
a low field s i g n a 2  a t  6 165.0  ppm (C=O) i n  t h e  C nmr spec- 

t rum. The 5-methyl g roup  gave a s i n g l e t  a t  T 7.3 i n  p r o t o n  - 

, 

The a d d i t i ~ n  of the n i t r o s o . d e r i v a t i v e  I I -22-b  t o  a  s a t -  
- - -  - 

u r a t e d  s o l u t i o n  of sodium c a r b o n a t e  .in .methanol ,  r e h l t e d  i n  a  

- - ralr amount of Oecomposi t ion of t - h e & n i t r o s a m i d e ,  a s  evidenced 

by t h e  s t r o n g  uv a3sar~tion band a t  X = , 3 5 0  nrri. The photo-  max 

l y s l s  of t h i s  sclution gave a s m a l l  amount o f  t h e  expec ted  

~-~enz~l-5-~heny~-l,"L,~-oxadiazole ( I I -39-b)  ( 5 % )  and N-benzoyl- 

f-phenyf-2-metk~xye::>~Iyamine II-k8 ( 5 % )  a l o n g  w i t h  traces of 

z e ~ l i y l  benzoate  f 4 9 f .  The a c i d i c  f r a c t i o n  was shown t o  c o n t a i n  

?, = CH,$ Scheme 2-22  



l The molecular formula of oxadiazole 11-39-b was confirmed 

by hrms. Due to an extensive conjugation the ir absorption 

characteristic of oxadiazole ring was slightly shifted to- 
% - 

wards the low frequency region (1560 c m  as compayed to 1590 

-1 & cm for non-con jugated 1,2,4-oxadiazoles) . The 13c nmr spec- 

attributed to C5 and C3 of the ring, respectively. Further- 

more, the melting point observed was identical to that pre- 

viously reported ( 8 2 ) .  

Elemental analysis and hrms gave the molecular formula'bf 

methoxy adduct 11-48. Its ir- spectrum showed typical absorption 

bands for secondary amides at 1640 and 1530 .cm-l. The methoxy 

group was characterized by a singlet at T 6.6 in the 'H nmr 

spectrum. 
' ' 

f 

Benzoic acid was isolated by sublimation and methoxy 

acid 11-25 and hydroxy acid 11-23-a were analyzed by gc as 

their methyl esters. 
4 



Attempt a t  E ' luc idat ion  o f  t h e  Mechanism f o r  - 
Oxadiazole  Formation 

- S y n t h e s i s  and b a s i c  t r e a t m e n t  o f  N-acetyl-phenylace.tami- 

doxime 11-49: A f i r s t  a t t e m p t  t o  s y n t h e s i z e  amidoxime 11-49 

45~ N ~ ~ 1 a t h ~ - - a f 4 h e - ~ & n ~ o x i r n e ~ - T  WifJiacetl'c- - 

e t h y l c a r b o n i c  a n h y d r i d e  (EtOCOOCOCH3 1 a s  d e s c r i b e d  i n  ' the 

l i t e r a t u r e  ( 8 3 )  f a i l e d  and gave 0 - a c e t y l a t i o n  p r o d u c t .  
5- 

On t h e  o t h e r  hand,  ace tahidoxime 11-49 was s y n t h e s i z e d  

34% y i e l d  v i a  a d d i t i o n  o f  sodium acetamide  t o  n i t r i l e  ox ide  - 
11-52 ( s e e  Scheme 2-23) i n  a  s i m i l a r  manner t o  t h e  Behn's 

a d d i t i o n  of  t h i o l s  t o  t h e  same n i t r i l e  ox ide  ( 8 4 ) .  

$ NH20H NOH. I I 
.' R-C-H - R-C-H 

NOH - 

R = 
NOH 0 DMF 
I I I I HMPT - R-C-NH-C-CH3 R-CEN+O 

N a  NHCOCH, -- 

- - - - -- - - - - -- - - 



The e l e m e n t a l  a n a l y s i s  and h i g h  r e s o l u t i o ~  mass spec t roscopy  , 

a s c e r t a i n e d  t h e  m o l e c u l a r  formula  of  11-49 t o b e  C10H12N202. The 

ir spect rum e x h i b i t e d  s t r o n g  a b s o r p t i o n s  a t  1700 and * 1670 - cm-' 

r e s p e c t i v e l y .  The nmr spect rum showed two s i n g l e t s  - - o f  e q u a l  
A 

-- - i & e 1 x x i + Y & - ~ L U n b 5 X - f ~ ~ t h e  b e n z y l i c  p r o t o n s ,  i n -  - 

d i c a t i n g  a  m i x t u r e  o f  E and Z-oximes i n  a  1:l r a t i d .  The 

3 mother l i q u o r  was shown by t l c , n o t  t o  c o n t a i n  any o x a d i a z o l e  

11-39-a. Fur the rmore ,  no r e a c t i o n  w a s  obse rved  when acetami-  
," 

doxime 11-49-was t r e a t e d  w i t h  an  e x c e s s  o f  t r i e t h y l a m i n e  i n  
. - 

A .  a c e t o n i t r i l e .  , However, t r e a t m e n t  of 11-49 w i t h  KOH i n  methanol  

a t  room t e m p e r a t u r e  gave 'N-benzylurea 11-53 ( 5 9 % ) ,  a  Beckman 

rea r rangement  p roduc t .  The s t p c t u r e  o f  11-53 was a s s i g n e d  . 
on t h e  b a s i s  of i t s  m s  and mp a s  compared t o  t h o s e  of a n  

4 a u t h e n t i c  sample (75-b) .  -. 
'\ i 

2 NOH KOH 0  
I I 1 I 

$-CH2-C-NHCOCH; A- 4-CH2-NH-C-NH2 
MeOH 

scheme 2-24 
, 

--* / ' 
- 

Attempt t o  t r a p  t h e  N-acylimine 11-54 w i t h  n i t r E y l 7 - I n p -  



- - - - - - -- - - - - - - 

- --- 
t 

photolysis of nitrosamido acid, 11-22-a, isarearrangement pro- 

a, duct of C-nitroso intermediate 11-55 resulting from the 
\ .y 

addition of nitroxyx to the N-acylimine 11-54, the reaction be- 

tween the latter and nitroxyl was attempted. 

Scheme 

was. generated in situ by DBU dehy- 

drohalogenation of N-acetyl-N-chloro-2-phenylethylamine - -  11-56 

(Scheme 2y 6 3 .  The latter was obtained &I 65% overall yield 
J 

by N-acetylation of phenethylamine followed 
I 

(85). 
, , # 

.+ 

Nitroxyl (or hyponitrous acid) is known tobea decomposition 
1 

salt (N-hydroxy product of the basic hydrolysis o f ' ~ i l o t ~ ~ s  

* benzenesulfonamide) (86). It is also. known to be an unstable 

species having a lifetime of 0.1 sec. (12) under the conditions 
-t 

of- flash photolysis. &is therefore important, for our pur- 

simultaneously generated in the reaction mixture. In order to 



/ 

de te rmine  t h e  optimum c o n d i t i o n 2  f o r  th-e n i t r o x y l  g e n e r a t i o n ,  
. z 

t h e  r a t e s  o f  h y d r o l y s i s  o f  P i l o t y ' s  s a l t  i n  methanol  were 

measured as  a  f u n c t i o n  o f t h e  base  c o n c e n t r a t i o n .  The p r o f i l e  . 
of  t h e  decomposi t ion  o f  P i l o t y ' s  s a l t  i n  v a r i o u s  sodium hy- - 

1 

droxide-methanol  s o l u t i o n s  was t r a c e d  by uv s p e c t r o s c o p y  

- shown in_Eig. M5-,  ' a n d L h e  rate c o n s t a n t s  c a l c u l a t e d  by_ 
= 

p l o t t i n g  t h e  u s u a l  f i r s t  o r d e r  k i n e t i c s  graph ( F i g .  2-16).  

I n  t h e  p resence  o f  one e q u i v a l e n t  of NaOH'(spectrum a l ' t h e  

decompositio.n was s low,and a lmos t  i n s t a n t a n e o u s  i n  t h e  p resence  
i 

o f  1 0 0  e q u i v a l e n t s  o f  NaOH (spec t rum e l .  , I n  t h e  p resence  

of  5  e q u i v a l e n t s  of  base  ( spec t rum b )  two i s o s b e s t i c  p o i n t s  a t  

A = 275 and '  306 nm were observed i n d  a t i n g  t h e  p r e s e n c e  o f  a  ? 
minimum of  two s p e c i e s  i n  t h e  r e a c t i o n  m i x t u r e ,  namely t h e  

s t a r t i n g  P i l o t y f  s sa l t  ( Xmax = 252, 259, 265 and 272 nm) and 

t h e  r e s u l t f n g  b e n z e n e s u l f o n a t e  ( A m a x  = 2 7 0  nm). S p e c t r a  c  and 
-I 

d  were recorded  f o r  a m i x t u r e  o f - P i l o t y f s  s a l t  w i t h  1 0  and 2 0  

e q u i v a l e n t s  o f  NaOH, r e s p e c t i v e l y .  Spectrum c  a l s o  e x h i b i t s  

- two  i s o s b e s t i c  p o i n t s  a t  " 2 7 5  and 2 9 8  nm whereas t h e  twp 

- i s o s b e s t i c  p o i n t s  of spect rum d  a r e  more d i f f i c u l t  t o  a s s i g n  

b u t  can  d e f i n i t i v e l y  be  l o c a t e d  between 283 and 288 nm. The 

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

- - i n  Table 2 4 5 .  



- Y 

95 
1 

Figure 2-15. Decompositiom of Piloty's Salt in Methanol 

in the Presence of NaOH 

. - . 

- - 

2 2 5  2 5 0 2 7 5  3 0 0  - 3 2 5  

, . : : , . .. ; 
- - -  . 

.. . - -  



Figure 2-16. 1st Order Kinetics Plot of the Decomposition 

of Piloty's Salt in Methanol in the Presence of NaOH 

Table 2-15. Rate Constants for the Decomposition 

of Piloty's Salt as a Function of the.Number of NaOH Equivalents 

eq. N a O H  1 5 10 2 0 100 
+ s l o w -  

k(X 10 sec ) 2 4.4 5.3 fast 



N-acylimine ,II-54 was continuously generated by slowly 

mixing a solution of N-chloramide 11-56 with a solution of . 
DBU. The reaction was very rapid as demonstrated by the in- 

stantaneous formation of a heavy precipitate. The resulting 

imine 11-54 was added to a methanol solution of Pilotyfs salt 

to w3icTTU m o l ~ ~ ~ ~ v a l e n t s - d f s o d ~ u ~ h y d r ~ ~ ~ d j u s t  been 
-- 

added. The ir and nmr spectra of the crude product did not 

exhibit the characteristic absorptions for oxadiazole 11-39-a. 

The neutral fraction was shown to be a mixture of phenylace- 

tonitrile 11-41 (38%) and N-acetylphenylethylamine 11-59 (35%) 

accompanied by N-aeetyl-(1-chloro-2-pheny1)-eth~lamine 11-57 .- (5%) 

and N-acetyl-(2-chlor0-2-phenyl).-ethylamine 11-58 (5%). 

NaOH 
O 11 DBU 

Scheme 2 - 2 6  

- - - -- - - - - - - - - - -- - 

The first two components were identified on the basis of their 

ms fragmentation patterns which were obtained by gc-ms analysis 



and on gc peak matching,with a u t h e n t i c  samples.  The two minor 

components were a s s i g n e d  from t h e i r  m s  f ~ a g m e n t a t i o n  p a t t e r n s .  

+ 
Both compounds e x h i b i t e d  a M peak. a t  197-199 i n  a  3 : l  r a t i o  

c h a r a c t e r i s t i c  o f  t h e  p r e s e n c e  o f  a  c h l o r i n e  atom. Chloro 

d e r i v a t i v e  '11-57 e x h i b i t 6 d  a  s t r o n g  s i g n a l  a t  m/e = 162 ( 9 1 % )  

f o r  t h e  l o s s  o f  c h l o r i n e  atom,whereas this fragment  was a b s e n t  - -- - -- -- 

i n  t h e  mass spectrum o f  c h l o ~ q c o m p o u n d  11-58. The gc-ms t r a c e  
\ 

showed no ev idence  of  f o r m a t i o n  . . o f  e i t h e r  o x a d i a z o l e  11-39-a 

n o r  methoxy adduc t  1 - 1 6 .  

I n  a n o t h e r  r e a c t i o n ,  t h e  d i r e c t  s low a d d i t i o n  o f  N-chlor- 

amide 11-56 t o  a  me thano l i c  s o l u t i o n  o f  P i l o t y ' s  s a l t  and 1 0  

mole e q u i v a l e n t s  o f  N a O H  gave a m e u t r a l  f r a c t i o n  whose ir and 

nmr s p e c t r a  d i d  n o t  e x h i b i t  t h e  c h a r a c t e r i s t i c  s i g n a l s  f o r ,  . 

o x a d i a z o l e  - 11-39-a. Chromatography of t h i s  f r a c t i o n  on s i l i c a  

g e l  gave an u n i d e n t i f i e d  compound ( 2 0 % )  and p a r e n t  amide 11-59 

( 5 5 % )  and no t r a c e  o f  o x a d i a s l e  11-39-a. 

11-8 N i t r o s a t i o n  o f  N - A c e t y l - D , L - P h e n y l w i n e  - - S i l v e r  S a l t  11-60 

v i a  - 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  

S i l v e r  s a l t  11-60 w a s  p r e p a r e d  i n  7 1 %  y i e l d  from t h e  c a r -  
- p p- -- p 

p--p-pp 

b o x y l a t e  a n i o n  o f  amido a c i d  11-21-a and s i l v e r  n i t r a t e .  S i l v e r  . 

sa l t  1 1 - 6 0  t u r n e d  b l a c k  on exposure  t o  l i g h t  and 

showed a b s o r p t i o n  f r e q u e n c i e s  a t  3380 (NH), 1 6 1 0  

i t s  ir spectrum 

8 ( C O Z  and 7 0 0  



Reac t ion  o f  s i l ~  J e r  . s a l t  11-60 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  i n  benzene a t  O•‹C gave n i t r o s a m i d o  a c i d  11-22-a ( 1 7 % )  

a s  shown by t h e  t y p i c a l  uv Fands o f  a  n i t r o s a m i d o  group a t  
- - - - - - - - - - - - - -- -- - --A- 

X 418, 4 0 0  and 390 y i e l d  w a s  c a l c u l a t e d  from t h e  max 

absorbance  o f  t h e s e  a b s o r p t i o n s .  

Scheme 2 - 2 7  



CHAPTER I11 

* 
DISCUSSION - 

k 
Irradiation of the n-wr band of dialkyl nitrosamines under 

neutral conditions does not induce cleavage of the- nitrosamine 

group ( 2 2 ) .  However, the nitrosamine-acid complex,-formed in 

the presence of a dilute acid, does undergo N-N bond homolysis 

on irradiation, and results in the generation of aminium radi- 

cal ( 2 4 ) .  The concentration and strength of the acid play an 

'important role in this reaction. '. complete protonation of 
, - G  

the nitroso oxygen'suppresses the- odissociation f ? S ) ,  

whereas acet.ic acid ?s not sufficiently strong to induce it 

l' 

In cbntrast , nitroso derivatives of N-alkyl-a-amino acids 
underwent efficient photodecomposition without addition of an 

e x t e r n z l  acid. The facile phot01ys.i~ can be attributed to 

i) the increase in acidity of the carboxylic acid in nitros- 

molecular proton-associated complex. These views are fpther 



towards uv irradiation. ~he~~arboxylic function in I-13-a is 

'in the 8-position re$ative to the nitroso group, and there- 

fore expected to be just as acidic as acetic acid. Also, the 

preferred confomat~on would not allow the acid and the 

nitroso groups To fom a proton-associated complex. 

The formation c~f  trirner 1-11, in the photolysis of N- 

nitroso-N-phenylgfycine I-10 indicates the intermediacy of 

imine 11-15 ( 2 8 )  Y i c h  was also proposed as a precursor for 
-4 

2-?iperidonoxime f I I - 1 6 - 3 )  in the photolysis cf N-nitrosopipe- 

colinic acid 11-2-h ( 2 9 ) .  Accordingly, photolysis of nitros- 

amino acid 11-1-d in water gave 3-phenylpropylamine (11-20) 

an5 formaldehyde r s s u l t i n g  from the hydrolysis of the imine 

htermediate. T h e  f o r n z t i o n  of this interme6iate can simply' 



t F 9 ~  a z d  loss ~f 3 hydnagez ETom. Decarboxylation from aminium 

rearrangement o5 qsate rnary  a m s n i u m  s a l t s  with base. E s r  

cf 5elocaliz~~icr- sf s p i n  density f r o m  carbon t o  the adjacent 



proton of the 

nitrogen avrn 

Scheme 

carboxylic group is expectedto coordinate withthe 

of the nitroso group to give a six-membered 
/ 

transitiop state for elimination. Furthermore, this will re- 

sult in the elimination of nitroxyl as CHNOI ( 8 8 , 8 9 1  rather 

than E ~ H I  in the ease of the 2-isomer (Scheme 3-2). 

--- 
~ T ~ r o d u c t ~ ~ x l m e ~ v i o u s l y  resultsfEETthe tauto- 

addition of nitroxyl to imine 11-15. Primary and secondary 



- 

nitroso-alkanes are known to tautomerize very rapidly 

in the presence of an acid or a base or in polar solvents (96). 

It is, therefore, not surprising that C-nitroso compounds 4 

1 

- could not be detected during the photolysis of the free acid 

11-1-a in methanol, whereas a typical uv absorption at -305 nm 

for C-nitroso dimers could be observed in the photoiysis of 

the s5dii sZ1TYf ll-14-a-iii~thesame sT1ventTLIn general, 

tautomerization of C-nitroso derivatives leads to a mixture of 

Z and E oximes ( 9 ) .  In contrast, only Z-a.3idoximes were . 
- - 

detected in the present work. Owing to an intramolecular 
I' 

hydrogen bonding, the 2-isomer is the thermodynamically most 

stable configuration. It is likely that, initially, both 

E and Z-isbmers are%formed and that the former isome~izes slowly /"- 
/ 

to the more stable Z-jsomer. 
e - . ,  

\ 

--. 
% 2 

When the photolysis was carried out in water, a priori con- - 
tratlictory results were obtained. In,the case of acyclic 

nitrosamino acid 11-1-d, both amidoxime 11-16-d and products 

arising from the hydrolysis of intermediate im,ine were ob- 

served. The hydrolysis products, however, could not be de- 

tected from the photoreaction of cyclic analogues. p his may 

be due to the facile recyclization of 6 and y-amino alde- 

- - A - P P - - 
EydesTTI~ 6 € 0 ~ ~ ~ v e b a c k ' t h e p a ' p e ~ t ~ c y c l  ic imine . T h e  com- 

derivative 111-4 which is readily and irreversibly tautomerized, - 



to the corresponding oximes (Scheme 3 - 3 ) .  

H-0  
\'* d R-NH-C-R', RNH2 + R ' C H O  

I 

R '  
- t-& - 

- - - -p 

R-NH-CH- R-NH-CR' 
I I I 
NO Ha N 

Scheme 3 - 3  



- 
1 1 1 - 2  Decomposition o f  N-Nitroso-N-Acyl-a-Amino Acids Under 

Thermal o r  Bas ic  Condi t ions  

% 
1 1 1 - 2 - 1  - Thermolys is  o f  N-Nitroso-N-Acyl-a-Amino Acids 

h a s  been t h o r o u g h l y  i n v e s t i g a t e d  (12-15) and it i s  now widely  

a c c e p t e d  t h a t  t h e  f i r s t  s t e p  of t h e  r e a c t i d n  i n v o l v e s  t h e  ' 

rear rangement  o f  t h e  n i t r o s a m i d o  group i n t o - a  t r a n s - d i a z o e s t e r  

d e r i v a t i v e .  I n  a p r o t i c -  s o l v e n t s ,  t h e  l a t t e r  decomposes r e a d i l y  

t o  y i e l d  c a r b o x y l i c  e s t e r s  as major  p r o d u c t s  whereas i n  p r o t i c  

s o l v e n t s ,  t h e  fo rmat ion  0-f c a r b o x y l i c  a c i d s  and o l e f i n s  p r e -  

v a i l .  I t  i s  shown t h a t  i n  a p r o t i c  s o l v e n t s  d  azonium i o n s  and ? 
d i a z o a l k a n e s  c o e x i s t  i n  t h e  e q u i l i b r i u m  state  and t h a t  t h e i r  

r e l a t i v e  importance i s  determined by t h e  n a t u r e  o f  tKe N-alkyl 

s u b s t i t u , e n t s  and t h e  c o n d 2 t i o n s  o f  t h e  r e a c t i o n .  

Methoxy a c i d  11-25 and methoxy ester  1 1 - 3 7 ,  

o b t a i n e d  from t h e  t h e r m o l y s i s  o f  n i t r o s a m i d o  a c i d  11-22-a i n  

methanol ,  can  be  b e s t  accounted  f o r  by t h e  i n t e r m e d i a c y  o f  

d i a z o a c e t a t e  111-7 o r  d i a z o  a c i d  1 1 1 - 9 .  Analogues of  such 

i n t e r m e d i a t e s h a v e  been shown t o  be p r e s e n t  i n  t h e  t h e r m o l y s i s  

of  a l k y l - n i t r o s a m i d e s  ( 1 5 ) .  S i n c e  g e n e r a t i o n  o f  a  carbenium 

i o n  c e n t e r  n e x t  t o  a  e a r b o x y l i c  group i s  no t .  f a v o r a b l e ,  

diazonium i o n  111-8 i s  more l i k e l y  t o  decompose i n t o  d i a z o -  



a c i d  1 1 1 - 9  r a t h e r  t h a n  i n t o  a  carbenium i o n .  I n  methanol ,  

d i a z o a c i d  -- 111-9 decomposes r e a d i l y  t o  g i y e  methoxy a c i d  11-25. 
1 

* 

I n c o r p o r a t i o n  o f  deu te r ium i n  11-25 from t h e  s o l v e n t  f u r t h e r  

s u p p o r t s  t h e  e x i s t e n c e  o f  a  d i a z o  i n t e r m e d i a t e .  However, t h e  

f o r m a t i o n  o f  11-25 d i r e c t l y  from 111-8 i s  a l s o  l i k e l y  s i n c e  
e' 

Scheme 3-4 



The iso1aticaff.b-f methyl  a-methoxy-ester  11-3? i s  s u r -  

p r i s i n g  s i n c e  t h e  f o r m a t i o n  o f  t h e  e s t e r  l i n k a g e  cannot  be 

s a t i s f a c t o r i l y  e x p l a i n e d  by i n t e r m e d i a t e s  such a.- d i a z o a c i d  

111-9 o r  d i a z o a c e t a t e  1 1 1 - 7 .  It i s  b e l i e v e d  t h a t  1 ,2 ,3 -  

oxadiazol-5-one 111-10, formed e i t h e r  .from d i a z o e s t e r  111-7 

p r o t o t r o p y ,  o r  f r o m I I 1 - 8  r e a c t s  w i t h  methanol  t o  g i v e  d iazo-  

e s t e r  111-11 wwch l e a d s  t o  methyl  a-methoxy-ester  11-37. The 

incomple te  deu te r ium i n c o r p o r a t i o n  from t h e  s o l v e n t  i n  11-37 

s u p p o r t s  t h e  involvement  o f  a  d i a z o  i n t e r m e d i a t e  but  n o t  + , 
n e c e s s a r i l y  e x c l u s i v e l y .  

The p r o d u c t s ,  a c e t o x y  a c i d  11-34, c i s  and t r a n s  

a c i d s ,  can be  r a t i o n a l i z e d  by a n u c l e o p h i l i c  a t t a c k  

t a t e  an ion  on diazonium i o n  1 1 1 - 8  and by e l i m i n a t i  r e a c t i o n  v 
from 1 1 1 - 8 ,  r e s p e c t i v e l y .  Formation of  b o t h  c i s  and t r a n s  

c innamic  a c i d s  s u g g e s t s  t h a t  e l i m i n a t i o n  o c c u r s  by a "not  

comple te ly  c o n c e r t e d  mechanism",, as s t a t e d  by Bieron and 

Dinan ( 1 4 ) .  In te rmediacy  of  a n  a - c a r b o x y l ' c a r b e n e  cannot  be . 
comple te ly  r u l e d  o u t .  However, t h e  p r e s e n c e  o f  an 

a b s o r p t i o n  a t  2080 c m - I  i n  

" n o t  comple te ly  c o n c e r t e d  e l i m i n a t i o n t '  



the ir spectrum of the crude thermolysis product', and the 

formd;ion of phenylethyl acetate (11-31) suggest a more complex 

reaction pathway. It is tempting to assign the 2080 cm-I band 

to diazoacid 111-9 which can serve as a precursor to acetoxy -- 
acid -- 11-34 or alternatively can undergb decarboxylation as 

\ & ~om--ilr Scl-rew-3 -5F-t+gde &&z~&lkane &I I 4 3  -which-*en-- -- -- 
leads to phenylethyl acetate 11-31. 

AcOH 
R-C-C02H + R-CH=N2 - RCH20COCH3 

It 

Results 

Scheme 3-5 

Decomposition of N-Acyl-a-Amino Acids Under Basic 

Conditions - 

from the present work show that nitrosamido.acids . 

undergo dearnination under basic conditions and that the mechan- 
. I .  .. * 

ism of the reaction depends upon the number of mole equivalent 

- - -- -- - - - p- - - 

In the presence of one mole equivalent of potassium 

hydroxide or sodium methoxide in methanol nitrosamide 11-22-a 

must exist as its conjugate base 111-14 which undergoes facile 



deamination. In analogy to the intermolecular I nucleophilic 

catalyzed deamination of nitr6samides by weak bases such as 
. 4 

acetates ( 4 5 ) ,  the reaction may proceed - via an intramolecular 

displacement as shown in Scheme 3-6. Formation of diazotate 

111-15 can be interpreted in terms of an addition-elimination 
- -- - - -- - - pi - 

pathway involving intramolecular nucleophfiEc attack by the 

acetate anion at the carbonyl carbon atom. Such an intra- ' 

Scheme 3-6 
- -- - 



molecular catalysis was shown to operate in the hydrolysis of 

phtalamic acid ( 7 8 )  for which an anhydride intermediate was also 

proposed. In comparison, the enhanced electron defficiency of 

the carbonyl of the nitrosamido group in 111-14 and the better 

leaving properties of the nitrosamino group make this pathway 

anion in the decomposition of the nitrosamido group is con- 

firmed by the kinetic study of the deamination of 11-22-a in 

benzene, at room temperature with one, two or five mole equiva- 

lents of triethylamine. The rate constant of the disappearance 

of nitrosamide XI-22-a varied only slightly due to the equil- 

ibrium dissociation. Since, as shown by Challis ( 4 6 1 ,  the 

rate constant of the deamination reaction of nitrosamides 

varies rapidly with the concentration of the catalyst, 

direct participation of triethylamine in the nucleophilic 

attack at the carbonyl group is ruled out. These results are 

in accordance with a rate-determining intramolecular displace- 

ment by the carboxylate anion. 

Temperature was found to play an important role in this 

reacticn; the rate of disappearance of nitrosamide increased 

r e d  Ly- w&haniwease - i n t e ~ e ~ ~ e - - C s e - e ~ ~ - ~ ~ - ~ - - - ~ k e  

competitive thermal process w could occ_urat elevated- - 

u 
r 



t e m p e r a t u r e  i s  n o t  b e l i e v e d  t o  be i m p o r t a n t  s i n c e  a t  40•‹C, t h e  

r a t e  o f  t h e  b a s i c  decomposi t ion  r e a c t i o n  w a s  a t  approximate ly  , 

t e n  t i m e s  a s  f a s t  as t h a t  o f  t h e  t h e r m o l y s i s .  Fur thermore ,  t h e  

p r o d u c t  p a t t e r n  o f  t h e  decomposi t ion  of  11-22-a w i t h  tri- 
& 

e thy lamine  i n  benzene a t  room tempera tu re  was i d e n t i c a l  t o  t h a t  

a t  80•‹C b u t  comple te ly  d i f f e r e n t  from t h a t  o b t a i n e d  i n  t h e  
- - - -  - - -  - - -- - 

t h e r m o l y s i s  r e a c t i o n .  

I n  p r o t i c  s o l v e n t s ,  d i a z o t a t e  111-16 i s  k n o ~ n  t o  be i n  

e q u i l i b r i u m  w i t h  i t s  p r o t o n a t e d  form, d i a z o t i c  a c i d  111-17 

( 3 8 ) .  The l a t t e r  d i s s o c i a t e s  r a p i d l y  i n t o  c a r b e n i q  i o n  o r  

d i a z o  d e r i v a t i v e s  ( 3 8 ) .  Although t h e  p a r t i t i o n  of  d i a z o t i c  

Scheme 3-7 

a c i d  1 1 1 - 1 7  i s  a low aqt.$vation energy p r o c e s s  ( 8 7 ) ,  t h e  fo rmat ion  

o f  carbenium i o n  from d i a z o t a t e  111-15 may r e q u i r e  a p r o h i b i -  

t i v e l y  h i g h  a c t i v a t i o n  energy  because  of  ?he p r e s e n c e  of t h e  

c a n  be drawn f o r  #e a i a z o a l k a n e  patliway since-di'aioafrkane- 

f o r m a t i o n  i s  f i r s t  o r d e r  i n  base  and i s  u s u a l l y  observed i n  



highly basic media (-3M aqueous hydroxide) (98). A likely 

alternative pathway for the decomposition of diazotate 111-15 

is an intramolecular nucelophilic displacement of the acetate 
* 

anion similar to that observed in the formation of sydnones 

111-18 from anhydride 111-19 (99). The Z-configuration of the 

d iaz&a-Ze g - ~ a x p r - & i c k - ~  l-ly &served - -~ke -&comp 

tion of nitrosamides by alkoxides ( 4 4 ) ,  provides diazotate 

111-15 with the geometrical requirements for the facile cy- . 

clization. 

Scheme 3-8 

The resulting oxadiazolone 111-10 is a tautomer of diazo 

acid 111-9. In methanol the latter decomposes readily to give 

methoxy acid 11-25. In aprotic solvents such as benzene, 

diazo ester 11-30 is the major product and its 'formation can be 

explained via the decomposition of diazonium acetate 111-12, a 
- - - --- - - - - - 

tautomeric structure of diazo acid 111-9. Alkyl diazonium ions 

are commonly accepted as reactive intermediates in numerous 
* .  



.reactions 

era1 fate 

such as diazotization of alkylamines (100). The gen- 

of these ions is the generation of carbenium ions via - 
the rate determining loss of nitrogen (101). However, elimina- 

tion of nitrogen from 111-12 to give the corresponding car- 

benium ion is not likely to occur because of the destabilizing 

effect of the carboxylate anion. On the other hand, it is 

probable that diazonium acetate 111-12 undergoes decarboxylation 

to give diazoalkane -- 111-20. Esterification of 111-12 by 

diazoalkane 111-20 followed by proton elimination results in 

the stable diazoester 11-30. Similar deprotonation has already 
i 

been observed in the diazotization of ethyl aminoacetate (102) 

and in the thermolysis of ethyl N-acetyl-N-nitrosoglycinate 

( 5 8 )  to give ethyl diazoacetate. Alternatively, diazoalkane 

R-CH 
I1 
N2 

scheme 3-9 



111-20 m a y . r e a c t  w i t h  acet ic  acid t o  g i v e  p h e n y l e t h y l  ace -  

t a t e  1 1 - 2 9 .  

Kineti 'c s t z s i e s  ( 4 ~ )  have  shown t h a t  t h e  c a t a l y t i c  r a t e  

8 c o n s r a n t  f o r  .rhe e c o n p o s i t i o n  o f  n i t r o s a r n i d e s   OH i s  5 . 6  

0 X t i m e s  greater t h a n  t h a t  by AcO . T h e r  
- - --- 

- -- - 
7 

presence of a5 e x c e s s  cf p o t a s s i u m  h y d r o x l d e  o r  sodium methoxide  

the i n t r a m o l e c . ~ l z ?  a t t a c k  Sy t h e  a c e t a t e  a n i o n  i s  n o t  l i k e l y .  

l i k e l y  t o  occsr a t  tke c a r b o n y l  r a t h e r  t h a n  a t  t h e  n i t r o s o ,  

'., n i t r o g e n  ( 4 3 )  t o  g ive  III-23 which r e a r r a h g ? ~  r e a d i l y  i n t o  

m r fi+-zotate I I f -LC.  f~ a n a l s g y  to a i k y l  d i a z o t a t e s  which g e n e r a t e  
6 

d i z z ~  d e r i v z z i v e s  iri strongly b a s i c  media ( 4 4 1 ,  d i a z o t a t e  

--f LL,-24 deccm~uses 't g i v e  eiazo carboxylate  111-25. Diazo 

t i o r .  f 1 6 3 )  as ~ d e l l  as ir: t h e  s c l i d  s t a t e  (171t). . T h e s e  d e r i v a -  

t i v e s  are srzSI5 ir alkaiine s s l z t i o n  b u t  decompose r a p i d l y  

- 7 -  
- .  

H-T:? e-~o . l t l t i i~ :  c z  T . L T ~ S ~ . E ? T .  07, z e u t r a l i z a t l ~ n  ( 1 ~ 5 ) .  The uv 

spec t ra  of such d e r i v  L v e s  have n o t  been r e p o r t e d .  H o w e v e r ,  4. 
it i s  Ee;iey~e< t k a t  t??e t w c  a b s o r p t i o n s  a t  3 0 0  and 4 1 0  nm ex- 

h i b i t e d  5 : ~  s2ecies - X a r e  2ue t o  d i a z o  c a r b c x y l a t e  1 1 1 - 2 5 .  The 





111-25 w a s  a t t empted  by a l k y l a t i o n  w i t h  pl-renacylbromide. The 

2080 crn-' ir a b s o r p t i o n  a p p e a r i n g  i n  t h e  c rude  p r o d u c t  c o u l d  be 
* 

a t t r i b u t e d  t o  t h e  s t r e t c h i n g  f requency  of  t h e - d i a z o  l i n k a g e  

of d i a z o e s t e r  11-29 However, i s o l a t i o n  o f  1 1 - 2 9  cou ld  n o t  

be a c h i e v e d .  In ana logy  t o  d i a z o a l k a n e s ,  p h o t o l y s i s  o f  d iazo-  
* 

- + 3 ~ ~ 3 & e I 3 E - ? 5 - ~ + ~ d  - t ~ ' ~ ~ ~  + - ~ ~ x ~ & ~ ~ ~ -  

111-27. However, ~ h o t 0 l y S i S  o f  d i a z o c a r b o x y l a t e  111-25 i n  

t>e p r e s e n c e  o f  cyclohexene d i d  n o t  g i v e  t h e  expec ted  a d d i t i o n  

product 111-29. formation o f  e t h e r  11-27  and b i c y c l o  - - 

a t d u c t  11-2 8 indic* t h a t  a  d e c a r b o x y l a t i o n  h a s  o c c u r r e d  

a t  a c e r t a i n  stage tc g e n e r a t e  p h e n y l e t h y l  acbene 111-28 e 
x:?ic:? i s  t r a p p e d  by qiethanob and cyclohexene,  r e s p e c t i v e l y .  

111-29 

Scheme 3-11 



The gas evolution occurring upon addition of an excess of 

base to aqueous or methanolic solutions of nitrosamide acid 

11-22 indicated partial decomposition. The volume of nitrogen 

evolved at room temperature indicated that nitrosamide acid 

11-22-a deaminated to an extent of approximately 40%.- Further- 

.. oxide, followed by careful removal of methanol and acidic work 

up gave 48% 
f 

of methoxy acid IITp5. These results are 
f' 

tive of a dual pathway for th+_decomposition oftdiazotate 
P * 1 , 

111-24 formed  fro^ 11-22-a by the action of a bas&. The most 
7 

likely alternative to the diazoacetate 111-25 pathway I is the 

formation of diazonium ion 111-12 followed by nwe&xJphilic 

displacement by hydroxyl or methoxide anions. 

111-3 Photblysis of N-Acyl-N-Nitroso-a-Amino Acids Y G 

5 
Irradiation of the n-m transition of nitr so derivatives' P 

of N-acyl-a-amino acids results in an efficient decarboxyla- 

tiop The photoreaction has been proposed (28) to involve 
-/ 

the corresponding imine intermediate (ITI-31) as in the case 

of N-alkyl-nitrosamino acids. Since the C=N bond of N-acyl- 

- -  -- --ifftSL-~*x-3+ - ~ ~ ~ d ~ ~ h ~ 1 . ~ - ' ~ - s y ~ r n - ~ ~ h ~ r b O n ~  

QIE w d L e x p e c t t h i s i n t e m e d i a t e t o  be very susceptible to 

nucleophilic attack. Accordingly, products arising from the 



- - 

111-31-a 

R = a l k y l ,  a r y l  

n u c l e o p h i l i c  a d d i t i o n  o f  methanol ,  enamide, amide o r  cyan ide  

were observed i n  b o t h  p o l a r  and non-polar  s o l v e n t s .  Although 

n u c l e o p h i l i c ~ a t t a c k  of NO' on a c y l - i m h e  111-31 i s  b e l i e v e d  t o  be 
.% 

o c c u r r i n g ,  p a r t i c u l a r l y  under  b a s i c  c o n d i t i o n s ,  n e i t h e r  t h e  

cor respond ing  C-n i t roso  n o r  i t s  t a u t o m e r i c  oxime cou ld  be 
- ~ - - ~ - - ~ ~ -  

- ----- - ae-p-ted, ~ h e  a b s e n c e - o f  p r o d u c t s  d e r i v e d  from t h e  n i t r o x ~ l  
---- 

- ----: 

a d d i t i o n  t o  t h e  N-acylimine liri&EI?*~fral c o n d i t i o n s  -- -------- i s  a t  f i r s t  
, 

s u r p r i s i n g  s i n c e  N-alkyl imines  11-15 d i d  undergo a d d i t i o n '  

fo l lowed by t a u t o m e r i z a t i o n  t o  g i v e  t h e  c o r r e s p o n d i n g  amidoxime -. 
as t h e  major  p r o d u c t .  The pKa of  t h e  c o n j u g a t e  a c i d s  o f  

N-alkylimine canno t  be  measu$ed.due t o  t h e i r  i n s t a b i l i t y  b u t  

a r e  expec ted  t o  be a t  least  as h i g h ,  i f  n o t  h i g h e r ,  as t h o s e  
r; 

o f  d i p h e n y l k e t h i n e s  (pKa = 5-71 ( 1 0 6 ) .  S i n c e  n i t r o x y l  h a s  

been proposed t o  be  of  a  similar a c i d  s t r e n g t h  a s  a c e t i c  a c i d  

(pKa = 4.75) ( l o ? ' ) ,  a d d i t i o n  o f  n i t r o x y l  t o % % l k y l i m i n e  i s  

be lzeved  t o  o c c u r  v i a  t h e  iminium i o n .  On t h e  o t h e r  hand,  t h e  

b a s i c i t y  of  t h e  n i t r o g e n  of  N-acylimine i s  g r e a t l y  reduced due 

t h e  p r e s e n c e  o f  t h e  e l e c t r o n  withdrawing carbony1 group and 

f 
A r a d i c a l  mechanism i s  r u l e d  o u t  because o f  t h e  pH 

' dependence of  t h e  r e a c t i o n .  



hence is not basic enough to induce the dissociation of HNO. 

Thus, the products are derived from the addition of methanol 

which is present in larger concentration than nitroxyl. 

However, in the presence of an external base such as triethyl- 

amine, the nucleophilic species NO' is formed which readily 

attacks the N-acylimine - - - - - - to - - give - - A -  the - corresponding - - -  - C-nitroso - - -- -- -- - -- -- 

intermediate. 

The formation of N-acylimine '111-31 can be visualized 
k 

via a radical mechanism as shown in Scheme 3-13. As in the 
1 

case of dialkylnitrosamides, it is likely that photolysis of 

nitrosamido acids generates amido radical 111-32 which decar- 

. boxylates readily to give 111-33. Further proton elimination 

from 111-33 gives N-acylimine 111-31. Although amido radicals 

are known to readily undergo inter (33) as well as intramole- 

cular (32) hydrogen atom abstraction, the parent amide 11-21 

was observed only as a minor product. ~edarbox~lation of 

111-32 must, therefore, occur at a much faster rate than that 

of hydrogen atom abstraction. 

* 
A concerted eliminationof HNO and CO:, similarly to N-alkyl- 

8- 
nitrosamino acids cannot, however, be completely ruled out. 

- 



8;- 

+ NO' 

0 R ' 0 R' 0 H 1 
- JC- , - _ C L  L ILL/& - - 
R-C-N=C <- R-C-NH-CH 4 R-CTN-C. 

'H .. . '61 

Scheme 3-13 

Under mildly basic conditions, the photodecomposition of , 

nitrosamido acids 11-22 is much faster than the thermal decom- 

position and results in the formation of 1,2,4-oxadiazoie 11-39 

in 12-70% yield. The variation of the yield of oxadiazole 

11-39-a with the concentration of the base is in agreement with 

the alleged role of the externally added base. 

It appears that the optimum condition for the formation of 

oxadiazole 11-39 requires at least two mole equivalents of 

base (see Fig. 2-14). Under these conditions the acid-base 

equilibrium is shifted towards the formation of NO Q 

anion. 

- - -- --- - - _ - - - - _ - 

The formation of oxadiazoleLa-39 can be satisfactorily 

explained by the intramolecular cyclization of oxime 111-35, 

as shown in path a of Scheme 3-14. Such mechanism has been 



A - 122 - - - - 
proposed i n  t h e  s y n t h e s i s  o f  ca rbe thoxyoxad iazo le  by n i t r o s a t i o n  

1 

o f  an  acylaminomalonic e s t e r  ( 1 0 8 ) .  The p o s t u l a t e d  ~ d c ~ l a m i d -  

ogime 1-11-35 h a s  however n e v e r  been i s o l a t e d .  I n  o r d e r  t o  

conf i rm t h i s  m e c h a n i s t i c  r o u t e ,  a  mix tu re  o f  Z and E-isomers 

of  fl-acylamidoxime 11-49 was s y n t h e s i z e d  by a n o t h e r  r o u t e .  I n  , 

-- 
, the ip resenceof  a base, one would e x p e c t  t h e  Z-isomer t o  undergo 

1 -  -I - -  - - - 

c y c l i z a t i o n  t o  g i v e  t h e  cor respond ing  o x a d i a z o l e .  However, t h e  

oxime f a i l e d  t o  g i v e  any t r a c e  of  o x a d i a z o l e  

0 R 1  
I I / 

R-C-N=C + N O '  

p a t h  a 
+--------- 

. f.'' 

I p a t h  b  

11-39-a under  ,, 

Scheme 3-14 



v a r i o u s  b a s i c  c o n d i t i o n s ,  t h u s  r u l i n g  t h e  above mechanism o u t .  
- 

S i n c e  amidoximes 111-35 were n e i t h e r  i s o l a t e d  n o r  d e t e c t e d  

i n  t h e  p h o t o r e a c t i o n s  o f  n i t r o s a m i d o  a c i d s  1 1 - 2 2  u n d e r ' b a s i c  

c o n d i t i o n s ,  it i s  v e r y  l i k e l y  t h a t  C-n i t roso  111-34 undergoes 

i n t r a m o l e c u l a r  c y c l i z a t i o n  ( p a t h  b  i n  Scheme 3-14) a t  a much 
- - - - - - - - - - - - - - --- - -- - - - 

f a s t e r  r a t e  t h a n  t h a t  o f  tautomer i ,za t ion  t o  t h e  c o r r e s p o n d i n g  

oxime. The intramolecular-cyclization o f  111-34 c a n  o c c u r  

e i t h e r  by t h e  i n i t i a l  a t t a c k  of t d e  carboxamide oxygen on t h e  

n i t r o s o  n i t r o g e n  atom ( p a t h  b )  o r  by t h e  a t t a c k  o f  t h e  n i t r o s o  

oxygen on t h e  c a r b o n y l  group ( p a t h  

oxime 

a) as shown i n  Scheme 3-15. 

mix- view of  t h e  t o t a l  l a c k  o f  111-35 i n  t h e  -- p r o d u c t  

Scheme 3-15 



124 
> 

t u r e ,  it may be  assumed t h a t  t h e  i n t r a m o l e c u l a r  a t t a c k  as i n  . 

p a t h  b  o c c u r s  from a n i o n  111-34 a s  soon a s  it i s / f o r m e d .  Simi- 
1 

l a r  n u c l e o p h i l i c  a t t a c k  on t h e  n i t r o s o  n i t r o g e n  atom has  been 

observed p r e v i o u s l y  ( 1 0 9  - 115) .  Furthermore,  hydrOxyl- 

amine - d e r i v a t i v e s  - such as 111-40 formed i n  t h e  a l d o l - t y p e  
- - 

- 

-- & 

condensa t ion  of a r o m a t i c  n i t r o s o  compounds w i t h  a c t i v e  methwene  

groups  ( ~ r l i c h - S & S  r e a c t i o n )  r e a d i l y  l o s e  a  molecule  of 

w a t e r  t o  f o r m - m i l s  1 1 1 - 4 1 ( 1 1 6 ) .  S i m i l a r  d e h y d r a t i o n  from 

111-38 t o  g i v e  t h e  s t a b l e  o x a d i a z o l e  would be expec ted  t o  be  

f a c i l e .  

ArNO + CH2XY 

OH -H20 
I 

4 ArNCHXY ' , > A r N  = CXY 

Scheme 3 - 1 6  



, 111-4 Conclusion - 

The synthesis of a-amidoximes is of particular interest 

Since some of them are known to possess antibacterial activity 
r. 

1 1 7 .  Primary a-amidoximes are readily prepared by the re Ption 
a-amidoximes are not easily accessible. The photooxidative 

decarboxylation of N-alkyl-n-nitroso-a-amino acids described in 

this thesis provides an efficient and simple route to this class 

of compounds, 

The chemistry of nitrosamines derived from N-acetylated 

a-amino acids, investigated in the present work (Scheme 3-17), 

shows that these compounds are very versatile. Their photo- 

lysis in neutral conditions is one of the best method to gener- 

ate the synthetically useful(118) N-acylimine intermediate. 

Under basic conditions, their photolysis provides an efficient 

approach to the 1,2,4-oxadiazole skeleton. Some deriva- 

tives of 1,2--4-oxadiazole have been found to possess biological 

activities (119). Under thermal conditions, nitrosamido acids 

may have generated the elusive 1,2,3-oxadiazol-5-one (111-10) 
--- -- 

via esters -of & i a z o t I c C a c ~ ~ . I K t X e p r e S ~ n c e  of weak bases or 

d one QP less + k a ~  one equivakn* of strong bas--intra--- - 

, 

molecularly catalyzed deamination occurs, which may have also 

generated 111-10 as intermediate. Finally in the presence of 



- 

* 

diazocarboxylate anion excess 4 
f 

I 

R-C-C02 
0 

R -C-N-CHC02H 
I I  

NO N 2  

0 0 NO ' 
It I U I 0 

R-C-0-N=N-CR H C O ~ H  R-C-N-CR' H-CO:, - 

a-acetoxy acid 



'v 
an e x c e s s  of s t r o n g  b a s e s  t h e  s t a b l e  d i a z o c a r b o x y l a t e  a n i o n  

111-25 i s  g e n e r a t e d .  

R e s u l t s  in811-8 show t h a t  n i t r o s a t i o n  o f  t h e  amido group 

of an  a-amido a c i d  can be ach ieved  v i a  an  a c y l  n i t r i t e  i n t e r -  

med ia te  (111-42) which i s  u s u a l l y  o b t a i n e d  by t h e  r e a c t i o n  of  
- - - -- - a - - - - - - - - -  

+ 
a c a r b o x y l a t e  a n i o n  w i t h  a  s o u r c e  o f  N O  ( 1 2 0 ) .  It i s  b e l i e v e d  

t h a t  s p e c i f i c  -- i n  v i v o  n i t r o s a t i o n  o f  t h e  t e r m i n a l  amido group 

of p e p t i . d e s , c a n  o c c u r  t h r o u g h  a  five-membered t r a n s i t i o n  s t a t e  

63 
2s shown i n  Scheme 3-18. The n i t r o s a t i n g  s p e c i e s  NO may a r i s e  

Scheme 3-18 

-- - - - - - - - - - - -- -- 

from sodium n i t r i t e  o r  from d i a l k y l n i t r o s a m i n e s  by t r a n s -  
- - - - - -- -- - - - - - - - - - - 

n$&rosat ion (131). I n  view o f  t h e  r e s u l t s  o b t a i n e d  i n  t h e  p r e s e n t  
1% r - 

< . >.+ - - e- 
i\ 

work, it i s  p o s s i b l e  t o  v i s u a l i z e  an  -- i n  v i v o  d e g r a d a t i o n  of 
> 
: -3 
, 

- J 



peptides 

terminal 

via the intramolecularly catalyzed deamination of the - 
peptidic linkage, leading to diazoalkane derivatives, 

which are known to 

of nitrosamines. 

,+ 

likely cause of the carcinogenic activity 1 



f '4-1 - G e n e r a l  Techniaxes 

- 7 cinless  other-,;,se i r l l c a t e d  t h e  f o l l o w i n g  g e n e r a l  c o n d i t i o n s  

p r e v a i l .  I n f r a r e l  (ir) s?ectra were measured on a Pe rk in -E lmer  

model k 5 7  a s  l i s . ~ i S  filz cr h?d?ol m u l l .  The abs~rption bands  

- 7 
( c m  ' l a r e  des ig r i a+ed  as  s ,  n, w OP D f o r  s t r c n g ,  mediym, weak, - - - * - -  

a r  broaC r e s p e c r l - ~ e , y .  bLrraviciet ( u v )  spectra were r e c o r d e d  

T ' A  S . - -.., s s  ixterna: ~~~~~~~C. Tke chemical shift for t h e  p r o t o n  

rz r  s ~ e c t r a  are r e 2 c ~ t e d  in T '-izL;les, c o u p l i n g  constants (J) 

azS half-height xiSt3s  ( X l / 2 )  i~ 5 e r t z  (Hz).  The s p l i t t i n g  " 
F z T t e r n s  a r e  des lgzzted 'as  s (singlet), d ( d o u b l e t ) ,  t ( t r i p l e t ) ,  

r 3 3 s r t e 2  ir, 5 -,rsl-:es r z l z s l - ~ e  tc TYS and t?e s 3 2 l t t i ~ g  ?ar te?ns 



parenrhesis. The detoupl ing experiments were done on the same 

XL-166 spectrometer, The experiments were performed by Hr. A.  

3rooke, Ms.' E. Cheatr or by t h e  author. The mass spectra (ms) 

\ arid the gas c h m ~ t o g r a p h y  m a s s _ s p e c t r a  (gc-ns) were obtained 

by  M r +  G. Owen cn a Hirachi-Ferkin-Elmer RMG-7 mass spectrometer 

p - ~ ?  PT: ~i +h a 5 - a -+P= ~ W i c s  - d a t a  acquisition~ystem/l50. 
, 4 

- 7  . n ~ g h  r e s o l u t i o n  nass sgectra (3rms) were performed a t  t h e  

The gas chro~atographic Cgcf analyses were performed on a 

equippee with z tkemri c o n d u c r i v i t y  d e t e c t o r .  The r e t e n t i o n  

d e v e l q p p e d  w T t h  izdim - ~ e p a r a ~ i o n s  by colum,? chromatography 

vere  p e r f a m e l  zsizg necr ra l  c r  basic alumina (Eroc 'ma~ a c t i v i t y  

. * ' - l F i s h e r  S c i e r . ~ r f ~ c  Cc, 80-200 ~esh)or  silica g e l  (Baker  analysqd,  



The s o l v e n t s  were r e a g e n t  g r a d e  and d i s t i l l e d  p r i o r  t o  use .  

Benzene ( d i s t i l l e d  from H SO w a s  s t o r e d  o v e r  sodium r i b b o n ,  
2 4 .  

a c e t o n i t r i l e  ( d i s t i l l e d  o v e r  P205) and methanol  ( d i s t i l l e d  from 

~ ~ M ~ e r e - k e p t V u l a ~  S&YE 3A+--_Xhe f al-g 

amino a c i d s :  s a r c o s i n e  ( F l u k a )  , ~ , ~ - ~ h e n ~ l a l a n i n e  (BDH) , D,L-serine 
. - -  - A 

( B ~ I  and - D,L-leucine - (BCH) were r e a g e n t  'g rade  and used wi thou t  

further p u r i f i c a t i o n .  T r i e t h y l a m i n e  was d i s t i l l e d  (bp:  87OC) 

and s t o r e d  o v e r  poiassiurn hydrox ide  p e l l e t s .  The n i t r o g e n  g a s  

used was scrubbed w i t h  F i e s e r ' s  s o l u t i o n ,  fo l lowed  by c o n c e n t r a t e d  

M S O  and  p o t a s s i u n  hydrox ide  p e l l e t s .  
2 4 .  

7- 

17-3 geneda l  P rocedure  fw F'hotolys is  - 

The p h o t o l y s e s  were c a r r i e d  o u t  i n  a  p r e v i o u s l y  d e s c r i b e d  

( 3 2  1 p h o t o v e s s e l  u s i n g  a &rex  c o l d  f i n g e r .  The condensor was 

f i t t e d  w i t h  a ca lc ium c h l o r i d e  t u b e  o r  a mercury t r a p .  The 

reactants w e r e  d i s s o l v e d  i n  t h e  a p p r o p r i a t e  s o l v e n t  and t h e  

r e s u l t i n g  s o l u t i o n  w a s  i n t r o d u c e d  i n  t h e  p h o t o c e l l .  The s o l u t i o n .  

was m a g n e t i c a l l y  s t i r r e d  w h i l e  a stream o f  d r y  n i t r o g e n  wa-s 

of  t h e  i r r a d i a t i o n .  Kinen r e q u i r e d ,  t h e  s o l u t i o n  w a s  coo led  by 
- - -- 

i m e r s i n g  t h e  p h o t o c e l l  i n  an e x t e r n a l  i c e  b a t h .  The s o l u t i o n  

w a s  t h e n  i r r a d i a t e d  by p l a c i n g  a Hanovia 6 5 4  A36 ( 2 0 0  w) medium 

pressuTe mercury lamp i n t o  t h e  lamp w e l l .  The r e a c t i o n  w a s  

mcn i to red  by r e c o r d i n g  t h e  uu spectrum of d i l u t e d  a l i q u o t s  o f  
,- 

/ 



t h e  p h o t o l y s a t e  t a k e n  a t  r e g u l a r  i n t e r v a l s .  The m i x t u r e  was 

p h o t o l y s e d  u n t i l  t h e  n+ n* a b s o r p t i o n  of  t h e  N-n i t roso  group 

( c a .  3 5 0 m  f o r  n i t r o s a m i n e s  and c a .  40Clnm fox? n i t r o s a m i d e s )  had 

comple te ly  d i s a p p e a r e d .   h he z e r o  hour  a l i q u o t  was k e p t  under  
- 

t h e  same c o n d i t i o n s  b u t  i n  t h e  da rk  and i t s  uv spec t rum,  recorded  I 

a f t e r  comple t ion  o f  t h e  r e a c t i o n  showed no a p p r e c i a b l e  change. 
- -- -- - -- - - -- - - - - - - - - - - Lp  

T h i s  a s s u r e d  t h a t  no d a r k  r e a c t i o n  had t a k e n  p l a c e .  The s o l v e n t  
d 

w a s  removed under  vacuum a t  c a .  10•‹C u s i n g  a  r o t a t o r y  e v a p o r a t o r .  
4 

The r e s i d u e w a s e x a m i n e d  by t l c  and i r  and nmr s p e c t r o s c o p y  and 

t h e  d i f f e r e n t  components were s e p a r a t e d  by means o f  u s u a l  

e x t r a c t i o n s  and chromatographic  t e c h n i q u e s .  fl  

I V - 4  General  Methods o f  N i t r o s a t i o n  - - 

A l l  N-alkyl-N-nitroso-amino a c i d s  w e r e  r e c r y s t a l l i z e d  b e f o r e  - 

u s e ,  b u t ,  t h e  N-acyl-N-nitroso-amino a c i d s  h e r e  used  as o b t a i n e d  

w i t h o u t  any f u r t h e r  p u r i f i c a t i o n .  

IV-4-1 - Method A: Sodium N i t r i t e  (NaNO,) N i t r o s a t i o n  
L 3 

An amino a c i d  ( 0 . 0 1  mole) was d i s s o l v e d  i n  water (50 m l )  
x 

* 
- - 

c o n t a i n i n g  c o n c e n t r a t e d  H C 1  ( 2  m l ,  0.06 mole) .  A s o T u t i o n  o f .  
I 

-- -- 
-ppp-p 

NaN02 ( l g ,  0.015 mole)  i n  w a t e r  (20 m l F w a s  s l o w l y a d d e d  t o  t h e  
A - z 
2 

.ji ice  FolTaand s t i r r e d  solu€iorofamina~ciid;-A~ee r-compf-etiorr----- 
* 

o f  t h e  a d d i t i o n ,  t h e  m i x t u r e  w a s  f u r t h e r  s t i r r e d  f o r  2 h o u r s  
I 
1 
f 

a t  O•‹C. I n  t h e  r e a c t i o n s  where t h e  n i t r o s o  d e r i v a t i v e  p r e c i p a t e d ,  
4 4 



t h e  c rude  n i t r o s o  compound.  When no p r e c i p i t a t e  was ob ta ined  

t h e  r e a c t i o n  m i x t u r e  w a s  e x t r a c t e d  w i t h  e t h y l  a c e t a t e  and i n  

'some cases c o n t i n u o u s l y  e x t r a c t e d  w i t h  e t h e r  o r  e t h y l  a c e t a t e .  

The e x t r a c t s  w e r e  d r i e d  o v e r  MgS04 and e v a p o r a t e d  t o  g i v e  t h e  

s o l i d  n i t roso-amino  acid- .  -- 

IV-4-2 Method B : D i n i t r o g e n  T e t r o x i d e  (N,O,, N i t r o s a t i o n  
J - 

L 1 

The method d e s c r i b e d  by White ( 2 9  1 w a s  modi f i ed  as below. 

N204 (MCB) w a s  bubbled  th rough  i c e  c o l d  d r y  CH C 1  (50  ml) u n t i l  2 2 

t h e  s o l u t i o n  ga ined  l g  ( 0 . 0 1  mole)  i n  we igh t .  The r e s u l t i n g  
?- - 

ye l low s o l u t i o n  w a s  coo led  t o  - 7 8 O C  w i t h  a d r y  i c e - a c e t o n e  b a t h  

and f u s e d  sodium a c e t a t e  (800mg, 0 . 0 1  mole) w a s  added a t  once .  

The c o l o u r  o f  t h e  s o l u t i o n  t u r n e d  s t e e l  g rey .  The amino a c i d  

d e r i v a t i v e  ( 0 . 0 1  mole) w a s  added i n  s e v e r a l  p o r t i o n s .  WheX-the 

a d d i t i o n  was comple te ,  t h e  s o l u t i o n  was a l lowed t o  come t o  i c e  

t e m p e r a t u r e  w h i l e  s t i r r e d  i n  t h e  d a r k .  S t i r r i n g  w a s  cont inued 

f o r  a n o t h e r  2 hours .  The r e a c t i o n  mix tu re  w a s  washed w i t h  d i l u t e  

Na2C03 (1%) s e v e r a l  t i m e s  u n t i l  t h e  pH o f  t h e  washings reached 

5-6. The o r g a n i c  phase  w a s  washed w i t h  w a t e r  and d r i e d  o v e r  - 

MgS04. Evapora t ion  of t h e  s o l v e n t  a f f o r d e d  t h e  c r u d e  n i t r o s o  

./ 

IV-4-3 Method C : N i t r o s y l  ~ e t r a f  l u o r o b o r a t e  N i t r o s a t i o n  (3 ) 

An amino -ac id  ( 0 . 0 1  mole) w a s  added i n  s e v e r a l  p o r t i o n s  t o  

a - c o o l e d  ( i c e - s a l t  b a t h )  and s t i r r e d  s u s p e n s i o n  o f  NOBF4 (D.F. 



Goldsmith C i e .  (1.57 g ,  0.014 mole)  i n  d r y  a c e t o n i t r i l e  ( 1 0  m l )  

A f t e r  comple t ion  o f  t h e  a d d i t i o n  s t i r r i n g  was c o n t i n u e d  f o r  a n  

a d d i t i o n a l  hour  and t h e  m i x t u r e  was e v a p o r a t e d  t o  d r y n e s s . -  The 

r e s i d u a l  s o l i d s  were e x t r a c t e d  s e v e r a l  t i m e s  w i t h  e t & y l  a c e t a t e .  
- 

o r  e t h e r .  The combined e x t r a c t s  were washed w i t h  a s a h d  

sotut ion-  of N X % ,  d r i e t i w e r  PlgS04 and e v a p o r a t e &  t o  y i e r d - T h e -  

c r u d e  n i t r o s o  d e r i v a t i v e .  

4' 

IV-5 Preparation of N-Alkyl-N-Nitros* a -Amino Acids 

Nitrosation of sarmsine (5g,.0.06 m l e )  was carried.out as described 

methods A o r  CtogiveII-1-a(6.lgY 85%): 69-70•‹C, reported 66-67OC ( 4 2 )  
r ,  

: I730  ( s )  A and - 1440 (s) 6'; and 13c m data, see tables  211 and 
L 

2-2 ; m s  and uv data, see tables  2-4 and 2-5 . When  the,]^ m spectrum 
, -2c- 

was remrded k d i a t e l y  after dissolution of the -ley the r a t i o  of the 

two sets of singlets atT5.72, 6.10 and 5.02, 6.87 w a s  approximately 9:1, 

and gradually changed t o  be- 1:l a f t e r  staying at ram temperature and 
L 

in the dark f o r  we day. TIE same observation w a s  mde i n  13c rn experiments: . i 
, 

only m e  s e t  on signals (at 167.2, 44.9 and 38.6 ppm) appeared when the * 7 
d 

the first  one ater 3 h m  in the probe (30-400C). T b  ORD spectra with 1 
dif f e h t  decoupler 

(see tab le  2-1 1. 

fourier  TIE& with a 

3 offse t  vklues were recarded and the J' C-H were  k u r e d  

The na-1 abundance spe w a s  masured i n  the 

Varimt &lo0 at 10.135 Miz. spectmn bas taken . 



as,a degassed neat o i l ,  in a 1 2  m tube a t  the ambient probe t e m p e ~ t u r e  ' 

(35- 40•‹C). External lock and noise demupling w e r e  used. In order t o  

obtain a signal-to-noise r a t i o  greater than three, 4785 60•‹ pulses we& 

accumulated with a 10 sec repetit ion rate. Calibration was achieved by means 

of an acidified amronium chloride sample (Dl 1 5 ~ ~ 4 ~ 1  in 2M HC1) . The 

shielding constant s d e  i n  table 2-7. 
J 

1 5 ~  enriched nitrososarcosine (150 mg, 63%) was  prepared by nitrosation 

h t h o d  A) of sarcosine (180 mg , 0.002 mle) with 50% 15N enriched NaN02 

(Iscmt, Palisades Park, N. J, USA) : 1 5 ~  m (CH30H) 6 ppm from ' N H ~ C ~  : 

508.4 ( s )  and 514.8 (s). The two singlets showed the  sm-e intensity.  The 

spectrum was recrded one day a f t e r  preparation of fhe sample. A number of 

256 scans was accumulated with a delay t& of 30 sec between pulses. 

E-rterna.1 $ lock was used and the spectrum was recorded without noise 

Table 4-1 J ~ ~ C - H  of Nitrososarcosine 

at  different decoupler offset  values 



IV-5-2 N-Ni t rcsosarmsine  Lithium. S a l t ,  11-14-a 

An equ iva l en t  amount of LiOH (10 m l ,  0.47 N i n  H20) was added t o  a 

s o l u t i o n  of 11-1-a (650 mg, 5.5 m l e )  in H20 (5 ml). The r e s u l t i n g  s o l u t i o n  

was concent ra ted  under vacuum t o  about  5 m l  and ace tone  w a s  added unt i l  t h e  
\ 

s o l u t i o n  be- turbid. Upn cool ing ,  wh i t e  crystals appeared and after 
- - - - - - - - -- - - - - --- --- - 

f i l t r a t i o n  and drying o v e r P 2 0 5  gave11-14-a(388 mgya57%) ;mp  250•‹C; i r v  max' 

1630( s ) ,  1440(m,b), 1340(m), 1290(m), and 700(m') an-'; 'H nm. (D20) T: 5.25 

( s ) ,  5.78(s),  6.23( , and 6.77(s) ;  uv A- (E ) :  436 (84)  m. Anal. calcd.  

3 5 2 3  
9- 

for C H N 0 G:'c 29.05, H 4.06, N 22.59; found: C 30.07, H 4.31, N 22.19 

When taken  h d i a t e l y  after d i s s o l u t i o n ,  t h e  i n t e n s i t y  of t h e  set of 

singlets at  T 5.78 and 6.23 was a p p m e t e l y  24 t k s  as l a r g e  as t h a t  of 

the s i n g l e t s  at T 

f i n a l l y  reach the 

The pH of a 

5.25 and 6.77. Hcwever the latter inc reased  slcrwly to  

sane i n t e n s i t y  as the previous  one. 

s o l u t i o n  of II-14-ain wa te r  (0 .1  MI was llleasured t o  be 5.66 

IV-5-3 -N-Ni-ti-asosamcsine Sodium S a l t ,  11-14-b 

An equ iva l en t  armxrnt of NaOH (18.3 m l ,  0.68 N i n  MeOH) was added to  a 

s o l u t i o n  of 11-1-a (1.46 g, 12.4 m l e )  in =than01 (20 m l ) .  The s o l u t i o n  ms 

evaporated under vacuum to  about  10 ml and was .cooled i n  the f r i d g e  to  give 

ether and were d r i e d  o v e r  P205 t o  af fordI1-14-bas  w h i t e  need le s  (1.2 g ,  70%); 
- - - - - - - -- - -- -- -- - -- - - - - - 

q 250•‹C; ir v . 1600 ( s ) ,  1440 (m), 1380 (m), 1340 (m), 1290 (m), 980 (m) 
m' 

770 (m), and 690 (m) &'; IH nmr (D20) r: 5 . 2 . ( s ) ,  5.78 ( s ) ,  6.17 (s) and 

6.85 (5 ) ;  w A- (€1: 437 (91) rm. Aml. calcd. for C3H5N203Na: C 25.72, 



When the nmr s p e c t r a  was t aken  inmedia te ly  after d i s s o l u t i o n ,  t h e  

intensity of the set of singlet at ~ 5 . 2  and 6.85 was  a p p m x h n t e l y  25 tims 

as large as t h a t  of the singlets a t  ~ 5 . 7 8  and 6.17. The latter inc reased  

s l cwly  t o  f i n a l l y  reach the sarne i n t e n s i t y  as that of the former set. /' 
The pH of a s o l u t i o n  of 11-14-b in water (0 .1  M) was measured at  25 06 

IV-5-4 N-Nitrososarcosine Potassium S a l t  11-14-c --------L.-- 

A mlar e q u i v a l e n t  of KOH (5.4 ml , 1.24 N in &OH) was added t o  a 
.J 

s o l u t i o n  of II-1-4804 mg, 6.8 m l e )  in MeOH (10 ml). The s o l u t i o n  was 

concent ra ted  under  vacuum to abou t  5 ml and acetone was added dropwise until 
. 

the solution becane t u r b i d .  The crystals depos i t ed  upofi cooling a t  0 OC 

w e r e  f i l t r a t e d  and d r i e d  o v e r  P205 to  g iveI I - lQ-c  (570 rng, 54%) as v e r y  

hygroscopic  whi te  needles; ir v-: 1600 (51, 1290 (s) , 1190 (m) , 1050 (m) , 
975 (rn), 770 (m) , and 685 (m) 6'; m (D20) T:  5.20 ( s ) ,  5.78 ( s ) ,  ~ 

6.17 ( s ) ,  and 6.85 (s ) ;  uv  A- (€1: 438 (88) nm. Anal. ca l cd .  for C3H5N203K: 

C 23.07, H 3.23, N 17.93; found: C 23.02, H 3.21, N 18.12. 

Brm2diately after dissolution, the nmr s i n g l e t s  at  ~ 5 . 7 8  and 6.85 and 

those at  ~ 5 . 2 0  and 6.17 had  their i n t e n s i t y  in a rat io  of 57:43 and slcrwly 

changed t o  a 1 : 1 ratio. 



IV-5-5 - N-Nitrososarcosine Dicyclohexylamine Salt, 11-14-d 

i 

Dicyclohexylamine (Aldrich, 3.4 ml, 0.018 mole) was slowly 

added to a solution of 11-1-a (2.lg, 0.018 mole) in EtOH (lorn11 

at room temperature. The salt PI-14-d (3.lg, 69%) was obtained as 

ir v max : 1640 (a), 1450 (m), and 760 (m) cm-l; 'H nmr ( ~ ~ 0 )  T: 

5.21 ( s ) ,  5.78 (s), 6.15 (s), 6.75 ( s ) ,  6.75 (s), 6.7 (bs), and 

8.5 (m); 13c nmr (D20) 6: 143.2 (s), 55.3 (t), 48.3 (t), 38.0(q) 

31.4 (q), 49.9 ( d l ,  26.8 (t), 23.6 (t), and 22.0 (ti; uv am ax(^):) 
b 

437.5 nm (69). 

The integration of the singlets at ~ 5 . 2 1  and 6.75 and at T 

5.78 and 6.15 immediatly after dissolution showed a E:Z ratio 

of 9:l and changed to 8:l after one week. 
r 

The pH of a solutiori' water (0.1M) at 25OC was 

measured to be 7.85. 
f' 

A solution of ethyliodide (MCB, 15g, 0.096 mole) and 11-3 

(20.6g, 0.09 mole) in 3N NaOH was heated with shaking in a sealed 

tube at 70•‹C for 4 hrs. After acidification (pH 2 )  a solid 

precipitated out and was recrystallised from water to give 



N-ethyl-N-p-tosylglycine 11-4  (13 .5g ,61%) as w h i t e  n e e d l e s ;  mp 

142-14Y•‹C; i r  v -1 1 
max 

: 1730 ( s ) ,  1255 ( s ) , a n d  700 ( s )  am ; H nmr 

~ : 5 , 6 3  ( s , 2 H ) ,  6.45 ( q , J = 5  Hz,2H), 7.76 ( s , 3 H ) ,  and  8.83 (t, 

J = 7  Hz,3H). 

A s o l u t i o n  of  t o s y l a t e  11 -4  (13 .5g ,0 .05  mole)  i n  c o n c e n t r a t e d  
P 

-- - 

HCI e@ mT). was Eecrtcd i n  a s e a I i d  t u b e  a t  l 0 0 O ~ f o r  24 h r s .  

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

r e s u l t i n g  r e s i d u e w a s t a k e n  up i n  e t h a n o l  (150 m l ) .  A f t e r  f i l t r a t i o n  

and  c o n c e n t r a t i o n  o f  t h e  e t h a n o l i c  s o l u t i o n  t o  ca. 50 m l ,  

c r y s t a l l i s a t i o n  w a s  i n d u c e d  by a d d i n g  e t h e r .  A f t e r  c o o l i n g ,  i . . 
~ - e t h ~ l ~ l ~ c i n e  p - t o \ u e n e s u l f o n i c  a c i d  s a l t  I V - 1  ( 9 .8g ,  71% w a s  

f i l t e r e d  and d r i e d ;  mp 180-185OC; i r  Vmax:  1720 ( s ) ,  1200 ( a ) ,  

and  690 ( s )  cml; 'H nmr ( ~ ~ 0 . 1  : 1 . 6 9  ( A  o f  A ~ B ~ ,  2H), 2.28 

( B  o f  A 2 B 2 ,  J=9 H z ,  Z H T ,  6 .08  ( s ,  2H), 6 .84 ( q ,  J= 7 H z ,  2H),  

7.63 ( s ,  3H), and  8.70 (t, J=7Hz,  3H). 

Salt IV-1(9.8g, 0.036 mole)  d i s s o l v e d  i n  c o n c e n t r a t e d  H C 1  

(50  ml) w a s  c o o l e d  t o  O•‹C o v e r n i g h t  t o  g i v e  wh.ite c r y s t a l s  o f  

W e t h y l g l y c i n e  h y d r o c h l o r i d e  11-5 ( 4 . 7 0 g , 9 5 % ) ;  mp 160-166OC; 

ir v max : 1750 ( s ) ,  1420 ( s ) ,  1180 ( s ) ,  and 790 ( s )  c m - l ;  'H nmr 

T: 6.04 ( s ,  2H), 6.80 ( q ,  J = 7 . 5  Hz, 2H), and  8.68 ( t ,  J = 7 . 5  H Z , ' ~ H ) .  

The h y d r o c h l o r i d e  11-5 ( 4 .  7g;6. 032 mole)  w a s  n i t r o s a t e d  
- - 

by-metho&A-to y i e ~ d - f I = l ~ b f 2 . 3 g ~ 5 4 % )  as ydlow c r y s t a l s ;  mp 
- - 

: - 3 N f f -  2 6 8 0  fb,m>, 1 7 3 e  - - - -  83-aS•‹C; i-F +mVx 

( s ) ,  1460 ( s ) ,  1370 ( s ) ,  1305 ( s ) ,  1210 ( s ) ,  1110 ( s ) , a n d  700 

( s )  c m - l ;  'H nmr and  nmr d a t a  are f o u n d  i n  t a b l e s - 2 - 1  a n d  

2-2 : m s  and  uv d a t a  are i n  Tab le  2-5. 



B r o m o a c e t i c  acid 1 1 - 6  w a s  o b t a i n e d  i n  27% y i e l d  b y  b r o m i n  

a t i o n  of acet ic  a c i d  ( 1 2 3 ) ; i r  vmax: 1 7 3 0  ( s )  a n d  7 3 0  ( s ) - c m - l ;  

'H nmr r : - 1 . 8 7  ( s ,  D 2 0  e x c h . )  a n d  5 . 9 8  ( s ) .  

Bromo d~iva-t-ive - 11-6  w a s  e s t e r i f i e d  ( 47  t o  y i e l d  - - -- -- 

e t h y l b r o m o a c e t a t e  1 1 - 8  ( 8 0 % ) ;  b p  154 -155• ‹C /760  T o r r ;  i r  v  max ' 

1 7 4 0  ( s ) ,  1 2 3 0 ' ( s ) ,  a n d  1 0 3 0  ( s )  c m - l ;  'H nmr  T: 5 . 7 3  ( q ,  J = 7 H z ,  

. 2H) ,  6 . 1 5  ( s ,  2H), a n d  8 . 7 0  (t, J = 7 H z ,  3H) .  

B r o m o a c e t a t e  11-8 w a s  t r e a t e d  w i t h  i s o p r o p y l a m i n e  ( 4 7 )  

t o  g i v e  e t h y l  N - i s o p r o p y l g l y c i n a t e  11 -10  ( 8 4 % ) ;  i r  v  max : 3 3 4 0 ( m ) ,  

1 7 4 0  ( s ) ,  1 2 0 0  ( s ) ,  a n d  1 0 3 0  (rn) c m - l ;  'H nmr  r :  5 . 8  ( q , J = 7 H z ,  

2 H ) ,  6 .6  ( s ,  2 H ) ,  7 . 1 8  ( s p ,  J = 7 H z ,  l H ) ,  8 . 2 5  ( s ,  D20 exch. ,  1 H I ,  

8 . 7 3  ( t ,  J = 7 H z ,  3 H ) ,  a n d  8 . 9 2  ( d ,  J = 7 H z ,  6 H ) .  

Glycinate 11 -10  ( 1 2 g ,  0 . 0 8 2  m o l e )  i n  a q e o u s  NaOH s b l u t g o n  
- - 

w a s  h e a t e d  f o r  1 h r  t o  g i v e  a s o l u t i o n  of N - i s o p r o p y l g l y c i n e .  

The s o l u t i o n  w a s  n i t r o s a t e d  b y  m e t h o d  A t o  y i e l d  11-1-c ( 4 . 7 g ,  

3 8 % ) ;  mp ( f r o m  w a t e r )  137-138OC ( l i t .  ( 4 7  mp 76-78OC);  i r v  max ' 

2 6 0 0 ( b , s ) ,  1 7 3 0  ( s ) ,  1 3 6 0  ( s ) ,  1 2 4 0  ( s ) ,  1 0 7 0  ( m ) ,  8 9 0  ( m ) ,  

6 9 0  Cm) , a n d  6 5 0  ( s )  an-'; 'H a n d  13c nmr  d a t a ,  see t a b l e s  

2-1  a n d  2-2 ; ms a n d  u v  d a t a ,  see t ab les  2-4 a n d  2-5 .  No o t h e r y  

signal  a p p e a r e d  i n  t h e  1~ nmp s p e c t r u m  when t h e s a m p l e  was  l e f t  

i n  s o l u t i o n  a t  r o o m  t e m p e r a t u r e  f o r  t w o  w e e k s .  
- - -- 



A s o l u t i o n  of e t h y l b r o m o a c e t a t e  1 1 - 8  ( 1 6 . 6 g ,  0 . 1  m o l e )  a n d  

3 - p h e n y l p r o p y l a m i n e  (BDH, 2 7 g ,  0 . 2  m o l e )  i n  b e n z e n e  ( 8 0  m l )  w a s  

r e f l u x e d  f o r  5  h o u r s .  F i l t r a t i o n  of the  p r e c i p i t a t e  a n d  e v a p o r a -  

t i o n  of t h e  s o d e a t  gaye a c r u d e  o i l  ( l J . 9 g )  w h i c h  upoOnn d i s t i l l a - _  pL 

t i o n  ( b p  1 9 1 • ‹ C / 2 9  T o r r )  g a v e  p u r e  N-(3-phenylpropy1)-glycine 

e t h y l  e s i e r  11-11 ( 1 4 . 3 g ,  6 4 % ) ;  nk6 1 . 4 9 8 0 ;  ir  v max : 3 3 2 0  ( m ) ,  

3 0 6 0  ( w ) ,  3 0 2 0  ( m ) ,  1 7 3 0  ( s ) ,  1 2 0 0  ( s ) ,  1 0 2 0  ( s ) ,  7 4 0  (m) a n d  

7 0 0  ( s )  c m - l ;  'H n m r  T: 2 . 8 4  (m,  5 H ) ,  5 . 8 8  ( q ,  J = 7 H z ,  2 H ) ,  

6 . 6 8  ( s , 2 H ) ,  7 . 4  (m, 4 H ) ,  8 . 0 6  ( s , D 2 0  e x c h . ,  1 ~ 1 ,  8 . 2  ( m ,  l H ) ,  

a n d  8 . 7 8  ( t ,  J = 7 H z ,  3 H ) .  

E s t e r  11-11 ( 1 5 g ,  0 . 0 7  m o l e )  w a s  s a p o n i f i e d  w i t h  s o d i u m  - 
h y d r o x i d e  ( 5 g  i n  5 0  m l  H 2 0 )  and a f t e r  a c i d i f i c a t i o n  t o  pH 2 ,  

y i e l d e d  N-(3-phenylpropy1)-glycine h y d r o c h l o r i d e  IV-2 ( 1 5 . 3 g ,  - - 
9 8 8 ) ;  i r  v max  

: 3 5 0 0  ( b , m ) ,  2 4 0 0  ( b , m ) ,  1 7 4 0  ( s ) ,  1 5 8 0  ( m ) ,  

1 4 1 0  ( m ) ,  7 4 0  (m)  a n d  6 9 0  ( s ) c m - l .  

H y d r o c h l o r i d e  IV-2 ( 4 . 6 g ,  0 . 0 2  mole) w a s  n i t r o s a t e d  b y  

m e t h o d  A t o  y i e l d  11-1-d ( 3 . l g ,  7 0 % ) ;  mp 1 0 6 - 1 0 8 • ‹ C  ( f rom w a t e r ) ;  a 

3 1 0 0 - 2 8 4 0  ( b  m) 2 7 0 0  ( m ) ,  2 6 0 0  ( m ) ,  1 7 3 0  ( s ) ,  1 4 5 0  ( m ) ,  
- 2 - 9  pppp-p-pppp -- pp 

1 3 1 0  ( s ) ,  - 1 2 8 5  ( s ) ,  - - 1 2 1 0  - - ( s ) ,  7 4 0  ( m ) - a n d  7 0 0  ( s )  c m - l ;  'H a n d  
- --- - p- - - - - - - 

13c n m r  d a t a ,  see t a b l e s  2-1  and 2-2 ; ms a n d  uv d a t a ,  see t ab les  

2-4 a n d  2-5 . A n a l .  calcd.  f o r  Cl1Hl4N2O8: C  5 9 . 4 5 ,  H  6 . 3 5 ,  

N 1 2 . 6 0 ;  f o u n d :  C 5 9 . 4 3 ,  H 6 . 4 7 ,  d . 8 6 .  



.. 
1 4 2  - - 

- pp - . - 

When t h e  nmr sample w a s  l e f t  i n  t h e  d a r k  a t  room t e m p e r a t u r e ,  
t' 

a  new se t  o f  s i g n a l s  a p p e a r e d  a t  T5.00 ( s ) ,  6.38 ( m ) , . 7 . 4 5  (rn) 

and 8 .20  (m),  whose i n t e n s i t i e s  r e a c h e d  t h e  e q u i l i b r i u m  s t a t e  
,' . - 

a f t e ~  two d a y s  ( c a . 1 5 %  o f  th;se o f  t h e  i n i t i a l  set 'of s i g n a l s ) .  

A s o l u t i o n  of a-bromopropanoic a c i d  (Eastman Kodak) i n  7 

- 

e t h a n o l  w a s  r e f l u x e d  t o  g i v e  e t h y l -  a -bromopropanoate  I I L 9  Y L ,  

ir v : 1740 ( s ) ,  1525 ( s )  and 1160 ( s )  an-'; 'H nmr T: 5.63 (q,  
max 

J=7Hz,  l H ) ,  5.79 ( q ,  J=7Hz,  2 H ) ,  8.22 ( d ,  J = 7 H Z ,  3 H )  and  8 .73  

(t, J = 7 H i ,  3H). T--- 

p 

E s t e r  1 1 - 9  w a s  t r e a t e d  w i t h  i s o p r o p y l a m i n e  ( 4 7 )  t o  g i v e  - 
N-isopropyl-D,L-alanine. - - e t h y l  e z t e r  1 1 - 1 2  ( 8 5 % ) ;  ir Vmax: 3300 

(w), 1730 ( a ) ,  and  1180 ( s )  c m ' l ;  'H nmr T :  5.82 ( q ,  J=7Hz,  lH), 

8.70 (d J=7Hz,  2H), 8 .71  I t ,  J=7Hz,  3H) and  8.94 ( d ,  J=GHz, 6H). J 

A s o l u t i o n  o f  ester  11-12 i n , a q u e o u s  sodium h y d r o x i d e  w a s  
1 

r e i l u x e d  f o r  one  h r  and a f te r  a c i d i f i c a t i o n  t o  pH 2 w a s  n i t r o s a -  

and  I3c nmr d a t a ,  see t a b l e s  2 - 1  and 2 - 2  ; m s  and uv d a t a ,  s e e  1 

4 * t 
t a b l e s  2-4 a n d ' 2 - 5  ; -4r,al'- calc.  f o r  - C H 6 1 2 2 3 :  N 0 C 44.99,  H 7 . 5 5 ,  

\. 
E 
'4 

?i 1 7 . 4 9 ;  found:  C 45.C5,  H 7 . 5 9 ,  3 17 .61 .  \ ! 



N-t-butyl-D,L-alanlne - - ethyl ester 11-12 was obtained in 40% 

yield from bromide TI-9 and t-bctylamine'as described by Greco 
I 

and'al (47 ) ;  i r v  : 1740 ( s ) ,  1370 ( s )  and 1180 ( s )  crn-l; 'H nax 

exch,), 8.73 (t, J=7Ez, 3 3 1 ,  5.75 ( 6 ,  J=7Hz., 1H) and 8.95 ( s ,  9 ~ ) .  

The ester 11-t2 Mas refluxed in aqueous sodium hydroxide 

s c l s t i o n  and after zcidiiicaticz, was nitrosated by method A to 
- 

give white crystafs (fro'r;: water) of 11-1-f ( 3 2 % ) ;  ir V : 3100- 
my- 

13 1 E and C nmr d a ~ z ,  2'2 rakles 2 - 1  and 2-2 ; cv and ms data, 

see f ab l e s  2-4  a ~ c  2 - 5  ; 

-7 
CI -onpolin6 11-2-g (i.Cg, 5 8 % )  uas obtained by n i t r o s a t i o n  of . 

L-proline IMCB, 5 g ,  2.2% xule) by method A; n? 104-106bC (lit..(121) 
+ - 



L-2ipecol inic  scid CMCB, 10,5g, 0.81 mole) w a s  nitrosated - 

A s ~ l u t i c r ~  sf f f - > - a  ( ; . 2 g ,  G.01 mole) i~ methanol (150ml1, 

- f 
RecrystaPkization zroa *benzene yie lded  M-methyl-formamidoxime 

- 0 1  T :  3-00 (S 
* 

3 ns m / e  ( S ) :  ?+.Or86 frt , 69, calc. for c ~ H ~ ? ~ , o :  74 .0480 ) ,  - - -- 

S7 f 5 7 1 ,  4 2  (54), 30 (100) a d  28  ( 8 4 ) .  Subblimation at room 
- -.-CZ) . 

renper-ature and at 1.5 Tom y i e l d e d  an a n l y t i c a l  sample; ~nal-. 



IV-6-2 Photolysis of N-Ethyl-N-~itrosoglycine , II-l-b 

- 
,r k 

7' 
The residue (910mg) obtained from the photolysis of II-1-b 

, 
- 06g,  @.0@8-nmfe, 20m n . in i I t e t ~ o & 4 3 4 f & ~ ~ t ~ ~ -  

ture showed virtually the same ir and nmr spect-ra as those of 

N-ethkl-formamidoxime II-16-b . The residue was treated with 

hot benzene to give some insoluble material (56mg) which gave 

a positive ninhydrin test and showed comparable ir and nmr spectra 

with those of N-ethylglycine. Upon cooling, the benzene solution 

4 yielded formamidoxime II-16-b (449 mg, 69%) as white crystals; 

mp 81-83OC; ir v -: 3360 (m), 3200 (m,b), 2800 (b,~), 1680.(s), 
max 

1490 (m), 1260 (m), 1160 (m), 940 (s), 890 (s), 750 (m) and 

( s ,  D20 exch.), and 8.83 (t, J=7Hz, 3H); ms m/e ($1 :  88.0639 

(M', 93, calcd. for C3H8N20: 88.0630), 73 (67), 71 (421, 55 (58), 

44 (loo), 43 (.62),'42 (38) and 30 (67); Anal. calcd-far C 3 8 2  H N 0: 
-. .. 

C 40.90; H 9.15, W 31.79; found: C 40.97., H 9.03, N 31.52. 
0 

b IV-6-3 Photolysis of N-Nit~oso-N-Isopropy1g1ycine, II-1-c 
, 

a solution of If-l-c (1.02 g, 0.007 mole, 45 min.) in methanol 

(100 ml) was almost gure II-16-c as shown by its ir and nmr 
. > 

-@& spectra; mp 40-4Q•‹C. The solid was subblimed under Osl Torr, 

at room temperature, to give W-isopropyl-formamidoxime II-16-b, 



(540 mg, 76%); mp 46-48OC; ir v max : 3380 (m), 3250 (b,m), 1675 

(s), 1380 (d,rn), 1340 {m), 1270 (m), 900 (m), and 855 (m) cm-l; 

'H nmr (D20) T :  2.93 (s, lH), 6.48 (sp, J=7Hz, 1H) and 8.8 (d, 
+ 

J=7Hz, 6H); ms m/e ( % ) :  102.0799 (M , 36, calcd. for C4H10N20i 
t 

102.0793), 87 (47.1), 71 (15.5), 69 i33), 60 (321, 58 (231, 

-- -- 

TT (2oO^ju743-#L( ) , % 2 (-6-9) 5 -4%+6% ) and--391 2 5 - k - A ~ k k - 0 -  

for C4H10N20: C 47-04, H 9.87, N 27.43; found: C 46.77, H 9.66, 

Photolysis of N-Nitroso-N-(3-PhenyIpropyl)@ycine, 

In methanol: A methanolic solution (230 ml) of 11-1-d 

(1.57 g, 0.007 mole) was photolysed under nitrogen, at room 

temperature for 1.5 hours until the absorption at A=350 nm 

had completely disappeared. A slightly pink solid (1.46 g )  

was obtained after evaporation of the solvent, which showed - - 

ir and nmr spectra similar to those of amidoxime 11-16-d. 

This residue showed two spots on tlc (silica gel,, 10% MeOH in 

-x~" --- 
% CHC13) at Rf: 0.45 and 0.05 (positive to ninhydrin test),. 

-ce____-_ 
\ 
RecFy=&a&lization from cyclohexane gave N-(3-phenylpropyll- 

----- -_- - 

1450 (m), 1330 (m), 1240 (m), 900 ( s ) ,  770 (s), 740 ( s )  and 

690 (s) ern-'; 'H nmr T: 2.1 (bs, D20 exch., lH), 2.84 (m, 5H), 

3.40 (bd, JZ6Hz, changes to a sharp singlet after D20 addition, 

lH), 5.0 (bs, D20 exch., lH), 6.94 (bt, J-7Hz, changes to a sharp 
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(bm, w1/2=25Hz). This crude mixture was treated with hot cyclohe- 
8 

xane ot afford 11-16-d (30 mg, 5%) )as lig%t brown plates; mp 91- 

94OC; mixed mp with authentic 11-16-d 97-9g•‹C. The insoluble 

part was taken up in CH2C12 (20 ml) and washed several times with 

diluted HC1 solution (0.5N). The organic phase was further washed 

- witfi w a t e r ,  dr&ed-&lgSQ4+an&euape-ed- -to - y - k L d ~  -brauMil-- 

(280 mg); ir vma,: 3200 (b,m), 1700 (s), 1600 (m), 1500 (m), 

1450 (s), 1350 (s), 1130 (m), 750 (m) and 700 (s) cm-l. This 

oil was analysed by gcrmS (10% SE-30, 150•‹C to 250•‹C at 10•‹C/min) 

to give two major components as well as two minor unknown 

compounds; the compounds are described in order of increasing 

- retention time (rt) and the yields indicated are estimated from 

gc peak areas measurement; rt 2.59nin., 11-18,10%; rt 2.7 min., 

unknown, 5%; rt 3.6 min., unknown, 5%; rt 6.1 rnin., 11-17, 23%; 

The peak at rt 2.5 min. was shown to be composed I of two products 

by examining the mass spectra of the beginningand the end of the 

peak;.the beginning of the peak showed the following ms mle ( % I :  

161 (381, 148 (571, J20 1371, 118 (171, 117 (191, 105 (501, 91 

(601, 74 (1001, and 42 (30); the end of the peak showed the 

following ms m/e ($1: 251 (131, 160.(14), 147 (291, 146 (861, 

after drying (MgS04) and evaporation unreacted 11-1-d (65 mg,8%); 

mp 103-105•‹C; mixed mp with authentic 11-14 104-106•‹C. 



The water phase was then'basified with 10% NaOH solution to pH=lO 

and extracted with ether (3x20 ml) to give 3-phenylpropylamine 

11-20 (62 mg, 12%) as a yellow oil which showed identical ir 

spectrum to that of an authentic sample- ., of 11-20. 
,,- q.. 

ation of 3-phenylpropylamine 11-20 was performed with chloral 

in CHC13 according to Blicke's procedure (124) and gave formamide 

' 11-17 (70%) which was purified by distillation (bp 140•‹C/1 Torr); 

ir v 3280 (m), 1655 ( s ) ,  1520 (m), 1490 (m), 1450 (m), 1380 
max 

(rn), 740 (m) and 690 ( s )  ern-'; 'H nmk r:1.86 (bs, w1/2=3Hz, lH), 

2.78 ( s ,  5H), 3.7 (bs), 6.8 (m,ZH);7.4 (m, 2 ~ )  and 8.2 (m, 2H); 

and 59 (25). 

In ether: When an ether solution (200 ml) of 11-1-g (535 mg, 

3.7 mmoles) was photolysed at room temperature and under nitrogen, 

it gradually turned cloudy and an amorphous resin deposited on the 

wall of the photocell. After 75 min. the absorptions at 381 and 

crystals; mp 150-152OC (from water); mixed mp with an authentic 

Piqzor was evaporate6 to give a resin which was taken up in hot 



benzene to give on cooling,another crop of 11-16-g (65 mg, 18%). 

The filtrate was eva'porated to yield an amorphous solid which 

turned to a sticky resin on exposure ot air. This solid was not - 

soluble in acetone. 

rn water and in the presence of hydrochloric acid; The same 

nitroso derivative 11-1-g ( 1.5 g, 0.01 mole) was photolysed in 

w a t e r  (200 ml) containing HCl ( 7 ml, 2.ga, at room temperature 

and under nitrogen After 4 hours of irradiation, the absorption 

band at 350 nm had completely disappeared and the photolysis was 

continued for another 2 hours. The photolysate was filtrated 

throGgh a Dowex 3 (50 ml) column and the resulting filtrate 

(pH=5-6) was evaporated to dryness to give a yellowish oil; ir 
I 

v max : 3400-2200 (51, 1300 (51,  1065 (s), 990 (51, and 935 (s) cm-I. 

The residue was treated with hot isopropyl alcohol (25 ml) to , 

leave a very hygroscopic residue (350 mg) ; 'H nmr T: 6,& (t), 
2 

7.17 (t), and 7.77 (m). Cooling of the filtrate gave 2-pyrroli- 

donoxime hydrochoride 1600 mg, 4 2 % ) ,  as white crystals; 

mp 197-200•‹C (from isopropyl alcohol); irv max : 2500-3200 (b), 

r: 6.27 (t,J=7Hz, P H I ,  7.1 (t, J=7Hz, ZH), and 7.73 (m, 2H). 

C 35.58, H 6.85, N 23.07. Further evaporation of the mother 

l i q u o r  gave anothe~ crcp of 11-16-g hydrochloride (520mg, 36%). 



IV-6-6 Photolysis of N-Nitrosopipecolinic acid, 11-1-h 

In ether: An ether solution (200 ml) containing 11-1-h 

(600 mg, 3.8 mmoles) was photolysed at room temperature, under 

nitrogen for two hours until over 90% of the absorption at 350 nm 

had disappeared. The fluffy precipitate formed during the photo- 

l y s i s e s  filtered and turned to a resin upon exposure to air; 

ir v max : 3400-2500 (b,m), 1600-1650 (s) and 1130 (s) cm-'. The 

ether solution was concentrated under vacuum and after cooling 

gave 2-piperidonoxime (11-16-h) (300 mg, 76%) as white crystals; 

mp 114-116OC (from benzene-petroleum ether); mixed mp with an 

authentic sample 114-116OC; ir and nmr spectra were identical 

to those of the authentic sample'(l25). The mother liquor was 

evaporat,ed to dryness to giva an amorphous solid w2th a strong 

smell and whose ir spectrum was similar to that of 11-16-h. 

In water and in the presence of hydrochloric acid: A 

solction of 11-1-h (1.82g, 11.5 mmoles) in water (200 ml) contai- 

ning HC1 (2.84N, 4.2 ml) was photolysed for nine hours. The 

water phase was evaporated to dryness tp give a yellowish residue 
- 

which was taken up in 100% ethanol. Addition of benzene gave 

11-16-h hydrochloride ( 6 4 0  mg,37%) as a white precipitate; mp - - - - - - - 

Zi0-215•‹C; ir v_-_: 3 1 5 0  (m), 1665 - - -- (s) and -- 1510 - (s) cm-l, 
-- - - - - - 

su;erimposable with that of an acthentic sample of 11-16-h 

hydrochloride (125). Further addition of petroleum ether gave 

solid spectrum was similar that 

I i -16-h  hydrochloride. Treatment of the amorphous solid with 



1N HC1 'and extraction with CH2C12 gave 11-16-h hydrochloride 

(104 mg, 6%). On standing, the mother liquor gave another crop 

of 11-16-h hydrochloride (180 mg, 11%). 

In another experiment, a solution of 11-1-h (1.57g, 10 

moles) in water (250 m1.l and acetic-acid (1-3gx-20 poles) was -- 

photolysed for four hours. Hydrochloric acid ( 2 N ,  5ml) was 8 

added to the photolysate and the resulting solution was boiled 

for five min. Usual work up of the solution gave -- 11-16-h hydro- 

chloride (560 mg, 37%) but no amorphour material. ,The mother 

liquor was dissolved in water, neutralized with Na2C03 and ex- 

tracted with ether to give -- 11-16-h (530 mg, 46%). 

IV-6-7 Photolysis of N-Nitrososarcosine Sodium Salt, 

A solution of 11-14-b (1.27 g; 9 mmoles) in methanol (230 

ml) was photolysed at room temperature and under nitrogen for 

- 3 .5  hours. Immediately after the start of the irradiation, a new 

absorption maximum at 305 nm appeared'and decreased to finally 

disappear with that at 345 nm. The solvent was evaporated at 

water ~ (10 ml, pM = i3). The resulting solution was continuously 
- ~ ~ ~ ~ ~ ~ ~ p p -  --- 

extracted with ether during 36 hours to afford after drying 

(Na SO ) and evaporation formamidoxime 11-16-a (70 mg, 10%); 2 4 



ir v max : 3400 (b), 1660 (s), 1380 (m), 1320 (m), 1280 (m), 1160 

(m), 1020 (m), 890 (m), 760 (m) and 740 (m); 'H nmr r :  1.75 (b,s), 

3.32 (s), 4.5 (b,s) and 7.1 (s). The mother liquor was evaporated 

to dryness to give a yellowish residue (970 mg); ir 3500 (b), 

2500 (b), 1720 (m), 1660 (b,s), 1400 (s) and 1220 (s) cm-l; 'H nmr 

(s), 7.1 (s), 7.15 (s) and 7.5 (b,s). Attempts to separate the 

components of this mixture failed 

u 

IV-7 Preparations of N-Nitroso-N-Acyl-a-Amino Acids 

D,L-Phenylalanine was treated with acetic anhydride in aqueous 

sodium hydroxide to give N-acetyl-D,L-phenylalanine - - 11-21-a 

(85 to 100%); mp 151-153OC; irv : 3390 (s), 1700 (s), 1550 (s), max 

750 (s) and 700 ( s )  cm-l. 

N-Acetyl derivative IIy21-a was nitrosated either with N 0 2 4 

(method B) or with NOBFq (method C )  to yield 11-22-a (75 to 95%) 

as a yellow solid ; mp 75-79OC (decomposed) (lit. ( 2 8 )  mp 65-70•‹C); 

- v 7 3 715 S)  ,349ft f sfs ~ 3 @ - f s - ~ ~ 2 & C & , - s L c E r c ~ 0 0  < pp max 
: L 8 8  15, exch-l+ 2.7 (rn,5HJ-,-'1,4OL(X of ABX, 

d 6 HZ, lH), 6.56 (A of ABX,  JAB= 14.5 HZ, lH), 6.95 
13 

(3 of ABX, 1H) and 7.40 (s,3H); C nmr 6: 22.1 (q), 33.3 (t), 

1 
52.0 ( d l ,  126.9, 128.3, 135.4, 172.6, and 173.5. The H m r  

2 

spectrum of 11-22-a taken in methanol-d did not show any exchan- 
1 



geable proton other that the acid proton. 

IV-7-2 N-Nitroso-N-Acetyl-P,L-Phenylalanine Dicyclohexylamine 

salt 11-48 - 
- 

(10 ml) was added a solution of dicyclohexylamine (162 mg,0.9mmole) 

' 
in ether (10ml). Upon cooling the resulting solution at -20•‹C, 

yellow crystals appeared and after filtration, washing with a cold 

f 
K 

i 
mixture of ether-ligroin 1 :l and drying gave pure 11-48 (260 mg, 

73%); mp 101-~02OC omposed with gas evolution); ir v . : 3020 
' 2  max 

(w), 3040 Xw), 1725 , 1630 (s), 1500 (m3, 1450 (m), 1370 (s), 
1115 (m), 940 (s) and 700 (w) cm-l; uv X ( E )  (MeOH): 424 (2271,. 

max 

405 (233) and 390 (173). Anal. calcd. H N 0 : C 66.16, '23 35 3 4 

H 8.45, N 10.06; found C 66.26, H 8.83, N 9.54. Upon dissolving 

the salt; in DMSO-d6, bubbles were evolved, indicating decomposition 

of the compound. -The resulting 'H nmr showed the following signals 

to method - C - to - - give 11-22-b (83%) - as a yellow resinous oil; 
- - - -p 

5 
irv : 1720 (s) and 1360 ( s )  cm-l; 'H nmr r :  0.95 (b s ,  D20 exch.) 

max 

2.70 (m, lOH), 4.20 (X of A B X ,  J= 6 and 10 Hz, 1~1, 6.47 and 

6 - 7 9  (AB of ABX, J= 14 Hz, 2H); 13c hnr 6: 32.8 (t), 52.8 (dl, 



a n d  1 7 1 . 9 .  

3 4 2 0  ( s ) ,  1 7 0 0  ( s ) ,  1 6 2 0  ( s ) ,  ' 1 5 6 0  ( s )  a n d  1 2 4 5  ( s )  c m - I .  . 1 1 - 2 1 - c  

was n i t r o s a t e d  w i t h  NOBF4 ( m e t h o d  C)  t o  g i v e  1 1 - 2 2 - c  ( 1 0 0 % )  as 

I 
a y e l l o w  o i l ;  ir v max : 1 7 2 5  ( s )  a n d  1 3 8  ( s )  cm-'; H  n m r  T: 0 . 0 7  

( b s ,  D,O exch. ) ,  4 . 6 7  (X of ABX, J= 9 a n d  5 . 5  H z ,  l H ) ,  7 . 1 8  ( s ,  
L 

3 H ) ,  7 . 9 - 8 . 1 7  (bm,  3 HI, 9 . 1 8  ( d ,  J= 5  H z ,  6 H I ;  13C n m r  6 : 2 1 . 4  

( q ) ,  2 2 . 4  ( q ) ,  2 2 . 5  ( q ) ,  2 5 . 0  ( d l ,  3 6 . 3  ( t ) ,  4 9 . 7  ( d l  1 7 2 . 8  d n d  - i" - .. 

D,L- 'Se r i ne  w a s  d i a c e t y l a t e d  a c c o r d i n g  t o  the  m e t h o d  d e s c r i b e 3  

b y  Narita ( 1 2 6 )  t o  y i e l d  N , O - d i a c e t y l - D , L - s e r i n e  11 -21 -d  ( 1 3 % ) ;  

mp 130-133OC (lit. ( 1 2 6 )  mp 136 -137OC) ;  ir v max : 1 7 3 0  ( s ) ,  1 6 0 0  

I 
( s ) ,  1 5 5 0  ( s ) ,  1 2 5 0  ( s l y  1 2 4 0  ( 5 )  a n d  3 3 5 0  ( s )  cm-'; g , n rn r  (D 20)  

T: 7 . 9 2  ( s ,  3  H ) ,  7 . 9 0  ( s ,  3 H I ,  5 . 5  ( d ,  J= 4  H z ,  2H) a n d  5 . 2  

(Ti J= tF*Lf ->if), - 

D i a c e t y l  11-21-d w a s  n i t r o s a t e d  w i t h  NOBF4 ( m e t h o d  C) t o  g i v e  

11 -22 -d  ( 9 5 % )  as a y e l l o w  o i l ;  ir vmax : 1 7 4 0  ( s ) ,  1 3 8 0  ( s )  a n d  1 2 2 0  

( 5 )  c 'H nmr T: 0 . 9  (bs, D20 exch . ) ,  4 . 5 2  ( X  of ABX, J=9 a n d  

4 H z ,  1 H), 5 . 4 1  and 5 . 8 8  (AB of A B X ,  JAB= 1 2  H z ,  2  H I ,  7 . 2 8  ( s ,  
I 



and 8.12 (s,3 HI; 13c, ?hi 2 0 . 3  ( q ) ,  22.2 ( q ) ,  49.4 (dl,' 
/" 

(t), 168.7 (s), 170.3 is) and 173.4 (s). 

Decomposition of N-Nitrosamides Under Basic Conditions - . . 

IV-8-1 - - - A  - Kinetic- - ~tuax' of t h e  Base Decomposit_ion of IL22-a 

A stock solution of 11-22-a in MeOH (S 0.119 N) was 
0 '  

freshly prepared an8 kept in the dark. Two stock solutions of 

KOH in water (S1, 0.121N and S2-, 121 N) were prepared and 

titrated with oxalic acid. Six solutions of 11-22-a in methanol 

with 0, 0.2, 0.5, 1, 2 and 5 mole equivalents of base were pre- 

pared according  to the following procedure: the required 
. 

volume o f  Si or S2 was diluted with -5 ml MeOH; 1 mp of So was 

added to,the.resulting solution and the total volume was ad- 

justed to 10 ml,in a volumetric flask. The whole procedure was 

carried out at room temperature and the samples were stored 

in the dark, Uv spectra of the samples were taken approxi- 

mately 1 rnin. , 1 hr . and '1 day after preparation (see Fig. 2- 7). 

IV-8-2 Decomposition of Nitroso-Amido Acids 11-22 in Water 

ssium Hydroxide 

An aqueous solution potassium hydroxide 



*. 
5  m o l e s )  was a d d e d  d r o p w i s e  t o  a s u s p e n s i o n  of 11-22-9 ( 2 3 6  

mg, 1 mmole.) i n  w a t e r  ( 1 0  m l )  a t  O•‹C i n  t h e  d a r k .  A , g a s  e v o l u -  

tion w a s  o b s e r v e d  and t h e  s o l u t i o n  T u r n e d  from l i g h t  t o  d a r k  

y e l l o w .  The resulting m i x t u r e  was  s t i m e d  f o r  0 . 5  hF. a t  O•‹C 

a n d  t h e n  w a s  a c i d i f i e d  w i t h  IN HC1 t o  pH 2-3 ( m o r e  g a s  w a s  

d r y i n g  (HgSOq) a n d  e v a p o r a t i o n  g a v e  a y e l l o w  o$l ( 1 6 2 ' m g ) : .  'H 
+. 

+ nmr -r 2 . 6  ( b s ,  D 2 0  exch.), 2 . 7 8 ( s ) ,  5 . 5 8  (X of ABX, J = 7 a n d  
- - - 

-- 5 . 5  Hz) ,  6 . 8 3  and 7 . 1 1  (AB of A B X ,  JAB = 1 4  Hz)  and 8 . 0 1 s ) .  
I 

i 
T h e  o i l  w a s  d i s s o l v e d  i n  d r y  e ther  ( 1 0  m l )  a n d  t r e a t e d  w i t h  an 

e t h a n o l  s o l u t i o n  of Z i a z o m e t h a n e  u n t i l  n o  b u b b l e s  w e r e  e v o l v e d .  

E v a p o r a t i o n  of t h e  s o l v e n ~  g a v e  h y d r o x y  es ter  11-23-a  ( 1 4 8  mg, 

8 2 % )  as a y e l l o w  o i l ;  ir v max 
: 3 5 0 0 ( b ) ,  1 7 3 5 ( s ) ,  1 2 7 0 ( b s ) ,  

1 2 2 0 ( ~ ) ,  7 5 0 ( s )  a n d  7 0 0 ( s )  c m - I ;  '2 nmr r :  2 . 7 8 ( s , 5 ~ ) ,  

5 . 3 8  (7, of ABX, J = 5 a n d  6 . 5  H z , l H ) ,  6 . 2 7 ( s , 3 H ) ,  6 . 9 2  a n d  7 . 1  

(AB of ABX, J = 1 4  Hbz,PH) a n d  7 .2  ( b r s ,  D 2 0  e x c h . ) ;  m s  m / e  
+ 

% )  1 8 0 . 0 7 9 0  ( Y  , 1 5 , c a l c d .  f o r  C10H1203 1 8 3 . 0 7 8 6 1 ,  1 6 2 ( 7 3 ) ,  

1 3 i ( 3 6 ) ,  1 2 1 ( 4 7 ) ,  1 0 3 ( 4 7 ) ,  9 1 ( 1 0 C )  a n d  7 7 ( 3 0 ) .  An a n a l y t i c a l  

sample w a s  o b t a i n e d  by d i s t i l l a t i o n  ( room t e m p e r a t u r e  under 0 . 1  

rn Eg). A n a l .  Caled. for ClOH2O3: C 6 6 . 6 5 ,  H 5 - 7 1 ;  Found: 
f 

Gompaund 11-22-@ 1 2 5 3  m g ,  5 - 5 7  mmolel, i n  w a y e r  ( 2 0  n l )  



f . I 

was treated, a t  O•‹C i n  The dark, wi th  an  aqueous potass ium 

hydroxide solution (131) until t h e  pH of t h e  s o l u t i o n  reached ! 

1 - 1 1  Same work up a s d e s c r i b e d  - above gave's ye l low s o l i d  

( 1 8 0  rig). A smal_l'amou~..t of this r e s idue .  was - t r e a t e d  w i t h  
. . 

Ciazomexhane i f i  eTkes &&the recovered  o i l  was analyzed by 

gc ( 3 %  SE 3 0 ,  i 2 C • ‹ C )  t o  g i v e  the f o l l owing  'peaks: rt 0'. 7 5  min, 
& - 

/r i 4 

methylbenzoate ; 1.75 . min, 99% (11-243. Both peaks f 
were ideztified zpoc ~ i x e d  infection with  a u t h e n t i c  samples. , 

* + .  

forCed benzoic acid as white crystals; mp 121-12Z•‹C; no depres -  
f - 

I 

t sFoq when mixed with as, authentic sample. 
i \ 

s t q o n g  -gas evolution uas observed. The s o $ u t i o ~  was a , t i rred  . $ 

h e  re- fog C. 5' hr. a i d  acidified with HCP s o l u t i o n  to pH = 3*. 

s u l f  in$ so lu t ion  was extracted with ether ( 3  X SO ml) and th; C 
J 

evaporated to give a yeiPw oil (134 mg): ir v max 3506- 

throug?. a s i l i c i e  a d d  colmm (Ig) -- u s h g  CIi2C12 as elusant. This 
_ -  



.- . 
afforded leucid acid 11-23-c (82 mg, 65%) as a&.ite solid. 

Sublimination (RT/0.3 Torr) followed by recrystallization - 
from ether-petroleum ether gave white crystals; mp 53-56OC; 

lit. (130) ; 77OC; ir (CHC13)vmax: 3550(bm), 3200(b), 1720(s), 

1470(m), 1370(m), 1270(rn), 1145(m) and 1090(m) cm-l; 'H nrnr T:. 

1.9(brs, D,O exch.), 5.68(X of ABX, J = 6 and 7 Hz, lH), 8.3(m, 

24.4(d), 43.l(t), 68.9(d) and 180.0(s); ms m / e  ($1:  132 (M' 

absent), 81(87), 69(100) and 43(92). 

3 
d )  Measurement of the Gas Evolved from the Reaction of 11-22-a 

with Potassium Hydroxide 

A solution of 11-22-a (0.66 g, 2.8 mmol&) in methanol (60 ml) 

was added dropwise to a stirred solution of methanol (20 ml) 
- - -- - - -  - - - 

containing potassium hydroxide (0.87 g, 22 m o l e s ) .  The reac- 

tion vessel was immersed in an ice bat4, apd was connected-to . -+ a burette filled with water. lhrin addition bubbles were 

evolved. When the addition was complete the mixture was stirred 
* 

far another 30 minutes until no changesin the gas cofume could  
* 

be detected. h e  t o t a l  gas volume was measured: 24.1 cm3 (-1 



a n i n e  i n  Methanol w i t h - a n - ~ x e e s s  o f  Sodium Methoxide 
- - - 

Sodium methor ide  (-1 g Na, 1 0  m l  CH30H) was added t o  a  

s o l u t i o n  o f  11-22-a (823mg,3.5 mmoles) i n  methanol  (100 m l )  and 

t h e  r e s u l t i n g  s o l u t i o n  w a s  s t i r r e d  i n  t h e  d a r k  a t  room tempera- 

s o l u t i o n  t u r n e d  d a r k e r  and t h e  uv p a t t e r n  c h a r a c t e r i s t i c  of  t h e  

n i t r o s a m i d o  group uas r e p l a c e d  by a  s t r o n g e r  a b s o r p t i o n  a t  X = 

340 nrn which shifted s lowly  t o  h i g h e r  f r equency  and decreas'ed 

t o  r e a c h  a minimum a t  358 nm a f t e r  2 4  h o u r s  and w a s  s t e a d y  

d u r i n g  t h e  n e x t  4 0  h o u r s .  
4 

d 
The methanol  w a s  e v a p o r a t e d  t o  d r y n e s s  t o  have  an o i l y  

r e s i d u e  which w a s  t r e a t e d  w i t h  6 N  H C 1  (15 m l ) .  During a c i d i -  
- - - - 

f i c a t i o n  bubbles w e r e  evolved and t h e  c o l o u r  o f  t h e  s o l u t i o n  

t u r n e d  l ' i g h t e r .  E x t r a c t i o n  w i t h  e t h e r  ( 3  X 3 0  ml), washing 
- 
w i t h  w a t e r  and d r y i n g  ( H g S O , )  gave a f t e r  e v a p o r a t i o n  a ye l low 

6 , 6 7 ( s ) ,  6,95(rnj  and 8.3Cs) .  A n  aliquot of t h i s  *il. w a s  e s t e r i -  

fied w i t h  d iazfme+5sse  mi? analyzed by ge m s  ( 3 %  S i b r  10r, 
- - 

* 

1 8 € l Q C  i s o ) :  1.6 =En., %8%, (11-37); 1.8 mPn., 7% (methyl e s t e r  

of 11-26); 4.8 sin., 14% ( I Z - 2 L ) .  Conpounds 11-37 and 13-24  



were i d e n t i f i e d  by gc peak matching w i t h  a u t h e n t i c  samples.  

The m s  o f  t h e  t h i r d  peak showed f ragments  a t  m / e :  1 9 8 ( 2 2 % )  

and 2 0 0 ( 7 % ) .  

IV-8-4 Attempts  t o  Trap  S p e c i e s  t lX1l  

a) P h o t o l y s i s  of S p e c i e s  "X" in t h e  Presence  of .. 

To an ice cold solution of 11-22-a ( 0 . 5 9  g ,  2 . 5  m o l e s )  

i n  methanol  (110 dl, a ~ ~ e t h a n o l i ~  po tass ium hydroxide  s o l u t i o n  

( 4 . 2  ml, 1 . 2 4 N ,  5 . 2  mnoies) w a s  added dropwise v i g o r o u s  n i t r o -  

gen. The s o l u t i o r !  t u r m d  t o  da rk  ye l low,  and t h e  uv  a b s o r p t i o n  
r-- 

s?eeirm was taken r e g u l a r i y  t h e r e a f t e r .  The o r i g i n a l  absorp- i  
- - - 

tion a7 A = 4 3 2  m and & 2 G  nm g r a d u a l l y  d e c r e a s e d  t o  be re- max * 

plazed by two new a b s o r g t i o n s  a t  X max = 4 1 0  nm and 3 3 0  m. 

A f t e r  TWO hours  cyciohexane ( 2 . 0 5  g, 0.025 mole) was added t o  

t h e  n i x t z r e  and the res ; ! t lng s c l u i i o n  was i r r a d i a t e d  a t  D O C  

. 'i 
under n i t r o g e n ,  A f t e r  f ~ v e  hours of i r r a d i a t i o n  b o t h  absorp- 

t i o n s  at 3 3 0  nm and 413 ru had d i s a p p e a r e d .  The s o l v e n t  was 

yo2lowisk r e s i d u e  E5.7: g). The residue w a s  d i s s o l v e d  i p  

T h e  2rher e x t r a c r s  were conbined, 

to y i e l d  the neu t ra l  f r z c r i ~ r .  ( 2 3  

dried over  HgSOq and evapora ted  

rig) as d y e l l o w  o i l .  nis o i l  



was a n a l y z e d  by gc-ms (10% SE 30, 100 t o  2 2 0 • ‹ C  a t  8 0 ~ / m i n . )  

t o  g i v e  t h e  f o l l o w i n g  components: 1 . 7  min . ,  2-cyclohexenol ;  

3.7 min . ,  1%, (11-27);  11 rnin., <I\, [unknown, m/e ( % I  1 7 8 ( 1 0 ) ,  

5 3 ( 2 2 ) ,  41(57) and 39(25)] .  The f i r s t  two peaks  were i d e n t i f i e d  

by gc peak m a t c h i n g  wirh a u t h e n t i c _ s a m p l e s  and comparison o f  m s  
4 

w i t h  t h o s e  a l r e a d y  reported (751.  

The w a t e r  phase w a s  c a r e f u l l y  a c i d i f i e d  w i t h  d i l u t e d  H C 1  
* 

s o l u t i o n  t o  pH - 6 ,  T:!e s o l u t i o n  because  t u r b i d  and some g a s  
\ 

bibbles were evolved. T h i s  s o l u t i o n  w a s  e x t r a c t e d  w i t h  o t h e r  

A snazl aliquot of this f r a c t i ~ ~  was e s t e r i f i e d  w i t h  d iazo-  

methane t o  yield an oil; ir k max : 3500(bv),  1 7 3 0 ( s ) ,  lZOO(s1, 

-I 
1170(s), 1120(s) an2 7CO(s) t m  . This mixture was analyzed 

on gc ( 3 %  Silar :C C, 1601C.to 2 2 0 D C  a t  10eC/min.) t o  g i v e ,  i n  

3.4 

and these compounds were i d e n t i f i e d  



by gc peak matching with authentic.samples. The water phase 

was further acidified to pH 2 and extracted with ether 

( 3  X 30 ml) to yield a yellow oil (278 mg) 'which showed the 
- 

same spectral characteristics oas the aiol describeid abbve. 
- 

Gc-ms analys,is of the esterified oil under the same conditions 

ga3e the fo12bwing composition: 3.4; 2.5% (methyl cinnamate); 

3.9, 43-,<% 11-24 and E min., 17% (11-37). 

5 )  klkylation of Species "X" with Phenacylbromide " 

A 'solution of methanol, ( 5 0  ml) containing species "Xu 
0 

prepared as usual from 11-22-a 1229 mg, 0.97 m o l e )  and KOH 

( 1 . 9  mmofes) (in 15 =in.) was ~efluxed for 50 minutes in the 

presence of pheracylbrmick (1.9 rn-oles). Ether extraction 
P 

2.f(n), 2 . 6 7 ( s ) ,  k . S C s ) ,  5 .57(s ) ,  5.82(dd, J = 5, 7 Hz), 6.2(s), 
0 

6.5 !s ) ,  E . 5 3 ( s )  an2 E.72(sl. Calmin chromatography on basic 

alusina gave the folloxing fracaions . E l u t i o n  'with benzene 

slution with ethylacetzte only gave a r e s i d u a l  o i l  (13 mg). 



A c i d i f i c a t i o n  (pH = 2)  of t h e  mother l i q u o r  f o l l o w e d  by e t h e r  
i I 

e x t r a c t i o n  ( 3  X 30 ml) gave  11-25 ( 6 3  mg, 36%). 

IV-8-5 Decomposition of N-Acetyl-N-Nitroso-D ,I- L-Phenylanine,  5 
i 

1 1 - 2 2 4 ,  with One ~ ~ u i v a l i n t  of S t r o n g  Base i 
- 5 

i 

- - 
F 

A s o l u t i o n  of s d i s m  methoxide i n  methanol  (6.6 m l ,  0 . 97  m l ,  - +e 
t 

3.54 mnofe) w a s  added to a s o l u t i o n  o f  I f - 2 2 - a  1138 mg, 0 . 5 8  

&mole) in d r y  m e t 3 a n s l  (10 ml). The r e s u l t i n g  m i x t u r e  was 

stored in t h e  dark at S Q C  fo r  3 days .  The s o l v e n t  was evapor- i .: 
ated u n d e r  vacuum a t  room t e m p e r a t u r e  t o  y i e l d  a y e l l o w  o i l  i 

i 
i z 

( 1 4 5  mg); H nmr T :  L.2C3s1, 2 . $ ( s ) ,  6.l(m,w1/2 - - -  = 1 3  - H z ) ,  
- 

6 . 6 2 1 ~ 1 ,  6.83(s), 6.9(br m,wI/2 -13 H Z )  and 8 . 0 2 ( s ) .  T h i s  o i l  I 

was taken up i n  CH2CL2 (10 ml) and washed w i t h  d i l u t e d  H C 1  

solution ( 2  X 10 ~ k ,  C . 1 : :  H C 1 )  ioll~wed by water ( 2  X 5 ml) t o  

give after drying and evaporation methoxy acid 11-25 (95 mg, 

f 9391 as a slightly yellou oii; H nmr r :  0 . 3 ( b s ,  ~~0 exch.), 

"+.. 
and 6.88 an& 7.92 ( A 3  cf M X ,  J = f3+4h, 2H). The l a t t e r  o i l  f + 



7 Hz, lH), 6_.31(x,3H), 6.67(s,3H), 6.88 and 7.05 (AB of ABX, 

J = 14 Hz, 2H); 1 3 ~  mr 6:  172.0, 136.6, 128.9, 127.9, 128.2, 

81.4(d), 58.0(q), 51.5tq) and 38.9(t); ms m/e ( % ) :  194.0940 

4- 
(M ,24, Calcd. for C H 0 : 194.0943), 163(17), 162(83), 11 14 3 

135(100), 131(37), 117(27), 105(35), 103(69), 91(84) and 77(33). 
-- - --- --Pi --- 

An analytical sample was obtained on distillation at room tem- 

perature under 0.1 Tom. Anal. calcd. for C11H1403: C 68.02, 

H 7.27. Found: f 68.30, H 7.35. 

b Potassium Eydrcxide 

A solution of methanolic potassium h y d F 6 k i d ~ ~ s s ~ ~  

6 . 3 5  X MI containing 1 1 - 2 2 4  (150 mg, 0.54 mmole) was 

heated at 40•‹C in a C a r %  f l a s k  mder nitrogen- A s  seen on 

Fig. 2-12, more t 3an  9C5 of the absorption at 400 nm had 

disappeared a f t e r  L hoB=. A small aliquot af the original 

reaction mixture, when kept at b•‹C for the same time period, 

did not show any decrease whereas another sample showed a 30% 

decrease when kept at room temperature for 1 hour. 

The s ~ l v e n t  was evaporated under vacuum to yield a yellow 
- - -- pp - - 

oil (122 a t g f ;  ir vmX: 345D(bd, 2500(b), 1710(bs), 1600(bsl, 

15 0 0 ( bs ) , 1175f b s J , il l ~ ~ l - a n d  7 0 WSFC~ r d - s m x Z 2 - a Z i q o o t -  - --- - 

( 1 5  mg) of this residual oil was esterified with diazomethane 



111C(s) and 700(s) cm-l. Gc analysis (3% Silar 10 C, 160•‹C 

to 220•‹C at 10•‹C/min.) showed this oil to con*ain essentially 

methoxy ester 11-37 with a trace of 11-24. Both peaks were 

identified by mixed injection with authentic samples. The rest 

of the crude oil (107 mg) was dissolved in water (10 ml, 

---- 
L - - p H v 6 - ' / )  and the resulting solutlon was extracted with CH2C12 

' to give the neutral extract ( 6 8  mg) as a yellow oil. The water. 

phase was reextracted at pH = 3-4 with methylene chloride to 

yield the acidic extract (25 mg) as an oil. Both oils showed 

identical ir spectra and gc analysis of their methyl esters 

(diazomethane) gave a single peak matched with authentic 11-37 

I 3 5  Silar 10 C ,  16Q0C to 220•‹C at 10•‹/min.). The tofal yield 

of 11-25 ( 9 5 5 )  is taking into account the samples for uv 

measurement. 

IV-8-6 Decomposition of N-Acetyl-N-Nitroso-D,L-Phenyl- - - 
alanine  If-22-a, with Trieth'ylamine 

a) In Benzene, at Room Temperature 
j--\ 

Three benzene solutions of 11-22-a (2.3, 2.45 and 1.22 
- ---- -- -- 

c o n t a l n ~ k ~  respectively 1, 2 and 5 equivalents of 7 - 0  - 3  - -- 
-- - - --- &eth y l sine w e  pr~~&--mof~i~orebbyuv-spectro----- 

scopy. The first spectrum was taken immediately after prepara-. 

tion of the sample and the others at regular time intervals 



while  t h e  s o l u t i o n s  were kep t  a t  room temperature  under n i t r o -  

gen i n  t h e  dark ( s e e  F i g .  2-91. The r a t e s  of  decomposition 

were c a l c u l a t e d  and a r e  r e p ~ r t e d  i n  ,Table& 2-13. 

Three q u a n t i t a t i v e  experiments were conducted a t  room 

3 

Table 4-2 .  Experimental  Condit ions f o r  Decomposition of 
- - -  - - -  

1 1 - 2 2 - 3  i n  Benzene with  ( E t  gN 

Run # 1 1 - 2 2 - a  ( E t )  3 N  1 1 - 2 2 - a / ( E t I 3 N  
=% rmole J"g rnrnole ( m o l e )  

Uv monitor ing o f  React ion 1 showed a 6 8 %  d e c r e a s e  o f  t h e  

ni t roxamido abso rp t ion  a f t e r  2 4  hours and ano the r  4 %  i n  t h e  

'Zcifowing 6 0  hours. Ew benzene w a s  removed under vacuum t o  

-1 crn . The o i l  w a s  d i s s o l ~ e ~ d ~ ~ m ~ y l e n e  c h l o r i d e  ( 2 5  ml) 
- - -- - 

and t h e  resulting solution was washed wi th  1 0 %  sodium carbonate  
- - - - - 

(19 r n l )  and w a t e r  subsequent ly  f 2  X"10 ml) .  The o rgan ic  phase 

xas dried (HgSO,) a 3  evaporated t o  y i e l d  the  n e u t r a l  f r a c t i o n s  - 



- - 

as a  ye l low o i l  (102 mg); ir V max 
: 2080(m), 1 7 4 0 ( s ) ,  1690(m), 

7 5 0 ( s )  a n d  7 0 0 ( s )  crn-l; 'H nmr r :  0 . 8 ( b s ) ,  1 . 8 ( m ) ,  4 .5(dd,  

J = 5.5 and 9 Hz) ,  5 .72(unreso lved  t ,  5-6 Hz) ,  6 . 4 5 ( s ) ,  7 .0(m),  

7 . 5 ( s ) ,  8 . 0 ( s )  and 8.75(rn). I n t e g r a t i o n  of t h e  s i g n a l s  a t  

- A - - - 
-c-4.5 , 5  .7 2 , 6 .4 5  and I . S w ~ - t h e  f olhiag-yLd&:--II-Z+,- 

( 2 0 % ) ;  I I -319(16%)  and 11-30 ( 1 7 % ) .  The aqueous phase  was 
4-- * 

a c i d i f i e d  t o  pH = 3-4 and e x t r a c t e d  w i t h  methylene c h l o r i d e  
L=_ 

( 2  X 30 ml) t o  g i v e  a n  o i l y  r e s iQue  ( 3  mg). 

Reac t ions  2 and 3 were r u n  and worked up i n  a  s i m i l a r  

manner t o  Reac t ion  1. The ir and nmr s p e c t r a  o f  t h e  n e u t r a l  - f r a c t i o n s  were i d e n t i c a l  t o  t h o s e  i n  Reac t ion  1 and t h e  c o r -  

r e s p o n d i n g  yields were t h e  same, w i t h i n  t h e  e x p e r i m e n t a l  
- - - -  

I n  Benzene a t  Ref lux  

A s o l u t i o n  of d r y b e n z e n e  (30rnl)  c o n t a i n i n g I I - 2 2 - a ( l . o g  g ,  
'C 

m o l e s )  and t r i e t h y i a m i n e  (466 m g ,  4 . 6 1  mmole) was r e f l u x e d  

i n  the d a r k ,  under nitrogen, for 1 . 2 5  min. ,  when t h e  400 nm ab- 

-- --- - 

t i o n  w a s  washed with 10% sodium c a r b o n a t e  s o l u t i o n  {lo  land- 
-?-- 

w a t e r  ( 2  X fil), d r i e d  over  ~ ~ s f /  and evaporated t o  y i e l d  a  
4 

ye l low oil6526 mg); ir v max : 2 0 8 0 ( s ) ,  1 7 k 5 ( s ) ,  1690(s), 



1375(m),  l24O(m), l l 8 O ( s ) ,  1110(m), 940(m),  75O(m), 7 0 0 ( s )  

anh 680(m) c m - l ;  'H nmr T: 2.75(13s, w 1 / 2  = 4 HZ), 5.6(m) ,  

6 .4(m) ,  6.9(m), 7 . 4 8 ( s ) ,  7 . 9 7 ( s )  and 8 : 7 5 ( t ,  J = 7  Hz) t h e  .' B 

i n t e n s i t y  of t h e  band a t  2080 cm-I r e p r e s e n t e d  - 7 7 %  of t h a t  a t -  

1745. ~ h e ' w a t e r  phase  w a s  made a c i d i c  by  a d d i t i o n  d f  d i l u t e d  
- 

The combined e x t r a c t s  were d r i e d  (MgS04) and e l i a p o k t e d  to. 

~ i e l d  t h e  a c i d i c  f r a c t i o n  (22 mg)  a s  a  y e l l o r + d i l ;  ir v ; ~ ~ ~ :  
- 

The basic f r a c t i ~ n  was chromatographed o v e r  b a s i c .  a lumina 

( 4 0  g ) .  On e l u t i o n  w i t h  he rane  2 - p h e n y l e t h y l a c e t a t e  11-31 

( 2 0  mg, 3 % )  was o b t a i n e d ;  ir vBax : 1 7 4 0 ( s ) ,  1 2 4 0 ( s )  - and - 7 0 0 ( s I  

73,  2 H )  and 7 - 9 8  Cs,3H). E l u t i o n  w i t h  a mixture c o n t a i n i n g  10% 

~f 3enzene i n  hexane a f f o r d e d  d i a z o e s t e r  11-39 1 7 1  m g ,  1 7 % )  as 
2 C 

a bright y e i l s w  oi?; ir 2C1;8Ci(s), 1 6 9 0 ( s ) ,  15DCttmf, 1460(m)*, 



- 75% of benzene afforded 2-ph6nylethyl alcohol 11-32 (40 rng, . 

and 700(s)'crn-l; 'H nmr r :  2.78(s95H), 6.18(t, J = 6.5 Hz, ' -. 

2 H ) ,  7.17(t,J = 6.5 Hz, 2H) and 8.25(bs, D20 exch.). 

r 

', 

A solution of diazoester 11-30 (10 mg, 0.04 mmole) in 
- - - -- -- -- -- - 

ether (5 ml) containing 3,5-dinitrobenzoic acid (25 mg, 0.12 \- 
mole) was stirred at room temperature, in the dark, overnight. 

After evaporation of the solvate, the resulting solid residue 
* 

was dissolved in ether (30 ml) and washed with 10% sodium 

carbonate solution (10 ml) followed by water (2 X 10 ml). The 

orga~ic phase was dried or?er XgSC4 and evaporated to yield a* 

solid residue ( 5  mg, 2 7 4 ) .  Recrystallization from methylene 

chloride-hexane gave 11-33 as .white plates; mp 125-126OC; 

ir 1CZ2CI2) v - 1 7 " 5 i s f ,  1 6 3 6 f m l ,  2550(~);-'135~(s), 128O(s), * max ' 
5 

and li?g(s) cir-I; -H nzr r :  O.BE(t,J = '3 Hz, lX), 1.02(6,J = 

6 . 6 6  and 6 1 8 3  (&A3 of $3X, 2 = 13 Hz, 2H) and 7.02(t, 5 = 7 Hz, AB 
+ 

2 3 ) ;  ns E / e  ( 5 ) :  Q5t.1212 (E , 0.04,  C a l c d .  f o r  C H N 0 . 
.24 20 2 8' 

C C I  r t f i u x e d  f o r  1 hcur L z  3 e ~ z e s e  t r d  ml) in t h e  presence o? t xo  



mole e q u i v a l e n t s  o f  ( E t )  N ( 1 2 4  mg, 1.23 mmoles). A f t e r  t h e  3 

u s u a l  work up,  a  yell 'ow o i l  (106 mg) was o b t a i n e d  whose ir 

spect rum c o n t a i n e d  t h e  d i a z o  a b s o r p t i o n  a t  2080 cm-'. The i n -  

t e n s i t y  of t h i s  a b s o r p t i o n  was -80% t h a t  of t h e  c a r b o n y l  a t  

1 7 4 0  cml. When this o i l  was r e f l u x e d  i n  methano l ,  no  ~ h a n g e  

% 

A s o l u t i o n  o f  I Z - 2 2 - a  ( 1 3 6  mg, 0.58 rnmole) i n  d r y  methanol 

( 2 0  EL) and i n  t h e  gresence of 1 molar  e q u i v a l e n t  of E t  N 
3 I 

(59 mg, 0 . 5 8  m o l e )  was r e f l u x e d  i n  t h e  d a r k  under  n i t r o g e n .  

A f t e r  30  minutes  _he uv a b s o r p t i o n  a t  X = 400 mm comple te ly  

d i s a ~ p e a r e d .  E v a p r a ~ i o z  of t h e  s o l v e n t  y i e l d e d  a  ye l low o i l  
- 

PZT 

did n o t  the r e g i o n .  

m rnis rjif was taken 'up >n methyleae c h l o r i d e  (25  m f  1 , washed 

wFth * E N  HC1 so1usioz-i (15 ml) and water ( 2  X 10 ml) and a f t e r  

Cryi,?g (XgSO , I  an2 evaporation, gave methoxy a c i d  11-95 197  mg, 
i, 

in dry  benzene 

for 2.5 hou r s  



when over 90% of the absorption at 400 nm had disappeared 

(see Fig. 2-13). The spectra also disclosed two isoabsorptive 
i 

points at Amax = 352 and 446 nm. The solvent was removed at room 

temperature, under vacuum to yield a yellow oil (150 mg); 

ir (benzene) v : 2500(bmj, ZO8O(m), l73U(b,s), l630(s), 
max 

1 
-- * 4 3 7 M s > ,  1266(b,af, 3B28fb,.Z, B4O(s) an6 6 9 0 t b , s ~ ~ ;  H 

-, 

nmr T: 0.7(bs)~2.75(m)(4.6(m), 5.68(bt,J = 7 Hz), 6,3(m), 

E.,8(m), 7.95(s) and 8.0(m). The intensity of 

band represented -49% of that at 1730 cm-l. 
- 

oil was left at room temperature for one day, the band at 2080 

-I cm and the multiplet at T 6.3 completely disappeared. 

A small amount of the crude product (63 m g )  was esteri- 

fied with diazomethane to yield a yellow oil (54 mgj; irSv max ' 

1740(s), 1280(rn), 1220(rn), 1170(s), 1050(m) and 700(s) cm-l. 

This was analyzed by gc-ms (10% SE 30, 130 to 240•‹C at 

8*C/rnin.) to give the following compounds descr5bed in in-- ) a 

creasing retention time order: 5.4 rnin., 1% (11-31); 6 rnin., 

1% [unknown, ms m/e ( % I :  163(38), 131(100), 103(68.2) and 

77(40)3; 7.5 rnin., 4% (methyl cinnamate); 9.5 rnin., 43% 

(methyl ester of 11-34]; 12.1 rnin., 21% (methyl ester of 

L O 3 ( 4 8 L , 9 1 ( 9 4 - ) A X i l ( 3 3 - U  -The --idenUisb ompas--a~e-re-- 

characterized by ,gc peak matching:with quthentic samples which 
Y 

were either comrnercia~ly obtai~ab or synt-hesized 'that of 

\ 
methyl ester of 11-34 was obtained +y acet~lation ofII-24 with 



a c e t y l  c h l o r i d e ' a n d  p y r g d i n e  ( 1 2 3 ) ;  ir v : 1 7 5 0 ( s ) ,  1 2 3 0 ( s ) ,  max 
a n d  7 0 0  c m - l ;  'H nmr  r :  2 , 7 2 ( s , 5 H ) ,  4 . 8 1 ( X  of ABX, J = 6  a n d  

r 

2 H z ,  l H ) ,  6 . 2 8 ( 5 , 3 H ) ,  6 . 7 8  a n d  6 . 9 1  ( A B  of ABX, JAB = 1 4  H Z ,  

2H) a n d  7 . 9 5 ( s Y 3 H ) .  

A s o l u t i o n  of 11 -22-a  ( 2 2 6  mg, 0 . 9 6  m m o l e )  i n  d r y  m e t h a n o l  5 
1 

( 3 0  m l )  w a s  r e f l u x e d  i n  t h e  d a r k ,  u n d e r  n i t r o g e n  f o r  3 . 5  h o u r s  
1 

when o v e r  90% of t h e  a b s o r p t i o n  a t  4 0 0  nm d i s a p p e a r e d  t h e  

- m e t h a n o l  w a s  e v a p o r a t e d  t o  y i e l d  t h e  c r u d e  p r o d u c t  as a y e l l o w  

o i l  ( 1 5 5  m g ) ;  ir v max 
: 3 4 0 0 ( b ) ,  2 6 0 0 ( b ) ,  1 7 2 0 ( s ) ,  1 6 3 0 ( m ) ,  

- 
1 2 0 0 ( m ) ,  1 1 0 0 ( m )  a n d  1 0 2 0 ( m ) ;  'H nmr r :  - 0 . 1 ( b s , D 2 0  e x c h . ) ,  

2 . 7 8 ( s ) ,  6.OtX o f  ABX, J = 6  a n d  7  H z ) ,  6 . 3 2 ( s ) ,  6 . 7 7 ( s ) ,  

6 . 9 ( m ) ,  7 . 9 5 ( $ )  a n d - 8 . 0 5 ( s ) .  T h e  s i g n a l s  a t  6 . 3 2 ,  6 . 7 7  a n d  8 . 0 5  

were i n  a 2 1 : 6 4 : 1  r a t i o .  P a r t  o f  t h i s  r e s i d u a l  o i l  ( 1 1 3  mg) was  

t a k e n  up i n  1 0 %  s o d i u m  c a r b o n a t e  ( 1 0  m l )  a n d  w a s  e x t r a c t e d  1 

w i t h  e t h e r  ( 3  X 1 5  m l ) .  T h e  w o r k  up of t h e  e t h e r  e x t r a c t s  t o  ! 

- t 

a n d  6 . 9 2  a n d  7 . 0 7  (AB o f  ABX, J = 1 7  Hz, 2H) .   his p r o d d b t  g a v e  ' 

o n e  s i n g l e  p e a k  o n  gc a n a l y s i s  ( 1 0 %  SE 3 0 ,  150-200•‹C,  8 O C /  

m i n . )  w h i c h  h a d  the  same  r e t e n t i o n  t ime-as  a u t h e n t i c  1 1 - 3 7 .  



J 

The o t h e r  p a r t  of t h e  c rude  o i l  w a s  e s t e r i f i e d  w i t h  d iazo-  

methane and ana lyzed  on g c  ( 1 0 %  SE'30,  150-200•‹C a t  8OC/min.) 

t o  g i v e  t w o  peaks :  4 . 5  rnin. ,  9 5 %  (11-37) and S . m i n . ,  5 %  
-7 

(methyl  e s t e r  of 11-21-a) .  Both p r o d u c t s  were i d e n t i f i e d  

I n  an  o t h e r  exper iment  a s o l u t i o n  o f  11-22-a (130 mg), 

0.55 mrnole) i n  d r y  methanol  ( 2 0  m l )  was h e a t e d  i n  t h e  d a r k ,  
-- - 

under  n i t r o g e n ,  a t '  40•‹C f o r  5 days when t h e  uv spectrum showed . 

t h a t  o v e r  83% of 11-22-a had d i s a p p e a r e d .  Evapora t ion  o f  d t h e  

s o l v e n t  gave. a p a l e  yeJlow o i l  (79  mg) whose.nmr showed t h e  

: c h a r a c t e r i s t i c  s i g n a l s  f o r  t h e  methoxy e s t e r  I ' I c 3 7  and t h e  

methoxy a c i d  11-25 i n  a 1 : 6  r a t i o ,  a s  e v a l u a t e d  from peak 

a r e a  measurements .  

- A  s o l u t i o n  of 11-22-a (118 mg, 0 .5  mmole) i n  methanol 

(MSD, 2 0  m l )  w a s  r e f l e x e d  i n  t h e  d a r k ,  under  n i t r o g e n  f o r  6  

h o u r s ,  u n t i l  t h e  400 nm a b s o r p t i o n  had c o m p l e t e l y  d i s a p p e a r e d .  
T " 

E v a p o r a t i o n  of  t h e  s o l v e n t  y i e l d e d  a yel low o i l  ( 8 5  mg). The .  

a c i d  11-25 and methoxy e s t e r  11-37 i n  a  1:l r a t i o ;  t h e  i n t e -  

g r a t i o n  o f  t h e  methine  p r o t o n  a t  T 6.0 r e p r e s e n t e d , 4 5 %  o f  t h a t  



of t h e  s i n g l e t  at T 6 . 3 ,  i n d i c a t i n g  a t o t a l  deu te r ium i n c o r -  

p o r t a t i o n  

T h i s  

rr 
o i l  was a n a l y z e d  on gc-ms (10% SE 3 0 ,  1 5 0 . 2 ,  40•‹C 

a t  'lO•‹C/min.) and t h e  p e r c e n t a g e  o f  deu te r ium i n c o r p o r a t i o n  i n  

-xy-e-calculatedusi-aeAt e n  si tae s sf t h  
. . 

e  

c h a r a c t e r i s t i c  f r agments  a t  m/e = 1 6 2  and 1 3 5 .  
An auth$tic 

non-deu te ra ted  sample w a s  r u n  p r i o r  t o  e v e r y  measurement: 

under  t h e  sane c o n d i t i o n s ,  Tn o r d e r  t o  o b t a i n  t h e  i n t e n s i t i e s  

of t h e  M+1, M and K-1 m o l e c u l a r  i o n  peaks  o f  t h e  two f ragments  

c o n s i d e r e d .  The same a n a l y s i s  was done on a n  e s t e r i f i e d  

(d iazomethane)  sample o f  t he  c rude  o i l  and t h e  t o t a l  amount of 

deu te r ium i n c o r p o r a t i o n  w a s  measured. The amount of  deu te r ium 

i n c o r p o r a t i o n  i n  t h e  methoxy a c i d  was c a l c u ~ a t e d  by d i f f e r e n c e .  
er 

The c o l l e c t e $  d a t a  and t h e  r e s p e c t i v e  amounts of deu te r ium ex- - 
change a r e , r e p o r t e d  i n  Tab le  1;-3. 



Table 4 - 3 .  Deuterium Incorporation During Themolysis of 

Fragment  % m/e % m/e before % m/e a f t e r  
authentic esterification % esterification % D 

average % D 4 0  4 0  



I V - l O  P h o t o f y s i s  of t2-kcyl-N-Nitroso-a-Amino ~ c i d s ,  1 1 - 2 2  
C 

. 
a )  '' I n  Eetkanof i n  the P r e s e n c e .  o f  Sodium Cyanide 

A s o l u t i o n  of I f - .22-a  (2.36 g ,  0 . 0 1  mole)  and sodium 

cyan ide  (1 g )  i n  methanol  ( 2 2 0  ml) was coo led  t o  O•‹C ?nd bub- 

b l e d  w i t h  n i t r o g e n .  The uv spect rum of a  d i l u t e d  sample o f  t h i s  

s o l u t i o n  showed a b s o r p t i o n s  a t  h 
max 

= 4 2 0 ,  402 and 3 7 5  nm f o r  
i 

t h e  n i t r o s a m i d e  g rocp  and a l a r g e  s h o u l d e r  a t  A 
L* 

= 340 nm 
max 

w i t h  a much h i g h e r  absorbance .  The s o l u t i o n  was pho to lysed  f o r  

3 hours  u n t i l  t h e  a b s o r p t i o n  d i s a p p e a r e d .  The d a r k e r  photo-  

l y s a t e  was c o n c e n t r a t e d  under  vacuum a t  room- tempera tu re  t o  
I 

abou t  10 m l  and d i l u t e d  w i t h  w a t e r  (20 m l ) .  The r e s u l t i n g  

s o l u t i o n  (pH = 1 0 )  was ex*racted w i t h  e t h e r  ( 3  X 50 m l )  .which 

a f t e r  d r y i n g  ( o v e r  MgSO and e v a p o r a t i o n ,  y i e l d e d  t h e  n e u t r a l  4 
f r a c t i o n  a s  a brownish o i l  ( 1 : 2  g). The w a t e r  phase  w a s  a c i d i -  

f i e d  w i t h  6 N  H C 1  t o  pH = 2 and e x t r a c t e d  w i t h  e t h e r  ( 3  X 50 m l ) .  

The e x t r a c t s  were combined, washed w i t h  w a t e r  (20 m l ) ,  d r i e d  

o v e r  

dark- 

I 

MgSOq and e v a p o r a t e d  t o . y i e l d  t h e  a c i d i c  f r a c t i o n s  a s  a 

The n e u t r a l  f r a c t i o n  e x h i b i t e d  ir a b s o r p t i o n s  a t  vmax: 

-I * 3 "  
ern ang i t s  nmr spect rum showed a  m u l t i p l e t  (w1/2 = 6 Hz) a t  



1 7 8  % 
-4 

T 2 . 5 7  a n d  s i n g l e t s  a t  T 5 . 9 5 ,  6 . 6 7 ,  7 . 5 0  a n d  8 . 0 7 .  Gc-ms 

a n a l y s i s  ( 1 0 %  SE 3 0 ,  1 5 0 • ‹ C  t o  240•‹C a t  1 0 • ‹ C / m i n .  g a v e  t h e  

f o l l o w i n g  p e a k s  descr ibed i n  t h e  o r d e r  of  i n c r e a s i n g  r e t e n t i o n  

t imes:  5  k in . ,  6 % ;  ( u n k n o w n ) ;  6 . 5  r n i n . ,  6 % ,  ( u n k n o w n ) ;  1 1 . 5  

r n i n . ,  5 7 % ,  [ I I - 3 9 - a ,  m / e  (%I: 1 7 4 ( 6 7 ) ,  1 3 2 ( 1 0 0 ) ,  1 3 1 ( 6 6 ) ,  

, 1 0 4 ( 4 3 ) ,  1 0 3 ( 4 5 ) ,  9 1 ( 4 3 ) ,  7 7 ( 3 5 )  a n d  4 3 ( 5 2 ) 1 ;  1 2 . 7  min., 9 % ,  

[ I - 1 6 ,  m / e  ($1:  1 6 1 ( 3 4 ) ,  1 1 9 ( 3 1 ) ,  1 1 8 ( 4 9 ) ,  1 0 2 ( 4 9 ) ,  9 1 ( 4 5 ) ,  

6 0 ( 1 0 0 )  a n d  4 3 ( 6 4 ) 1 ;  1 5 . 9  r n i n . ,  2 3 % ,  C I I - 4 1 - a m / e ( % ) :  1 8 8 ( 3 3 ) ,  

1 6 1 ( 1 0 ) ,  1 3 0 ( 3 3 ) ,  1 2 9 ( 9 7 ) ,  9 1 ( 1 0 0 )  a n d  4 3 ( 6 5 ) 1 .  

-3 

Column c h r o m a t o g r a p h y  ( b a s i c  a l u m i n a ,  5 0  g )  o f  a p o r t i o n  

( 8 7 0  m g )  of t h e  basic f r a c t i o n  a f f o r d e d  t h e  f o l l o w i n g  f r a c t i o n .  

E l u t i o n  w i t h  c h l o r o f o r m  gave a c o l o u r l e s s  o i l  ( 7 1  mg) w h i c h  

s h o w e d  o n e  s i n g l e  c o m p o u n d  on t h e  a n a l y s i s  ( s i I i c a  g e l ,  p e t .  
7 .  

' e t h e r - e t h e r  5 0 : 5 0 )  w i t h  R f  = 0 . 5 4 ,  c o n t a m i n a t e d  w i t h  a m o r e  
6 

p o l a r  c o m p o u n d  a t  R f  = 0 . 3 .  D i s t i l l a t i o n  a t  2 0 • ‹ C / 0 . 5  mm Hg 

gave 1 1 - 3 9 - a  as c o l o u r l e s s  o i l :  ir v max : 1 5 9 0 ( s ) ,  1 3 8 5 ( s ) ,  

1 2 7 0 ( s ) ,  7 3 5 ( s )  a n d  7 0 0 ( s )  ch-'; 'H n m r  T: 2 . 6 8 ( ~ , 5 ~ ) ,  5 . 9 8  
J 

( s , 2 H ) ,  a n d  7 . 5 2 ( s , 3 H ) ;  1 3 c n m r  6 :  1 7 5 . 8 ( s , ) ,  1 6 8 . 6 ( s ) ,  

1 3 4 . 8 ( d ) ,  1 2 8 . 2 ,  1 2 9 . 9 ,  1 2 6 . 3 ,  3 1 . 6 ( t )  a n d  1 1 . 7 ( q ) ;  m s  m / e  ( % I  

l 7 4 ( ~ + , 8 2 ) ,  l 3 2 ( l O O ) ,  l 3 l ( 6 6 ) ,  9 l ( 4 4 ) ,  7 7 ( 4 3 )  a n d  4 3 ( 4 3 ) .  . ~ n a l .  

calcd. f o r  C  H  N 0 :  C 6 8 . 9 . 5 ,  H 5 . 7 9 ,  N 1 6 . 0 8 ;  found:  ( 2 ' 6 8 . 9 7 ,  
1 0  1 0  2  

F u r t h e r  e l u t i o n  w i t h  c h l o r o f o r m  g a v e  a n  o i l  ( 4 2 0  mg)  w h o s e  



tfc analysis showed to be a mixture of oxadiazole 11-39-a and 

a component of lower Rf value. This fraction was rechromato- 

graphed on basic alumina (30 g) to give the following com- 

pounds: compound 11-39-a (270 mg) was obtained on elution 

with a mixture of pet. ether-ether (50:50). On elution with 
- --- ~ - ~ ~ 

-A  

25% pet. ether in ether a colourless oil (54 mg) was obtained, 

which crystallized on standing. Recrystallization from cyclo- 

hexane gave white crystals of 1-16. mp 95-96OC; ir v W '  max' = 

1660(s), 1530(s), 1070(s) and 700(s) cm-l; 'H nmr r :  178 

( d , J  = 10 Hz), 2.73(s,SH), 4.6(m,lH), 6.67(s,3H), 7.07(d, 

J = 5.5 Hz, 2H) and.8.08(s,3H); ms m/e ( % I :  162(19), 

Q3(54). Anal. calcd. for C11H15N02: C 68.37, H 7.82, N 7.25; 
3 

found: C 68.54, H 7.92, M 7.29. 

Elution of the original column with chloroform containing 

""1% of methanol gave a yellowish oil (175 mg) which crystallized 

on standing. Recrystallization from ether gave 11-41-a; mp 105- 

106OC (dec); ir v : .  3290im), 2240(w), 1660(s'), 1540(m), 
max 

l46O(m), 133Q(m) and 710(m) cm-l; !H nrnr T: 2.73(~;5~), 3.5 

(bs), -4.92(dt., J = 8 and 6 Hz, lH), 6.93(d, J = 6 HZ,*~H) a% .. . * 
L , 

I 

8.03(s,3H); ms m/e !%I:  188.0945 ( ~ ~ , 3 9 ,  calcd. for C11H12N20: . - 

calcd. for CL1Hl2N20: C 70.19, H 6.43, N 14.88; found, C 70.46 



F ~ r t h e r  e l u t i ~ n  g a v e  a n  unknown o i l  ( 4 5  mg) w h i c h  s h o x e d  

p t i o n s  a t  v : 3 2 8 0 ( s ) ,  1 6 5 0 ( s ) ,  1 5 3 0 ( s ? ,  1 2 9 0 ( s ) ,  rnax 

hibited t h e  f o l l o w i n g  s i g n a l s  a t  T :  2 . 7 ( m , 2 1 / w  = 2 H z ) ,  
iL. 

5.36(t,5 = 6.-5 Hz), E . 8 8 f d , J  = 7  Hz)  a n d  8 . 0 ( s ) .  

The  a c i d i c  f r a c t i o ~  w a s  d i s s o l v e d  i n  b e n z e n e  ( 5 0  m l )  a n d  

r e f l u x e d  w i t h  i s o 2 r o p y l  a l c o h o l  ( 1 0  m l )  a n d  p - t r o l u e n e s u l F o n i c  

a c i d  ( 5 0  mg) u n t i l  no w a t e r  w a s  f o r m e d  ( - 2  h o u r s ) .  T h e  s o l v e n t  

a .  w a s  e v a p o r a t e d  t o  y i e l d  a y e l l o w  o i l  ( 4 4 0  m g ) ;  i r  v 
max 

: 3 5 0 0 ( b ,  

m), 1 7 4 0 ( s ) ,  1 2 7 5 ( m , b ) ,  1 2 0 0 ( m ) ,  1 1 0 0 ( s )  a n d  7 0 0 ( s ) ;  'H nmr r :  

2 . 7 5 ( s ) ,  4 . 9 5 ( s p ,  J = &Hz), 5 . ~ l ( d d ,  J = 5 . 5  and 7  H z ) ,  6 . l ( d d ,  

6 and 7  H z ) ,  6 . 6 6 ( s ) ,  7.?(m), 8 . 8 ( d , J  - 7  Hz)  a n d  8 . 8 8 ( d ,  J = 

7  H z ) .  A f t e r  r e p e a t e d  ( p r e p a r a t i v e )  c h r o m a t o g r a p h y  ( s i l i c a  a n d  

m ix tu r e s  o f  e t h e r - p e t .  e t h e r )  m o v i n g  c o m p o n e n t  w a s  o b t a i n e d  as  

an o i l  ( 1 3  mg); ir v : 1 7 4 0 ( s ) ,  1 3 7 5 ( m ) ,  1 2 7 0 ( m ) ,  1 1 8 0 ( m ) ,  max 

- 6 . 6 ( m )  a n d  8 . 7 ( m ) .  The s e c o n d  compound i d e n t i f i e d  as 11-46  

w a s  o b t a i n e d  as a c o l o u r i e s s , o i l  ( 9 0  mg, 1 6 % ) ;  i r  v max : 1 7 4 0 ( s ) ,  

1 4 5 0 ( r n ) ,  1 3 7 0 ( r n ) ,  1 2 7 0 ( m ) ,  1 1 9 0 ( s ) ,  l l 0 0 ( s ) & 4 0 ( r n )  a n d  7 0 0 ( s ) ;  

1 H nmr  T: 2 . 8 0 ( s 5 5 H ) ,  4 . 9 7 ( s p , J  = 6  H z ,  l H ) ,  6 . 0 7 ( t Y J  = 6 . 5  Hz, 

+ 
21.5(q); ms m/e ( % I :  2 2 2 . 1 2 4 2  (M , 0 . 3 ,  calcd. for C H 0 - 1 3  1 8  3 '  



- 222.1255), l9b(84), 135(100), 103(53), 91(56), 71(44). Dis- 

tiliation under reduced pressure (70•‹C/2 Torr) gave an ana- + 
lytical sample: calcd. for C H 0 - C 70.24, H 8.16; 13 18 3 '  

found: C 70.40, 

--- -- - 

- -9"~e-€~rd component 11-47 (41mg,8%) was also isolated 
1 

as a colourless oil; ir v max : 3500(b,m), 1740Cs1, 1500(m), 

3- 

1470(m), 1460(m), 1380(rnJu, 1270(m), 1210(m), 1100(s), 750(?), 
- -- - 

- --- 

- - 

-I 1. - and 700(s) cm ; H nmr T: 2.77(s,5H), 4.93(sp, J = 6 Hz, lH), 

5.65 (X of ABX, J = 5.5 and 8 Hz, lH)., 7.01 and 7.11 (AB of ABX, 

J = 16 Hz, 2H), 7.1 (bs, D20 exch.) and 9.75(d, J = 6 Hz, 6H); 

1 3 ~  nrnr 6: 176.1(s), 138.9, 132.0, 130.7, 129.2, 73.8(d), 

+ 
72.l(d), 43.l(t) and 2 4 . 4 ( q ) ;  ms m/e (%)+208.1094 (M , 3, 

calcd. for Cl2HI6O3 208.1100), 191(17), 190W), 148(57>, 

147(30), 145(25), 121(93), 104(35), 103(72), 91(100), 77(37) 

and 43(60). Anal. calcd. for C H 0 . C 69.21, H 7.74; 12 16 3' 

found: C 69.03, H 7.67. \ 

b) In Methanol .and Sodium Carbonate 

A solution of 11-22-a (1.3 g, 5.5 mole) in methanol (130 

with a shoulder at X = 350 nm. After 2 hours of irradiation 

at O•‹C, this solution was concentrated uhder vacuum to about 

1 3  ml. Addition of water (15-ml) and ether extraction of the 



r e s u l t i n g  m i x t u r e  (pH = 1 0 )  y i e l d e d  a f t e r  d r y i n g  and Fvapora- 

1 t i o n  t h e  n e u t r a l  f r a c t i o n  (615 mg) a s  a  y e l l o w  o i l ;  H nmr T: 

2.70(m, w1/2 6 H z ) ,  4 6 ,  5 . 9 8 ( s ) ,  6 . 7 ( s ) ,  7 . l ( . d , J  = 6.0 Hz),  

7 . 5 ( s )  and 8 . 0 3 ( s ) ;  the peak a r e a s  o f + t h e  methyl f i g n a l s  a t  

T 6.7 f o r  1-16 and 7.5 f o r  11-39-a were i n  a r a t i o  3 .7 : l .  The - 

methoxy d e r - i v a t i v e  1-16,  46%. - 

C )  In THF i n - t h e  F r e s e n c e  of DBU 

A s o l u t i o n  of 1 1 - 2 2 - a  ( 2 3 6  m g ,  I rnrnole) and one mole 

e q u i v a l e n t  o f  QBU ( 1 5 2  m g ,  1 m o l e )  i n  d r y  THF ( 1 2 0 . m l )  showed 

an a b s o r p t i o n  a t  X 4 0 0  nm f ~ r  t h e  n i t r o s a m i d o  group a s  w e l l  
max 

a s  an  a b s o r p t i o n  a t  X 3 5 0  nm; t h e  absorbance  o f  t h e  l a t t e r  
max 

b e i n g  a p p r o x i m a t e l y  t w i c e  as l a r g e  a s  t h a t  o f  t h e  fo rmer .  The 

n i x t u r e  was i r r a d i a t e d  a t  O•‹C under  n i t r o g e n  f o r  90 min. and 

t he  s o l v e n t  wa3 e v a p o r a t e d  under  vacuud t o  g i v e  a  ye l low o i l  

( 9 5 7  mg) whose complex nmr spect rum showed s i n g l e t s ,  a t  T 5 .98  

and 7.5 .  Water (10 m l )  was added and t h e  r e s u l t i n g  m i x t u r e  was 

a c i d i f i e d  w i t h  H C 1  t o  pH = 2 .  E x t r a c t i o n  w i t h  e t h e r  ( 2  X 30 ml)  

a f f o r d e d  a y e l l o w  o i l  (120 mg) which w a s  e s t e r i f i e d  w i t h  d iazo-  

methane. ~ b e r e s h  o b t a  --- n a L a • ’ f m ~ ~ - a p ~ z ~ ~ y - ~ e d -  

by gc-ms ( 3 %  S i l a r  10 C, 90 --- t o  180•‹C a t  10•‹ /min.)  t o  ~ i v e  t h e  . 
* 

f o l l o w i n g  peaks:  2 . 3  min. ,  6 %  methyl  b e n z o a t e ;  3.0 min. ,  11% 

methy l  p h e n e t h y l a c e t a t e ;  3.5 rnin., 29%,  b u t y r o l a c t o n e ;  5.5  min. ,  
* 



2 2 %  (11-39-a);  6 . 5  min., 2 3 %  (11-24). A l l  compounds were 

i d e n t i f i e d  by g a k  matching w i t h  a u t h e n t i c  samples  and from 
p 

their m s  f r a g l n e n t a t i o n  p a t t e r n s .  \ 

d) I n  MeOH in- t h e  Presence o f  ( E t )  N 3- 

A s o l u t i o n  of TI-22-a ( 9 7 0  mg, 4 . 1  mmoles) and t r i e t h y l -  

m i n e  (980 mg, 9 .7  m o l e s )  i n  methanol ( 1 2 0  ml) was i r r a d i a t e d  

- - - +- - -- ---- 
a t  CIuC under  ni-rogen f o r  1 .75  h x r s  when the-%bsorpt lon  a t  

X 400 nm d i s a p p e a r e d  comple te ly .  The solve; was e v a p o r a t e d  max 
a t  room t e m p e r a t u r e ,  under  vacuum, and t h e  r e s i d u e  d i s 9 o l v e d  -in 

4 

e t h e r  ( 5 0  m l ) .  The r e s u l t i n g  s o l u t i o n  was s u b s e q u e n t l y  washed 

w i t h  10% so8ium c a r b o n a t e  s o l u t i o n ,  0.13 H C I  s o l u t i o n  and w a t e r ,  

t o  g i v e  a  y e l l o w i s h  o i l  (467 mg). The nmr s p e c t r u m  of  t h i s  o i l  - - - - - - - 

e x h i b i t e d  t h e  c h a r a c t e r i s t i c  s i g n a l s  f o r  11-39-a ( 6 4 % )  and 1-16 

( 9 % ) ,  %he methyl  g roups  o f  which be ing  i n  a  6 . 7 : l  r a t i o ,  res- 

p e c t i v e l y .  ~ o t 2 f p r o ~ u c t s  were i d e n t i . f i e d  by t l c  and gc  peak 

matching w i t h  a u t h e n t i c  samples.  

I n  a n o t h e r  exper iment  a s t o c k  s o l u t i o n  (So) c o n t a i n i n g  
* .  

1 1 - 2 2 - a  ( 9 4 4  mg, 4 m o l e s )  i n  methanol (100 m l )  and one (S13 

ml) were p r y p a r e d .  Four d i f f e r e n t  s o l u t i o n s  w e r e  -made up f r o m  
-- - -- -- -- 

t h o s e  s t o c k  s o l u t i o n s  i n  t h e  p r o p o r t i o n s  i n d i c a t e d  i n  Table  4-4.  

Each o f  them w a s  p h o t o l y s e d  a t . O • ‹ C  under  n i t r o g e n  and under  

i d e n t i c a l  c o n d i t i o n s .  The r e s u l t i n g  p h o t o l y s a t e s  w e r g  added 



- with  
i 
'into 

r .- 
Oibenzofuran as te i n t e rpa l  stanaard an 3 s  i n j e c t e d  

-- w 
gc f o r  direct analysis. 

fi 

- - % 

The photolyszte of the e x p ~ i m e n i  without t r i e t h y l a m i n e  - 

was submitted by g e - s  a n a l y s i s  710% Se  30, 120 to-220•‹C at 

- 0  I T 7  

L l f l - 7  3 3  - 
, 2 . 7 5  m i n . ,  3 %  ( 1 1 - G C ) ;  3 - 5  m i n . ,  3% (unknown); 6 min,, 38, 

(11-39-a); 8 min,, 35% (f-17); - 8 .6  min . ,  8% (unknown)'; 1 3  min . ,  

2 6 %  (I-If;); 13 .5  niir~.,  1 3 %  (i-15)- All compounds were i d e n t i -  . ,  

fied u p n  mixed i n 5 e c t i m  wirh a u t h e n t i c  samples ,  Upon i n -  
r 

Sect i~r ,  o f . p u r e  I-f6 rxs peaks appeared, whose iztensities 

ratio varied with the +erzperature. The first peak at 1 3  m i n .  

>a6 a ns s i m i l a r  t o  that c j i  1-17 and the m s  05 t h e  second peak 
+ 

a t  i 3 . 5  n i n .  contained n/e = 173 corresponding to [H - 0 ~ ~ ~ 1 . "  
- - - - - - - - - 

9bviously 1-16 decomposed in the column to g i v e  1-1.7 and 1-16. 

'%a 

/ 
Table 4-4. Exper imenta l  Cnnditio~s and Results o f  Photolysis 

EII-22-a1 [ E ~ ~ N ]  Ratic Tota l  Vol, Time of 90 ~ i h l d  
Run At ?3 " 3ase111-22-a mi Photolysis 11-6 

(min. 1 



I n  CH;CN 5- the Presence ,  of)(Et)  N - 3- -. 

Q 
B i m e t h y f a m i n e  1202 a g ,  2 mmoles) w a s  added  t o  a c o l d  s o l u -  

t+ian 05 11-22-a ( 2 3 5  mg, 1 m o l e )  i n  d r y  a c e t o n i t r i l e  (120 m l ) .  
I- 

s o l v e n t  w a s ,  e - ~ a ? r ; r a t e d  u ~ d e r  vacuum t o  y i e l d  a y e l l o w  o i l  

( 2 2 5  mg) which  w a s  d i s s o l v e d  i n  e t h e r  ( 2 0  m l )  and  washed w i t h  
- - - 

d i l u t ~ d  H C 1  s o f u t i o , ?  ( 2  X 1 0  ml0.1N HC1) f o l l o w e d  by w a t e r .  The 

e ther  p h a s e  w a s  d r i e d  (KgS04) and  e v a p o r a t e d  t o  y i e l d  a y e l -  

2oxish o i l  ( 1 5 8  ~ g )  which  was d i s t i l l e d  a t ,  room t e m p e r a t u r e  

2 n d ~ ~  0 . 5  T6rr tc g i v e  11-33-a (109  mg, 6 3 % )  as a s l i g h t l y  

yellow ~ i i  w?'ich gave c n e  s i n g l e  compound on  t l c  a n d  g c  a n a l y s i s .  

Ia a n o t h e r  e x p e r i m e n t  f o u r  s o l u t i d n s  c o n t a i n i n g  d i f f e r e n t  

xto lar  r a t i c  o f  t r i e t h y l a m i n e  t o I I - 2 2 - a  i n a c e t o n i t r i l e  ( a s i n -  

d i c a t e d  i n  T a 3 l e  4-51 were p h o t o l y s e d  u n d e r  n i t r o g e n  and  a t  O•‹C 
-\ 

\ 
f o r  3 0  m i n u t e s  where t h e  n i t r o s a m i d o  a b s o r p t i o n  had  d i s a p p e a r e d .  

- ~ a c h  p b o t o l y s a t e  was- e v a p o r a t e d  t o  a p p r o x i m a t k l y  1 0  m l  and  

zS:zsted t o  10 ELL e x a c t l y  i n  a v o l u m e t r i c  f l a s k .  Samples  f o r  g c  

2 - , A  r 1. -.,.-l,sis xepe nade  u? f r o m  1 r n l  o f  t h e  l a t t e r  s o l u t i o n  and  1 m l  

y i e l d s  are r e ~ g r t e d  i n  T a b l e  4-5. ----  



Table  4-4. Exper imenta l  -Condi t ions  and R e s u l t s  o f  Pho to lLs i s  

o f  - 11-22-a iq CH3CN w i t h  ( E t )  N - 

# male 11-2,2-a X 1 0  # mole ( E ~ ) ~ N  x 1 0  
3  

(mg) *- Cmg 

/ 
I e x y l a m i n e  S a l t  11-48 i n  MeOH 

A s o l u t i o n  o f  11-48 (125 mg, 0.3 mrnole) i'n methanol  ( 1 0 0  

m l )  was i r r a d i a t e d  under  n i t r o g e n  a t  O•‹C f o r  1 5  min . ,  u n t i l  t h e  

a b s o r p t i o n  a t  Amax = 405 and 423 nm had comple tg ly  d i s a p p e a r e d .  

The s o l v e n t  was e v a p o r a t e d  under  vacuum a t  room tempera tu re  t o  

y i e l d  a ye l low r e s i d u a l  o i k ,  which was d i s s o l v e d  i n  e t h e r  (30 '  

m l ) ,  washed w i t h  d i l u t e d  H C 1  s o l u t i o n . ( 2  X . 1 0  m l ,  0 . 1 N  HC1) and 

w i t h  w a t e r  (10 m l ) .  A f t e r  d r y i n g  (Na2S04) and e v a p o r a t i o n ,  a  

y e l l o w  s e m i - s o l i d  ( 4 5  mg) w a s  o b t a i n e d ;  ir vmax : 3280(bs ) ,  

G c - m s  a n a l y s i s  (10% SE 30,  140•‹C t o  2 2 0 • ‹ C  a t  1 • ‹ /min . )  gave t h e  



f o l l o w i n g  peaks :  1.1 rnin.,  2 0 %  (11-41) ;  3.5 min. ,  15% 

(11-39-a);  4  0  rnin., 6% ( d i c y c l o h e x y l a m i n e ) ;  4 . 6  rnin., 1 6 %  

- 
,i 

(1-171, 5.0 rnin., 3 1 %  ( I - 1 6 ) ; . 7 . 5  rnin., 1 0 %  [unknown m / e  ( % I ,  ' - 
1 6 1 ( 3 3 . 7 ) ,  119(100) ,  1 1 8 ( 5 5 . 3 ) ,  g l ( 3 2 . 4 1 ,  43(71.4)1 .  The " 

f i r s t  f i v e  components were i d e n t i f i e d  on b a s i s  o f  t h e i r  m s  
/ 

- -  and upon~dinfe&m-wi-tfr a u-t. ken t l c  - s a m p ~ L - p - - - - -  

The a c i d i c  w a t e r  phase  gave c r y s t a l s  (10  mg) o f  d i c y c l o -  
I 

hexylarnine hydf lchlor i_de:  ir 2850-2600 ( m u l t i p l e  b a n d s ) ,  
L 

2520(m), 2420(m), 1460(m) cm-l; t h e  spect rum was superimpos- 

a b l e  w i t h  t h a t  o f  an a u t h e n t i c  sample.  The mother  l i q u o r  was 

f u r t h e r  e x t r a c t e d  w i t h  e t h e r  t o  g i v e  no a p p r e c i a b l e  amount of  - 

m a t e r i a l .  

A n i c e c o l d s o l u t f o n o f I I - 2 2 - c  (2 .33  g ,  0.011 mole)  and tri- 

e thy lamine  ( 2 . 2  g ,  0.022-mole)  i n  a c e t o n i t r i l e  (235 m l )  was k e p t  

under  n i t r o g e n  and i r r a d i a t e d  f o r  1.25 h o u r s  when t h e  absorp-r 

t i o n  a t  4-00 nm comple te ly  d i s a p p e a r e d .  The s o l v e n t  w a s  d i s t i l l e d  

under  a tmospher ic  p r e s s u r e ,  u s i n g  a Widmer s p i n a l  column. The 

, h O O • ‹ C  is01 . The chromatographs showed t h e  p resence  o f  t h r e e  

peaks :  1 .0  rnin., ( t r i e t h y l a m i n e ) ;  3 . 0  rnin., 5% [unknown, m s  
.+* ' 



5 min . ,  68%,  (11-39-c) .  The f i r s t  peak w a s  i d e n t i f i e d  on t h e  

b a s i s  o f  mixed i n j e c t i o n  w i t h  a n  a u t h e n t i c  s ample .  The t h i r d  - 
peak  w a s  i s o l a t e d  by p r e p a r a t i v e  g c  t o  g i v e  a v o l a t i l e  y e l l o w  

h - 
- 1  1 .  

o i l ;  ir v 
7 max : 1620(m) ,  790(m) c m  ; H nmr T :  7 . 4 2 ( d ,  J I 

-- -- - - - - - - -- - - 
7  Hz, 2 ~ 1 ,  7 . 4 4 ( s , 3 H ) ,  7 .88(mo,  J = 7  Hz, 1H) and 9 . 0 1  ( d ,  J = 

6  Hz, 6H);  13c nmr 6 :  1 7 5 . 8 ( s ) ,  1 6 9 . 7 ( s ) ,  3 4 . 5 ( t ) ,  2 6 . 8 ( d ) ,  

2 2 . l ( q )  and 1 2 . 0 ( q ) ;  rns m / e  (%I: l 4 0 ( ~ + , 1 . 7 ) ,  1 2 5 ( 1 2 ) ,  3 8 ( 1 0 0 ) ,  

8 3 ( 3 1 ) ,  56(53) .  a n d  4 3 ( 8 7 ) ;  upon i r r a d i a t i o n  o f  t h e  d o u b l e t @ t  

1 
T 9 . 0 1  i n  t h e  H nmr s p e c t r u m ,  t h e  n o n e t  a t  T 7.88  c o l l a p s e d  

\i 

i n t o  a t r i p l e t  ( J  = 7  Hz) .  

A s m a l l  sample  o f  t h e  r e s i d u a l  o i l  w a s  t r e a t e d  w i t h  d i a z o -  

methane  and t h e  r e s u l t i n g  m i x t u r e  w a s  a n a l y z e d  by gc-ms (10% 

1 
SE 3 0 ,  100•‹  t o  240•‹C a t  8OC/min.) .  I n  a d d i t i o n  t o  t h e  p r e -  

t 
v i o u s l y  d e s c r i b e d  p e a k s ,  a new peak  C9.6 m i n . ,  m/e ( % I  187(M , 

0.61 ,  1 3 1 ( 1 0 . 7 ) ,  1 2 8 ( 6 1 . 5 ) ,  86 (100)  and 4 3 ( 2 8 . 2 ) 1  w a s  o b s e r v e d  

J 
a n d  i d e n t i f i e d  as t h e  m e t h y l e s t e r  o f  11-21-c by peak  ma tch ing  

w i t h  a n  a u t h e n t i c  s ample .  The y i e l d  o f  o x a d i a z o l e  11-39-c was - 
measured  by means o f  o x a d i a z o l e  11-39-a as i n t e r n a l  s t a n d a r d .  

A s o l u t i o n  c o n t a i n i n g  t r i e t h y l a m i n e  (370 mg, 3 . 3  rnmoles) 



and - 11-22-d (360 mg, approx imate ly  80% p u r i t y ,  1 . 3  mmole) 

i n  a c e t o n i t r i l e  ( 9 0  m l )  was i r r a d i a t e d  under  n i t r o g e n  a t  O•‹C 

f o r  1 hour .  The s o l v e n t  was evapora ted  under  vacuum t o  y i e l d  

ye l low o i l  which was d i s s o l v e d  i n  methylene c h l o r i d e  ( 4 0  m l )  

./-- and washed w i t h  d i l u t e d  H C 1  s o l u t i o n  (0.5N, 2 X 20 m l )  fo l lowed 
- - - - - - - - - - - -- -- - - - -- 

by w a t e r .  A f t e r  d r y i n g  (MgS04), e v a p o r a t i o n  o f  t h e  s o l v e n t  

gave 11-39-d (25  m g ,  1 2 % )  a s  a s l i g h t l y  y4l low o i l .  D i s t r i l l a -  

ticn a t  room te,?;perature u n d e r ' 0 . 1  T o r r  gave a nearly c o l o u r l e s s  

( s , 3 H ) ;  13c nrnr 6 :  1 7 5 . 3 ,  168 .6 ,  165 .0 ,  56 :7 ( t ) ,  20.6(q)  and 

- 
, C  H K 0 c b6.15,  H 4 .16 ,  N $7.94; found:  C 47.03,  H 5 .66 ,  

6 8 2 3 '  ,_ %. . . 
2 

:i 17 .45 .  The kon t inuous  e x t r d c t i o n  of t h e  w a t e r  phase gave 

o n l y  t r i e t h y l a m i n e  HC1 s a l t  a s  i d e n t i f i e d  by i t s  ir spectrum. 

IV-IO-4 N - 1 3 e n z o y l - X - ~ i t r o s o - ~ , ~ - - ~ h e n ~ l a l a n i n e  - - 11-22-b 
"x 

* 'I 

A s o l u t i o n 7 c o n t a i n i n g  I f -22-b  ( 1 . 3  g ,  4 .3  rnrnoles), i n  
3 

-a ,,thanol (230 ml) was coo led  t o  O•‹C under  n i t r o g e n .  Sodium 
- +* - - - - --- - - - - -- - p---p 

carbona+e ( 2  g )  was added i n  s m a l l  p o r t i o n s  whereupon an  i n -  
- -p-pp --- - - p- - - -p -- - -- 

t e z s e  a b s o r p t i o n  a t  J. ' 1, 
35C m was observed a l o n g  w i t h  

max 
& - -nat of t3e n i t r o s m l d o  group a t  4 0 0  nm. The s o l u t i o n  was 

L r r a ~ i a t 2 d  fcr 1C ? , c - x s ,  untii no change i n  t h e  uv a b s o r p t i o n  



cou ld  be d e t e c t e d .  Tne s o l v e n t  was evapora ted  a t  room tempera- 
> 

t u r e  t o  y i e l d  a  s e m i - s o l i d  t o  which w a t e r  ( 1 0  m l )  w a s  added 

t o  g i v e  a  ye l low s o l u t i o n  (pH = 1 0 ) .  Th i s  s o l u t i o n  was ex- 

t r a c t e d  w i t h  e t h e r  ( 4  X 30 m l ) ,  t h e  e x t r a c t s  were combined, 

d r i e d  (MgSO and e v a p o r a t e d  t o  y i e l d  t h e  n e u t r a l  f r a c t i o n  
4 

22 = 2 w i t h  1N H C 1  and e x t r a c t e d  w i t h  e t h e r  ( 4  X 30 4. The 

e x t r a c t s  were combined, d r i e d  (MgS04) and e v a p o ~ a t e d  t o  y i e l d  
T 

the a c i d i c  f r a c t i o n  (736 mg) a s  a ye l low o i l .  
I 

'. 
\ J 

The n e u t r a l  f r a c t i o n  was chromatographed o v e r  S i l i c a  g e l  

( 2 C  g )  u s i n g  a  m i x t u r e  o f  e t h e r - p e t r o l e u m  e t h e r  (1:l) a s  e l u a n t .  

7"- Lne f i r s t  f r a c t i o n  ( 8 2  mg) c o n s i s t e d  o f  s e v e r a l  p r o d u c t s  which 

d e ~ s  s e p a r a t e d  by p r e p a r a t i v e  t l c  ( s i l i c a  g e l ,  e t h e r - p e t .  e t h e r  

1:" e l j ~ t e d  t w i c e ) :  t h e  f a s t e s t  moving s p o t  was e x t r a c t e d  w i t h  

ether  t o  y i e l d  a  ye l low bi l  ( 2 1  m g ,  4 % )  i d e n t i f i e d  as methyl 

b e 3 z o a t e ;  i d e n t i c a l  ir and nmr s p e c t r a  and t l c  m o b i l i t y  a s  
L - 

t h c s e  o f  a n  a u t h e n t i c  sample.  The second s p o t  w a s  e x t r a c t e d  

wi rh  e t h e r  t o  y i e l d  a  s o l i d  (42 mg 5 % )  which a f t e r  r e c r y s t a l -  I \ r;*r 

l i z a t i o n  from e t h a n o l  gave-11-39-b a s  w h i t e  n e e d l e s :  mp 81-82OC; 

-- - - - - -- - - - - - - -- -- 
a 1 - 3  - .-- - - - 

E : 1.9(m,2HIy 2.6(mY8H) and + 4 3 2 ( s , 2 H ) ;  C nmr 6 :  1 5 6 . 9 ,  
f 

i- 
2 3 5 . 5 3 4 7 ( H  ,69, c a l c d .  f o r  C H N 0: 236.09501, 207(20) ,  

w n 2  



1 3 1 ( 1 4 ) ,  1 1 6 ( 1 5 ) ,  1 0 5 ( 1 0 0 ) ,  1 0 3 ( 4 2 ) ,  9 1 ( 3 3 )  a n d  7 7 ( 5 5 ) .  A n o t h e r  

u n i d e n t i f i e d  p r o d u c t  ( 3  mg)  w a s  o b t a i n e d  from e x t r a c t i o n  of 

t he  s l o w e s t  m o v i n g  s p o t ;  ir Vmax : 3 4 0 0 ( b m ) ,  1 7 4 0 ( s ) ,  1 4 6 0 ( s ) ,  

1 2 8 0 ( s ) ,  9 7 0 ( s ) ,  7 6 0 ( s )  a n d  7 0 0 ( s )  c m - I .  

-- - - - -L - - -- 

T h e  s e c o n d  f r a c t i o n  ( 6  5  mg)  o f  t h e  c o l u m n -  c h F o m t % g r a p h y ,  

s o l i d i f i e d  u p o n  e v a p o r a t i o n  of t h e  s o l v e n t .  R e c r y s t a l l i z a t i o n  

f r o m  c y c l o h e x a n e  g a v e  1 1 - 4 8  ( 5 8  mg,  5 % )  a s  w h i t e  c r y s t a l s ;  mp 
-- 

1 2 3 - 1 2 5 O C ;  ir vmax: 3 3 2 O ( m ) ,  1 6 4 0 ( s ) ,  1 5 3 0 ( s ) ,  1 2 8 0 ( m ) ;  1 1 0 0 ( m ) ,  

1 0 6 0 ( m ) ,  7 0 0 ( s )  a n d  6 9 0 ( s )  c m - l ;  'H n m r  r :  2 . 3 ( m , 2 H ) ,  2 . 5 ( m ,  

3 H ) ,  2 . 7 4 ( s , 5 H ) ,  3 . 7 4 ( b d ,  J = 6 H z , l H ) ,  4 . 3 5 ( b m , w 1 / 2  = 8  H z ,  1 H ) , -  

6 . 6 4 ( s , 3 H )  a n d  6 . 9 8 ( d J  = 6 H z ,  2 H ) ;  ms m / e  ( % I :  2 5 5 ( ~ + , 0 . 1 ) ,  
- 

2 2 4 . 1 0 2 6 ( 2 5 ,  calcd. f o r  ClSHl4NO, 2 2 3 . 0 9 9 7 1 ,  1 7 8 ( 5 7 ) ,  1 6 4 ( 5 8 ) ,  

1 6 2 ( 3 4 ) ,  1 0 5 . 0 3 4 2  ( 1 0 0 ,  ca lcd .  f o r  C7H50: 1 0 5 . 0 3 4 4 1 ,  9 1 ( 3 7 )  

a n d  7 7 ( 6 1 ) .  A n a l .  ca lcd .  f o r  C16H17N02: C 7 5 . 2 7 ;  H 6 . 7 1 ,  

N 5 . 4 9 ;  f o u n d :  C  7 5 . 0 0 ,  H  6 . 8 3 ,  N 5 . 3 7 .  T h e  t h i r d  f r a c t i o n  

( 5 0  mg)  w a s  s h o w n  by t l c  t o  c o p t a i n  s o m e  of t h e  m e t h o x y  a d d u c t  

T h e  y e l l o w  acidic  f r a c t i o n  w a s  s u b l i m e d  a t  room t e m p e r a -  

t u r e  a n d  u n d e r  0 . 1  T o r r  t o  y i e l d  w h i t e  c r y s t a l s  of benzoic 
- - 

a c i d  ( 6 0  m g ) ;  m p  1 1 4 - 1 1 5 • ‹ C ;  m i x e a m p w l t h i  a ~ t h e n f i s a m ~ e  

I - .  TEeyeTlIm-re s i d n e  w a s  t r e a t e d  w5tk e t h e r - ( - & m S  - 

t o  g i v e  1 1 - 2 1 - b  ( 1 5 0  mg)  (mp and m i x e d  mp 1 1 9 - 1 2 0 • ‹ C ) - a n d - a  

y e l l o w  f i l t r a t e .  The l a t t e r  a f t e r  t r e a t m e n t  w i t h  a n  e thera l  



solution of diazomethane gave a yellow oil (540 mg) which was 

ana%zed by gc (3% silar 10 C, 170•‹C). This gave the following 

peaks: 0.9 rnin., 10% (methyl benzoate); 1 rnin., 2% (unknown); 

1.6 min., 1% (unknown); 1.9 rnin., 71% (11-37) and 3.6 min.; 
'a 

16% (11-25). All compounds were identified by mixed injection 

with authentic samples. 

IV-11 Synthesis and Properties of Benzyl-Methyl-1,2,4-Oxadiazoles 

IV-11-1 Synthesis of 3-Benzyl-5-Methyl-l,2,4-Oxadiazole 

The reaction of hydroxylarnine with phenylacetonitrile 

(BOH) (83) gave 11-43 (95%); mp 57-5g•‹C; ir v -- max : 3500-3100(b, 

-I I 
s ) ,  1650(s), 1460(s) and 760(s) cm I . ;  H nmr T: 1.7(bs, D20 

exch.), 2.72(s,5H), 5.5(bs, D20 exch.) and 6.51(s,2H). 

11-43 was acetylated with acetic anhydride (123)to yield 

11-45 (89%) as a white solid; mp 121-123O.C; ir v max : 3440(s), 

332O(s), l74O(s), 1630(d, l23O(s), 900(s) and 750(s) cm-l; 

Heating 11-45 in water gaTJe 11-39-a (61%) as a colourless -- 

oil; ir v : 1590(s:l, 1500(mi, 1450(m), 143a(~?), 1380(m);' max 



5H0, E.O3(s,2H,) and 6.63(s,3H); 13c nmr 6: 11.5(q), 31.5(t), 

103(49), 91(42), 88(31), 86(69), 84(77), 77(32) and 43(36). 

The reaction of acetonitrile with hydroxylarnine ( 127 ) 

gave 11-42 (9%); mp 125-128OC; lit. (82) mp 133.5; ir v max ' 

35OO(s), l6SO(s), 1040(m) and 890(s) cm-I. 

Acetylation of 11-42 with phenylacetic anhydride (128Igave -- 
11-44 (19%) as white mp 86-91•‹C; ir v max : 3420(m), 

3300(m), 1740(s), and 720(s) cm-l; 'H nmr r :  

2.73(s,5H) , and 8.15(s,3H). 

Steam distillation of 11-44 gave 11-39-e (78%) as a slightly 

yellow oil; ir v max : 1580(s), 1500(m), 1460(m), 1430(m), 

1400(s), 1340(s), 740(s) and 700(s) cm-l; 'H nmr T: 2.70(s, 

126.3, 127.8, 127.9, 132.9, 166.6(s) and 176.8(s); ms m/e (%I: 
--- - - -- - -- ---- - - - - - - - -- - 

and 39(22). When an off acquisition decoupled C spectrum was 
* 

recorded the lines at 166.6 and 176.8 were respectively split 

into quartet and triplet. 



IV-11-3 Reaction of 3-Benzyl-5-Methyl-l,2,4-Oxadiazole 
-Y 

a) Basic Treatment 

A solution of oxadiazole 11-39-a (200 mg, 1.2 mmole) and 
-~ -A ~- 

N a O H  (1 g, 0.025 mole) in methanol (20 ml) was stirred over- 

night at room temperature to giveunreactedI1-39-a (188mg, 94%). 

' b )  Thermal Treatment 

Oxadiazole - 11-39-a (340 mg, 1.4 mole) was heated in a 

sealed tube, at 200•‹C for 12 hours to give the unreacted 

starting material (320 mg, 94%) as indicated by its ir and nmr 

spectra. 

C) VV Irradiation 

A solution of acetonitrile (200 ml) containing oxadiazole 

11-39-a ~(300 mg, 1.3 mole) was irradiated at room temperature 

in a quartz vessel, with a 6 0  W low pressure mercury lamp for 

6 hours to give unreacted 11-39-a (305 mg, 100%). 



IV-12 Attempts to Elucidate the Mechanism of Oxadiazole Formation 

Chloroxime 11-51 was prepared by chlorination of oxime 

11-5.3. (128)according to the method described by Behn ( 8 4  1: 

mp 85-88OC; lit. (.84 ) mp 89-91; ir v max : 3200(s), 1660(m), 

and 6.21(s,23). 

A solution of triethylamine (90 mg, 0.9 mrnole) in ether 

(5 ml) was added to a solution of the chlorbxime 9 1 - 5 1  (130 

mg, 0.8 mmole) in ether (20 ml). The precipitate formed was - 
filtered and the filtrate was added dropwise to a suspension of 

sodium acetamide (600 mg, 7 mole) ( 1 2 9 )  in DMF (25 ml) contain- 

ing few drops of HMPT. A brown colour appeared. The mixture 

was stirred at room temperature overnight. Water (25 ml) was 

added to the reaction mixture and the resulting 

first extracted with ether (4 X 30 ml) and then 

with ether for 12 hours. The combined extracts were throughly 

washed with water ( 9  X 10 ml),-dried and evaporated to give 

N-acetylphenylacetamidoxime 11-49 (50 mg, 33%) as a white 
- - - - -- --- pp -- -- - p-p p- ppp 

solid which was purified by sublimination at 60•‹C under 0.1 

1 H m T: (bs, D20 exch.), l.l(bs, D20 exch.), 2.7(s,5H), 



5.47(s,lH), 5.57(s,lH) and 7.9(s93H); ms m/e ( % I :  192.0901 

(M', calcd. for C H N 0 192.0903, 491, 107(16), 106(100), 10 12 2.2 

91(37.5), 77(15.5) and 60C62.3). Anal. calcd. for C10H12Ni02, 

C 62.49, H 6.29, N 14.57; found: C 62.66, H 6.46, N 14.39. 

IV-12-2 Basic Treatment of N-Acetyl-Phenylacetamidoxime 

Triethylamine (25 mg, 0.25 mrnole) in acetonitrile (2 ml) 

was added to a solution of the acetamidoxime 11-49 (18 mg, 

0.09 mmole) in acetonitrile ( 3  ml). The mixture was stirred in - 
the dark, at room temperature overnight. The resulting solu- 

tion was analyzed by tlc to give unreacted acetamidoaime 11-49 

(17 mg, 94%). 

KOH in MeOH 

A solution of 11-49 (17 mg, 0.09 mrnole) in methanol (2 ml) 

was treated with a solution of potassium hydroxide (-10 mg) 
- - - - ---- -P - - - -- -- - -- - -- --- 

In methanol (3 ml). The resulting mixture was stirred at room 
7 

- - - - -- -- - - P- - - - - - - - - --- - 

temperature for 18 hours. The reaction was followed by tlc 

but no formation of If-39-a could be detected. The solvent was 

evaporated to give a solid residue which was dissplved in CH2C12 



(25 ml). The resulting solution was washed with water (10 ml), 

dried (MgS04) and evaporated to yield 11-53 (8 mg, 59%) as 

a white solid, m p  (130 )mp 147-148OC; '8 nmr 

(D2,0) r :  2.7(s), ms m/e ( .%I:  150(~+,80), 

IV-12-3 - Attempts at Trapping 11-34 with Nitroxyl ! 
i 
4 

a) Preparation of N-Hydroxybenzenesulfonami~ 

Benzenesulfonyl chloride (10 g, 0.057 mole) was treated 

with hydroxylamine in the presence of NaOH according to the 6 

original method of Piloty ( 8 6 )  to gi3e Piloty's salt (6 g, 

61%); mp 123-124OC; lit. (88) ml 126OC; ir v 
max 

: 3420(s), 

uv (MeOH) A : 252(558), 259(725), 265(975) and 272(850). 
? . , 

max 

L 
, \ 

i 

Synthesis of N-Chloro-N-Acetyl-2-Phenylethylamine 11-56 b )  - 

?henethylmine (BDH) was acetylated with acetic anhydride 

t r ~  give the corresponding amide IV-3 (80%),; mp 45-4g•‹C; ir 



Treatment cf amide IV-3 (5.3 g, 0.032 mole) - w i t h  bleach 

s o l u t i o n  ( 6 0  ml, commercial 3avex) in ether at 0 5 C  and in the 

dark ( 85 ) yielded 11-56 (5.3 g, 8 3 % )  as  a yellow oil%jGch, 
. 5 '- - ?<*. 

* >* 
when stored at - 2 Q 0 C ,  gave crystals which melted at room 

temperature; tlc (silica g e l / e t h e r )  gave one single spot 

(Rf = .85)  and no trace of the starting material; ir v 
max ' 

Kinetic ,Study of Piioty's Salt Cecornpositis> 

F i v e  
. 

s o l u t i o n s  of Tllctyfs salt- in methanol containing 

tFveiy xere prepared. ?he ~v spectrum of each sofut5on was 
- - - -  - 

recsrded imnediztely f z ~ ~ r m c k a t e l g  1 min.) a f t e r  preparation, 

acd st r e g u l a r  r i ~ e  i z ~ e r - ~ t l s  t5ereafter. The spect ra  a r e  

1 Trappir-g R e z c t l m  25 N-Acylinine, 11-54, w i t h  HNO 



wool f i l t e r  ts z s ' i r r e d  s o l u t i o n  of P i l o t y ' s  S a l t  (854 mg, 

5 moles)  i n  metkancl ( 4 0  ml) t o  which NaOH (2  g i n  5 . m l  H20) 

?.ad < ~ s t . B e e n  a l S e 2 .  The whole a d d i t - i o n  p r o c e s s  took a b o u t  

1 5  ~ i 2 u t e s .  The ~ e s . ~ l t i n g  m i x t u r e  was s t i r r e d  - f o r  1 5  more mins .  

m d  A- t h e  metharLcl xas e v a p o r a t e d  t o  y i e l d  a r e s i d u e  which  was - - - - - - -- -- 

r' ' , ~ l , t e S  w i t k  xzrsr ( 2 5  ml). The r e s u l t i n g  s o l u t i o n  was ex- 

+-=-ye< - _  -_ d t h  e t k s r  (t- X 3C m l )  t o  g i v e  a f t e r  d r y i n g  (MgSOQ) and  

- - e < ~ i ; s r i r i a n  r 7z;;r~: cil (3% mg) whose nmr s p e c t r u m  did not 

exFLi55t.  the- -chf iarar+er is t lz  s i g n a l s  o f  o x a d i a z o l e  IL-3 9-a. 

- -2e o i l  was d i s s s l = r e d  irL methy lene  c h l o r i d e  ( 2 0 ,  ml)  , washed 

. . . - A  .- - -.. _ * ' > y t e d  --- U5: S C I L C ~ L O ~  (3.5!<, 2 0  m l ) ,  and, w a t e r  (20  ml )  t o  

-- - - ,G a f t k r  - ( L g S C  1 and  e v a p o r a t i o n  a y e l l o w  o i l  (150 mg); 
4 

lr -Q -1. 3 3 2 3 - 1 ,  2 2 2 5 E w 1 ,  1650Cs1, 1 5 5 0 ( s ) ,  and 7 0 0 ( s )  c m  , Tiax ' - --- 
c, 5 . r :  2 . 7 ' ( s ) ,  2 . Z ( s ) ,  3.7(bs), 6 . 3 1 ( s ) ,  &.58(rn,w1/3 = 1 4  . . 

a r  1.C--an.5 3 . 5  n ic .  we?e i d e n t i f i e d  by gc peak  m a t c h i n g  w i t h  
- - - - - - 

- 



-- --- - -- 

. 

- 2 0 0  . 
I n  a n o t h e r  e x p e r i m e n t ,  a n  e t h e r  s o l u t i o n  (10  m l )  con- 

t a i n i n g  N-ch1o;amide -- 11-56 ( 2 2 0  m g ,  1 .l rnmole) w a s  added 

dropwise t o  a  methanol  s o l u t i o n  (50  m l )  o f  P i l o t y ' s  s a l t  (867 

mg, 5  mmoles) t o  which NaOH (2  g ,  - 5 0  mmoles) had j u s t  been 

added. - - - - The - r e s u l t i n g  -A - m i x t u r e  - - was s t i r r e d  - i n  t h e  d a r k  f o r  3 0  
- -- - 

min. a f t e r  complktion, o f  t h e  a d d i t i o n  u n t i l  t h e  K I  p a p e r  t e s t  a 

was n e g a t i v e .  The s o l v e n t  was e v a p o r a t e d  t o  g i v e  a  r e s i d u e  

which was t a k e n  up i n  w a t e r  (10  ml)  and e x t r a c t e d  wi'th e t h e r  

( 3  X 50 m l ) .  Drying (MgS04.) and e v a p o r a t i o n  6f t h e  e x t r a c t  

and 1 3 6 0 ( s )  cm-I; l i i  nmr r :  2 . 7 ( s ) ,  5 . 8 ( b 7 s ) ,  6 . 5 ( m ) ,  7 . 3 ( s ) ,  * 

7 . 7 5 ( s ) ,  8 . 0 ( s )  and 8 . 2 ( s ) .  Chromatography of  t h i s  o i l  over  , 

s i l i c a  g e l  (10  g )  gave a f i r s t  f r a c t i o n  (150 mg3 37%) by 

e l u t i o n  w i t h  p e n t a n e - e t h e r  ( 8 : 2 ) ;  ir v max : , 3 4 0 0 ( b ) ,  1700(s ] ,  
v i7- 

1 3 7 0 ( s )  'and 1 1 8 0 ( n ) ;  nmr 7 :  7 . 3 ( - s ) ,  7 . ,75(s )  and 8 . 2 ( s ) .  

E l u t i o n  w i t h  e t h e r  gave 11-59 (96 mg, 5 0 % ) ;  i r  i d e n t i c a l  t o  
\ 

a u t h e n t i c  sample.  F u r t h e r  e l u t i o n  w i t h  methanol  d i d  n o t  g i v e  

1%'-13 N i t r o s a t i o n  of X-Acyl-D,L-Phenylalanine - - v i a  ~ c ~ l  N i t r i t e  

I'd-13-1 ? r e > a r a t i o r  of ? : - k e t y l - D , L - P h e n y l a l a h e  - - S i l v e r  
- 

- - - - - - p- 

- -- A s c l ~ t i o n  c: ,L-21-a ( L S E  ag, 2.72 rnrncles) i n  w a t e r  (20 
I 

n1) was n e u t r a l i z e 2  xi'h a C . 3  KOH s o l u t i c z  t o  t?z t u r n i n g  



p o i n t  of  phenyl  p h t a l e i n .  S i l v e r  n i t r a t e  (357 mg, 2 . 7  rnmoles) 

w a s  added a t  ounce t Q t h e  r e s u l t i n g  s o l u t i o n  i n  t h e  d a r k ,  and 

t h e  heavy p r e c i p i t a t e  w a s  f i l t e r e d  a f t e r  t h e  s o l u t i o n  had been 

coo led  a t  5 O C  f o r  o v e r n i g h t .  The whi te  cake  o b t a i n e d  was d r i e d  

o v e r  P 0 under  vacuum t o  g i v e  1 1 - 6 0  (607 mg, 7 1 % )  a s  a whi te  
2 5 
-- - A- A - - -  - - - 

powder; ir v 
max 

: 3380(m), 1 6 1 0 ( s ) ,  1 5 6 0 ( s ) ,  1520(m),  1 4 1 0 ( s )  

and 7 3 0 ( s )  crn'l. Silver s a l t  1 1 - 6 0  was k e p t  a t  room tempera-  

% w e  i n  t h e  da rk .  , 

N i t r o s a t i o n  o f  N-Acetyl-D,L-Phenylalanine - - S i l v e r  

S a l t ,  1 1 - E O ,  w i t h  NOBF4 -- 

S i l v e r  sa l t  13-66 ( 3 6 2  mg, 1 .5  m o l e s )  was added a t  

once t o  a suspens lor ,  cf f:CBF 4 ( 1 3 3  mg, 1.~2 mmcllesl i n  d r y  

benzene (30 r n l )  a t  C•‹C 5: t k e  d a r k .  The r e s u l t i n g  s u s p e m i o n  
/' - -- *as s t i r r e d  f o r  t hoc r s  a+ C C C .  The r e a c t i o n  w a s  moni tored  

57 -JV measurements c f  fil+ered a l i q u o t s .  A f t e r  4 hours uv  " 

/- % 

a 5 s o r p t i o n  bands a: 3. t18, f G 0  'and p $ 9 0 " c h a r a c t e r i s t i c  o f  t h e  
clax 

t 't 
nirrosamido group iz I I - 2 2 - a  r eached  t h e i r  maximum i n t e n s i t i e s .  - 
-T 

,r-e yiel? i n  1 1 - 2 2 - 3  f 1 7 5 )  wzs e v i l g a t e d  from t p a  u v  band ab- 

s11312ce. 
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