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ABSTRACT 

CHEMICAL. 'TRANSFORMATIONS OF N-NITRAMINES 

, . 
.< . . - 4  

I n  o r d e r  t o  i n v e s t i g a t e  t h e  ground s t&& and e x c i t e d  s t a t e s  

o f  n i t r o  and n i t r o s o  d e r i v a t i v e s ,  1 )  n i t r o a r n i n e s  were  p h o t o l y z e d  

u n d e r  v a r i o u s  c o n d i t i o n s  and 2 )  a l k e n y l  were  
,J 

/ 

s y n t h e s i z e d  and t h e i r  d e c o m p o s i t i o n s  

i s o l a t e d  by c h r o m a t o g r a p h i c  methods and t h e i r  s t r u c t u r e s  d e t e r m i n e d  
' .. 

b y  s p e c t r o s c o p y  and c h e m i c a l  $ e a c t i o n s .  . 

b 

1 )  P h o t , o l y s i s  o f  n i t r a r n i n e s  i n  n e u t r a l  s o l v e n t  g e n e r a t e d  

n i t r o g e n  d i o x i d e  9nd a m i n y l  r a d i c a l s  which a b s t r a c t e d z h y d r o g e n  

a toms b u t  d i d  n o t  add t o  ca rbon-ca rbon  d o u b l e  bonds .  I n  d i l u t e  

a c i d i c  s o l u t i o n ,  t h e  a m i n y l  r a d i c a l s ' w e r e  p r o t  n a t e d  t o  t h e  P 
- c o r r e s p o n d i n g  aminium r a d i c a l s  t h a t  p r e f e r e n t i a l l y  underwent  

a d d i t i o n  t o  n-bonds r a t h e r  t h a n  hydrogen atom a b s t r a c t i o n .  Thus 

complex m i x t u r e s  o f  a d d i t i  p r o d u c t s  were  o b t a i n e d  when n i t r a m i n e s  - 
were  p h o t o l y z e d  i n  t h e  p r e s e n c e  o f  c y c l o h e x e n e  u n d e r  n i t r b g e n .  

The p l e t h o r a ' o f  p r o d u c t s  i s  b e l i e v e d  t o  a r i s e  f rom t h e  complex 

b e h a v i o r  o f  n i t r o g e n  d i o x i d e  i n  s o l u t i o n ,  f o r  exaGple , '  i )  n i t r o g e n  

d i o x i d e  may r e a c t  a s  a n  0- o r  N - r a d i c a l ,  i i) n i t r o g e n  d i o x i d e  



. . 
, >  

e x i s t s  i n  e q u i l i b r i u m  w i t h  n i t r o g e n  t e t r o x i d e  and ii*) bo th  
P 

> .  ',. * - b 
. ox ides  can r e a c t  a~ o x i d i z i n g  o r  r a d i c a l  t r a p p i n g  a g e n t s .  -Aminyl . . . - 

i n d  arninium r a d i c a l s  were- no t  t r apped  by carbon rnondxide. '1n t h e  
. 

presence  of oxygen, t h e  ox ida t i ; e  a d d i t i d *  bf , N - n i t r o  o r - N - n i t r o - .  

' -  / sodimethylamine t o  yc lohexene , P-he ene t rdns - f  lfiexene and v 
. v a r i o u s  uncon jUgated cyc lopo iyenes  gave 2-amino n i t r a t e  e s t e r s .  

/ 

Depending . - upon. t h e i r  s t r u c t u r e ,  t h e s e .  2-amino n i t c a t e s  coy id  
1 \ 

undergo i) bo lvo lys i s ,  under  b a s i c  c o n d i t i o n s  r e s u l t i n g  i n  t h e  

fo rma t ion  of .2-arninoalcohols and 2-arninoketones" ii ) C ;  - C p  bond - 
c l eavage  a s s i s t e d  by t h e  1 0 n e - ~ a f $  e l e c t r o n s  of  t h e  n i t r o g e n  

g i v i n g  r i s e  t o  th.e co r r e spond ing  c&rbonyl  compounds and iii) 
4 

r e d u c t i o n  t o  t h e  c .orresponding aminoalcohols  i n  good  yield^. 

Dimethylaminiurn r a d i c a l  e x c l u s i v e l y  added t o  a  t r a n s - d o u b l e  bond 

of cis,trans,trans-1,5,9-cydododecatriene. With c i s , t r a n s - 1 , 5 -  
3 

cyc lodecad iene ,  good y i e l d s  of  b i c y c l i c  amiho n i t r a t e - - e s t e r  , 

'were o b t a i n e d ;  a 1,5-transannular.radica1 c y c l i z a t i o n  mechanism 

i s  b e l i e v e d  t o  o p e r a t e .  

2 ) N i t r o s y l  c h l o r i d e  r e a c t e d  w i t h  1 , 5 - c y c l o & t a d i e n e  an; 

t r a n s ,  t r a n s  ,trans-l,5,9-~~clododecatrien i n  methylene c h l o r i d e  

by t h e  - c i s - a d d i t i o n . t o  g i v e  c h l o r o n i t r o s o  alkenes.wi,'th - . .  - c i s  and - . . = .  

t h r e o  ( t r a n s  ) c o n f i g u r a t i o n ,  . r e s p e c t i v e l y . '   he& ehan%ipmorphic 

C - n i t r o s o  compounds were i s o l a t e d  a$ .a s i n g l e  compdnd f o r  t h e  - , . 

former ,  and a mix tu re  f o r  t h e  l a t t e r ,  of - d l  and /o r  meso dimers ,  
I . 0 . .. 

t h e  p re sence  of  which was r ead i ly -mon i tp r - ed  by ' 7 c n m ~  s p e c t r o s -  



copy. The fo rmer  can-gssume a conforniat ion t o  p l a c e  t h e  =-bonds 

o f  t h e  n i t ~ o s o  and o l e f i n i c  groups fn3  i n t e i a c t i n g  v i c i n i t y .  and 

,undergo  an  a c i d  c a t a l y z e d    intramolecular e ~ e c t r o p h i l i c  c y c l i z a t i o n  

t o  g i v e  b i c y c l i c  hydroxylamines  which a r e  r e a d i l y  a i r  o x i d i z e d  t o  
. , . 

- $  

t h e  cop-responding ./ n i t r o x i d e  r a d i c a l s .  ' Rearrangement i n  a c e t i c  ' 

anhydride-methylene c h l o r i d e  a f f ~ r d e d ~ g o o d  y i e l d s  of  t h e  s t a b l e  

, b i c y c l i c  hydroxylamine a c e t a t e s  which se rved  as p r e c u r s o r s  t o  
- * 

g e n e r a t e  t h e  co r r e spond ing  n i t r o x i d e s  under  m i l d  c o n d i t i o n s .  ' 
P 

N i t r o s y l  chr 'oride e x c l u s i v e l y  qdded t o  t h e  t r ans -doub le ,bond  of  

cis,trans-1,5-cyclodecadiene wi thou t  r e g i o s p e c i f i c i t y - b u t  was 

b e l i e v e d  t o  i n v o l v e  s t e r e o s p e c i f i c  - c i s - a d d i t i o n ;  t h i s  c h l o r o -  

n i t r o s o  a l k e n e  a l s o  underwent a c i d  c a t a l y z e d  t r a n s a n n u l a r  r e a c t i o n -  

t o  g i v e  s i m i l a r  hydrdxylamines  t h a t  w e r e n o t  i s o l a t e d  i n  pure  - 

s t a t e .  



' *  
, *  - "  

v o i t  b i e n  q'u'avec l e ' c o e u r .  . 

L r e s s e n t i e l  . e s t  i n v i s i b l e  pour les yewc. I! . I . ~ ..I 
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CHAPTER ,I 

L 
INTRODUCTION 

1-1. T h e ' C h e m i s t r y  o f  Secondary  N-Nitramines 

1 - 1 -  P h y s i c a l  p r o p e r t i e s  

* 
Dia l k y l  n i t r a m i n e s  ( R ~ N N O ~  ) a r e  n e u t r a l  and g e n e r a l l y  

c o l o u r l e s s ,  low m e l t i n g  s o l i d s  o r  l i q u i d s  ( 1 , 4  ) .  N i t r a m i n e s  a r e  

p r e p a r e d  by  two main methods : (a) c a t a l y z e d  n i t r a t i o n  ( 5 )  

( ~ ~ u a t l ?  1-1 ) a n d ,  (b ) n i t r a t i o n  w i t h  c y a n b h y d r i n  n i t ' r a t e s  

u n d e r  b a s i c  c o n d i t i o n s .  ( 6 )   q qua ti on 1 -2 ) .  A l t e r n a t i v e l y , d a l k y l  
* 

n i t r o s a m i n e s  can  b e  c l e a n l y  o x i d i z e d  by p e r o x y t r i f l u o r o a c e t i c  



0N02 t *  
/ 

. 
e x c e s s  R2NH + ( c H ~ ) . c ,  -R2N-NO2 + CH3-C-CH3,  +HCN 

C N  II 0 

Although t h e  N-NO9 group i s  s t a b l e ;  exp los ive '  p r o p e r t i e s  

have been a s s o c i a t e d  w i t h  many N-ni t ro  compounds such a s  cyc lo -  
.= 

. 
n i t e  o r  RDX (1,3,5-trinitro-l,3,5-tria~ac~clohexane, I -  ) , HMX 

(1,3,5,7-tetranitro-1,3,5,7-tetraazacyclooctane, I - 2 ) ,  n i t r o -  - 
guan id ine  (1-3) - and t e t r y l  ( 2 , 4 , 6 ? t r i n i t r o p h e n y l  n i t r a rn ine ,  

1 - 4  ) . 
-/- 

The s t r u c t u r e s  of dimethyln i t ra rn ine  ( 8 )  and ot-her nitrarrdnes 

( 2 )  have been determined c r y s t a l l o g r a p h i c a l l y .  The n i t ra rn ine  

p o r t i o n  o f  t h e  molecule ( ~ 2 ~ ~ 0 ~  a toms)  was found t o  be p l a n a r  

w i t h  a  r e l a t i v e l y  s h o r t  N-N bond l e n g t h  ( c a  1 . 3 ~ )  (8), i n d i c a -  

t i n g  c o n s i d e r a b l e  resonance  c o n t r i b u t i o n  from t h e  R ~ & = N ~ *  

s t r u c t u r e .  They have u l t r a v i o l e t  s p e c t r a  s i m i l a r  t o  t h o s e  of 

n i t r a sa rn ines  excep t  f o r  t h e  absence  of  a weak band i n  t h e  350 

nm r e g i o n  i n  p r o t i c  s o l v e n t s  ( 9 , 1 0 ) .  However a  weakvband n e a r  

b 



-3- 

j30nm ( 2  c a  4 0 )  p r o b a b l y  due t o  t h e  n+n* t r a n s i t i o n  i s  o b s e r v e d  

i n  n-hexane ( 1 0 ) .  R e c e n t l y ,  H a r r i s  (11) a t t r i b u t e d  t h e  i n t e n s e  

* a b s o r p t i o n  band n e a r  240nm ( c  c a  6000)  t a o  t h e  n-n t r a n s i t i o n ;  

and a l s o  p r e d i c t e d  e x i s t e n c e  o f  t h e  s l i g h t l y  l o w e r  symmetry 
f 

f o r b i d d e n  n'n* t r a n s i t i o n  u n d e r  t h e  s t r o n g  IT-n* e x c i t a t i o n .  
f 

A p p l i c a t i o n  o f  c i r c u l a r  d i c h r o i s m  to!!the @ t e r m i n a t i o n  o f  t h i s  
ii 

hidden  band showed t h e  n-nc t r a n s i t i $  t o  be n e a r  270nm i n  t h e  
i 

C D  s p e c t r u m  ( 1 2 ) .  The i n f r a r e d  s p e c t ~ a  o f  d i a l k y l  n i t r a m i n e s  

e x h i b i t  s t r o n g  asymmet r i c  and symmetric  s t r e t c h i n g  I bands  o f  t h e  

n i t r o  group a t  1540-1505 cm-' and a t  1330-1260 cm- ' , respect ively 

(13) ,  a l o n g  w i t h  o t h e r  prominent  bands  i n  t h e  r e g i o n s  1130-1100 

and 770-755 ern-'. 

1-1-2.  P h o t o c h e m i c a l  R e a c t i o n s  o f  N-Ni t ramines  

1 

The p h o t o c h e m i s t r y  of n i t r a m i n e s  h a s  been s p o r a d i c a l l y  

i n v e s t i g a t e d  i n  t h e  p a s t  ( 1 0 , 1 4 - 1 8 ) .  The p h o t o c h e m i c a l  r e a r r a n g e  

m e n t  of N-methyl-N-nitro-1-naphthylamine w i t h  X> 360nm h a s  * 

been shown t o  g i v e  t h e  o- and p - n i t r o  d e r i v a t i v e s  by a  non- 

r a d i c a l  mechanism ( 1 4 ) .  I n  c o n t r a s 5  w i t h  t h e  i n e r t n e s s  of n i t r o -  

samines  u n d e r  p h o t o l y t i c  c o n d i t i o n s  - i n  n e u t r a l  s o l v e n t s  (19),m 

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

r o a c e t i c  a c i d  ( 1 5 ) ,  n-hexan< 95% e t h a n o l ,  a c e t o n i t r i l e  ( 1 0 )  o r  

i n  i h e '  s o l i d  s t a t e  ( 1 6 )  t o  g i v e  t h e  c o r r e s p o n d i n g  n i t r o s a m i n e s  r: 

a s  t h e  o n l y  d e t e c t a b l e  p r o d u c t .  However, L a v a n i s h  (15 )  h a s  

r e p o r t e d  t h a t  t h e  i i ? rad ia t , ion  o f  d i b e n z y l n i t r a m i n e  - 1-5 i n  p e n m e  
1 .  

(scheme 1-1) g a v e ,  i n  a d d i t i o n  t o  d i b e n z y l n i t r o s a m i n e  - 1-6, 



# 
Scheme, 1-1 

. . N - b e n z y l i d e n e  b e n z y l a m i n e  - 1-7 and  dibenzylamrnonium n i t r a t e  - 1-8. 

I r r a d i a t i o n  o f  -, 1-5 i n  e t h a n o l  i n c r e a s e d  t h e  y i e l d - o f  - 1-8 w h i l e  

i r r a d i a t i o n  i n  t r i f l u o r o a c e t i c  a c i d  gave  o n l y  a t r a c e  o f  - 1-8: 

T h e r r n o l y s i s  o f  d i m e t h y l n i t r a m i n e  ( 2 0 ) ,  d i e t h y l n i t r a m i n e  ,- a n d  

N - n i t r o p i p e r i d i n e  (2 .1)  i n  t h e  g a s  p h a s e  a r e  r e p o r t e d  t o  

t h e  c o r r e s p o n d i n g  n i t r o s a m i n e .  T h e s e  r e a c ~ i o f i k  w e r e  p r o p o s e d  

t o  p r o c e e d  v i a  f i s s i o n  o f  t h e  N-N bond c 1 0 , 1 5 , 2 0 , 2 ~ ) .  
* < 

Bulusu  e t  a1 ( ~ 6 )  p h o t o l y z e d  a n  ec ju imolar  m i x t u r e  o f  dou-  
b 

b l y  1 5 N  l a b e l e d  a n d  u n l a b e l e d  d i r n e t h y l n i t r a m i n e  i n  t h e  s o l i d  
. - 

s t a t e  f r o m  w h i c h  a n  N-'0 bond c l e a v a g e  was p r o p o s e d  as  t h e  p r i -  

mary  p r o c e s s .  I t  g a v e  d i m e t h y l n i t r o s a m i n e  w i t h  s t a t i s t i c a l l y  

d i s t r i b u t e d  1 5 N ,  howeve r  n o  i s o t o p e  c r o s s o v e r  was o b s e r v e d  f o r  

t h e  u n r e a c t e d  s t a r t i n g  n i t r a m i n e ;  i n  l i g h t  o f  t h i s  e v i d e n c e  

N - N  bond c l e a v a g e  was r e j e c t e d  ii t h e  s o l i d  s t a t e .  

D i f f e r e n t  r e s u l t s  w e r e  o b t a i n e d  by Bodna r  (17), Moon a n d  

Swanson ( 1 8 )  when t h e y  i r r a d i a t e d  n i n e  c y c l i c  n i t r a r n i n e s ,  s u c h  
* 

a s  N - n i t r o p y r r o l i d i n e  - 1-9 i n  . 1 , 2 - p r o p a n e d i o l  c y c l i c  c a r b o n a t e  

( P D C C )  a n d  i n  t h e  s o l i d  s t a t e .  They o b s e r v e d  es r  s i g n a l s  o f  t h e  

c o r r e s p o n d i n g  n i t r o x i d e s ,  s u c h  as  1-10 .  The a b s e n c e  o f  e x p e r i -  



m e n t a l  d e t a i l  makes i t  d i f f i c u l t  t o  e v a l u a t e  t h e  . r e l a t i o n s h i p  

o f  t h i s  r e s u l t  w i t h  p r e v i o u s  work. I t  i s  s u s p e c t e d  t h a t  a n  - 
m i n e  r a d i c a l  i s  o x i d i z e d  by a i r  t o  t h e  s t a b l e  n i t r o x i d e  ( 2 2 ) .  

F i n a l l y ,  Chow e t  a 1  ( 2 3 , 2 4 )  p roposed  arninyl  (1-11) and 

aminium r a d i c a l  (1-12) i n t e r m e d i a t e s  (scheme I - 2 ) ,  t o  e x p l a i n  : 

t h e  o b s e r v e d  p r o d u c t s  d u r i n g  t h e  p h o t o l y s i s  o f  N - n i t r o p i p e p i -  

d i n e  1-13 i n  n e u t r a l  o r  a c i d i f i e d  methano l  s o l u t i o n s ,  respect ive-  

l y .  The  quantum y i e l d  f o r  t h e  d i s a p p e a r a n c e  o f  1-13 inneutral 

methano l  was measured t o  b e  4 . 8  w h i l e  i n  0.1N-2N H2S04 i t  was 

7.0-7.9 ( 2 3 ) .  These  r e s u l t s  i n d i c a t e d  t h a t  t h e  p h o t o l y s i s  oc- 

arrred byshor t  c h a i n  p r o c e s s e s  i n  n e u t r a l  o r  a c i d i c  c o n d i t i o n s .  

Scheme 1-2 
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4 
1-2. The Chemistry of A l i p h a t i c  C-ni t roso  compounds c 

1-2-1. Phys ica l  P r o p e r t i e s  
' ,  'L 

, Many a l i p h a c  C-n i t roso  compounds k x i s t  i n  t h e  s o l i d  da te  ' 

a s  c o l o u r l e s s  dimers , - 1 - 1 4 ,  and when d i s so lved  i n  va r ious  &vents, 

d i s s o c i a t e  t o - d i f f e r e n t  e x i n t s  t o  a  b lue  o r  green monomer - 1-15 
, ,  

(25-29) .  - Cis  ( I -14a)  and t h e  genera l ly '  more s t a b l e  t r a n s  ( I - 1 4 b )  . 
forms of t h e  dimeric  n i t  s o  a lkanes  have been Tsola ted  '(25), 7 

showing t h a t  t h e r e  e x i s t s  a p p r e c i a b l e  double bond c h a r a c t e r  i n  

t h e  N-N bond. Although they  a r e  a l l  symmetrical  dimers,  a  mixed 

dimer of n i t r o s o  heptane and 4-n i t roso-1-octanol  has  been r e -  

ported as an o i l  ( The a l i p h a t i c  C-n i t roso  compounds show a  low 

i n t e n s i t y  n'TTSe band i n  t h e  630-790nm ( c  ca 1-60)  region .  +When 4 

t h e  dimer i s  formed, t h i s  n+=* band i s  r ep laced  by a new n+rfe 

t r a n s i t i o n  nea r  295nm (E  C B  9000) f o r  t h e  t r a n s  dimer I-14b and 

a t  s h o r t e r  wavelenghts f o r  t h e  & dirner I - l ' l a  ( ) l ) .The &d 

s p e c t r a  of monomeric n i t r o s o  compounds showed t h e  -3-0 stretching 

frequency i n  t h e  1539-1621 cm-' reg ion .  This  N-0 s t r e t c h i n g  i s  

seen a t  1176-1299 cm-' f o r  t h e  t r a n s  isomer and i s  rep laced  by 

two bands a t  h igher  f requencie 's  (1323-1344 and' 1330-1420 crn-l ) 



f o r  t h e  c i s  i somer  ( 3 2 ) .  - 

1-2-2. P r e p a r a t i o n s  

A l i p h a t i c  C - n i t r o s o  compounds c a n  be prepared  by numerous 

methods ( 2 8 - 2 9 ) ,  b u t  t h e  most common p r e p a r a t i o n  i s  t h e  addttion 
b 

of n i t r o s y l  c h l o r i d e ,  n i t r o s y l  bromide o r  n i t r o s y l  fo rmate  (28 ,  

33) t o  o l e f i n s .  Both s o l v e n t  e f f e c t s  and dependence on o l e f i n  
8 * 

s t r u c t u r e  have been 0 b s e r v e d . h  t h e s e  r e a c t i o n s .  Thus,  cyc lo -  

hexene r e a c t s  w i t h  n i t r o s y l  c h l o r i d e  i n  l i q u i d  s u l f u r  d i o x i d e t o  

g i v e  t h e  a n t i - d i m e s  o f ,  t h e  t r a n s - ' c h l o r o n , i t r o s o  compound (60 -80~)  

( 3 4 - 3 h ) ,  but  i n  ch lo ro fo rm,  methylene c h l o r i d e  and t r i c h l o r o -  . 

e t h y l e n e ,  t h e , a n t i - d i m e r  of  t h e  c i s - c h l o r o n i t r o s o  compound i s  
I 

o b t a i n e d  (3). With r i g i d  b i c y c l i c  syM, n i t r o s y l  c h l o r i d e  

has  been shown t o  add i n  ' the,  c i s  f a s h i o n ;  eg ,  a d d i t i o n  of  n i t r o -  
7 - 
C 

s y l  c h l o r i d e  t o  norbornadiene  g t h e  dimer oC t h e  c i s - e x o  

adduc t  ( 6 5 % )  wi thou t  any rear rangement  o f  

c l i c  s k e l e t C ( j 7 ) .  For  s t r a i n e d  o l e f i n s ,  a j o u r - c e n t e r e d  

c y c l i c  t r a n s i t i o n  s t a t e  (1-16) has  been p o s t u ' l a t e d  t o  g i v e  t h e  

c i s  c o n f i g u r a t i o n  (37,38). While a t h r e e  membered n i t ro son ium - 

i n t e ~ m e d i a t e  (1-17) (37) has  been p o s t u l a t e d  t o  g i v e  e i t h e r  

( o r  b o t h )  c i s  and t r a n s  a d d u c t s .  N i t ~ o s y l  c h l o r i d e  p r e f e r e n t i a l -  
7 

9, b ' O .  ~ 1 -  
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l y  a t t a c k s  a  t r a n s  double bolld r a t h e r  than  the, cistpoubl 'e - 
bond of - c i s  , t r a n s  ,trans-1,5,9-~~clododecatriene (38). 

1-2-3. React ions  

Primary and secondary n i t r o s o a l k a n e s  which have an a-hydro- 

gen may tautomer ize  t o  t h e  corresponding oxime 1-18., Th i s  i r r e -  

v e r s i b l e  t au tomer iza t ion ,  which may occur  w i t h  me l t ing  o r ' i n  - 
s o l u t i o n ,  compete$ wi th  t h e  r e v e r s i b l e  d imer iza t ion  process  and " - - T 

i s  a c c e l e r a t e d  by hydroxyl ic  s o l v e n t s ,  s t r o n g  a c i d s  and bases ,  

and n i t r i c  oxide ( 2 6 ) .  Thk rearrangement of secondary n i t r o s o  

compounds c a t a l y z e d  by hydrochlor ic  a c i d -  ' has  been shown 

t o  be a f i r s t  o r d e r  r e a c t i o n  depending only on dimer con: - 
c e n t r a t i o n  (39 ) . This  s t r o n g l y  sugges t s  t h a t  t h e  r a t e  determin- 

i n g  s t e p  i s  t h e  d i s s o c i a t i o n  i n t o  monomer . 



d 

~ h 6  - .c-hitroso group i s  r e a d i l y  oxid ized  t o  a n i t r o  g m q  

.and 'reduced t o  hydroxylamine 1-19. The azoxy compounds. 1-20 && - 
a r e  u s u a l l y  formed ( 4 0 )  may a r i s e  frorn.the condensat ion of t h e  

hydroxylamine w i t h  ano the r  molecule of  n i t r o s o  compound-. 

Ni t rosoalkanes  r e a c t  w i t h  a l k y l  r a d i c a l s  t o ' g i v e  s z a b l e  ' 

d i a l k y l n i t r o x i d e s  1-21 .These f r ee  m 'dca l s  have c h a r a c t e r i s t i c  ~ e s r  

s p e c t r a  ( aN 1 4 . 3 - 1 5 . 7 ~ )  (41  ) .  Alkoxy ( 4 2 )  and acyl-.  ( 4 3 )  r a d i c a l s  ' 

can a l s o  be t r apped  a s  r e a c e o n  i n t e r m e d i a t e s  w i t h  n i t r o s o  . . 
compounds t o  form a lkoxy-a lkyl  ( a N  6 ~ )  and a c y l - a l k y l  

( a N  7.3-8:j) n i t r o x i d e  r a d i c a l s ,  These s p i n  
' +  . 

.. ili *i 

t r a p p i n g  r e a c t i o n s  have been reviewed by Janzen (44 ) .  

1-2-4. Addit ion t o  ' o l e  f i n s  + 

b ! 

The C-n i t roso  group i s  e l e c t r o p h i l i c  but  not  powerf\l lemgh 

t o  add t o  a l k e n e s ,  die.nes o r  a c e t y l e n e s  u n l e s s  t h e  n i t r o s G p u p .  
. . 

i s  a c t i v a t e d  by  a  v i c i n a l  e l e c t r o n  wit6drawing moiety such a s  

pheny l  (25 ,  26,  45-49) ,  halogen (29,  50,, 51, 5 2 ) ,  cyano - 
' C 

b 

- ( 5 3 )  and very r e c e n t l y  a c y l  (53, 5 4 ) .  

I' -- 
The f i r s t  account of a r e a c t i o n  beCween n i t r o s o a r e n e  and an 

o l e f i n  was r e p o r t e d  by Alexandri  (25 ,26)  i n  19f0. A n  unsa tu ra ted  . 

n i t r o n b  1-22 and azoxybenzene 1-23 were t h e  major products  i s o l a t e d ,  



Phenylhydroxylamine i s  p o s t u l a t e d  as t h e  i n t e r m e d i a t e  on t h e  

basis o f  t h e  fo rma t ion  of azoxybenzene . The r e a c t i o n s  o f  

n i t r o s o b e n z e n e  w i t h  s t y r e n e  and l , . l - d i p h e n y l e t h y l e n e  have been 
/' 

s t u d i e d  by Ingo ld  and Weaver (45  ) , i n  which 1 ,2-oxaze%idine  1-24 
L -t- 

h a s  been i s o l a t e d .  

I L L  

I -24 
I 

/ k 

The n i t r o s o  group of va7 ious  s u b s t i t u t e d  n i t r o s o b e n z e n e s  

was sugges t ed  by ~ h l i v a n  ( 4 6 )  t o  undergo an a d d i t i o n  hydrogen 

a b s t r a c t i m  p r o c e s s  [ " e n e "  r e a c t i o n )  w i t h  o l e f i n s  such as 2 ,3-  

d imethyl-2-butene t o  y i e l d  t h e  u n s a t u r a t e d  hydroxylamine i n t e r -  
. . 

rnediate , I -25,  which was d e t e c t e d  a s  ips  n i t r o x i d e  1-26 by e s r  

, spec t roscopy .  ~ s o l a t i ' o n  and i d e n t i f i c a t i o n  o f  s e v e r a l  N-alkenyl-  

N-phenylhydroxylamines by t h e  same method h a s  been ach ieved  by 

o t h e r  groups ( 4 7 3 9 )  and f u r t h e r  confirmed t h e  "ene"  r e a c t i o n  

mechanism. Water k t  a 1  ( 4 9 )  have r e c e n t l y  shbwb t h a t  t h i s  L 

r e a c t i o n  f o l l o w s  a f r e e  r a d i c a l  mechanism. 

With a l i p h a t i c  C - n i t r o s o  compounds, on ly  p e r f l u o r o n i t r o s o  
d 

a I x a n e s  a r e  known t o  r e a c t  w i t h  a l k e n e s .  B a r r  and ~ a s z e l d i n e  (50 )  



-_ 
cla imed t h a t  p e r f l u o r o  n i t r o s o  comppunds and p e r f l u o r o  olefins 

r e a c t  i n  t h e  d a r k  a t  >30•‹ t o  g i v e  1 , 2 - o x a z e t i d i n e  1-27. A 1:>l 

/\copolymer 1-28 was t h e  major  p roduc t  a t  room t empera tu re .  

However w i t h  i s o b u t e n e ,  t h e  same group ( 5 1 )  i s o l a t e d  t h e  u n s a t -  

urated hydroxylamine 1-29. I 

R e c e N l y , ' ~ c h e n k  and de Boer ( 5 2 )  have shown t h a t  a - c h l o r o  - 

n i t r o s o  compoundscan a l s o  add t o  o l e f i n s  c o n t a i n i n g  a l l y l i c  

hydrogen and proposed an "ene"  t ype  r e a c t i o n  fo l lowed by t h e  



e l i m i n a t i o n  of hydrogen c h l o r i d e  t o  g i v e  k e t o n i t r d n e  s a l t s  1-30. 

Very r e c e n t l y ,  Keck ( 5 4 )  h a s .  shown t h Q  a c y l - n i t r o s o  compounds 

l e a d  t o  i n t r a m o l e c u l a r  Ilene' r e a c t i o n s .  a c y l  

n i t r o s o  was n o t  i s o l a t e d  b u t  i n s t e a d  

a n t h r a c e n e  (53,54 ) t o  g i v e  1-31, which when. r e f l u x e d  i n  benzene 

, gave hydroxylamine 1-32 i n  q u a n t i t a t i v e  y i e l d .  I 

A t  p r e s e n t ,  on ly  one a l k y l n i t r o s o  compound has  been shown 

t o  undergo  an "ene"  t y p e  r e a c t i o n .  Rober t s  ( 55 )  r e p o r t e d  t h a t  

s m a l l  amounts of  N-alkyl-N-alkenyl hydroxylamine I-33a a r e  
- 

formed upon r e a c t i o n  of ca ryophy l l ene  1-34, p o s s e s s i n g  a  r e a c -  
* 

t i v e  t r a n s - y r i s u b s t i t u t e d  double  bond, w i t h  ca ryophy l l ene  n i t r o -  

s i t e  1-35. Hydroxylamine I-33a was e a s i l y  ox id i zed  t o  i t s  c o r -  

r e spond ing  n i t r o x i d e  I-33b.  A l so ,  t h e  same r e s e a r c h e r  (56) found 



/ 

t h a t  t e r t i a r y  C - n i t r o s o  o l e f i n  1-36, gene ra t ed  i n  s i t u ,  r e a c t s  
b 

i n  ch loroform i n  t h e  presence  o f  i o d i n e  " to  g i v e  a  poor y i e l d  

(6% ) of  i o d o  n i t r o x i h e  - 1-37' (g=2.0064,  aN=13.6 G )  . 

C - n i t r o s o  comiounds can a l s o  r e a c t  w i t h  a)kyl  s u b s t i t u t e d  

L a l l e n e s  (57).  They can  a l s o  p a r t i c i p a t e  i n  D i e l s  Alderreactiom 

(53,55) t o  g i v e  1 ,2 -oxaz ine  r i n g  compounds 1-38. 

B i c y c l i c  hydrox 4 l amines  - 1-39 and 1-40 were o b t a i n e d  i n  t h e  

p h o t o a d d i t i o n  of N - n i t r o s o p i p e r  d i n e  t o  1 , 5 - c y c l o o c t a d i e n e  i n  5. 
-methanol  i n  t h e  p re sence  of hydroch2oric  a c i d  o r  p e r c h l o r i c  

a e i d ,  r e s p e c t i v e l y  (591, i n  a d d i t i o n  t o  t h e  expec ted  amino 

oxime 1 - 4 1  which i s  known t o  a r i s e  from t a u t o m e r i z a t i o n  of t h e  



primary 1 , P - a d d i t i o n  p r o  (19 ,  6061 ) .  They-were r e a d i l y  

o x i d i z e d  b y - a l k a l i n e  peroxide  t o  t h e i r  co r r e spond ing  

n i t r o x i d e s , w h i c h  showed an  e q u a l  e s r  t r i p l e t  w i t h  g v a l u e s  

2.0006-2.0007 and  a~ v a l u e s  15-17 G ,  t y p i c a l  of 9 -azab icyc lo  

f 3.3.11 n i t r o x i d e  r a d i c a l s  (62 ) . 

0 hv,  H t  

The i n t e n t i o n s  of  t h i s  r e s e a r c h  can be o u t l i n e d  a s  f o l l o w s :  

1/ t o  c l a r i f y  t h e  s o l u t i o n  photochemis t ry  of N-ni t ramines  i n  

ac id*  , n . eg t r a l  and b a s i c  c o n d i t i o n s .  



2/ t o  i n v e s t i g a t e  t h e  t r a p p i n g  o f  aminy: and aminium r a d i c a l s  

g e n e r a t e d  f rom t h e  p h o , t o l y s i s  o f , N - n i t r a m i n e s  i n  n e u t r a l  and 

a c i d T c  medium, r e s p e c t i v e l y ,  w i t h  c a r b o n  monoxide. 

3/ t o  i n v e s t i g a t e  t h e  p h w t o a d d i t i o n  o f  N - n i t r o  and N - n i t r o s a m i n e s  

i n  t h e  p r e s e n c e  o f  a n  a c i d  t o  v a r i o u s  o l e f i n s .  I n  p a r t i c u l a r ,  

t h e  p h o t o a d d i t i o n  o f  N - n i t r o  (24 ) and N - n i t r o s a m i n e  (69 )  i n  t h e  

p r e s e n c e  of oxygell can  b e  u t i l i z e d  t o  s y n t h e s i z e  v e r y  c l e a n l y  

arnipo n i t r a t e  e s t e r s .  The t y p i c a l  and r e a d i l y  a v a i l a b l e  o l e f i n s  

Y I 

have  been choosen f o r  a n a - l y t i c a l  r e a s o n s .  4 P I 

4/ t o  i n v e s t i g a t e  t h e  s t e r e o c h e m i s t r y  o f  t h e  a d d i t i o n  o f  n i t r o s y l 0  

c h l o r i d e  t o  o l e f i n s .  \, 
\ 

5/ t o  i n v e s t i g a t e  t h e  s t e r e o c h e m i s t r y  o f  t h e  i n t r a m o l e c u l a r  1. 

4' 

e l e c t r o p h i l i c  r e a c t i o n  o f  t h e  n i t r o s o  g roup  w i t h  a  s u i t a b l y  

l o c a t e d  d o u b l e  bond. 

6 /  t o  s y n t h e s i z e  b i c y c l i . c  hydroxy lamine  a c e t a t e s  a s  p o t e n t k l  

. -3 p r e c u r s o r s  f o r  t h e  c o r r e s p o n d i n g  n i t r o x i d e  r a d i c a l s .  



CHAPTER I1 

RESULTS 

11-1. P h o t o l y s i s  o f  N i t r a m i n e s  

. When NNOP was p h o t o l y z e d  i n  n-hexane  u n d e r  c a r b o n  monoxide 

i n  t h e  p r e s e n c e  o f  c y c l o h e x e n e ,  no  a d d i t i o n  p r o d u c t  t o  t h e  c y c l o -  

hexene ,  n o r  N - f o r m y l p i p e r i d i n e  (11-1) were d e t e c t e d  i n  t h e  c r u d e  

r e s i d u e s .  The p h o t o l y s i s  gave  p i p e r i d h i u r n  n i t r a t e  (11-2, 38%) 

t o g e t h e r  w i t h  NNP ( 3 3 % )  a s  t h e m a j o r  p r o d u c t s .  The p h o t o l y s i s  o f  

NNOD u n d e r  s i m i l a r  c o n d i t i o n s  gave  DMF-(11-3), NND and d i m e t h y l -  

ammonium n i t r a t e  (11-4) i n  y i e l d s  o f  26 ,  7 and 28% r e s p e c t i v e l y ,  

e s t i m a t e d  from t h e  nmr s p e c t r u m  o f  t h e  c r u d e  p r o d u c t ( ~ a b 1 e  11-1). 

P h o t o l y s i s  of NNOD i n  a c e t o n i t r i l e  c o n t a i n i n g  c y c l o h e x e n e  o r  
.\ 

/ n o r b o r n e n e  i n  t h e  p r e s e n c e  o f  sodium b i c a r b o n a t e  o r  c a r b o n a t e  give 

t h e  same p r o d u c t s  a s  above .  The y i e l d s  o f  DMF (11-3) d e c r e a s e d  t o  



C H 3  , X r NO2 NNOD . . CH3, I\ AH3 
N N 

C H 3  X = N O  NND f I 

( C H Z ) ~  , X = CHO 11-1 
N N ~  

I 

C H 3  , x = CHO 11-3 11-6 

2 - 3 % a n d  t h o s e  of NND i n c r e a s e d  t o  22 and 55% i n  t h e  p re sence  of  

sodium b i c a r b o n a t e  and ca rbona tF ,  respec t i 've ly .  I n  t h e  l a t t e r  

c a s e ,  n i t r a t e  s a l t  11-4 was formed i n  on ly  8% y i e l d ,  a s  compared 

t o  a 35 % y i e l d  u s i n g  sodium b i c a r b o n a t e .  

No 11-4 was formed and NND fo rma t ion  was low (& ) when t h e  

p h o t o l y s i s  of NNOD was conducted i n  t h e  p re sence  of  cyclohexene 

and sodium c a r b o n a t e  i n  n-hexane. DMF ( 1 1 -  1% ) ,  N-methylforma- 

mide (11-5 , 15% )and 1,3,5-trimethylhexahydro-1 , j ,5 - t1 ' i az ine  ( I I - ~  Y 

10 1) (63,64)  were t h e  t h r e m a j o r  p roduc t s .  The y i e l d  o f  irnine 

trimer 11-6 may have *been h i g h e r  s i n c e  i t  i s  r e p o r t e d  t o  ccdistill 
L. 

w i t h  s o l v e n t s  (63 ) .  Compound 11-5 was i s o l a t e d  from p r e p a r a t i v e  

gc and was c h a r a c t e r i z e d  by i r ,  n m  and m s  (65) .  



TABLE 11-1 

PHOTOLYSIS OF NITRAMINES UNDER NEUTRAL CONDITIONS 

Nltra- S o l v e n t  a O l e f i n  Gas NNP 11-4 1 -  Remarks 
mines  orNND 0-2 

(% ) ( % )  ( %) 

NNOP 

NNOD 

NNOD 

NNOD 

NNOD 

n-hexane 

cyc  l o h e x e n e  

cyc  l o h e x e n e  

c y c l o h e x e n e  

c y c l o h e x e n e  

n o r b o r n e n e  

C O  33 8 - -  b 

co 7 28 26 c 

C O  22 35 2 c  d 

N 2  6 - 1 4  c e g  

co 55 . 8 3 c e f  

more t h a n  one e q u i v a l e n t  o f  t h e  o l e f i n  was added.  

c r u d e  p r o d u c t s  i s o l a t e d  i n  p e r c e n t .  

p e r c e n t a g e s  c a l c u l a t e d  from nrnr and /o r  gc a n a l y s e s  b a s e d  on 

s t a r t i n g  m a t e r i a l .  

N a H C 0 3  ( 2 g )  p r e s e n t  d u r i n g  p h o t o l y s i s .  

N a 2 C 0 3  ( 2 g )  p r e s e n t  d u r i n g  p h o t o l y s i s .  

r e c o v e r e d  NNOD: 6%.  
b i n  a d d i t i o n ,  11-5 ( 1 5 % )  and 11-6 (10%)  were  d e t e c t e d .  



Under dilute acidic conditions, the photolysis of NNOD in 

the presence of cyclohexene either under nitrogen or carbon 

monoxide gave small amounts of mixtures of neutral compounds 

which were shown by gc-ms to contain more than thirty components. 

Among components identified were 2"cyclohexenol (IX.-7),  2-cyclo- 

hexenone (11-8) , NNOD, a methoxycyclohexanone (11-9) and 'a 

methoxycyclohexanol (11-10). The mass spectra of tQe first three 

were identical to those of authentic samples (66). The last two 

compounds had correct molecular ion at m/e-128 and 130, respec- 

tively. The basic products 

dimethylaminocyclohexane 

(cis - and trans mixture, 

oxime (11-13. 

% 

were characterized by gc-ms analysis as % 

24 % ) and 1 -nitro-2-dimethylaminocyc lohexane (11-14, 

a <:: 
NOH 

22-24%). In addition there were minor amounts of two unknown 

compounds. The mass spectra of 11-11 (64), 11-12 (67) and 11-13 

(68) were identical to  those of authentic samples, and the frag- 

mentation pa.ttern of 11-14 was comparable with that of 

1-nitro-2-piperidinocyclohexane (69). 



/ 
While p h o t o l y s i s  of  n i t r a m i n e s  i n  a c i d i c  c o n d i t i o n s  under  

. I  

i n e r t  g a s  gave good y i e l d s  of a d d i t i o n  p r o d u c t s , t h e  miximeis too  . 

complex t o  be u s e f u l  f o r  s y n t h e t i c  a p p l i c a t i o n s .  Under an  oxygen 

a tmosphere ,  t h e  n-nc a b s o r p t i o n  band of NNOD i n  a c i d i c  methanol 

C 

c o n t a i n i n g  cyclohexene d i sappea red  about  t w i c e  as  fas t  as compa- 

r a b l e  p h o t o l y s e s  Under n i t r o g e n  o r  carbon monoxide. The c r u d e  

b a s i c  f r a c t i o n  showed s t r o n g  2.r a b s w p t i o n s  a t  1625,  1275 and 

970 cm-I ( o N o ~ ) ,  a t  1715 cm-' ( c = O )  and a t  3420 and 1040 ( c - O H ) .  

The LAH r e d u c t i o n  of t h i s  c rude  b a s i c  f r a c t i o n  a f f o r  

m i x t u r e  p f  - c i s  and t r a n s - 2  -dimethylaminocyclohexanol 
/-- .- 

11-2. Oxida t ive  and/ornon o x i d a t i v e  p h o t o a d d i t i o n s  

and/or  N-ni t rosodimethylamine t o  o i e f i n s  

P h o t o l y s i s  of a methanol ic  s o l u t i o n  o f  NNOD, 1-hexene and 
i 

h y d r o c h l o r i c  a c i d  under  a n  oxygen a tmosphere  e x h i b i t e d  a ze ro -  

o r d e r  d e c r e a s e  o f  the a b s o r p t i o n  a t  238 nm. The n e u t r a l  f r a c t i o n  

showed no s i g n a l  f o r  a dimethylamino moiety i n  t h e  bu t s t rong  

i r  a b s o r p t i o n s  a t  1625,  1280 and 860 cm-I f o r  n i t r a t e  e s t e r  as 

w e l l  as 1555 and-- cm-I f o r  n i t r o  groups were p r e s e n t .  T h i s  

f r a c t i o n  was n o t  f u r t h e r  i n v e s t i g a t e d .  

The b a s i c  f r a c t i o n  e x h i b i t e d  s t r o n g  i r  bands a t  1625,  1280 

and 950 cm-I (ONO*,  11-15), a medium band a t  1715 cm-I (c=o)  and 

a b road  band a t  3400 ch-I ( O H ) .  LAH r e d u c t i o n  of  t h e  c rude  b a s i c  



A 

f r a c t i o n  followed by p r e p a r a t i v e  gc s e p a r a t i o n  affordedl-dlmernl  

amino-2-hexanol (11-16, 62% ) aS t h e  major product  (scheme 11-1 ) . 
I t s  i n f r a r e d  spectrum showed bands a t  3440 and 1030 cm-I (c -OH)  

and Bohlmann bands a t  2820 and 2780 cm-I (70)'. The nmr spectrum 

showed a one proton m l t i p l e t  a t  76.42 f o r  t h e  methine pro ton .  

Scheme 11-1 

Treatment of 11-16 wi th  p - n i t r o b e n z o y l ~ o r i d e  i n  t e t r a h y d r o f u r a n  

gave 1 fl , N - d i m e t h y l ~ 2 i  p-nitrobenzoyl] -hexyl~ammonium c h l o r i d e  
/- 

(11-17, 6 0 % ) ,  which was c h a r a c t e r i z e d  by i a b s o r p t i o n s  a t  1715 t 
and 1270 cm-' and by e lementa l  a n a l y s i s .  \ 

0 \ 

The amino n i t r a t e  e s t e r  11-15 w'as s t  d n  aqukous a c i d i c  

s o l u t i o n  but was converted i n  b a s i c  c o n d i t i o n s  t o  a mixture of 



amino a l c o h o l  11-16 (24 1) and 1-dimethylamino-2-hexanone ' (11-18, 
/ 

20 %). The nmr spectrum of t h i s  mixture  showed no a b s o r p t i o n s  f o r  
+ -5, 

o l e f i n i c  o r  aldehydic pro tons .  The amino ketone e x h i b i t e d  a n  M . 
ion  a t  m/e 143,- ir  a b s o r p t i o n s  a t  1720, 2830 and 2780 cm-l, and 

a nmr s i n g l e t  a t  T7.26 f o r  t h e  COCH2N protons .  Amino, a l c o h o l  

11-16 oxid ized  wi th  Jones1  reagen t  t o  give amino ketone -18. 

P h o t o l y s i s  of NNOD i n  t h e  presence 6f trans-3-hexene and 
1 

hydroch lo r i c  a c i d  under a n  oxygen atmosphere a f fo rded  n i t r a t e  - 
e s t e r  11-19 a s  t h e  primary product .  It qu ick ly  decomposed t o  t 

amino a l c o h o l  11-20 ('3400 and 1045 cm-') and amino ketone 11-21 
c 

(1710 cm-l ) dur ing  work-up, l e a v i n g  only a small m o u n t  .of 11-19 

i n  ' t h e .  c rude  b a s i c  f r a c t i o n  as shown by the weak ir  bands a t  1625, 
/-- 

1280 and 860-m-l . LAH r e d u c t i o n  of t h i s  f r a c t i o n  followed by 

p r e p a r a t i v e  gc s d a r a t  i o n  a f f o r d e d  4-dimethylamino-?-hexan01 , 

(11-20, 49 $ as t h e  major product  (scheme 11-2) .  . 
11-20 exh ib i t ed  i r  bands f o r  a h y d r m y l  group (3400 and 

1050 cm-' ) a s  w e l l  a3,~ohlmann bands (2840 .and 2790 cm-l ).  The 

nmr spectrum of 11-20 showed a s i n g l e t  a t  T7.69 f o r  a dimethylad- ! 
1 

no group and two m u l t i p l e t s  a t  76.50 and 6.75 f o r  t h e  methine 

pro tons .    he hydrochlor ide  o f  t h e  benzoate 11-22 showed prominent. 1 
? 
i i r  bands a t  1720 and 1275 cm--? and gave a c o r r e c t  e lementa l  

a n a l y s i s .  The nmr spectrum showed two sha rp  s i n g l e t s  a t  77-03 and 

7.12 f o r  N-methyl groups.  h he 5:3 r a t i o  of t h e s e  two s i n g l e t s  

poh-ted t o  a mixture of e r y t h r o  11-22a and threoII-22b isomers. 



I/ hv, H+, O2 
l3 + b . 

2/ HO- 

The crude baqic  f r a c t i o n  c o n t a i n i n g  amino q i t r a t e  es tePn- lg  

was r e a d i l y  decomposed t o  amino a l c o h o l  11-20 ( 2 6 % )  and 4dlmethyl- 

amino-?-hexanone (11-21, 2 5 % )  i n  aqueous b a s i c  c o n d i t i o n s .  Amino .. 

ketone 11-21 showed a  nmr t r i p l e t  ( J=  7Hz) a t  77.12 f o r  t h e  methine 

proton  and a q u a r t e t  ( J=  ~ H Z )  a t *  ~ 7 . 4 7  f o r  t h e  methylene , p ro tons  . 
a d j a c e n t  t o  t h e  carbonyl  group. o x i d a t i o n  of t h e  amino alcohol IL-20 - . .. 
wi th  Jones1  reagen t  gave amiho ketone 11-21. \ 

, . 



- -24 - 
. .' 

% 

C '  . . 
I - 11-2-3. t o  1,5-cyc looctadiene  

* . 

The o x i d a t i v e  photoaddi t ion  of NNOD t o  1,5-c$dlooctadiene 
7 

was c a r r i e d  ou t  under t h e  usual  cond i t ions  followed by work-up t o  

a f f o r d  a  b a s i c  f r a c t i o n  whlich showed s t r o n g  ir  bands a t  1625,1275 

and 860 cm-I ( 0 ~ 0 ~ )  and n m  s i n g l e t s  a t  76.65 ( 0 ~ ~ 3 )  and a t  T7.71 

7.74 and 7.77 ( c H ~ N ) .  ~ e d u c t i o n  of t h e  bas ic  f r a c t i o n  wi th  LAH 
a 

followed by chromatography a f fo rded  t r a n s - 2 - d i m e t h y l a r n i n 0 - 5 - ~ ~ ~ 1 -  
C 

octen-1-01 (11-2Ta, -49%)  and a  mixture of endo-2-methoxy-exo-6- - 

dimethylamina-9-oxabicjrclor3.3.l]nonane (11-24, 1% ) and endo-2- 

methoxy-exo-5-dimethy~amino-9-oxabicyclo.2.l]nonane (11-25, 4 % )  
h 

(scheme 11-3). 

Scheme 11-3 



: Compound I I - 2 3 a  was o b t a i n e d  as l o n g  c o l o u r l e s s  n e e  es and dt 
w.as  i d e n t i f i e d  by  d i r e c t  compar i son  o f  i t s  i r ,  p r o t o n  nmr) g c m d  

rns s p e c t r a  w i t h  t h o s e  o f  a n  a u t h e n t i c  sample  p r e p a r e d  by D r .  K.S. 
.- 

' P i l l a y  ( 6 9 ) .  I ts  I 3~ qnr specdrum ( ~ a b l e  11-7 ) showed e x p e c t e d  

c h e m i c a l  s h i f t s  and p a t t e r n .  The two minor  o x a b i c y c l i c  compounds 

11-24 and  11-25,  a s  a  m i x t u r e ,  were  i d e n t i f i e d  by g c  r e l a t i v e  

r e t e n t i o n  times and  mixed i n j e c t i o n r 3 i t h  a n  a u t h e n t i c  m i x t u r e ( 6 9 )  

The n o n - o x i d a t i v e  p h o t o l y s i s  o f  NNOD i n  t h e  p r e s e n c e  o f  COD 

and H C 1  i n  a c e t o n i t r i l e  produced a y e l l o w  s o l u t i o n  and a r e d  o i l  

which  d e p o s i t e d  on t h e  w a l l s  o f  t h e  p h o t o l y s i q v e s s e l .  T h i s  o i l  

might  have  a c t e d  a s  a  f i l t e r  s i n c e  t h e  p h o t o l y s i s  p r o c e e d e d  s i -  

g n i f i c a n t l y  s l o w e r  t h a n  when N ~ O D  was i r r a d i a t e d  i n  me thano l .  

T h i s  p h o t o l y s i s  y i e l d e d  a complex b a s i c  f r a c t i o n  which  e x h i b i t e d  

i r  a b s o r p t i o n s  a t  3013 cm-' ( o l e f i n ) , .  a t  3250,  1650 and 1035 cm-I 

( C = N O H ) ,  a t  710 cm-' ( C - c l )  and d i s t i n c t  bands  a t  1555 and 1310 

ern-' f o r  a  n i t r o  g roup  ( 7 1 ) .  Among t h e  more t h a n  t e n  p r o d u c t s  

shown by gc t o  b e  p r e s e n t ,  t h r e e  were  t e n t a t i v e l y  c h a r a c t e r i z e d  

b y  gc-ms a n a l y s i s  : namely,  l-chloro-2-dimethylamino-5-cyclo40ctene 



Compounds 11-26 and 11-27 were obtained from d i s t i l l a t i o n  of 

t h e  crude b a s i c  f r a c t i o n .  Anti-oxime 11-27', obtained as whi te  

c r y s t a l s ,  exh ib i t ed  ir bandg a t  2930 and 2860 cm-' ( c H ~ N ) ,  a t  

3020 cm-I ( o l e f i n ) ,  and a t  3180, 1642, 970, 920 and g00cm7(mH). 

The nmr spectrum ( ~ l g u r e  11-1) showed a double double t  a t  T7.22 

&J= 8.5 and 7 . 0 ~ ~ )  f o r  Hz, t h e  chemical s h i f t  of which was i n  

good agreement wi th  t h a t  of anti-oxime of t h e  s a t u r a t e d  analogue 

(72) .  The s i g n a l  due t o  t h e  He proton resonated a t  ~ 6 . 8 6  a s  a 
\ 

doublet  of double ts  (J= 12.0,  6.5 and 3 . 5 ~ ~ ) ( 7 3 ) .  

Solvent 

Figure  11-1 nmr spectrum (100MHz) of 2-dimethylarnino-5- 
cycloocten- 1-one-anti-oxime (11-27) 



The p-chloramine 11-26 was obtained as a mixture of cis and - 
trans isomers. It exhibited ir bands at 3020 cm-I (olefin), at 

2870, 2830 and 2780 cm-' (CH~N) and at 710 cm-' (c-~1). The nmr 

spectruh showed a complex multiplet at T5.79 for the methine 

protons HI, and two equal intensity singlets at 77.72 and 7.75 
+ 

for the dimethylamino groups. Its ms revealed the M ions at m/e 

189 and 187 with the chlorine isotope ratio of 1:3. The massspe 

trum of amino alcohol 11-23 was identical to that of an authentic 

sample of trans-11-23a (69,74 ) . 

* The LAH reduction of the basic fraction gave a mixture oC 

four major products, namely, 5-dimethylamino-cyclop&ene(1;1+%,%) 

cis-2-dimethylamino-5-cycloocten-l-ol(~1~,~), its trans-isomer 

(11-23a21%) , 8-dimethylamino-cis-4-octen-1-01 - (11-29,12%).~he first 

three were identified by gc-ms and mixed injection (gc) with au- 

thentic samples. The fourth component, 11-29, was identifiedfhm 

the following data; the mass spectrum from gc-rns gave the molecu- 

lar ion at m/e 171 and fragments at m/e 84,71 and 58(100%)dmac- 

teristic of a dimethylaminomethyl moiety. The protdn nmr spectrum 

of the reduced fraction showed a triplet at 76.40 (J= 6Hz) typical 

for methylene protons.adjacent to a hydroxyl group and a singlet 

at T7. 78 .(NCH~ ) . The nmr spectrum of the reduced mixture 

revealed absorptions at 60.8(t) and 58.5(t)ppm which wereattzfbutr 

ed to the C1 and Cg carbons of 11-29, respectively. Thesevalues, 

as well as the NCH3 signal at 44.7(q)ppm, were comparable with 

long chain amino alcohols 11-35 and 11-39 (vide infra). 



The n o n - o x i d a t i v e  p h o t o a d d i t i o n  o f  NND t o  t t t c ~ T  i n  methanol 

u n d e r  a  n i t r o g e n  a t m o s p h e r e  was c a r r i e d  o u t  and worked up i n  t h e  

manner w e l l  e s t a b l i s h e d  i n  t h i s  l a b o r a t o r y .  The emergence o f  a ,  

s t o n g  new q b s o r p t i o n  band a round  300 nm i n  t h e  uv s p e c t r u m  was 

a t t r i b u t e d  t o  a n  i n t e r m e d i a t e ,  t h e  d imer  o f  C - n i t r o s o  compound 

The major  p r o d u c t ,  i s o l a t e d  as w h i t e  n e e d l e s ,  was 9 - 1 -  

oximino-2-dimethylamino-trans,trans-5,9-cyclodo.decad~ene (11-31, 

7 6 $ ) ( ~ c h e m e  11-4). 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 n  mass 

s p e c t r o s c o p y  e s t a b l i s h e d  th , e  m o l e c u l a r  fo rmula  a s  C I 4 H a 4 N O .  The 
\ 

i r  s p e c t r u m  e x h i b i t e d  a b s o r p t i o n s  a t  3180,  1650 and lOO0-900cm-~ \ 
i 

( C = N O H ) ,  a t  3030 and 960 cm-' ( t r a n s  d o u b l e  b o n d s )  and a t  2 7 8 9  

crn-' ( ~ o h l r n a n n ) .  The nmr s p e c t r u m  showed f o u r  o l e f i n i c  p r o t o n s &  

Scheme 11-4 



7 4 . 9 1  (J= 1 4 ~ ~ )  and a  s i n g l e t  a t  77.77 ( N C H ~ ) .  The C 2  p r o t o n  was 

s e e n  a t  7 6 . 7 0  as  a  d o u b l e t  o f  d o u b l e t  (J= 7 . 0  a n q 3 . 5 ~ ~ ) .  A com- . 
p a r i s o n  o f  t h e  nmr o f  11-31 w i t h  t h a t  o f  amino k e t o n e  11-36(vi.de 

i n f r a )  showed t h a t  t h e  C 2  p r o t o n  was d e s h i e l d e d  by 0 . 3 8 ~ ~ m  i n  

amino oxime 11-31 and t h e  C 1 2  p r o t o n  remained  B t  t h e  samechendcal 

s h i f t ,  i n d i c a t i n g  t h e  - syn  c o n f i g u r a t i o n  f o r  t h e  ox imino  group('i6). 

The 13c nmr s p e c t r u m  

c h e m i c a l  s h i f t s .  The 

peak a t  m/e 236 ,  t h e  
@ 

o f  11-31  a able 11-2) showed t h e  e x p e c t e d  

+ 
mass s p e c t r u m  o f  11-31 gave  a  s t r o n g  M i o n  

b a s e  peak a t  219 f o r  a  l o s s  o f  OH,  and t h e  

peaks  a t  m / e  110, 8 4 ,  71 and  58, c h a r a c t e r i s t i c  f o r  d i m e t h y l  t e r -  

t i a r y  a m i n e s .  The s t r u c t u r e  o f  amino oxime 11-31 was f u r t h e r  con- 
1 

f i r m e d  by i t s  h y d r o l y s i s  i n  2N h y d r o c h l o r i c  a c i d  t o  a n  amino 

k e t o n e  (1715 cm-') whose s p e c t r o s c o p i c  d a t a  were  i d e n t i c a l  w i t h  

t h o s e  of an  a u t h e n t i c  sample  o f  11-36. 

Crude  amino oxime 11-31 was reduced  w i t h  LAH t o  givel-aminc- 

2-dimethylamino-trans,trans-5,9-cyclododecadiene (11-32 , 9 0 9 ) ,  

which  was shown by 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 n  mass 

s p e c t r o m e t r y  t.o have  t h e  m o l e c u l a r  f o r m u l a  C *HZ6N2 .Mamine II-P 

e x h i b i t e d  ir a b s o r p t i o n s  a t  3360 cm-I and t h e  Bohlmann bands  a t  

2820 and 2770 cm-I . The nmr s p e c t r u m   a able 11-2) showed l ines  
> /  

a t  4 8 . 7 ( d )  and 59.514) ppm f o r  t h e  c a r b o n s  a t t a c h e d  t o  t h e  a d n o  

and  d imethy lamino  g r o u p s ,  r e s p e c t i v e l y ,  i n  a c c o r d a n c e  w i t h  r e p o r -  \ 

t e d  v a l u e s  (7 I t s  ' H  nmr s p e c t r u m  ( ~ i g u r e  11-2) showed t h a t t h e  

C1 p r o t o n  was v i c i n a l l y  c o u p l e d  t o  t h e  C 2  p r o t o n  w i t h  a c o u p l i n g  

c o n s t u o f  3.5 Hz, t h e  magni tude  o f  which s u g g e s t e d  t h a t d l a m i n e  

11-32 might  have  t h e  same c o n f i g u r a t i o n  a t  C 1 , C 2  as  a rn ino&obl  
d 



T a b l e  11-2 1% nmr e p e c t r a  of c y c l o d o d e c s d i e n e  a n d  d o d e c a d i e n e  

d e r i v a t l v e a  
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.Figure 11-2 'H nmr spectrum ( 1 0 0 ~ ~ ~ )  of 1-amino-2-dimethyl- 
amino-trans,trans-5,9-cyclododecadiene (11-32 ) 

The oxidat ive photoaddition of NNOD ( o r  NND) t o  t t t C D T  was 

c a r r i e d  out under t h e  usua l  condi t ions  followed by work-up t o  

give n e u t r a l  and bas ic  f r ac t ions .  The -neu t ra l  f r a c t i o n  afforded 

, t t t C D T  and cttCDT i n  t h e  30: l  r a t i o .  The bas ic  f r a c t i o n  e x h i h b l  

s t rong  in f ra red  bands a t  1620, 1275 and 860 cm-' ( o N o ~ ) ,  a t  1710 

cm-' ( ~ 4 )  and 3350 and 1040 cm-' ( c - O H ) .  The nmr spectrum m d  

mul t ip le t s  a t  74.60 and 4.82 f o r  t h e  o l e f i n i c  protons and Shgkts 



-33- 

and 7.80 (11-36) in the approximate ratio-:6:3:2 for the 

di-methylamino groups. 

Reduct,ion of the crude q basic fract with LAH, followed by 

extensive column chromatography afforded 1-dimethylamino-trans, 

trans-4,s-cyclododecadiene (11-33, -3% ) , the threo (trans ) and 

erythro (cis) - isomers of 2-dimethylamino-trans,trans-5,9-cyclo- 
dodecadien-1-01 (11-34%, 35% and 11-jhb, 12 %) and 12dimethyhmlr~ 

trans ,trans-4,8-dodecadien-1-01 (XI-35, 24% ) &  (scheme 11-5). 
L 
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The s t r u c t u r e  of  amino a l c o h o l s  1 1 - 3 a  and 11-34b was a s -  

signed m t h e  basis of t h e  fo l lowing arguments. The i r  e lementa l  

a n a l y s e s  and high r e s o l u t i o n  mass s p e c t r a  e s t a b l i s h e d  t h e i r  mo- 

l& formulae a s  C 4H25N0. Both a l c o h o l s  e x h i b i t e d  c h a r a c t e r i s -  

t i c  i n f r a r e d  absorp t ion  bands f o r  a  Rydroxyl f u n c t i o n  and for bans 

double bonds (980 cm-l) (78) .  The 13c nmr s p e c t r a   a able 11- 2)of 

both t h e  a l c o h o l s  showed f o u r  o l e f i n i c  carbons.  The carbonsbnded 

t o  t h e  hydroxyl group ( c l  ) appeared a t  6 9 . 7 ( d )  and 68.4 (d)ppm for  

11-34b and 11-34a, r e s p e c t i v e l y ,  i n  good agreement w i t h  l i t e m b  

va lues  ( 7 7 ) .  However, t h e  chemical s h i f t s o f  t h e  C 2  carbons ex- 

h2A-d 6.7 ppm d i f f e r e n c e  between t h e  two isomers i n d i c a t i n g  t h a t  ' 

11-34b (66.6 ,  d )  was deshie lded  whi le  11-34a showed a  nofmal shift 

(59.9,  d ) .  The 'H nmr s p e c t r a  of compounds 11-34a and 11-34b and 

p a r t i a l l y  spin-decoupled s p e c t r a  are.  shown i n  Figure  11-3 and 

Figure  1 1 - 4 ,  r e s p e c t i v e l y ,  and t h e i r  parameters  a r e  summarizedin 

Table 1.1- 3 wi th  those  of r e l a t e d  compounds. The coupl ing  m t a n t s  

of t h e  C 1  and C 2  protons  were determined t o  be 7.5 and 4 . 0 ~ ~  f o r  

11-34a and 11-34b, r e s p e c t i v e l y  by decoupling experiments.  The 

mass s p e c t r a  of a l c o h o l s  11-34a and 11-34b showed t h e  same f r a g -  

mentat ion p a t t e r n s  and d i f f e r e d  only i n  t h e  r e l a t i v e  abundanceof 

t h e  va r ious  peaks ( ~ i g u r e  11-5). I n  both c a s e s ,  t h e  most i n t e n s e  

peak was observed a t  m/e 71 corresponding t o  t h e  molecular  ion  

C 4 H 9 N ,  a long  wi th  t h e  m/e 58 peak which were t h e  common peaks of 

a  dimethylaminomethyl moiety (63,69 ) . 
&f 

The amino a l c o h o l  11-35 was not  de tec ted  from t h e  basic-  
f 

t i o n  of t h e  pho to lysa te  but  obta ined  only a f t e r  LAH reduc t ion  and 
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Table  11-3 ' Chemicd s h i f t s  ( 7 )  and coup l ing  c o n s t a n t s  ( H Z )  of 

cyclododecadiene d e r i v a t i v e s  



I 1 A 
& 6c g. IOC la0 HJ I60 &a 200 220 2 4 0  

-. - V e  ; ~ + ? e  11-5 Mass spectra ( e ~ e ~ )  of 2-dimethylamino-trans,trans- 
- 
=,3-c: iclododecadien-1-01s (11-%a and : 
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was shown by e lementa l  a n a l y s i s  and h igh  r e s o l u t i o n  mass spec t ro -  

metry t o  ha;e t h e  molecular  formula C14H87N0. It e x h i b i t e d  ir  

bands a t  3380 and 1060 cm-' ( c - O H ) ,  a t  3020 and 970 cm-' ( t r a n s  

o l e f i n ) ,  but no a b s o r p t i o n  n e a r  700 cm-' f o r  a - c i s  double bord(B). 

  he \13c nmr spectrum of 11-35  a able I I q )  e x h i b i t e d  n i n e  l i n e s .  

The s i g n a l  a t  129.9 pprn was very i n t e n s e  i n  comparison w i t h o t k r  

peaks and was a t t r i b u t e d  $0 t h r e e  o l e f i n i c  carbons.  The $ethylene 

carbons a t  61.6 ( t  , C  ) and 59.1 ( t  , C 1 2  ) ppm were as s igned  by 

analogy wi th  r e p o r t e d  13c chemical s h i f t  d a t a  (77,79). The ' ~ h m r  

i n d i c a t e d  f o u r  o l e f i n i c  pro tons  a t  ~ 4 . 5 6  and t h e  C H ~ N  s i g n a l  a t  

r7 .78  ( s ,  6 ~ )  ; t h e  rnethylene pro tons  a d j a c e n t  t o  t h e  hydroxyl and 

dimethylamino groups were seen  as simple t r i p l e t s  a t  ~ 6 . 3 9 a n d 7 . 0 ~  

r e s p e c t i v e l y .  The mass spectrum of 11-35 ( ~ i g u r e  11-5) e x h i b i t e d  

a  molecular  ion  peak a t  m/e 225 and showed mass peaks t h a t  might 

be der ived  from t h e  f ragmenta t ion  p a t t e r n b a s  dep ic ted  i n  Scheme 

11-6. The hydrochlor ide  of 11-35 gave t h e  c o r r e c t  a n a l y s i s  f o r  

C I 4 H 2 8 N O C 1 .  B 

J 
I Scheme 11-6 



The v o l a t i l e  amine 11-33 had a  mass spectrum i d e n t i c a l  t o  

t h a t  of a sample syn thes ized  independent ly ( v i d e  i n f r a ) .  I t .  

c o d i s t i l l e d  wi th  methylene c h l o r i d e  on a r o t a r y  evapora tor .  

Amine 11-73 showed t h e  c o r r e c t  molecular  ion  a t  m/e 207 and f rag -  

ment peaks t y p i c a l  f o r  a dimethylamino moiety a t  m/e 84,71 and 58. 

I t s  i n f r a r e d  spectrum e x h i b i t e d  c h a r a c t e r i s t i c  bands a t  2850,2920 

and 2770 cm-I ( ~ o h l m a n n )  and a t  3020 and 960 cm-' ( t r a n s  o l e f i n ) ,  

bu t  no a b s o r p t i o n  of a - c i s  double bond near  700 cm-I (78). +" 

Amino ketone 11-36 gave c o r r e c t  e lementa l  a n a l y s i s  and exac t  
+ 

mass f o r  an M i o n  of C14H23N0. The i r  spectrum of 11-36 showed 

a b s o r p t i o n s  a t  2940, 2920 and 2860 cm-' ( ~ o h l m a n n ) ,  a t  1715-1720 

cm-' (c=o) and a t  975 and 960 cm-' ( t r a n s  o l e f i n ) ,  but  no t  near  

700 cm-' ( c i s  o l e f i n )  (78). This  compound gave one s p o t  on t l c  

and one peak on gc. I t s  pro ton  nmr spectrum showed a sharpsin&& 

a t  77.80 f o r  t h e  ~ - m e t h ~ l  groups,  f o u r  o l e f i n i c  pro tons  a t  T 4  .90 

and 5.04 and a  complex two protons  m u l t i p l e t  a t  T7.08 probablycUe ! 

t o  t h e  C 2  and one of  t h e  C 1 2  p ro tons .  The nmr s i g n a l s  were 

a s s igned  a s  shown i n  Table 11-2. The mass s p e c t r a l  ( ~ i g u r e 1 1 - 6 )  

f ragmenta t ion  p a t t e r n  of 11-36 can be expla ined  as shown i n  

Scheme 11-7. The methyl i o d i d e  of 11-36 gave t h e  c o r r e c t  anal*s ' 

Tcm-l ( ~ 4 ) .  The r e a c t i o n  A f o r  C15H161N0  and ir  a b s o r p t i o n  a t  171 

of amino ketone 11-36 w i t h  hydroxylamine hydrochlor ide  i n  b a s i c  -. 

c ~ n d i t i o n s  gave --amino oxdme 11-31 and its LAH r e d u c t i o n  gave 

a mixture  c o n t a i n i n g  a l c o h o l s  11-34a (14% ) and 11-34b (73  ). 

4- 
The b a s i c  f r a c t i o n  .of p h o t o l y s i s  d i d  n o t  show any discernable 
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I 

changes i n  i t s  r e s p e c t i v e  ir and nmr s p e c t r a  when t r e a t e d  wi th  

aqueous a c i d  o r  base (PH-10). The LAH r educ t ion  of t h e  recovered 

crude products  gave n e a r l y  i d e n t i c a l  mixtures  as t h o s e  wi thout  

t r ea tmen t .  Treatment of t h e  crude b a s i c  f r a c t i o n  wi th  sodium- 

hydride gave a  product  which showed t h e  s t r o n g  a b s o r p t i o n s  ofthe 

n i t r a t e  group but  no carbonyl  a b s o r p t i o n  (1715 T h i s  i n d i -  

Scheme 11-7 
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c a w  tkt t h e  n i t r a t e  group i s  very r e s i s t a n t  t o  t h i s  reducing  

agen t .  Chromatography of t h e  crude product gave l - n i t r a t ~ - ~ -  

dimethylamino-trans,  trans-5,9-cyclododecadene ( 1 1 - a  ) The 

molecular  i o n  a t  m/e 268 and a n a l y s i s  agreed wi th  t h e  molecular  

formula C 4H24N203. !It showed i n f r a r e d  a b s o r p t i o n s  a t  3020 and 

960 cm-I ( t r a n s  o l e f i n ) ,  a t  1620, 1275 and 855 cm-I ( 0 ~ 0 2 )  and at 

2850, 2820 and 2780 ( Bohlmann bands) .  The  a able 11-2) and 

proton  a able 11-3)nmr s p e c t r a  exh ib i t ed  s i g n a l s  i n  consonance 

wi th  11-37a. Hydrazine hydra te  r educ t ion  of 11-37a catalyzedvdth 

P ~ / C  ( 80) gave amino- a l c o h o l  11-34e i n  good y i e l d s ;  t h e  con- 

t i o n  a t  t h e  C 1  and C 2  was t h e r e f o r e  the, same. This  was a l s o i n d -  

c a t e d  by t h e  l a s e  coupl ing  cons tan t  J = 7 . 5  Hz observed a t t h e  
1 9 2  

C 2  proton (77.24,  d t ,  J=7.5, 7 .5  and 4 .OHz), which was t h e  same 

magnitude w i t h  t h a t  of 11-34a  a able 11-3). The mass spectrum of 

11-37a showed a m l e c u l a r  i o n  a t  m/e 268 and t h e  ( M + - N O ~ )  peak at d e  

222 as t h e  base peak. 

Another f r a c t i o n  of t h e  p r e v i o u s  chromatography gave a nbxtm 

of amino a l c o h o l s  11-34a, 11-34b and a  n i t r a t e  e s t e r ,  as seen by 

i r  bands a t  1620, 1270 and 860 em-'. The nmr spectrum of  t h i s  

f r a c t i o n  e x h i b i t e d  s i n g l e t s  a t  77.60 (11-34a), 7.71 (11-34b) and 

7.76 i n  t h e  3:1:2 r a t i o ;  t h e  las t  one was probably due t o t h e  other 

' . n i t r a t e  e s t e r  isomer 11-37b. Reduction of t h i s  f r a c t i o n  wi th  LAH 

gave a mixture which showed a  nmr spectrum c o n t a i n i n g  a t r i p l e t  

a t  76.40 (~=6.5Hz, 11-35) and t h e  s i n g l e t s  a t  77.60 (11-34a),7.71 
,? 

(11-34b) and-7 .78  (11-35) i n  a 2 : l : l  r a t i o .  These two r a t i o s  

i n d i c a t e d  t h a t  t h e  u n i s o l a t e d  amino n i t r a t e '  e s t e r  11-37b was 
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p r e s e n t  i n  t h e  p h o t o l y s a t e  and  t h a t  c a  75% o f  11 -37b  was c l e a v e d  

d u r i n g  t h e  LAH r e d u c t i o n .  

The b a s i c  f r a c t i o n  was a l s o  r e d u c e d  by  h y d r a z i n e  hydr%te  i n  

t h e  p r e s e n c e  o f  P ~ / C  (80) t o  g i v e  a  m i x t u r e  of  i s o m e r i c  a m i n o  

a l c o h o l s  11-34a a n d  11-34b i n  a  1 : j . 5  r a t i o  a s  i n d i c a t e d  by i t s  

nmr s p e c t r u m .  S i n c e  u n d e r  t h e s e  c o n d i t i o n s ,  k e t o n e  11-36 d i d  n o t  
\ 

g i v e  a l c o h o l s ,  t h e  r a t i o  r e p r e s e n t s  t h e  r a t i o  of  n i t r a t e s  11 -37b  

and  11 -37a .  

When p u r e  amino  n i t r a t e  e s t e r  11-37a was r e d u c e d  w i t h  LAH, 

i t  y i e l d e d  t h e  open  c h a i n  amino  a l c o h o l  11-35 (82% ) a n d  a m i n o  

a l c o h o l  11-34a (6%) i n  a 1111 r a t i o  a s  i n d i c a t e d  by  t h e h t e n s i t i e s  

of  t h e  s i n g l e t s  a t  77-60 (11 -34a )  a n d  7.78 (11-35). S i n c e  t h e  

r e d u c t i o n  o f  n i t r a t e  e s t e r s  g i v e s  t h e  c o $ k e s p o n d i n g  a l c o h o l s  
-7 

I 
w i t h o u t  d i s t u r b i n g  t h e i r  s t e r e o c h e m l s t r y  (81 ) ,  11-37a a n d  11 -34a  

w e r e  f u r t h e r  p r o v e d  t o  h a v e  t h e  same c o n f i g u r a t i o n  a t  t h e  C,,C2 

bond.  F u r t h e r m o r e ,  t h i s  a l s o  i n d i c a t e d  t h a t  11-37a  was c l e a v e d  

d u r i n g  t h e  m e t a l  h y d r i d e  r e d u c t i o n .  

When o x i d a t i v e  p h o t o a d d i t i o n  was c a r r i e d  o u t  i n  t h e  p r e s e n c e  

of a f o u r  f o l d  a n d  t e n  f o l d  e x c e s s  o f  NND a n d  t h e  c r u d e  p r o d u c t s  

r e d u c e d  w i t h  LAH, t h e  y i e l d s  o f  open c h a i n  a l c o h o l  11-35 increased 

s i g n i f i c a n t l y  a n d  t h o s e  o f  amino  a l c o h o l s  11-34a a n d  11 -34b  

d e c r e a s e d   a able 11-4 ) .  



a ,  y i e l d s  based  on r e l a t i v e  areas o f  a l l  gc p e a k s .  

b ,  y i e l d s  e s t i m a t e d  f r o m t o t a l  f r a c t i o n  and b a s e d  on s t a r t i n g  

t t tcm.  * L 

T a b l e  11-4: y i e l d s  o f  p r o d u c t s  o b t a i n e d  from t h e  p h o t o l y s e s  o f  

NND w i t h  t t t C r Y T  f o l l o w e d  by M H  r e d u c t i o n .  

The a c i d i c  p h o t o l y s i s  o f  NNOD ( o r  N N D )  i n  t h e  p r e s e n c e  o f  

cttCDT and  oxygen gave  a n e u t r a l  f r a c t i o n  c o n t a i n i n g  m o s t l y  t h e  

s t a r t i n g  o l e f i n  w i t h  i t s  t t tCDT i s o m e r  ( 5 % )  i n d i c a t i n g  t h a t  born- 

e r i z a t i o n  t o o k  p l a c e  d u r i n g  t h e  p h o t o l y s i s .  

The b a s i c  f r a c t i o n  e x h i b i t e d  s t r o n g  i n f r a r e d  a b s o r p t i o n s  a t  
n 
3 
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1630,  1290 and 930 cm-" ( o N o ~ ) ,  a t  3400 a n d  1035 cm-' ( c - O H ) ,  a 
I 

medium band a t  1710 cm-I ( c - 0 )  and a t  705 cm-I ( c i s  o l e f i n ) . ? h i s  

f r a c t i o n  was i m m e d i a t e l y  r e d u c e d  w i t h  LAH t o  g i v e  a  complex f r a c -  ' 

t i o n  c o n t a i n i n g  low y i e l d s  of  11-34a, 1-1-35 and p o s s i b l y ,  11-34b,  * 

t h e  p r o d u c t s  from a d d i t i o n  t o  t h e  c i s  d o u b l e  bond,  and  2 - d i m e m l -  ' - 

amino-cis,trans-5,9-cyclododecadien-1-01 (11-38a, 33%) and 

12-dimethylamino-cis,trans-4,8-dodecadien-lo (11-39, 15%), t h e  

a d d i t i o n  p r o d u c t s  t o  t h e  t r a n s  d o u b l e  bond i n  good y i e l d s .  The 

f o r m e r  group o f  compounds might  a l s o  a r i s e  f rom 

o b t a i n e d  from i s o m e r i z a t i o n  of t h e  cttCDT. 

The samples  o f  11-38a and  11-39 o b t a i n e d  from chromatography 

gave  t h e  e x p e c t e d  13cnmr s p e c t r a   a able 11-2) as compared w i t h  

t h e  a n a l o g u e s  11-34a, 11-34b and 11-35; t h i s  i n d i c a t e d  t h a t  t h e y  

a r e  homogeous and t h e  a d d i t i o n  was r e g i o s p e c i f i c  a l t h o u g h  t h e  

p r e c i s e  r e g i o c h e m i s t r y  c o u l d  n o t  be  o b t a i n e d .  The amino a l c o h o l  

11-38a had a  c o r r e c t  e l e m e n t a l  a n a l y s i s  and gave  a c o r r e c t  e x a c t  

mass f o r  Ci4Hz5N0. It showed 'Hnmr comparab le  w i t h  t h a t  of 11-34' 

 a able 11-3) and t h e  same mass s p e c t r a l  f r a g m e n t a t i o n  as 11-34 

d i f f e r i n g  o n l y  i n  t h e  r e l a t i v e  abundance  ( ~ i g u r e  11-7). 

E l e m e n t a l  a n a l y s i s  as w e l l  as h i g h  r e s o l u t i o n  mass s p e c t r o -  



Figure 11-7: Mass spectra ( 8 0 e ~ )  of 2-dimethylamino-cis,trans- 

5,9-cyclododecadien-1-01 (11-38a) and 12-dimethylamino-cis, - 
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memy e s t a b l i s h e d  t h e  m o l e c u l a r  fo rmula  o f  open c h a i n  amino 

a l c o h o l  11-39 as  C l 4 H Z 5 N O .  I t s  i n f r a r e d  s p e c t r u m  e x h i b i t e d  

t i o n s  a t  3380 and 1055 ( c - O H )  and a t  965 and 700  cm-' f o r  a 

and a - c i s  d o u b l e  bond, r e s p e c t i v e l y  {78). The ' ~ n m r  and mass 

( ? i g u r k  11-7) s p e c t r a  were  comparable  t o  t h o s e  11-35. 

11-2-6. T o  e n d o - d i c y c l o p e n t a d i e n e  

P h o t o l y s i s  o f  a n  a c i d i c  ( H C ~ )  me thano l  s o l u t i o n  o f  NNOD ( o r  

NND)l-e\,do-DCPD u n d e r  oxygen gave  a  v e r y  complex n e u t r a l  f r a c t i o n  

which  was'pot i n v e s t i g a t e d  f u r t h e r .  N e u t r a l i z a t i o n  a t  0 "  f o l l o w e d  
I 

by immedia te  e x t r a c t i o n  gave  a c r u d e  m i x t u r e  showing s t r o n g  i n f r a -  

r e d  a b s o r p t i o n s  a t  1625 ,  1280 and 860 cm-' ( O N O ~ ) ,  a t  2730 and 

1720 cm-' ( C H O )  and a t  3400 and 1030 cm-' (c-OH). O l e f i n i c  pmtas 

were s e e n  i n  t h e  nmr s p & t r u m  a t  33.76 and  4 . 3 7  i n  a 1 :1 r a t i o  

t y p i c a l  of n o r b o r n e n e  and c y c l o p e n t e n e  d o u b l e  b o n d s ,  r e s p e c t i v e l y  

( 8 2 , 8 3 ) .  T h i s  s t r u c t u r a l  f e a t u r e  was a l s o  s u g g e s t e d  by t h e  i r  

bands  a t  3050 cm-l ,  750 ( n o r b o r n e n e )  and 700 cm-I ( c y c l o p e n t e n e )  

(84 ) .  

Immediate  r e d u c t i o n  o f  t h e  c r u d e  b a s i c  f r a c t i o n  w i t h  LAH 

g a v e  t r a n s  , c i s ,  t r a n s - 2  ,4-bis-hydroxymethylbicyclo[~.3. - 01oct -6-ene  

decen-exo-8-01 - (11-41,25%) and  a  compound p o s t u l a t e d  t o  be urre ' 

most p o l a r  compound was i , s o l a t e d  as a m i x t u r e  w i t h  11-41. Two 

o t h e r  u n i d e n t i f i e d  minor compounds were  d e t e c t e d  by gc  b u t  were  

n o t  i n v e s t i g a t e d  f u r t h e r .  

- 



31  o r  R 2 = O H  3= CHO , 1 1 - 4 3  
?L* O r  8 1 = ~ i ( ~ ~ 3 ) 2  

R= C H 2 0 H ,  11-40 

The high r e s o l u t i o n  mass spectrum of 1 1 - 4 1  i n d i c a t e d  a  mole- 

u l a r  ion  a t  m/e 193.1465 i n  agreement w i t h  a  molecular  formula 
1 

C l 2 H I 9 N O .  The i r  spectrum of 1 1 - 4 1  i n d i c h y d  t h e  presence of a  

cyclopentene double bond (709 cm-I) ,  a  h y d r o k u p  (3300 and 
/ \ 

1370 crn-I) and a  dimethylamino moiety (2830, 2330, 2732 and 1030 
/' ' 

cm-I) .  The nrnr spectrum of 1 1 - 4 1  ( ~ i g u r e  11-8) s h o d  t h e  ole- 
4 
protons  a t  74.38 and 4 . 5 3 ,  t y p i c a l  of a  cyclopentene double bond 

(82 ,83) .  The -- endo-cis  o r i e n t a t i o n  of t h e  Cg and C s  p ro tons  was 

i n d i c a t e d  by t h e  coupl ing  cons tan t  of J H ~ - H ~ =  ~ H Z  (95). The Cg 

endo proton was a l s o  coupled wi th  t h e  C l o  * a n t i  proton thrpugh 

t h e  l d n g  range "w-plan" coupl ing  ( J = ~ . ~ H Z )  (95) and wi th  t h e  4 

p r o t o n ~ = 1 . 5 ~ z ) .  The C 9  endo proton was weakly coupled wi th  t h e  
1 

+The anti s t r u ~ t h e  i n  t h i s  rnblecule i s  def ined  r e l a t i v e  t o  t h e  
\ 

\ 

C 8 , C 9  carbons.  t 





C l o  a n t i  a n d  C l  p r o t o n s ;  t h e  l a s t  two  c o u p l i n g s  c o u l d  n o t  b e  

measu red  d i r e c t l y  b u t  were a p p r o x i m a t e d  t o  a c c o u n t  f o r  t h e  broad-  

e n i n g  o b s e r v e d  i n  t h e  Cg ax i a l  s i g n a l .  A p o s s i b l e  mass spectra l  

f r a g m e n t a t i o n  p a t t e r n  i s  shown i n  Scheme 11-8 a n d  F i g u r e  11-9. 

Scheme 11-8 



Figure 11-9: Mass spectra ( 3 0 e ~ )  of exo-9-dimethylaminolendo- - 

tricyclor5.2.1. ~~*~]->decen-exo-~-ol (11-41) And trans, 

cis ,trans-2,4-bis-hydroxymethylbicyclo[3.~. 0]oct-6-ene 



The s t r u c t u r e  f o r  11-42 i s  p d s t u l a t e d  on t h e  b a s i s  pf t h e  

f o l l o w i n g  d a t a  o t t a i n e d  from a 1 :1 m i x t u r e  w i t h  1 1 - 4 1 .  A gc-ms 

showed t ha t  11-42 i s  ah isomer o f  11-41 h a v i n g  t h e  same M' a t  

m/e 133. The nmr s p e c t r u m  o f  t h i s  i s o m e r i c  m i x t u r e  c o n t a i n e d  a - 
m u l t i p l e t  a t  ,3. ?I f o r  t h e  d o u b l e  bond i n  n o r b o r n e n e  ( 8 2 , 8 3 )  a n d  

a s i n g l e t  a t  77.67 fot t h e  d i m e t h y l a m i n o  m o i e t y  of 11-42. 

High r e s o l u t i o n  aass s p e c t r o m e t r y  e s t a b l i s h e d  t h e  m o l e c u l a r  

f o r m u l a  o f  d i o l  I1-h3  a s  C 1  ? H l d 2 .  It showed i r  a b s o r p t i o n s  a t  

5 ,  1355 and  1 c  - O H )  t h e  nrnr s p e c t r u m  ( ~ i g u r e  11-10) 

showed two  e x c h a n g e a t l e  p r o t o n s  n e a r  T 7 . 7 ,  two  o l e f i n i c  p r o t o n s a t  

~4.33 a n d  4 . 4 2  and  two d o u b l e t s  ! J = ~ H Z )  a t  76 .34  a n d  6 . 4 1  f o r  t h e  

two n o n - e q u i v a l e n t  h ; :d roxy~e t l fy l  g r o u p s .  w h i l e  t h e  t r a n s ,  c i s , t r ans  -- 
c o n f i g u r a t i o n  d e r i i e d  f r o ~  t r a n s , c i s , t r a n s  d i a l d e h y d e  11 -43  was 

a s s i g n e d  f o r  11-L3, The s t e r e o c h e m i s t r y  i s  n o t  r i g o u r o u s l y  d e t e r -  

r , i n e d .  The mass s p e c t r u r  of 1 1 - 4 9  ( ~ i g u r e  11-7) showed t h e  molec- 

u l a r  i o n  a t  m/e 15?. The p r e s e n c e  o f  t h i s  conpound was f u r t h e r  

c o n f i r x e d  3 y  i s o l a t i o n  o f  i t s  - b i s - p - n i t r o b e n z o a t e d e r i v a t i v e  

w h i c h  g a v e  c o r r e c t  e l e m e n t a l  a n a l y s i s  f o r  C 2 4 H 2 2 N 2 0 8 .  
C 

When t h e  c r u d e  b a s i c  f r a c t i o n  c o n t a i n i n g  t h e  a m i n o n i t r a t e s  

was a l l o w e d  t o  decompose u n d e r  a c i d i c  c o n d i t i o n s ,  ( p ~ < 2  a n d  pH 4 )  
I 

t h e  m a j o r  d e c o m p o s i t i o n  p r o d u c t  w a s  f o u 6 d  t o  b e  d i a l d e h y d e  11-43 

'0- i % s  e p i m e r )  i n  o n l y  c a  2 % a n d  c a  4 % y i e l d s ,  r e s p e c t i v e l y .  

Tornpound 11-43 was i s o l a t e d  as a 3 : l  m i x t u r e  w i t h  a n  unknown 

p r o d u c t .  It showed a b s o r p t i o n s  a t  1 7 2 0  a n d  2 7 3 0  cm-' a n d  c l e a r  

nz- d o u b l e t s  of t h e  same i n t e n s i t y  a t  T 0 . 2 8  (J=I.~HZ) a n d  0 . 3 4  

' _  .;=i.SHz) f o r  t h e  a l d e n y d e s .  T h i s  compound was t e n t a t i v e l y  as-- 



Figure 11-10: - ' ~ n m r  spectrum ( 1 0 0 ~ ~ ~ )  of trans,cls.,trans- - 

ene (11-40) 



w e d  a t r a n s , c i s , t r a n s  c o n f i g u r - ~ n   but e p i m e r i z a t i o n  may have  
L' \ 

,I 
o c c u r r e d .  The e x p e c t e d  M+ i o n  f o r  C l 0 H I 2 O 2  a t  164 w a h s e r v e d  

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

b a s i c  c o n d i t i o n s  ( p ~  1 0 )  t h e  r e s u l t i n g  f r a c t i o n  s t i l l  showed 

s t r o n g  i r  a b s o r p t i o n s  a t  1625 ,  1280 and 860  em-' f o r  a n i t r a t e  

e s t e r  g roup .  A f t e r  LAH r e d u c t i o n ,  i t  y i e l d e d  d i o l  11-40 ( 1 0 % )  and  

amino a l c o h o l s  11-41 ( 2 9 % )  and 11-42 ( 5 % )  as t h e  m a j o r  p r o d u c t s  
J. 

a l o n g  w i t h  s e v e r a l  o t h e r  u n i d e n t i f i e d  minor components .  

P h o t o l y s i s  o f  a m e t h a n o l i c  s o l u t J o n  o f  NND i n  t h e  p r e s e n c e  

o f  p e r c h l o r i c  a c i d  and  1 , 5 - c y c l o d e c a d i e n e  u n d e r  oxygen a tmosphere  

e x h i b i t e d  t h e  e x p e c t e d  z e r o - o r d e r  d e c r e a s e  o f  t h e  n i t r o s a m i n e  

a b s o r p t i o n  a t  345 nm. The p h o t o l y s i s  r e s u l t e d  i n  t h e  f o r m a t i o n  o'f 

s a t u r a t e d  n i t r a t e  e s t e r  compounds ( c a  8 % )  a s  t h e  m a j o r  p r o d u m  i n  Y 
a d d i t i o n  t o  s m a l l  amount s 5% ) of u n s a t u r a t e d  p r o d u c t s  . 

The p e r c h l o r a t e  s a l t  o f  t h e  n i t r a t e  e s t e r  (32% ) c r y s t a l l i z e d  

f rom t h e  p h o t o l y s a t e  and h a s  been t e n t a t i v e l y  i d e n t i f i e d  as 2 - n i -  

trato-8-dimethylamino-cis-bicycl4 5.3. Oldecane  (11-44a),  one o f  

t h e  t w o  p o s s i b l e  isome%s a t  C 2  (scheme 11-10). F o r  r e a s o n s  t o  be  

d i s c u s s e d ,  i t  was assumed t h a t  t r a n s a n n u l a r  5-7 r i n g  c l o s u r e  had 

o c c u r r e d  t o  g i v e  a c i s - f u s e d  compound as opposed t o  t r a n s - f u s e d  - 
6 

compounds; f o r  c o n v e n i e n c e  t h e  d e s c r i p t i o n  0.f t h e  c h e m i s t r y  w i l l .  

be b a s e d  on t h i s  s t r u c t u r e .  Compound 11-44a  a n a l y z e d  c o r r e c t l y  

f o r  C 1 2 H 2 3 N 2 0 7 C 1  and  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  i r  bands  o f  a 

' n i t r a t e  e s t e r  a t  1505, 1290 and 890 cm-'. The 13cnmr c h e m i c a l  



Scheme 11-10 

s h i f t s  of 11-44a can be seen i n    able 11-5 a long  wi th  o t h e r  

bicyclo[5.3.0]  d e r i v a t i v e s .  While i n  d e u t e r a t e d  methanol 11-44a 

e x h i b i t e d  two non-equivalent  CH3 carbons a t  4 2 . 0 ( q )  and 4 1 . 8 ( q )  

ppm, it showed one peak a t  4 2 . 0 ( q )  ppm i n  DMSO-d6. The 400 MHZ'H 
Y 

nmr spectrum ( ~ i g u r e  11-11 and Table 11-6) showed no o l e f i n i c  
F 

hydrogens but a  broad double t  of doub le t s  ( J =  10.4 ,  10.0 and 

5 0 . 6 ~ ~ )  at 75.17 f d  t h e  C 2  proton.  The s i g n a l  a t  77.46 f o r  t h e  

* 
We a r e  g r a t e f u l  t o  D r  ?. Nahashima from t h e  U n i v e r s i t y  of 

A l b e r t a ,  f o r  t h e  400MHz ' ~ n r n r  s p e c t r a .  
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Table 11-5: 13~nmr s p e c t r a  of b i c y c l d  5.3. Oldecane de r iv&t i \~ s  



Figure 11-11 : 'Hnmr spectrum ( 4 0 0 ~ ~ ~ )  of the perchlo- 

rate of 2-nitrato-8-dimethylamino-cis-bicyclo[5.3.0] - 
decane (11-44a). 



TABLE 11-6 
L 

Chemical  s h i f t s  ( 7 )  and c o u p l i n g  c o n s t a n t s  ( H Z )  o f  t h e  

p e r c h l o r a t e  o f  2-nitrato-8-dimethylamino-cis-bicyc ? o  - 

. P r o t o n  

8.01 ( m )  

8.22 ( r n )  

7 . 0 1 5 ( d )  

3 b i g  c o u p l i n g s  310-12Hz (and  

s m a l l  c o u p l i n g s  ~ H Z )  

2  b i g  c o u p l i n g s  -10-12Hz, 1 m e -  

dium c o u p l i n g  -6-7Hz (and  small 

c o u p l i n g s  S I H Z )  

a ,  may b e  i n t e r c h a n g e a b l e .  

\ r  



C ,  p r o t o n  was a n a l y z e d  as i n d i c a t e d  i n  Figure, ,EI-12 and shown t o  

p o s s e s s  t h r e e  b i g  and a medium c o u p l i n g  c o n s t a n t s ;  t h e s e  cou-  

p l i n g s  were  c o n s i s t a n t  w i t h  s t r u c t u r e  11-44a b u t  n o t  w i t h  t h e  

a l t e r n a t e  s t r u c t u r e  11-95. A s  shown w i t h  D r e i d i n g  Models of11&, 

t h e  C 1  p r o t o n  had d i h e d r a l  a n g l e s  n e a r l y  z e r o  w i t h  H7 and  H l o ,  

180"  w i t h  HPa and 120"  w i t h  H l o  I , e x p l a i n i n g  t h e  observedcoupl ing  

p a t t e r n s ;  o n l y  one d i a x i a l  ( 1 9 0 " )  c o u p l i n g  o f  c a  10Hz s h o u l d  be  

o b s e r v e d  w i t h  s t r u c t u r e  11-45 s i n c e  a l l  o t h e r  d i h e d r a l  a n g l e s  
't 

a r e  n e a r l y  60' ( J  r 6Hz) .  S i n c e  thkb Ca p r o t o n  a t  ~6.85 showed 

two b i g  c o u p l i n g  c o n s t a n t s  ( J ~ ~ - H ~ .  sfid JHR-HS 3 1 0 - 1 2 ~ ~ ' )  a n d ' o n e  * 
medium c o u p l i n g  c o n s t a n t  f 6 - ~ H Z ) ,  t h i s  p r o t o n  was be-  

* . . 
lleyed t o  ke t r a n s  t o  e  r i n g  j u n c t u r e  (~ p l a c i n g  t h e  d imethy lamino '  x . m o i e t y  - c i s  t o  t h e  r i n g  junc tu re ' .  ' , 

The l i t h i u m  aluminium h y d r i d e ' r e d u c t i o n  o f -  t h e  c r u d e  b a s i c  
'b 0, ' 

f r a c t i o n  ga've m o s t l y  t h e  two i s o m e r s  a t  t h e  C 2  c a r b o n ,  t h e  

8-dimethylamino-cis-bidyclo[ 5 . 3 . 0 1 - 2 - d e c n o s  (11-46a ' and  11-46b 1. 
v - 

i n  65 a n d -  13% y i e l d s ,  r e s p e c t i v e l y ,  i n  a d d l t i o n  t o  52 o f  a n  un-  ' 

- 
pr6duc t .  The m a j o r  amino aJcohol 41-46a g a v e  t h e  e x p e c t e d  . 

e l e m e n t a l  a n a l y s i s  a s  wel l"as-  t h e  c o r r e c t  h i g h  r e s o l u t i o n  mass s p e e  

t r u m  f o r  t h g  molecy1a.r f o r m u l a ' Q 2 ~ 2 3 ~ 0 .  The I3cnmr L p e c t r u n .  o f  / ' 
< 

11-46a  able 11-5) showed' e l e v e n  l i n e s  i n  which  t h e  C2. and  d g  ' ' "  

't 

c a r b o n s  r e s o n a t e d  a t  76.2  ( d )  a n d  75.5 ( d  ) p p ,  r e s p e c t i v e l y ; .  t h e y  
- .  

were  c o n s i d e r a b l y  d e s h i e l d e d  i n  c o m p a r i s o n - w i t h  c h e m i c a l  " s h i f t s  
I 

of  64-69 and 58-6'lppm f o r  c a r b o n s  c a r r y i n g  a  &droltyl and  a 
9 1 

dimethy lamino  g r o u p ,  r e s p e c t i v e l y  ( v i d e  s u p r a , 7 7 ) .  A s  t h e  LAH 
L . . ?  

r e d u c t i o n  o f  11-44a ' y i e l d e d  a l c o h o l  11-46a, t h e i r  s t e r e o c h e m i s t r y  



a 
Figure 11-12: l~nmr ( 4 0 0 ~ ~ ~ )  expansion spectrum of the . a  

C 1  proton of the perchlorate of 2-nitrato-8-dimethylamino 
-cis-bicycloC - 5.3.01decane (11-44a). 



must be i d e n t i c a l .  The minor amino a l c o h o l  11-46b was obta ined  

as a 2 : l  mixture wi th  11-46a. The ir  and 6 0 ~ ~ z ' ~ n m r  spectra of'tNs 

mixture were very similar t o  those  of pure 11-46a. The 13cnmr 

s i g n a l s  of 11-46b were obta ined  by mannual s u b t r a c t i o n  of those  

of 11-46a from t h e  spectrum of t h e  mixture  a able 11-5). Both of 

t h e s e  i somer ic  amino a l c o h o l s  gave t h e  same mass fragments i n  gc- 

m s  a n a l y s i s  of t h e  mixture;  only fragment ion  i n - n s i t i e s  were 

d i f f e r e n t .  I n  both  c a s e s ,  t h e  most i n t e n s e  peak was observed a t  

m/e 84 f o r  C S H I O N  and gave a  molecular  ion  a t  m/e 197 correspon-  

d ing  t o  C l 2 H Z 3 N O .  

The ox ida t ion  of e i t h e r  a l c o h o l  11-46a o r  mixture of isomers 

11-46 w i t h  Jo nes ' r e a g e n t  ( 86) gave a  s i n g l e  ke tone ,  %dimethyl- 

amino-c i s lb icyc l  - [ 5.3.01-2-decanone (11-47a). It showed tk correct 't 
molecular  ion  a t  m/e 195 f o r  C l 2 H Z 1 N O ,  an  i r  a b s o r p t i o n  a t  1703fi1 

( c = o )  and a nmr s i n g l e t  a t  77.73 ( N C H ~ ) .  I t s  I3cnmr spectrum 

 a able 11-5)  had t h e  desh ie lded  C 8  carbon a t  73.6(d)ppm as ~bsavecl 

i n  11-44 and 11-46. The f a c t  t h a t  both a l c o h o l s  11-46 gave. 'a 

s i n g l e  ketone on o x i d a t i o n ,  unequivocal ly  e s t a b l i s h e d  t h a t  t h e y  

were epimeric  a t  C 2 .  

The b i c y c l i c  ketone,11-47a, on treament e i t h e r  i n  a c i d i c  o r  

- -  b a s i c  s o l u t i o n  gave a  2 :3  equ i l ib r ium rnfxture of amino ke tones  'i 

11-47a and 11-47b. The ep imer iza t ion  must have occurred a t  C 1  t o  

g ive  a  t r a n s - 5 , 7 - r i n g  f u s i o n  i n  11-47b. The mixture of 11-47a 

and 11-47b could n o t  be separa ted  by chromatography, but showed 

two d i s t i n c t i v e  NCH3 s i n g l e t s  a t  77.73 (11-47a) and T 7 . 7 6 ( ~ ~ - 4 7 b )  

and two s e t s  of 13cnmr s i g n a l s   a able 11-5). 



The n o n - o x i d a t i v e  p h o t o a d d i t i o n  o f  NND t o  1 , 5 - c y c l o d e c a d i e n e  

w i t h  a r350nm l i g h t  r e s u l t e d  i n  t h e  emergence o f  a new a b s o r p t i o n  

band a t -300nm which i n c r e a s e d  s t e a d i l y  t o  a  maximum a f t e r  7.5 

h o u r s  and  t h e n  d e c r e a 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 .  The photol-  
/ 

y s i s  was d i s c o n t i n u e d  when t h e  3OOnm band r e a c h e d  i t s  maximum 

i n t e n s i t y  and t h e  p h o t o l y s a t e  was worked-qto  g i v e  a mixture c o d -  

t i n g  o f  c a  1 :1 m i x t u r e  o f  t he  two - s y n  and a n t i - i s o m e r s  of 2 - 0 ~ h i n *  

8-dimethylamino-cis-bicycle[ - 5 . V ] d e c a n e  (11-48) and s e v e r a l  o t h e r  

u n i d e n t i f i e d  minor  compounds. Acid t r e a t m e n t  o f  t h e  c r u d e  pho to -  

l y s a t e  gave  a n t i - o x i m e  11-48b (63%) and two .amino k e t o n e s  11-47 

( 2 2 % ) .  T h i s  i n d i c a t e d  tha t  t h e  two i s o m e r s  i n  t h e  m i x t u r e  were  

s y n  and a n t i - o x i m e s  and p o s s e s s e d  t h e  same s t r u c t u r e  o t h e r w i s e .  - 

a n t i  , 11-48b 

Amino oxime 11-48b gave  c o r r e c t  e l e m e n t a l  a n a l y s i s  and e x a c t  

mass f o r  C 1 2 H 2 2 N 2 0 .  I t s  i r  s p e c t r u m  showed a b s o r p t i o n s  a t  3170,  

955 and 910 cm-I ( C = N O H )  and a t  2920 and 2780 cm-'(~ohlmann bands).  

The a n t i  c o n f i g u r a t i o n  was a s s i g n e d  t o  11-&8b on s t e r i c  ground6 but 

n e i t h e r  13cnmr  a able 11-5) n o r  'Hnrnr s p e c t r a  were  informat ive  f o r  

s t r u c t u r a l  d e t e r m i n a t i o n .  H y d r o l y s i s  o f  t h e  p u r e  amino oxime 11- 4% 

gave a 2 : 3  i s o m e r i c  m i x t u r e  o f  k e t o n e s  11-47a and 11-47b. 
- 



11->.\ T r a n s w n u l a r  E l e c t r o p h i l i c  Reac t ion  o f  Alkenyl  N i t r o s o  

Compounds 

N i t r o s y l  c h l o r i d e  was prepared  a s  a by-product '  i n  t h e  

p r e p a r a t i o n  of  po tass ium n i t r a t e  from potass ium c h l o r i d e  and 

n i t r o g e n  d i o x i d e  (87) i n  t h e  p re sence  of w a t e r .  Add i t i on  of  a  

rnethylene c h l o r i d e  s o l u t i o n  of  n i t r o s y l  ch lo rSde  t o  1 ,5-cyc lo-  

o c t a d i e n e  a t  'low t empera tu re  gave a deep b l u e  c o l o u r  due t o  
% 

monomer 11151 ( 2 5 , 2 8 )  which was i s o l a t e d  as t h e  dimer ( o r  azod i -  

oxy compound) i n  r e l a t i v e l y  low y i e l d  (37 -42%) ,  due t o  i t s  s o l u -  

b i l i t y  and i t s  i r r e v e r s i b l e  t a u t o m e r i z a t i o n  t o  t h e  corresponding 

oxime c h l o r i d e s  11-52 (v ide  i n f r a ) .  The c o l o u r l e s s  dimer of 11-51 - 
ana lyzed  c o r r e c t l y  f o r  ( c ~ H ~ ~ N o c ~ ) ~ .  The uv a b s o r p t i o n  a t  294nm 

('max 6250)  and t h e  i r  a b s o r p t i o n s  a t  1238 and 1208 c k l  i n d i -  

&ed UE a n t i - c o n f i g u r a t i o n  f o r  t h e  azod ioxy l  group (3l ,35) .  The 

i r  spectrum o f  11-51 a l s o  showed bands a t  736 cm-I (c-CI)  and 

3320 cm-I ( o l e f i n ) .  The r e c r y s t a l l i z e d  dimer showed an  e i g h t  

l i n e  13cnmr spectrum ( T a b l e  11-7) i n d i c a t i n g  t h a t  t h e  sample* 
I 

was homogeneous. Fur thermore ,  each i s o l a t e d  c r u d e  produc t  as 

w e l l  as t h e  mother l i q u o r  of  t h e  r e a c t i o n  a l s o  showed t h i s  el@ 

l i n e  p a t t e r n  and o t h e r  13cnmr l i n e s  due t o  oximes 11-52,but no t  

f o r  a n o t h e r  dimer.  T h i s  i n d i c a t e d  t h a t  a d d i t i o n  o c c u r r e d  s t e r e o -  
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t Table  11-7: .lg~nmr s p e c t r a  of cyc looctene  and 9 -azab icyc l i c  
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s p e c i f i c a l l y  t o - - g i v e  o n l y  one produc t  11-51> to*hwhich t h e x c i s -  
1 ,' ,\- 

c o n f i g u r a t i o n  was a s s i g n e d .  It a l s o  i n d i c a t e d  t h a t ,  w h i l e  meso 
'C 

o r  d l  d imers  were p o s s i b l e ,  on ly  one dimer ,  p r o b a b l y , t h e  more - 

s t a b l e  one was formed. The ' ~ n m  spectrum of t h e  dimer o f  11-51 ' 

( ~ i g u r e  11-13) showed t h e  C 1  and C 2  p r o t o n s  a t  7 4 - 5 7  and 5.48, 

r e s p e c t i v e l y .  Decoupl ing exper iments  ( ~ i g u r e  11-13) i n d i c a t e d  

t h a t  t h e y  were n o t  coupled t o  each  ojiher, i n  Corn a r i s o n  t o  a P 
l a r g e  c o u p l i n g  c o n s t a n t  observed f o r  

- s u g g e s t i n g  a c i s - c o n f i g u r a t i o n  of t h e  f u n c t i o n a l  g ~ o u p s .  The 

pseudo-ax ia l  o r i e n t a t i o n  o f  t h e  C 1  p r o t o n  was i n d i c a t e d  by a  

l a r g e  c o u p l i n g  w i t h  t h e  C e a  p r o t o n  ( J ~ - S ~ = ~ ~ . ~ H Z ) .  The lack o f  

f o r  t h e  C 2  p r o t o n  s i g n a l  ( W  - 1 1 ~ ~ )  sugges t ed  t h a t  , 3- C 

p s e u d o - e q u a t o r i a l  o r i e n t a t i o n ,  i n  a s t a g g e r e d  p o s i -  

t i o n  w i t h  t h e  respec t ive  C g  p r o t o n s .  Such a conformat ion  would 

p l a c e  t h e  c h l o r i n e  i n  c l o s e  p rox imi ty  t o  t h e  double  bond and 

might cause  t h e  observed d o m e l d  c a  0.25 ppm) of t h e  

o l e f i n i c  p r o t o n s  i n  comparison with r e l a t e d .  cornpouqds (7ca4.45)(63) 

Reac t ions  o f  t h e  dimer o f I I - 5 1  11-3-2. 

Decomposition o f  a n e a t  samplk o f  t h e  c r u d e  dimer ' o f  11-51 

a t  room t e m p e r a t u r e  f o r  s e v e r a l  weeks gave e x c l u s i v e l y  a 2 : l  

i s o m e r i c  mixt&e o f  a n t i  and syn  c h l o r o  oximes 11-52a and 11-52b - 
(scheme 11-11). The l ~ n r n r  spec t rum o f  t h e  i somer i c  mix tu re  exhib- 

i t e d  t h e  C2  p r o t o n s  a t  75.68 and 5 .40,  r e s p e c t i v e l y ,  as a double 

of  d o u b l e t s . . T h e  l a t t e r  a b s o r p t i o n  was a t t r i b u t e d  t o  syn-oxime 



D i w r  of 11-51 .hli 

b 6 e rn 
1 1 -* - 

Figure 11-13: lHhmr spectrum (100n8z) of the anti-dimer of , - 
. - cis-1-nitroso-2-chloro-5-cyclo ctene (~1-r of 11-51) 

r, a, double lrradlatlon of the Hz proton; 

b ,- double irradiatton of the HI proton; 
c ,  double irradiation of the C3 protons; 

d, daable Irradiation of the C b  protons. 



11-52b c o n s i d e r i n g  t h e  a n i s o t r o p i c  e f f e c t  of  t h e  hydroxyl group 

(75) .  Th_e 13cmr spectrum of t h e  mixture showed two s e t s  of e i g h t  

l i n e s  ( ~ a b l e , 1 1 - 7 ) ,  one s e t  of l i n e s  being r e l a t i v e l y  more intense 
\ 

than  t h e  o t h e r .  Pure - syn-l-oximino-2-chloro-5-cyclooctene(rZ-~2b) 

conta ined  t h e  c o r r e c t  M+ i o n  peaks a t  175 and 173 and e lementa l  

a n a l y s i s  agreed wi th  t h e  molecular  formula C 8 H l 2 N O C I .  The i n f r a -  
I 

r ed  spectrum e x h i b i t e d  a b s o r p t i o n s  a t  3300, 1645, 985 and 900crn-' 

( C = N O H ) ;  t h e  nmr spectrum showed a  d o w e t  of  doub le t s  a t  75.40 

( ~ = 7 . 3  and 5 . 0 ~ ~ )  f o r  t h e  methine pro ton ,  two protons  multi{let 

f o r  a n  o l e f i n i c  bond a t  ~ 4 . 3 3  and an exchangeable pro ton  a t  ~2.26. 

( a )  wi th  hydroch lo r i c  a c i d :  A f t e r  removal of t h e  dimer of 

11-51, t h e  b lue  mother l i q u o r  was decomposed i n  methanol-hydro- 
I 

c h l o r i c  a c i d  t o  g ive  a mixture which was c h a r a c t e r i z e d  by gc-ms 

a n a l y s i s  a s  methoxy ketone 11-53 ( 1 6 % ) ,  c h l o r o  ketone 11-54 . 
( 1 5 % ) ,  methoxy oximes IT-55 (38%) , ch lo ro  oximes 11-52 (6%), two 

u n i d e n t i f i e d  products  - X (13%) and - Y ( 4 % )  and 2,6-dichloro-9-  

hydroxy-9-azabicyclor 3.3. l lnonane  11-56a (1% ) (scheme 11-11 ) .  

The two ketones 11-53 and 11-54 were i s o l a t e d  by p r e p a r a t i v e  gc 
w 

and t h e i r  r e s p e c t i v e  i r ,  nmr and mass s p e c t r a  .were i n  good agree- 
0 

ment wi th  t h e  propos d s t r u c t u r e s  ( s e e  Experiment p a r t ) .  The B 
methoxy oxime 11-55 was i d e n t i f i e d  by gc-ms and had a molecular  

i o n  peak a t  m/e 169 and an i n t e n s e  fragment a t  m/e 152 due t o  t h e  

. l o s s  of an OH. 

t Compound X was i s o l a r e d  by p r e p a r a t i v e  gc as a c o l o u r l e s s  - 

d i l  which decomposed on s tanding .  The m ~ s . s p e c t r u m  of t h i s  com- 
4 

p m d  e x h i b i t e d  no obvious molecular  ion ;  however i t  showed 



Dimer of 11-51 11-51 
\ 

11-$'a anti 

11-52b syn 

- Scheme 11-11 
? 

fragments at m/e 162, 150 and m/e 134, 132, both with a one 

chlorine ratio. The ir spectrum of X exhibited absorpzions at - 
341 3 , : ~ 1 0 , d ~ , a n d  735 cm-' suggesting the presence of a . - 



hydroxyl  group,  a  double  bond, a  ca rbony l  f u n c t i o n  and a  chlorine 

atom, r e s p e c t i v e l y .  The nmr spectrum of X showed a two p r o t o n s  , - 
m u l t i p l e t  a t  7 4 . 4 6  a t t r i b u t e d  t o  t h e  o l e f i n i c  p r o t o n s  and two 

rt re  .' -methine p ro tons  a t  T 5 . 7 0  and 6 .09 ,  t h e  former  b e i n g  a s s i g n e d  t o  

t h a t  geminal  t o  a  c h l o r i n e  atom. No e s r  s i g n a l  was d e t e c t e d  . fo r  

compound - X. 

The s t r u c t u r e  of hydroxglamine 11-56a was p o s t u l a t e d  on t h e  

b a s i s  o f  i t s  mass spectrum which d i d  no t  show t h e  mo lecu la r  peak 

bu t  base  f ragments  a t  m/e 196 ,  194 ,  192 w i t h  a two c h l o r i n e  

p a t t e r n  co r r e spond ing  t o  a  l o s s  of  OH, and f r agmen t s  a t  m/e 132,  . 
130 w i t h  a  one c h l o r i n e  p a t t e r n  f o r  a  f u r t h e r  l o s s  of  HC1 .  Two 

c h l o r i n e  atoms i n  t h e  molecule  were i n  f a v o r  of  a  c y c l i z e d  prod- 

u c t  and t h i s  was conf i rmed by t h e  esF  spec t rum of  t h e  r e a c t i o n  

mix ture  showing a  broad 2 . 0 0 6 8 ( a N  17 .2  G and l i n e  
J 

wid th  5 .7  G )  c h a r a c t e r i s t i c  of  a  f l e x i b l e  b i c y c l i c [ j . 3 . 1 ]  n i t r o -  

x i d e  r a d i c a l  11-56b 162) .  The b i c y c l i c ( ' l . 2 . 1 ]  sys tem 11-57 was . 

r e j e c t e d  due t o  t h e  f a c t  t h a t  r i g i d  b i c y c l i c [ 4 . 2 . 1 ]  n i t r o x d d e  

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

4  .'3-5.756 and aHg -1.3+2.5G (6238). 

( b )  w i t h  p e r c h l o r i c  a c i d  and methanol :  The i s o l a t e d  dimer 

of  11-51 was t r e a t e d  i n  a 1 : 4  mix tu re  of  methylene c h l o r i d e -  

n e t h a n o l  c o n t a i n i n g  sma l l  amount o f  p e r c h l o r i c  a c i d  a t  40"  f o r  

one day.  By gc mixed i n j e c t i o n ,  t h e  n e u t r a l  f r a c t i o n  was shown 

;o c o n t a i n  c h l o r o  oximes 11-52 (7a) a s  t h e  major p r o d u c t ,  a l o n g  

w i t h  ke tones  11-53 and/or 11-54 ( 1 % )  and methoxy oximes 11-55 



A pure  minor p roduc t  ( c a  '5%) was o b t a i n e d  from t h e  b a s i c  

f r a c t i o n .  T h i s  w h i t e  s o l i d  appeared t o  be aexo-2-chloro-endo- 

f o l l o w i n g  s p e c t r a  (scheme 11-12). Hydroxylamine 11-58a had i r  

a b s o r p t i o n s  a t  3200 and 1050 cm-' ( N - O H ) ,  st  1088 cm-I ( C H ~ O )  

and a t  910 cm-' ( c - ~ 1 ) .  The e s r  spectrum of 11-58a showed amajar 

broad t r i p l e t  s i m i l a r  t o  11-56b and was a t t r i b u t e d  t o  11-58b 

( g  2.0073,  a ~  17.5G and l i n e  w id th  5.5G) It i s  w e l l  known t h a t  

hydroxylamines  a r e  e a s i l y  o x i d i z e d  i n  t h e  p re sence  o f  a i r  t o  

g i v e  t h e  co r r e spond ing  n i t r o x i d e  r a d i c a l s  ( 8 9 ) .  The middle  l i n e  

of t h e  t r i p l e t  showed some h y p e r f i n e  s p l i t t i n g  which mightbedue 

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

any s p l i t t i n g .  The nmr spectrum of  n o t  show any o l e -  

f i n i c  p r o t o n s  a t  T ca  4.5' b u t  had a a t  76.64 and 

two m u l t i p l e t s  a t  ~ 5 . 6 8 ( ~ +  SHZ)  and 6.02(wh 2 2 H z )  fo r  t h e  pseudo 

e q u a t o r i a l  and t h e  pseudo a x i a l  p r o t o n s  a t  C g  and C 2 ,  r e s p e c t i v e - ,  

l y .  The mass spectrum had t h e  M+ i o n s  a t  m/e 207,  205 r e q u i r e d  

f o r  C 9 H I 6 N O 2 C 1  and t h e  baffe f ragment  a t  190, 188 from t h e  l o s s  

of  an OH group. 

( c )  w i t h  dimethylam ne h y d r o c h l o r i d e  and methaqol :  S i n c e  /I 
t h e  two p r e v i o u s  r e a c t i o n s  y i e l d e d  t h e  oximes 11-52 as t h e  major  

p roduc t  due t o  t h e  a c i d - c a t a l y z e d  t a u t o m e r i z a t i o n  o f  t h e  C-ni- 

t r o s o  11-51, dimethylamine h y d r o c h l o r i d e  was chosen t o  r e a c t w i t h  

a ,  t h e  exo s t r u c t u r e  i n  t h i s  work i s  d e f i n e d  r e l a t i v e  t o  t h e  n i -  
p 

t r o g e n  b r i d g e ;  i e :  i f  i n  a c h a z r - c h a i r  conformat ion ,  exo  c o r r e s -  - 
pmds t o t h e  a x i a l  p o s i t i o n .  

v 



Scheme 11-12 



11-51 i n  a  methanol-methylene c h l o r i d e  s o l u t i o n  a t  40". Analys is  

of t h e  n e u t r a l  f r a c t i o n  by t l c ,  i r  and nmr s p e c t r a  show k d i t c o n -  

taSned oximes 11-52 as t h e  major product ( 8 l % ) ,  but  hydroxylamine 

11-58a was produced i n  a  b e t t e r  y i e l d  ( c a  9 % )  than  t h e  previous 

r e a c t i o n .  

The b a s i c  f r a c t i o n  was found, to con ta in  only  one Compound 

ass igned t o  2-dimethylamino-5-cycloocten -1-one-anti-oxime(11-27 
4 

5 % )  on t h e  b a s i s  of t l c ,  i r  and mass s p e c t r a  i d e n t i c a l  t o  those  

of an a u t h e n t i c  sample. fi 

( d )  w i t h  a c e t i c  anhydr ide :  The dimer of C-n i t roso  11-5.1, . 

when t r e a t e d  i n  a  methylene c h l o r i d e  s o l u t i o n  c o n t a i n i n g -  a c e t i c  

anhydride and a c e t i c  a c i d  a t  35-40' decomposed s lowly t o  g ive  a  

mixture of 0-acetyl-2-chloro-5-cycloocten-1-one-syn-om (11-59 

51 x i s o l a t e d )  and endo-2,9-diacetoxy-exo-6-chloro-9-azabicyclo - 
[3.3.1]nonane (11-69, 18% i s o 1 a t e d ) a s  seen i n  Scheme 11-12. The 

crude hydroxylamine a c e t a t e  11-60 showed an e s r  t r i p l e t  s i g n a l ,  

a N  17.3G, l i n e  w i d t h  6~ and g - f a c t o r  2.0065, due t o  a  t r a c e  of 

n i t r o x i d e  11-6111. 

Oxime a c e t a t e  11-59 gave c o r r e c t  e lementa l  a n a l y s i s  f o r  

C 1  3H14N02C1. The i r  a b s o r p t i o n s  of 11-59 were found a t  3020 cm-I 

( o l e f i n ) ,  1775 and 1290 cm-' ( N O A C )  ( go), 1625 cm-I ( c = N )  and a t  

779 and 750 c r n - l ( ~ - ~ l ) .  I t s  nmr spectrum showed two o l e f i n i c  - 
protons  a t  T4.34 and a s i n g l e t  a t  77.83 f o r  t h e  acetoxy group. 

The nmr s i g n a l  f o r  t h e  C 2  proton was a t  ~ 5 . 1 5 ( 5 = 7 . 0  and 5.OHz), 

s l i g h t l y  downfield i n  comparison wi th  - syn-chloro oxime 11-52b 

(75.43) ;  t h e r e f o r e ,  compound 11-59 was t e n t a t i v e l y  ass igned t h e  



sYn-configurat ion.  The l3cn.mr spectrum  a able 11-7) showed t e n  

l i n e s  wi th  t h e  expected chemical s h i f t s .  

Sublimed hydroxylamine a c e t a t e  11-60 gave c o r r e c t  e lementa l  

a n a l y s i s  and mass f o r  t h e  M+ i o n  C12H18N04C1. .  It had i r  
# 

a b s o r p t i o n s  a t  1768 and 1726 cm-l, compatible  w i t h  a c e t a t e s  of 

1 3  a hydroxylamine and a l c o h o l  group, r e s p e c t i v e l y .  The Cnmr 

spectrum  a able 11-7) showed two acetoxy groups a t  1 6 9 . 0 ( s ) ,  

2 0 . l ( q )  and 168.4 ( s ) ,  19 .8 (q )  ppm. It d i d  no t  show any o l e f i n i c  

carbon s i  a 1  around 130 ppm but one s i g n a l  a t  66.7(d)ppm a s -  

s i@edto( rThe  i n t e n s e  s i g n a l  a t  >9.4(d)ppm was a t t r i b u t e d  t o  

two c a r  ons,  C 1  and C 6 ,  and t h e  s i g n a l  a t  55.2(d)ppm t o  C s  ( 77). 

The o r i e n t a t i o n s  of t h e  ch lo ro  and acetoxy s u b s t i t u e n t s  

were e s t a b l i s h e d  from t h e  proton nmr spectrum a s  shown i n  Figure  

11-14  and Table 11-8. The lower f i e l d  s i g n a l s  a t  ~ 4 . 6 4  and 75.70 

were ass igned t o  geminal t o  t h e  acetoxy and t h e  c h l o r i n e  group, 

r e s p e c t i v e l y .  By decoupling,  t h e  C 2  p ro ton  rnu l t ip le t  was shown 

t o  couple wi th  t h e  C 1  proton by 5Hz and t h e  C 3  p ro tons  by 11 and 
- 

7Hz; t h e s e  i n d i c a t e d  t h e  a x i a l  o r i e n t a t i o n  f o r  t h e  C 2  proton.  

The C 6  proton had a  W 3 i n d i c a t i n g  t h a t  t h i s  proton was i n  

an e q u a t o r i a l  p o s i t i o n .  It has  been repor ted  t h a t  N-methyl-endo, 

endo-2,~-dichloro-9-azabicyclo[3.3.1~onane showed a  m u l t i p l e t  

a t  T5.55 wi th  Wh=17Hz f o r  t h e  C 2  and C s  p r o t o n s (  91). Also, t h e  
Z 

1 2 , 6 - d i a c e t y l  d e r i v a t i v e  showed a  broad m u l t i p l e t  - a t  74.75-5.05 

f o r  t h e  two CHOCOCH3 - protons .  Such broad m u l t a p t e t s  . _ a r e  regarded 

a s  e7jidence f o r  a x i a l  o r i e n t a t i o n .  



Figure 11-14 : 'Hnrnr spectrhm ( 1 0 ~ ~ )  of endo-2,g- - 
diacetoxy-exo-6-chloro-9-azabicyclo[~.~.l]nonane(11-60) - 
a: double irradiation of the Cl, Cs protons. 



TABLE 11-8 

CHEMICAL SHIFTS (7 ) AND C O U P L I N G  CONSTANTS ( J,  W ) O F  92----- 
9-AZABICYCLO[ 3.3. I] DERIVATIVES 

P ro ton  

6.64(m) 
W+=llHz 

5.4Wm) 
W4=2OHz 

7.3-3.9(m) 

5.67(m) 
W + = ~ H Z  

- 

- 

-7. OHz 

7.5-8.4 ( m )  

5 . 7 0 ( d  
W + = ~ H Z  

- 

7 . 9 6 ( s )  

7.4 ( b s )  



Among t h e  t h r e e  p o s s i b l e  conformations 11-60a, b  and c ,  - - 

conformation 11-60b i s  u n l i k e l y  because of t h e  s t e r i c  crowding 

of t h e  N-acetoxy group wi th  t h e  a x i a l  c h l o r i n e  and t h e  C g  a x i a l  

pro ton .  Both.conformations 11-60a and c  a r e  p o s s i b l e  a l though  - 

t h e r e  a r e  i n t e r a c t i o n s ' b e t w e e n  t h e  C g  and C7 hydrogens i n  11-60a 

and between t h e  a x i a l  c h l o r i n e  and t h e  C a  proton  i n  11-60c.  he 

formet. i n t e r a c t i o n s  can be - r e l i eved  by s l i g h t l y  f l a t t e n i n g  t h e  

r i n g .  The twin-cha i r  conformation of  11-60a i s  t h e  only  one t h a t  

possesses  a p&fec t  W-plan between i t s  C z  and c g a x i a l  p ro tons ,  . . 

e x p l a i n i n g  t h e  f u r t h e r - s m a l l  coupl ing  of  t h e  C 2  proton.  Also, the - .  

m u l t i p l e t  due t o  t h e  C l  and C 5  hydrogens, cen te red  a t - 7 6 . 4 1  had 
*. 

a h a l f - h e i g h t  width of lOHz and a  base l i n e  width of 1 8 ~ ~ ;  t h i s  

i n d i c a t e d  t h a t  11-60 was e s s e n t i a l l y  i n  a . c h a i r - c h a i r  conforma- 

t i o n  s i n c e  model compounds, wi th  conformation of I I ~ O ~ ,  such as 



j -g-granatanol ,  showed t h e  r e s p e c t i v e  va lues  of 9.0 and 1 6 . 0 ~ ~  

and t h a t  of 11-60c, such a s  3-a-granatanol ,  showed t h e  va lues  

of 16 and 2 8 ~ ~  ( 92). 

Some p o s s i b l e  mass s p e c t r a l .  f ragmenta t ion  pathways of aza-  

b i c y c l i c  11-60 a r e  shown i n  Scheme 11-13 ( r e  11 -15)  Two 

pathways seemed t o  predominate from t h e  molecular  i o n ,  namely, 

t h e  l o s s  of  ke tene  ( p a t h  a )  and t h e  l o s s * o f  an ace toxy group 

( p a t h  b ) . 

.' .. 

Scheme 11-13 . - 



1 

Figure  11-15: Mass spectrum ( 8 0 e ~ )  of endo-2,9-diacebxy-ex* - 
6-chloro-9-azabicyclor 3 .3 .1  Jnonane (11-60). 

React ions of t h e  dimer of 11-51 under d i f f e r e n t  con 'di t iohs 

a r e  shown i n  Table 11-9. Yie lds  were determined by i s o l a t i o n  of ' 

t h e  products  o r  by pro ton  i n t e g r a t i o n  i n  t h e  nmr spectrum of 
- ,  

t h e  methyl s i n g l e t s  a t  T7.83 (11-59) and 77.87 and 7 .93  (11~60) 

and of t h e  methine pro tons  a t  ~ 5 . 1 5  (11-59) and 5.70 (11-60). ' 

With a c e t i c  anhydride i n  methylene c h l o r i d  a?! t h e  s o l v e n t ,  t h e  t 
oxime a c e t a t e  11-59 ( 3 0 ~ )  and b e t t e r  y i e l d s  of r ea r ranged  hydrox- 

' 

ylamine a c e t a t e  11-60 ( 6 e  ) were obta ined .  

11-3-3. React ions  of hydroxylamine a c e t a t e  11-60 

Pure hydroxylamine a c e t a t e  11-60 d id  not  show any e s r  

, s i g n a l  i n  methylene c h l o r i d e  s o l u t i o n .  But, when 11-60 ( 4 . 5 4 ~  



Condit ions Method of 
e s t ima t ion  

nmr 

i s o l a t e d  
nmr 

nrnr 

i s o l a t e d  

Table 11-9: y i e l g o f  products  obta ined  from r e a c t i o n s  

of t h e  dimer of 11-51. 

/ 
lo-* mole/ l )  i i n  metbylene c h l o r i d e  was shaken wi th  an a e r a t e d  

s a t u r a t e d  sodium carbonate  s o l u t i o n  a t  room tempera ture ,  a  

mixture was b b t a i n s d  t h a t  showed a  t r i p l e t  esl' s i g n a l  ( ~ i g u r e  

11-16') a ~  17.2G, l i n e  width 4.8~ and g - f a c t o r  2.0073, charac-  

t e r i s t i c  of n i t r o x i d e  11-61b ( 62). This  s i g n a l  inc reased  .dras- 

t i c a l l y  f o r  'the f i rs t  s i x  a h i t e s ;  t h e  i n c r e a s e d  was s l i g h t  . . - 1 

but continuopq f o r  t h e  nex t  tyo.months. When t h i s  same s o l u t i o n  

was pyrged wdth n i t r o g e n  and kept  f r e e  from a i r  f o r  one month, 
I) Q , .  - y e v  ,. , only  a P e l a t i b e l y  'slaw aecr&iso pf t h e  e s r  s i g n a l  was observed. 

, 
' 0  . . .' 

' a  ' 
:Reduct ion of  ch2oro hydroxyl@mine a c e t a t e  11-60 w i t h  IAH - 

gave end~-2 ,7 -d ihydPo~y-@-6-~h lo~0-9 -azab ic~c lo [ -~ .  3. l lnonane  

(11-62a, 9% ) (scheme 11-14 ). ~ h &  l a t t e r  e 'xhibi ted i n f r a r e d  
. . 



F i  r 11-16 : e%r specta of - ' ddo -2 -ace toxy-ax~h lo ro -9 -  - '-. 3.l]qonahs. n i t r y c y l  r a d i c a l  (11-6lb) and of 
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Scheme 11-14 * 

bands a t  3300, 1095, 1060 and 1035 cm-I ( O H )  and a t  722 cm-l 

1 (c-~1). The Hnmr spectrum of 11-62a  a able 11-8) showed a - 

very s i m i l a r  pa t t e rn  t o  t h a t  of 11-60, i n d i c a t i n g  t h e  axial 
i 



and e q u a t o r i a l  o r i e n t a t i o n s  of t h e  qro tons  a t  Cg and C6, 6e- 

spectively. Tha  mass spectrum of 11-62a showed t h e  molecular 
. t 

i o n s  a t  m/e 1 191. and t h e  base fragment a t  176, 174 from 
- .  * 

/ ,. 

t h e  l o s s  of OH,, both wi th  a one  c h l o r i n e  p a t t e r n .  ' 
*. . . 

~ y d r o s y l a m i n e  11-62a was oxidized wi th  hydrogen peroxide 

i n  bas ic  cond i t ions  t o  give - t h e  nitroxi.de r a d i c a l  11-62b as a  

ye l lowish  s o l i d .  It exh ib i t ed  i n  s o l u t i o n  a  s.trong broad e s r  

t r i p l e t  s i g n a l  ( ~ i g u r e  11-16) wi th  a~  17.5G, l i n e  h i d t h  5 . 4 ~  

end g - fac to r  2.0078, c o n s i s t e n t  wi th  t h e  9 - a ~ a b i c ' ~ c l i c [  3.3. l ]  

s t r u c t u r e  ( 6 2 ) .  

I n  an a t tempt  t o  remove t h e  c h l o r i h e  atom, 11-60 was 

t r e a t e d  w i t h  sodium i o d i d e  and z inc  i n  a c e t i c  a c i d  (93).  The 

r e a c t i o n  led t o  t h e  r e d u c t i v e  cleavage of t h e  hydroxylamine 

t o  give endo-2-acetoxy-exo-6-chloro-9-azabicyclo[~.~.l]nonane - 
(11-63, 87% ) (scheme 11-14 ) .  Elemental a n a l y s i s  and high reso -  

l u t i o n  mass s p e c t r a  e s t a b l i s h e d  t h e  molecular formula of bicy-  

c l i c  amine a s  ClSH16N02C1. It had t y p i c a l  i r  absorpQtions a t  , . . 0 
' , - 

1735, 1370 and 1240 cm'l ( O A C ) ,  3300 , ' (NH) and 700 cm-I ( c -~1) .  
, 

The 1 3 ~ n m r  spectrum was shown i n  Table 11-7. The proton nmr 

of 11-63 h a d a p a t t e r n  similar t o  t h a t  of 11-60 and 11-62a a s  
I 

I seen i n  Table 11-8. The - exo-C2 ( ~ 4 . 9 3 ) ,  C1  and C s  ( r6 .90 1, .protons 

were s h i f t e d  s l i g h t l y  u p f i e l d  whi le  t h e  - en do-^^ p r o t o n ( ~ 6 . 7 0 )  

showed t h e  same chemical s h i f t  wi th  r e s p e c t  t o  those  of 11-60. 

Th i s  r e s u l t  sugge.sted that'compound 11-60 h id  t h e  C 6  proton  

f a r  away from a n i s o t r o p i c  e f f e c t  due t o  t h e  N-acetoxy group, ' . -  

\ 
k 



. 
t h a t  i s ,  t h i s  group or'iented tbw.&rds r i n g  B as seen i n  JI-60a. 

The mass spectrum of 11-63 exh ib i t ed  t h e  ~ + ' i a n s  a t  m/e 217 

and ,239 wi th  a one c h l o r i n e  r a t i o  arid t h e  poss ib lk  
-- v 

t i o n  ape s i m i i a r  t o  those of Scheme 11-13 ( p a t h  b ) .  ' 9  . 
# .  

i 
The b i c y c l i c  amine 11-63 was reduced w i t h  LAH, fallowed 

by t 6 s y l a t i o n  wi th  t o s y l  a h l o r i d e  i n  p y r i d i n a T h e  crude pro- 

duct  was reduced again wi th  LAH i n  r e f l u x i n g  e t h e r  f o r  one day 

(scheme 11-14 ) t o  give a  7:6 mixture of 9-azabicyclo[3.3.1] 
* 

+. nonane (11-64 ) and - endo-2,-hydroxy-9-azabicyclo[ 3.3.1 Inonane 

(11-65 ) .,   he t o s y l a t i o n  of granatanine  (11-64 ) afforded , the 

tosylamide which h g d  mel t ing  poin t  matching t h a t  r e p o r t e d ( g 4 ) .  
1 

, , . The dimer of 11-66 was prepared i n  94 % y i e l d  from t h e  

, l o w  y m p e r a t u r e  a d d i t i o n  of n i t r o s y l  c h l o r i d e  t o  tttCDT i n  
'_ 

1 

methylene c h l o r i d e .  The elemental  a n a l y s i s  of t h e  dinler of'  
I 

1-66 agreed wi th  ( c 1 2 ~ !  B ~ ~ ~ l ) Z .  I t s  i r  spectrum exh ib i t ed  +- 
absorp t ions  a t  1260 and 1220 cm-' and t h e  uv spectrum a  max- 

imum a t  302 n1n(~9400)  t y p i c a l  of an ant i -azodioxy compound 

( 3 5 ) .  It exh ib i t ed  one spot  on t l c  and had a  sharp  mel t ing  . 
p,oint.  This  compound h a d b e e n  prepared p rev ious ly  ( 95) , but  

i t s  s te reochemis t ry  was not  repor ted .  S ince  t t t C D T  had t h r e e  

' fold axes of symmetry, a d d i t i o n  of n i t r o s y l  c h l o r i d e  would 

not  genera te  regioisomers .  However, i t  showed two s e t s  of 13c 



Ff gure 11-17 : lHnm spectrum ( 1 0 0 ~ ~ ~ )  o he anti-dimer 
of 1-nitroso-2-chloro-trans , t rans-5,g clododecadiene 
( ~ i m e r  of 11-66) ; . P" - -  

a :  double i r r a d i a t i o n  of the  C3 and CIP protons. 
% . 

s igna l s ,  notably a t  62.7(d) and 62.6(d) ppm f o r  t h e  Cl carbons 

and a t57 .5(d)  and 56.7(d)ppm f o r  t h e  C p  carbons. The 'Hmw of 

11-66 ( f i g u r e  11-17) show& four  o l e f i n i c  protons a t  74 .70 and 

two otherdawrrfield mul t ip le t s  a t  74-16 and 5.65 f o r  the methi- x 
ne protons of CHN and CHC1,  respec t ive ly ,  i n  agreement w i t h  

reported chemical sh i f t s  ( 34). Spin decoupling ( ~ i g u r e  11-17). . 
co l lapsed  the s i g n a l  a t  74.16 t o  two doublets a t  74 .11  ( J = ~ . ~ H Z )  

and 4 .21(5=4.5~z)  but that  a t  75.65 remained as near ly  super- 

imposed doublets ( J = ~ . O H Z ) .  The nmr spectrum of t h e  sample of 



. Scheme 11-15 



. . 
t h e  dimer i n d i c a t e d  it , to ;  be a  mixture of two isomers:  mixed 

. 4  .. +. 
hydride-  r educ t ion  (?AH + A I C l s )  gave a  s i n g l e  2-chloroamine 

d e r i v a t i v e  (v ide  i n f r a ) ,  i n d i c a t i n g  t h a t  t h e  s m p l e  was c a  . 
I 

1:l mixture of  - d l  and meso d ias t e reo i somer ic  dimers,  but  not  

t h e  isomers of th reo /e ry th ro  conf igura t ion .  - 

11-3-5. React ions of t h e  dimer of 11-66 

- /  
( a )  Reduction: LAH reduc t ion  of t h e  dimer of 11-66 . 

a f fo rded  13-azabicyc lo[ 10.1. O] - t r a n s ,  t r ans -4 ,8 - t r idecad iene  

(11-67, 8 %) and 1 -amino-trans , tr j~~s-4,8-cyclododecadiene(II-6e, - 
@+%)(scheme 11-15). Both products  gave t h e  c o r r e c t  e lemental  

composition and high r e s o i u t i b n  mass , spec t ra  f o r  C12H19N and 

C12H21.N, r e s p e c t i v e l y .    he " ~ n m r  spebraof' a z i r i d i n e  11-67 and 
1 

primary amine 11-68 are repor ted  &n Table 11-2. The former 
P 

showed only s i x  l i n e s ,  i n d i c a t i n g  one a z i r i d i n e  only wi th  t h e  

d l  o r  meso conf igura t ion .  Amine 11-68 exh ib i t ed  12 l i n e s  i n  i t s  - 

13c spectrum wi th  t h e  C1 carbon a t  45.7(d)ppm, i n  agreement 

wi th  a ,carbon a t t ached  t o  an amino group (77) .  The l ~ n m r  spec- 

trum of 11-67 showed a  simple p a t t e r n  f o r  t h e  f o u r  o l e f i n i c  
,I 

protons  a t  74.78, an unresolved m u l t i p l e t  a t  78.85 f o r  t h e  C 1  

and C 2  p ro tons  and an exchangeable proton a t  79.08. The hydro- 
* 

c h l o r i d e  s a l t  of 11-67 showed two exchangeable pro tons  a t  72.36 

a  m u l t i p l e t  a t  74.90 f o r  t h e  o l e f i n i c  pro tons  and a  broad 

. 8ouble t  ( J + ~ H Z )  a t  77.32 f o r  t h e  C 1  and C 2  protons.  

The acetamide 11-70 of t h e  amine 11-68 ihowed an i r  ab- 

' s o r p t i o n  a t  1635 cm-', t h e  NCH3 nmr s i n g l e t  a t  78.04 and a  



L 

nmr s i g n a l  f o r  t h e  C 1  ca'rbon a t  44.4 ( d ) p p m ' ( ~ a b l e  11-2). 
', . . 

r 
F u r t h e r  pro6f  o f  t h e  s t r u c t u r e  of primary amine 11-68 was . 
gained  by me thy la t ion ,  u s fng  t h e  Eschwe i l e r -C la rke ' s  method 

(96) .  t o  y i e l d  dimethylamine 11-33 a s  t h e  major p roduc t  (57% ) :  

It was i d e n t i c a l  t o  an a u t h e n t i c  sample ob ta ined  by a n o t h e r  

r o u t e  ( v i d e  s u p r a ) .  C y c l i z a t i o n  of 11-65 by o x i d a t i o n  w i t h  

.,lead t e t r a a c e t a t e  f a i l e d  . t o  y i e l d ,  t h e  a z a b i c y c l i c  compou:d; 

t h e  major p roduc t  b e i n g  t h e  N-acetyl  d e r i v a t i v e  11-70, 
. M  

Treatment of a z i r i d i n e  11-67 w i t h  benzyl  c h l o r i d e  I n  

-6- benzene gave a z i r i d i n e  hydroch lo r ide  I1 9 ( 4 2 % )  and N-benzyl- 

The ' '~nmr spectrum-di able 11-2) of 11-71 e x h i b i t e d  s i x  l i n e s -  

f o r  t h e  a z i r i d i n e  p o r t i o n  and f i v e  l i n e s  f o r  t h e  benzyl  por t ion.  

The pro ton  nmr spectrum of compound 11-71 was r e l a t i v e l y  simple; 

i t  showed t h e  phenyl  p ro tons  a t  72.78 and t h e  benzyl  p ro tons  

a t  76.56 as a s h a r p  s i n g l e t  a t  room t empera tu re  and as a broad 

s i n g l e t  a t  -55 ( ~ 8 s . 5 ~ 2  ) . These s p e c t r o s c o p i c  d a t a  c l e a r l y  

proved t h a t  b e n z y l a z i r i d i n e  11-71 must pos ses s  t h e  p l ane  of 

symmetry, and t h e r e f o r e ,  t h e  meso c o n f i g u r a t i o n .  Should. 11-71 

have t h e  d l  c o n f i g u r a t i o n ,  t h e  a z i r i d i n e  would show 12 l i n e s  - 

1 3 ~ n m r  s i g n a l s  and t h e  benzyl  p ro tons  would be an AB q u a r t e t  

due t o  d i a s t e r e o t o p i c  n a t u r e ,  as observed w i t h  t r ans - l -benzy l -  

2,3-diben~o~laziridine(~7); t h e  c i s  d e r i v a t i v e  showed on ly  a - 
broad s i n g l e t  ( w h = l  ; 5 ~ z )  a t  -58'. On t r e a t m e n t  w i t h  hydrogen 

c h l o r i d e ,  t h e  a z i r i d i n e  r i n g  of  11-71 was opened up t o  g i v e  , 

monobenzyl chloramine 11-72. i 



Mixed hydr ide  reduc t ion  (LAH .+A1ClS ), bf the dimer of  

11166 i n  r e f l u x i n g  etJler gave 1-azoxy-2-chloro-trans , t r a n s -  

5 , 9 - ~ ~ c l o d o d e c a d i e n e  (11-73, 25 %), amine 11-68 (7% ) and th reo-  . 
1-amino-2-chloro-trans ,trans-5,9-cyclododecadiene(ll-7'1, 4% ) - 4 

(scheme 11-15 ) . 
8 

  he azoxy d e r i v a t i v e  11-73 exh ib i t ed  ir  absorp t ion  bands 

- a t '  1490 and 1440 cm-' and two weak uv absorp t ion '  bands a t  354 

and 290 (sh)nm, c h a r a c t e r i s t i c  of an a l i p h a t i c  azoxy compound 

( 9 5 ) .  I t s  nmr spectrum shd/red a broad t r i p l e t  a t  ~ 5 . 6 5 ( ~ = 6 ~ ~ )  

f o r  t h e  C 2 ,  C 2 1  methine pro tons  and two o t h e r  m u l t i p l e t s  a t  

75.46 and 6.40 f o r  t h e  CHNO and CHN pro tons ,  r e s p e c t i v e l y .  The 
* 

I3cnmr  spectrum of 11-73 e x h i b i t e d . 2 0  l i n e s  wi th  t h e  CHNO cdr -  

bon a t  78.5ppm, and t h e  C 2 ,  C 2  f and CHN carbons a t  59.0, 58.7 

and 57.2 ppm, i n d i c a t i n g  one isomer only; t h i s  may a r i s e  by 
\. 

s e l e c t i v e  reduct ion  of e i t h e r  t h e  d l  o r  meso isomer of 11-74 - 
o r  a l t e r n a t i v e l y ,  by s t e r e o s p e c i f i c  condensation of one enan- 

tiorner of RR o r  SS-11-74 with one enantiomer of RR o r  SS hydrox- - - 
I 

- - 
,y lamine derived from t h e  reduct ion  of 11-74. The mass spectrum 

' of 11-73 showed t h e  M+ iona a t  422-424-426 w i t h  a two c h l o r i n e s  

p a t t e r n .  

The presence of amine* 11-68 was ind ica ted  by t h e  - 
spectrum of . t h e  r e a c t i o n  mixture ( c ,  p ro ton  a t  T7.24)  

gc peak matching wi th  an a u t h e n t i c  sample. The i n f r a r e d  spec- 
0 

trum of t h e  2-chloro  amine 11-74 exhibited a  weak absorp t ion  

around 3350 cm-' ( N H ~  ) a n d  a t  760 cm-' ( c -~1)  . The proton nmr 



F l m  11-18: spectrum (100MHz) of $ - a ~ o - 2 - c h l o r o -  
trans, trans-5,g-cyclododecadiene (f1-74 ) ; 
a :  double irradiation of the Cp proton; b :  double irradia- 
t ion  ̂ of the Cl proton; c : double Irradiation of the C l n  

protons; d : double irradiation' of th\e Cg protons. 

.t t 



- spectrum of  11-74 and s p i n  decoupled s p e c t r a '  a r e  shown i n  

Figure 11'18. The C l  proton (77.06) was v i c i n a l l y  coupled t o  

t h e  C2 pr&on (75.73) wi th  a  s m a l l  c o u p q n g  cons tan t  of  2Hz 
Y 

 able 11-3 ) . The -- meso ( c i s  ) configuratio 'n f o ~  b e n z y l a z i r i d i n e  

11-71 permits  t h e  de terminat ion  of t h e  s te reochemis t ry  of 6hlo- 

r o  n i t r o s o  compound 11-74 a s  t h r e o ( t r a n s )  i f  t h e  e l i m i n a t i o n  
h 

of Hydrogen c h l o r i d e  from 11-74 t o  give a g r i d i ' n e  11-67 i s  T' 
I 

.assumed t o  occur by t r a n s  e l i m i n a t i o n ( g 9 ) .  No o t h e r  isomeric  

a 2-chloro amine was de tec ted  by gc of t h e  r e a c t i o n  mixture.  T h i s  - was confirmed b y - t h e  "~nmr  spectrum of t h e  crude mixture which, 
8 

< .' 
a f t e r  removal o f  t h e  azoxy compound 11-73, showad. only e leven 

3 

1 
'1-ines f o r  1 1 -   a able 11-2)  a s  we l l  a s  small l i n e s  matching 

wi th  those  of amine 11-68. 

( b )  wi th  hydroch lo r i c  a c i d  and methanol: Dimer of 11-66 

was t r e a t e d  wi th  hydrochlor ic  a c l d  i n  b o i l i n g  methylene chloride 

methanol s o l u t i o n  t o  y i e l d  - syn-2-methoxy-trans,trans-53-cyclo- 

dodecadien-1-one oxime(11-75, 57 %) and 2-methoxy-trans,trans- 

5,9-cyclododecadien-1-one(11-76, 2 8 % ) ( ~ c h e m e  11-16): They were . 
separa ted  by column chromatography and i d e n t i f i e d  from s p e c t r a l  

da ta .  The nrnr s p e c t r a .  of 11-76 and ' 11-75 showed methoxy groups 
1- - 

a t  76.65 and 6.72 and t h e  Cs protons a t  ~ 6 . 4 0 ( d d ,  ~ = 6 . 5  and 

~ H Z )  and 5.84 ( t ,  J = ~ H z ) ,  r e speo t lve ly .  The 0.56 ppm downfield 

s h i f t  observed f o r - t h e  C 2  proton f o r  11-75 i n  comparison t o  t h e  

ketone 11-76 suggested a  conf igura t ion  f o r  t h e  l a t t e r  ( 7 6 ) .  

T ir absorp t ions  of methoxy ketone 11-76 were s e e n  a t  1720 

and 1098 cm-' and of methoxy -oxime 11-75 'at 3300, 1640 and 



JL' A d )  

A 

1085 ern-'. Both mass spectra exhibited their expected :molecular 

Ions. 1 (c) ith pyrip6ne: 

ride solution of 11-66 

,The decomposdtioA of a methylene chlo- 

in the presence -of pyridine gavesood 
b .  



pyridiriium khloride(11-n)  (scheme '11-16 ) . 1t exhibited ir -gb-. 

. v 

.TI-+as . t rea ted  .with dimcthylamin~ t o  give the  known*amlno, - 
4- ,. . . . oxlme 11-31 (91% ) prepared by another route. 

/ .  
1 

. , ( d )  with ace t ic  anhydride: The decomposition of 1146 - 
i n  ace t ic  anhydride and sodium acetate  gave 0-adetyl-2-.chlaroy 

trvs, trans-5,9-cyc+ododecadien-Lone oxime (11-78;*m ) along 
e 

with the  s t a r t i n g  dlmer of 11-66 (-10%) and unidentif ied minor, - - a 4 

components. The miffture a l so  showed a broad e q r - t r i p l e t  ( ~ i g u r e  

11-99) with aN13.5G, l i n e  width  6 . 5 ~  and g-factor 2.0068 which ' . - I  

was a t t r ibuted  t o  n 1 t r o x I d e ' ~ i c a l  11-79b o r  isom-. thereof b '  
l' 

(scheme 11-16 ) ,. indicating thae some' cycl izat lon might have 

occurred. I 

b .  

7 
Figure 11-19:. e s r  spectrum of ni t roxide ' rad ica l  11-79b. or'- 

< isomer thereof. 



Compound 11-78 gave c o r r e c t  e l emen ta i  a n a l y s i s  f o r  
ir 

C l , H 2 , N O 2 C 1  and had i r  a b s o r p t i o n s  a t  1775, 1370 and 1202 cm-' 

c h a r a c t e r i s t i c  of an oxime a c e t a t e  group. The 13cnrnr spectrum 

i s  shown i n  Tab le  11-2. The pro ton  nmr spectrum con ta ined  w e l l  

r e s o l v e d  m u l t i p l e t s  a t  T5.17 and 7.05 f o r  t h e  C 2  and one o f ' t h e  

C 1 2  p r o t o n ,  r e s p e c t i v e l y ,  a  s i n g l e t  a t  77.80 f o r  t h e  ace toxy  

group,  and f o u r  o l e f i n i c  p ro tons  a t  74.82. 

decene 
1 

./ The dimer of 11-80 was prepared  by r e a c t i o n  of 

c h l o r i d e  w i t h  cis,trans-1,5-cyclodecadiene i n  a  c o l  

c h l o r i d e  s o l u t i o n .  The r e c r y s t a l l i z e d  dimer ( - 4 B )  

a e l t i n g  p o i n t  and had c o r r e c t  e l emen ta l  a n a l  

I t  showed an uv a b s o r p t i o n  band a t  299nm 

bands around 1200 cm-' t y p i c a l  of  a 

dioxy group. I t  a l s o  showed an i r  a b s o r p t i o n  a t  720 cm-I f o r  a  

c i s  double  bond b u t  n o t  around 975 cm-I f o r  a t r a n s  d o u b l h b o n d  

(130). I n  s p i t e  of t h e  s h a r p  mP, 11-80 was a mix tu re  of two 

d i f f e r e n t  a d d u c t s ,  e i t h e r  from - c i s  o r  t r a n s  a d d i t i o n  t o  the 

t r a n s  double  & n d ,  o r  r eg io i somers  of t h e  a d d i t i o n  t o  t h e  t r a n s  

double  bond (11-80a and 11-8Ob) a r i s i n g  from d i r e c t i o n  of t h e  
P - 

~ ~ l ' a d d i t i o n ;  i t  i s  b e l i e v e d  t o  be he  l a t t e r ,  o n x e  b a s i s  of :: 
i t s  t r e a t m e n t  w i t h  anhydr ide  l e a d i n g  t o  two i somer i c  a c e t a t e s  

! 



w 

I - 11-85 ( \ i d q  i n f r a ) .  The pro ton  nmr of  t h e  d imer i c  sample e x h i '  

i t e d  m u l t i p l e t s  f o r  t h e  methine p ro tons  geminal  t o  t h e  n i t r o s o  
' 1  

r 
I 
i group and t h e  c h l o r i n e  atom aS ~4.28 and '5 .4 ,  r e s p e c t i v e l y .  
1 

\ Unfor tuna t e ly ,  due t o  poor s o l u b i l i t y  i n  s o l v e n t s ,  t h e  I3cnmr 

\ spectrum of t h e  dimer of 11-30 could n o t  be taken;  i t , y i e l d e d  
\ 

l i n e s  o f  c h l o r o  oximes 11-81 when warmed up i n  DMF. 
' 

- .- 
L 

11-3-7. R e a c t i a  dimer of 11-80 

i 

/ 
-. 

. ( a )  w i t h  h y d r o c h l o r i c  a c i d :  Decomposition of t h e  dimer 

of 11-80 i n  m e t h a n o l ~ h y d r o c h l o r i c  a c i d  afj?@d a complex 
, 

,' 
f 

mixture  which showed a  c o p l e x  e s r  s i g n a l  b f .  t h r e e  n e a r l y  su-  
L- 

perimposed broad t r i p l e t s ,  a & 3 . 2 ~  and g - f a c t o r  2.0'061- such 
4 

a s  f o r  11-820. These d a t a ,  a s  w e l l  a s  t h e  nmr s i n g l e t s  a t  76.63 
. . 

6.71 and 6.51 ( O C H ~ )  i n d i c a t e d  t h a t  c y c l i z a t i o n  had occurred 

6 
, 

g i v i n g  r i s e  t o  b i c y c l i c  methoxy c h l o r o  hydroxyzamine d e r i v a t i v e s  
' .  - 
L which, i n  t h e  presence  of oxygen gave n i t r o x i d e  r a d i c a l s  ( ~ c h e -  

me 11-17). 

The ma jbr produc t  from chromatography of  t h e ,  m i x t u r e  was 

found t o  be 2-chloro-cis-5-cyclode>en-1-one bxime (11-Sla) , one - 
t 

of t h e  p o s s i b l e  r e g i o i s o m e r i c  oximes a s  shown by i t s  s p e c t r a l  

d a t a .  An e x a c t  mass de t e rmina t ion  of t h e  M+ i o n  and e l emen ta l  

a n a l y s i s  agreed  w i t h  t h e  formula  C l o H I B N O C 1 .  I t s  ir  spectrum 

e x h i b i t e d  a b s o r p t i o n s  a t  3250, 162.0; 1000, 980 and 970 cm-' 

' ( = N O H )  --. and a t  715 em-' ( c i s  p l e f i n )  (la)). The 1 3 ~ n m r  spectrum 

showed t e n  l i n e s  and t h e  mas$ spectrum e x h i b i t e d  i n t e n s e  peaks  
P 



Dirners of 11-80 

a :  o r  i somer  t h e r e o f  

Scheme 11-17 



expected f o r  a one c h l o r i n e  p a t t e r n .  The- nmr spectrum 

of 11-8la c o n s i s t e d  of a  m u l t i p l e t  a t  Tb.76 f o r  t h e  two o l e f i  

i c  p ro ton ,  a  doub le t  of d o u b l e t s  a t  7 5 . 4 5 ( ~ 2 - 3 a = 1 1 . 0  and 

J2-3e =4.5Hz) f o r  t h e  C 2  pro ton  and a  m u l t i p l e t  a t  76 .93  f o r  a  ' 

C l n  ;roton. B y  decoup l ing  exper iments ,  t h e  l a s t  m u l t i p l e t  was 

shown t o  coup le  w i t h  a  n o n - a l l y l i c  hydrogen a t  ~ 8 . 3 9 .  T h i s  

$ i n d i c a t e d  t h a t  t h e  double  bond should be p laced  a t  t h e  5- 

p o s i t i o n  a s  i n  11-8la. 

From t h e  pro ton  nmr spectrum of t h e  mix ture ,  a n o t h e r  dou- 

b l e t  of  d o u b l e t s  a t  ~ 5 . 6 3 ( 5 = 1 0 . 0  and * ~ . o H z )  w i t h  s i m i l a r  p a t -  

t e r n  and i n t e n s i t y  t o  t h a t  of t h e  s i g n a l  a t  75.45 was t e n t a -  

tively as s igned  t o  t h e  methine pro ton  geminal t o  t h e  c h l o r i n e  

atom of t h e  o t h e r  p o s s i b l e  isomer oxime 11-8lb. 

Chromatography a l s o  gave a  f r a c t i o n  a s  a mix ture  of un i -  

d e n t i f i e d  compounds c o n t a i n i n g  methoxy groups a s  seen by t h e  
P 

nmr a b s o r p t i o n s  a t  T6  .63,6 .72 and 6.78. The i n t e g r a t i o n  .of t h e  

o l e f i n i c  p a r t  of  t h e  spectrum a t  around 74.6 accounted f o r  

on ly  one p ro ton ,  i n  comparison w i t h  an e s t i m a t e d  t o t a l  of twen- 

t y  p ro tons .  T h i s  mix ture  was be l i eved  t o  be a  mix ture  of metho- 

x y o x i m e s  11-83 and c y c l i z e d  hydroxylarnines 11-82a. A gc-mass 
1 

a n a l y s i s  of t h e  mix ture  showed t h e  presence  of methoxy oximes 

11-83, c h l o r o  oximes 11-81 and two major u n i d e n t i f i e d  compounds. 

The f i r s t  unknown, compound - Z ( c a  24 % from t h e  gc peak a r e a ) ,  

g i v i n g  a  broad gc peak, had t h e  h i g h e s t  m/e peak a t  165 and t h e  

100% i n t e n s i t y  peak a t  148 f o r  t h e  l o s s  of  an OH. A p o s s i b l e  

s t r u c t u r e  f o r  - Z might be t h e  d i o l e f i n i c  oxime g i v i n g  t h e  M' i on  
. 



a t  m/e 165 i.n i t s  mass spectrum,  a s  r e p o r t e d  by o t h e r  (101). 

The o t h e r  un iden t i f i ed 'compound was p o s t u l a t e d  a s  b i c y c l i c  

hydroxylamines 11-82a (scheme 11-17). The mass spectrum d i d  no t  

show t h e  molecu la r  peak bu t  e x h i b i t e d  a peak a t  m/e197 f o r  
b 

e i t h e r  a  l o s s  of CH30H o r  H C l .  

( b )  w i t h  a c e t i c  anhydr ide :  Decomposition of  a  methylene 

c h l o r i d e  s o l u t i p n  of dimer of  11-80 c o n t a i n i n g  a c e t i c  anhydr ide  

a t  40-45" proceeded s lowly  g i v i n g  t h e  recovered  dimer of 11-80 

(33%) and o t h e r s .  The e s r  of t h e  remaining mix tu re  e x h i b i t e d  a  

s i g n a l  c o n s i s t i n g  of n e a r l y  superimposed t r i p l e t s  of one major 

and two minor. The ma J o r  t r i p l e t  had aN14.2G, l i n e  width  4 G  and 

0 g - f a c t o r  2.0007 and might be a t t r i b u t e d  t o  a  b i c y c l i c  n i t r o x i d e  

r a d i c a l  such as 11-84b o r  isomer t h e r e o f  (scheme 11-17). 
I 
fl The f i r s t  f r a c t i o n  of t h e  chromatography of t h e  mix ture  

a f f o r d e d  a 1 :3 mix tu re  (458 ) of 0-acetyl-2-chloro- 'cis-5 - (7)- 
cyclodecen-1-one oxime(11-85). The molecu la r  formula  of  11-85 

was a s c e r t a i n e d  by e l emen ta l  a n a l y s i s  and h i g h  r e s o l u t i o n  mass 

spec t rome t ry  t o  be  C12HlBC1N02. The i r  spectrum e x h i b i t e d  prom- 

i n e n t ~ p e a k s  a t  1775, 1205,  1000, 735 and 710 cm-'. The nmr 

spectrum showed two o l e f i n i c  p ro tons  a t  74.65 and two doub le t  of 

d o u b l e t s  a t  75.34 and 5 . 6 6 ( r a t i o  1:3) f o r  t h e  C 2  pro tons  i n  t h e  

two isomers .  

+ The second f r a c t i o n  i s o l a t e d  by chromatography a f fo rded  

(11-96, 8 %) o r  isomer  t h e r e o f ,  which gave on ly  one s p o t  oh a  



t l c  p l a t e .  The i r  absorp t ion  of t h e  C - a c e t a t e  was shown , a t  

1722 cm-' and t h e  N-acetate a t  1765 em-'. Impure 11-86 was 

cha rac te r i zed  by t h e  nmr s i g n a l s  a t  7 4  . ~ O ( C H O A C ) ,  5 . 4 8 ( ~ ~ ~ 1 ) ,  - - 

6.72 f o r  t h e  two bridged pro tons  and a t  77.83 and 7.96 f o r  t h e  

N-acetate and c - a c e t a t e  groups,  r e s p e c t i v e l y .  The M+ i ons  a t  

m/e 303,305 f o r  a  one c h l o r i n e  r a t i o  had exact  mass f o r  
\ 

C 4H22N04C1. The fragmentat ion p a t t e r n  showed weak peaks a t  

m/e 261,263 f o r  t h e  l o &  of ke tene  and had. t h e  parent  peaks 

a t  m/e 244,246 f o r  t h e  l o s s  of an a c e t a t e  group. 

The t h i r d  f r a c t i o n  from t h e  chromatography gave an impure 

t r i a c e t o x y  a z a b i c y c l i c  compound assigned as ,  11-87 (8.1,) or  

isomer t h e r e o f .  I t s  i r  spectrum exh ib i t ed  absorp t ions  a,t 1765 

and 1735 cm-' f o r  acetoxy groups a t t ached  t o  a  carbon and a  

n i t rogen  atom, r e s p e c t i v e l y .  The proton nmr spectrum showed a  

m u l t i p l e t  a t  74.74 f o r  t h e  methine protons geminal t o  acetoxy 

groups, and a t  75.27 a s  a  broad q u a r t e t  ( J * ~ . ~ H Z )  f o r  t h e  two 

bridged protons.  The s i m p l i c i t y  of t h i s  two protons  p a t t e r n  i n  

t h e  nmr spectrum might i n d i c a t e  t h a t  t h i s  t r i a c e t o x y  compound 

is a  symmetrical molecule a s  i n d i c a t e d  by 11-87. It a l s o  had 

two s i n g l e t s  a t  77.90 and 7.93 i n  t h e  approximate 1 :2  r a t i o  f o r  

t h e  N-acetate and t h e  two C-ace ta te  groups, r e s p e c t i v e l y .  The 

mass spectrum of 11-87 exh ib i t ed  t h e  molecular ion  a t  m/e 327, 

t h e  m/e 285 f o r  t h e  l o s s  of ketene and t h e  m/e 268 f o r  t h e  l o s s  

of an a c e t a t e  group from t h e  molecular ion .  



DISCUSSION 

111-1. P h o t o l y s i s  of  N i t r a m i n e s  

111-1-1. Non-ox ida t ive  p h o t o l y s e s  

8 

A s  can  be  s e e n  i n  T a b l e  11-1, t h e  pho todecompos i t ions  o f  

d i a l k y l  n i t r a m i n e s  u n d e r  n e u t r a l  c o n d i t i o n s  a r e '  comp'lex. T h i s  

c a n  be  e x p l a i n e d  a s  due t o  t h e  complex b e h a v i o r  o f  n i t r o g e n  

d i o x i d e  i n  s o l u t i o n  (I@). The p h o t o l y s e s  o f  n i t r a m i n e s  i n  apmtlc . . 
s o l v e n t s  form t h e  corresponciJng n i t r o s a m i n e s  and ammonium 

n i t r a t e s  i n  agreement  w i t h  t h e  r e s u l t s  r e p o r t e d  by o,ther-s ( 1 0 ,  

1 5 ) ;  b u t  NNOD a l s o  g i v e s  formamides.  

Formamide 11-1 i s  n o t  o b t a i n e d  d u r i n g  t h e  NNOP p h o t . o l y s i s  

i n  n-hexane,  even i n  t h e  p r e s e n c e - o f  c a r b o n a t e s  and c a r b o n  

monoxide, a l t h o u g h  i t  h a s  been formed i q a n o l  ( 2 3 ) .  F u r t h e r -  
> 

more, formamides 11-3 and 11-5 a r e  o b t a i n e d  im bhe NNOD pho to -  

l y s e s  i n  n-hexane.  These r e s u l t s  i n d i c a t e  t h a t  t h e  f o r m y l  g roup  

must b e  d e r i v e d  f rom methano l  i n  t h e  fo rmer  c a s e  and from t h e  

N-methyl g roups  i n  t h e  l a t t e r .  P u r t h e r m o r e ,  u n d e r  d i l u t e  a c i d i c  



methanol  s o l u t i o n ,  it h a s  been ' r e p o r t e d  t h a t  NNOP i s  p h o t o l y -  
' \ 

t i c a l l y  r educed  and methanol  o x i d i z e d  t o  formaldehyde ( 2 3 ) .  5 - 
I n  view of t h k s e  r e d o x  p a t t e r n s ,  it may b e  assumed t h a t  t h e  

p h o t o l y s i s - c a u s e s  homolys i s  o f  t h e  N-N bond t o  form d i a l k y l -  

aminy l  r a d i c a l s  and n i t f o g e n  d i o x i d e  i n  t h e  f i r s t  s t e p  (Equa- 

t i o n  111-1). The f o r m a t i o n  o f  t h e  obse rved  p r o d u c t s  can  b e  

r a t i o n a l i z e d  by t h e  r e a c t i o n s  o u t l i n e d  below. 

Under n e u t r a l  c o n d i t i o n s  t h e  aminy l  r a d i c a l s  a b s t r a c t  a  

hydrogen atom from e i t h e r  t h e  s o l v e n t   q qua ti on III*), a l k e n e s  

 q qua ti on 111-5) o r  from a  d imethylamino m o i e t y  ( e g ,  d i s p r o p o r -  

t i o n a t i o n  Equa t ion  1 1 1 - 7 ) ;  t h e  l a s t  r e a c t i o n  g i v e s  d i a l k y l  

amines  and f o r m y l i d e n e  methylamine.  Subsequen t  t r i m e r i z a t i o n  o r  

h y d r o l y s i s  of for rnyl idene  i e t h y l a m i n e  g i v e s  11-6 o r  me thy la -  

mine and fo rmaldehyde ,  r e s p e c t Y v e l y ,   quati ti on 111-8), a s  

p r e v i o u s l y  r e p o r t e d  (64 ) .  

I n  s o l u t i o n ,  n i t r o g e n  d i o x i d e  i s  e x p e c t e d  t o  be i n  e q u i -  

l i b r i u m  w i t h  d i n i t r o g e n  t e t r o x i d e  (102) u n d e r  t h e  r e a c t i o n  con- 

d i t i o n s   q qua ti on 111-3); b o t h  o f  them may a c t  a s  o x i d i z i n g  

a g e n t s  b r  r a d i c a l  t r a p p i n g  a g e n t s  (102). N i t r o s a m i n e s ,  which 

u n d e r  t h e  c o n d i t i o n s  a r e  n o t  p h o t o l a b i l e  (lg), a r e  s u g g e s t e d  

t o  be  formed from amines  and n i t r o g e n  t e t r o x i d e  i n  which t h e  

n i t r a t e  a n i o n  i s  a l s o  formed a s  i n  E q u a t i o n  111-6. T h i s  n i t r o -  r 
s a t i p n  p r o c e s s  i s  a w e l l  known r e a c t i o n  f o r  t h e  p r e p a r a t i o n  of 

n i t r o s a m i d e s  ( 3 ) and n i t r o s a m i n e s  (I@). Another  p o s s i b l e  source  



H' abstraction 
[III-41 R2N' + SH P R2NH + S' 



of  n i t ~ o s a m i n e . m i g h t  be t h e  combinat ion o f  t h e  aminyl r a d i -  

c a l  w i t h  n i t r i c  ox ide ,  produced from secondary r e a c t i o n s  of 
4. 

n i t r o g e n  d i o x i d e  w i t h  a l k a n e s  o r  a l k y l  r a d i c a l s  (102). However 

t h i s  pathway cannot  a c c o u n t 4 f o r  t h e  h i g h  y i e l d s  of  

NND ob ta ined  i n  t h e  presence  .of ca rbona te s .  
h 

The format ion  of formamides i s  be l i eved  t o  fo l low t h e  

4 patnways shown i n  Equa t ions  111-9 and 111-10. The f i r s t  

s t e p  of each r e a c t i o n  i s  a  ve ry  w e l l  known p r o c e s s  (104) ;  

t h e  o x i d a t i o n  oT t h e  hydroxymethylarnines t o  t h e  formamides can  

be accomplished by n i t r ~ g e n  d i o x i d e  o r  d i n i t r o g e n  te-troxi.de 

a s  o x i d a n t s  (la). Since  t h e  quantum y i e l d  of n i t r o p i p e r i d i n e  

d i sappea rance  i n  n e u t r a l  methanol has  been measured t o  be  4.8 
\r 

(23), a  propaga t ion  s t e p  such a s  shown i n  Equat ion 111-11 i s  

proposed.  

I n  a c i d i c  s o l u t i o n ,  aminyl r a d i c a l s ,  whose p b  has  been 

r e p o r t e d  a s  6.5-7.5 (105)~ a r e  p ro tona ted  t o  g i v e  t h e  aminium 

r a d i c a l s   quati ti on 111-2) which a r e  known t o  add e f f i c i e n t l y  

t o  7-bonds or a b s t r a c t  hydrogen a t o m  In t h e  presence  of 

o l e f i n s  ( 1 9 ) .  P r o t o n a t i o n  o f  n i t r a m i n e s  n% '?xpected i n  t 

d i l u t e  a c i d  (0.1-PN) s i n c e  secondary n i t ra rn ines  a r e  r e p o r t e d  

t o  be n e u t r a l  s p e c i e s  (1). The re fo re ,  t h e  pr imary photoprocess  

must be  somewhat d i f f e r e n t  from t h o s e  of ni ' t roqamine (19) and -- 
t e t r a z e n e  (64,106) pho to lyses  s i n c e  i n  t h e  l a t t e r  aminium 

r a d i c a l s  a r e  gene ra t ed  d i r e c t l y  from e x c i t a t i o n  of  p ro ton  a s so -  

c i a t e d  n i t r o s a m i n e s  and p ro tona ted  t e t r a z e n e s .  



b 

The e f f i c i e n t  p h o t o a d d i t i o n  of  n i t r o s a m i n e s  t o  o l e f i n s  

under  d i l u t e  a c i d i c  c o n d i t i o n s  and t h e  f a i l u r e  t o  do s o  under  

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

n i t r a m i n e s  g i v e s  aminium r a d i c a l s  under  a c i d i c  c o n d i t i o n s  and 

aminyl r a d i c a l s  under  n e u t r a l  c o n d i t i o n s  ( 2 3 ) .  Fur thermore,  

q e i t h e r  aminyl norAminium r a d i c a l s  cou ld  be  t r appebrby  c a r -  
A 

bon monoxide unde r  o u r  r e a c t i o n  c o n d i t i o n s .  However under an 

i n e r t  atmosphere such as n i t r o g e n  o r  carbon monoxide, t h e  

p h o t o a d d i t i o n s  of  NNOD t o  cyclohexene o r  COD g i v e  a complex 

mix ture  p roduc t s  due t o  two major f a c t o r s .  

t h e  c o u n t e r  r a d i c a l  i n  t h e  p h o t o a d d i t i o n ,  n i t r o g e n  d iox ide ,  

can behave as a n i t r o g e n  cen te red  r a d i c a l  o r  a s  an 

oxygen, c e n t e r e d  r a d i c a l  (107)  , t o  g i v e  n i t r i t e s  111-2 

and n i t r o  compounds 11-14, r e s p e c t i v e l y  from 111-1 

(scheme 111-1). Secondly,  t h e  n i t r i t e s  may be hydrolyzed o r  

photolyzed (LOB) under  t h e  c o n d i t i o n s  t o  g ive  a l c o h o l s  11-12 

o r  11-23. 

Aminium r a d i c a l  i n i t i a t e d  a d d i t i o n  t o  o l e f i n s  may be sum- 

marized a s  i n  Scheme 111-1. Before  reacting w i t h  by n i t r o g e n  

d i o x i d e  w i t h  c h l o r i d e  i o n  t o  g i v e  11-26, carbon 

r a d i c a l  111-1 may a b s t r a c t  a hydrogen atom from t h e  s o l v e n t  

t o  g i v e  amines 11-11 or11-28. It  i s  be l i eved  t h a t  oximes 11-13 

o r  11-27 are formed t h r o u g h ' t h e  C-n i t ro so  compound 111-3 ( l g ) ,  

ob t2 ined  by t r a p p i n g  t h e  r a d i c a l  111-1 w i t h  d i n i t r o g e n  tetra- - 



Scheme 111-1 



xide .  I n  t h e  case  of t h e  photolyses  of NNOD wi th  t t t C D T  o r  

cWDD, t h i s  l a s t  pathway accounts  f o r  76 and 85%, r e s p e c t i v e -  

l y  (v ide  s u p r a ) .  The formation of p-chloramines 11-26 may be 

i o n i c  i n  na tu re .  A s  shown i n  Scheme 111-1, '.the 
* 

p o s t u l a t e d  n i t r i t e  e s t e r  111-2 might undergo a nucleo- 

p h i l i c  displacement by t h e  c h l o r i d e  i o n  of  t h e  

hydrochlor ic  a c i d  pre%ent i n  t h e  pho to lysa te  t o  

e g ive  p-chloramines 11-26 . It i s  i n t e r e s t i n g *  t o  

no te  t h a t  i n  t e t r amethy l -2 - t e t r azene  p h o t o l y t i w d d i t i o n  t o  
b 

cyclohexene i n  t h e  presence of hydrochlor ic  a c i d ,  some p-chlo-. 

ramines have been de tec ted  (63,64 ) . 
The formation of t h e  open chain  amino a lcoho l  11-29 

obtained a f t e r  reduct ion  of t h e  bas ic  pho to lysa te  f r a c t i o n  

i s  be l ieved t o  a r i s e  from t h e  l i t h i u m  aluminium hydr ide  r e -  

duct ion  of t h e  pos tu la ted  in te rmedia te  n i t r i t e  e s t e r  111-2. 

0 b v i o u k 3 ,  t h e  r i n g  opeping i s  a s s i s t e d  by t h e  lone p a i r  of * . = .  *~ 

e l e c t r o n s  of t h e  dimethylamino group and might fo l low a sim- 

i l a r  pathway as  t h e  one discuqsed wi th  n i t r a t e  e s t e r s  11-37 

( v i d e  i n f  r a  ) . 

111-1-2. Oxidat ive ~ h o t o a d d i t i o n s  

( a )  format'ion' of n i t r a t e  e s t e r s :  The product d i s t r i b u -  

t i o n  of t h i s  photoaddi t ion  i s  g r e a t l y  s i m p l i f i e d  when run under 

oxygen; it g ives  1-nitrato-2-amino d e r i v a t i v e s  as t h e  primary 



products  . Aminiurn r a d i c a l s  generated d u i n g  t h e  oxida't;ve - 
p h o t o l y s i s  of NNOD i n  d i l u t e  a c i d i c  media add preferent i&l lS(  

t o  t h e  l e s s  s u b s t i t u t e d  terminus of  1-hexene t o  g i v e  t h e  \ 

more s t a b l e  secondary carbon r a d i c a l  in t e rmedia te  in'.qgreement 
\ 
\ 

with  t h e  photoaddi t ion  of E P  t o  1-pentene '(111 ) . 
The e l e c t r o p h i l i c  a t t a c k  by t h e  r a d i c a l  t h e  

*-bond r e s u l t s  i n  t h e  formation of i n t e r m e d i a t e  carbgn r a d i c a l s  - .  
I 

such as 111-4 (scheme 111-2 ).    he f a c t  t h a t  r a d i c a l s  111-4 

aye a b l e  t o  a b s t r a c t  a hydrogen atom from t h e  s o l v e n t  t o  g ive  
- t 

amine 11-33 before  it i s  quenched by oxygen t o  y i e l d  perox- 

y l  r g d i c a l s  111-5 favorsa  s tepwise  prpcess .  With t rans-3-  . 

hexene, t h e  o x i d a t i v e  photqaddiQp\n of NNOD y ie lded  e r y t h r o  

11-22a and t h r e o  11-22b i n  a 5 : 3 + r a t i o ,  i n d i c a t i n g  t h a t  addtion 

i s  indeed s tepwise and t h a t  r o t a t i o n , o f  t h e  carbon-carbon 

s i n g l e  bond i n  r a d i c a l s  111-4 i s  much ' f a s t e r  t h a n  t h e  subse- 

\ .quent s t e p .  The non-s te reospec i f i c  a d d i t i o n  of oxygen due t o  

r a p i d  r o t a t i o n  about t h e  newly formed s i n g l e  bond of 111-4 
. ' 

gave an ery thro*  t h r e o  mixture 111-5. These r a d i c a l s  a r e  f u r -  

t h e r  t rapped by n i t r i c  oxide i n t h e  case  of NND photo lyses  o r  

d i n i t r o g e n  t e t r o x i d e  i n  t h e c a s e  of NNOD photolyses  t o  g ive  .. 

p e r o x y n i t r i t e s  111-6. The r a t e  o f  t h t s  combination 

i n  t h e  gas phase has  been shown t o  be g r e a t e r  t h a n  6 x 1 0 ~ ~ - I s - '  

(112) .  Although ndver i s o l a t e d ,  p e r o x y n i t r i t e s  have b e 4  pos- 

t u l a t e d  i n  s e v e r a l  i n s t a n c e s ;  n i t r i c  oxide has  been s h a m  t o  

combine under reduced p ressu re  a t  r o o m  temperature w i t h  tri- 



e r y t h r o  t h r e o  



. 
phenylmethylperoxy r a d i c a l s  t rapped i n  a  p o l y c r y s t a l l i n e  

t r i p h e n y l a c e t i c  a c i d  rnatqix t o  g ive  t r iphenylmethyl  peroxy- 

n i t r i t e  as a  p o s t u l a t e d  in te rmedia te  (113). P e r o x y n i t r i t e  

e s t e r s  have a l s o  been proposed a s  in te rmedia tes  dur ing  t h e  
- .  

r e a c t i o n  of t - b u t y l  hydroperoxide wi th  n i t r i c  oxide ( 1 1 4 ) ,  

during t h e  pho to lys f s  of n i t r i t e  e s t e r s  (115) and of n i t r o s a -  

mines wi th  o leF ins  t h e  presence of and dur ing  

t h e  t reatment  of t e r t i a r y  hydi-oper&des wi th  n i t r o s y l  c h l o r i d e -  

pyr id ine  (116) .  

A S  w i th  t h e  previous examples, p e r o x y n i t r i t e  

e s t e r s  111-6 may be expected t o  undergo a  f a c i l e  rearrangement 
w 

t o  t h e  corresponding n i t r a t e  e s t e r s  111-7 ( t h r e o  and e r y t h r o ) ,  

very l i k e l y  by a  peroxy bond s c i s s i o n .  I n  t h e  case  of t h e  pho- 

t o - l y s i s  wi th  NNOD, an a d d i t i o n a l  rou te  may be mentionned, t h a t  

i s  peroxyl  r a d i c a l s  111-5 may combine wi th  n i t r o g e n  d ioxide  t o  

g ive  p e r n i t r a t e s  1-11-9 as p o s s i b l e  i n t e r a e d i a t e s .  The peroxy 

n i t r a t e s  formed i n  t h i s  way have been shown t o  give t h e  co r res -  . 
pondipg ketone and n i t r a t e s  a s  t h e  major decomposition products 



- An a l t e r n a t e  s o u r c e  o f  n i t r a t e  e s t e r s  111-7 may b e  v i s u a l -  

i z e d  a s  s e e n  i n  Scheme 111-2. I n  t h e  c a s e  o f  NND p h o t o l y s e s ,  

t h e  c o u n t e r  r a d i c a l  n i t r i c  o x i d e  formed (19) may b e  i n t e r c e p -  

t e d  by oxygen t o  g i v e   NO^, which combines w i t h  111-4 t o  ~ i e l d  
I 

111-7. R e a c t i o n  o f  d i n i t r o g e n  t e t r o x i d e  w i t h  111-4 i n  t h e  

c a s e  of  NNOD p h o t o l y s e s  may a l s o  g i v e  r i s e  t o  n i t r a t e  e s t e r s  

111-7. However, s i n c e  t h e  r e s u l t i n g  n i t r a t e  e s t e r s  of  t h e  
a 

CDT p h o t o l y s e s  have  been shown t o  be  v e r y  s t a b l e  i n  a c i d i c  

and b a s i c  c o n d i t i o n s ,  t h e s e  a l t e r n a t e  pathways do n o t  g i v e  
C 

any p h o t o l a b i l e  o r  r e a d i l y  decomposed i n t e r m e d i a t e s  t o  e x p l a i n  

t h e  f o r m a t i o n  of  k e t o n e  and a l c o h o l s .  F o r  t h i s  r e a s o n ,  t h e  l a s t  - 

mechanisms, i f  o p e r a t i n g ,  a r e  p r o b a b l y  n o t  t h e  major  pathways 

of  t h e  p h o t o l y s e s .  

( b )  f o r m a t i o n  o f  k e t o n e s  and a l c o h o l s :  To a c c o u n t  f o r  

t h e  f o r m a t i o n  o f  l a r g e  q u a n t i t i e s  of  amino a l c o h o l s  and k e t o n e s  

i n  t h e  p h o t o l y s e s  w i t h  CDT, it i s  assumed t h a t  t r a n s i e n t  p e r -  

n i t r i t e  111-6 i s  p h o t o l y t i c a l l y  c l e a v e d  a t  t h e  weak 0-0 bond 

t o  g i v e  a l k o x y  r a d i c a l s  111-8 a s  p o s s i b l e  i n t e r m e d i a t e s  ( s c h e -  

me 111-2). I n d e e d ,  i n  a n a l o g y  t o  t h e  low i n t e n s i t y  hn* uv 

a b s o r p t i o n  band a round  340-385nm ( € 2 0 - 8 0 )  f o r  n i t r i t e  e s t e r  

d e r i v a t i v e s  ( 1 1 8 ) ~  a similar band f o r  p e r n i t r i t e s  p i - 6  may 

be e x p e c t e d  i n  t h e  same r e g i o n .  Thus ,  w e  may a n t i c i p a t e  p e r -  

n i t r i t e s  t o  undergo  s e c o n d a r y  p h o t o l y s i s  t o  g e n e r a t e  t h e  c o r -  

r e s p o n d i n g  a l k o x y  r a d i c a l s  111-8 which may be  t h e  s o u r c e  o f  



t h e  ke tone  and a l c o h o l  fo rmat ion  d u r i n g  p h o t o l y s i s .  T h i s  i s  

i n d i c a t e d  by i )  t h e  k e t o n e - n i t r a t e  e s t e r s  r a t i o  i s  s m a l l e r  

i n  t h e  pho to lyses  o f  NND t han  i n  t h o s e  of NNOD, ii) t h i s  r a t i o  
LJ 

i s  f u r t h e r  reduced u s i n g  exces ses  of  NND,  iii) when exces ses  
I 

of NND a r e  used  a able 11-4), lower y i e l d s  of  a l c o h o l s  11-34a, 

11-34b a r e  ob ta ined  a f t e r  work-up as opposed t o  b e t t e r  y i e l d s  

of open cha in  a l c o h o l  11-35, which i s  known t o  a r i s e  mainly 

from t h e  n i t r a t e  e s t e r s  ( v i d e  i n f r a ) .  It i s  r e a s o n a b l e  t o  i n -  

t e r p r e t  t h a t  i n  t h e  presence  of an  excess  of NND, NND a c t s  a s  

t h e  i n t e r n a l  f i l t e r  t o  p reven t  t h e  secondary p h o t o r e a c t i o n  
I 

l e a d i n g t o  l e s s e r  amount of a l c o h o l s  and ke tone .  These r e s u l t s  

a l s o  i n d i c a t e  t h a t  p e r n i t r i t e s  111-6 must have a  s u f f i c i e n t l y  

long  l i f e  a t  0" t o  be  photodecomposed b e f o r e  t h e y  r e a r r a n g e  

t o  t h e  n i t r a t e  e s t e r s .  

( c )  LAH r e d u c t i o n  of  ami-itrate e s t e r s :  The a l i p h a t i c  

n i t r a t e  e s t e r s  11-15 and 11-19 decomposed i n  b a s i c  c o n d i t i o n s  

t o  g i v e  a l c o h o l s  11-16 and 11-20, r e s ~ e c t i v e l y  , by nucleophil- 

i c  d i sp lacement  o r  h y d r o l y s i s  of t h e  n i t r a t e  and t o  ke tones  

11-18 and 11-21, r e s p e c t i v e l y  by e l i m i n a t i o n  of a-hydrogen.  

No 9 - e l i m i n a t i o n  l e a d i n g  t o  o l e f i n  has  been d e t e c t e d .  These 

n i t r a t e  e s t e r s  were e a s i l y  reduced by l i t h i u m  aluminium hy- 

d r i d e  t o  t h e  co r r e spond ing  a l c o h o l s .  

Although o t h e r  n i t r a t e s  a r e  reduced by LAH t o  g i v e  ' the  

. cor responding  a l c o h o l s ,  LAH r e d u c t i o n  of  t h e  amino n i t r a t e  / 



ob ta ined  from t h e  o x i d a t i v e  pho toadd i t i ons ,  of  NNOD ( o r  N N D )  

t o  t h e  two C l X  i somers  c a u s e s  c leavage  of  t h e  C1-C2  bond. ' 
1 

Such a  c leavage  r e a c t i o n  has  never  been observed . a s  f a r  a s  
L 

we a r e  aware . T h i s  i s  assumed t o  be a s s i s t e d  by t h e  lone  

p a i r  on t h e  n i t r o g e n  atom as dep ic t ed  by t h e  e l e c t r o n  s h i f t s  \ 
shown i n  Scheme 111-3. The immonium aldehyde i n t e r m e d i a t e  

\ 

ob ta ined  (111-10) can be f u r t h e r  reduced t o  t h e  open c h a i n  

amino a l c o h o l s  11-35 and 11-39. 

Scheme 111-3 



( d )  Reactivity of double  bond: The h i g h l y  s e l e c t i v e  

r e a c t i v i t y  of t h e  t r a n s  double  bond of cttCDT has  a l r e a d y  

been wide iy  observed i n  i o n i c  a d d i t i o n  w i t h  r e a g e n t s  such a s  

osmium t e t r o x i d e  ( l l g ) ,  potass ium permanganate (119) ,  d i imide  

( 1 2 0 ) ,  p e r a c i d s  (121 ) and n i t r o s y l  Qhlor ide  (3.8). For  example, 

' w i t h  the .  first two rea 'gen ts ,  cis,trans-5,9-cyclododecadien- - 
t r a n s - 1 , 2 - d i o l  was ob ta ined  i n  e x c e l l e n t  y i e l d s .  

: 

Although 'no sy$ternat ic  d a t a  on t h e  r e l a t i v e  r e a c t i v i t g  

o f  t h e  c i s  and t r a n s  i somers  of c y c l o a l k a d i e n e s  and c y c l o a l -  - 

d 
k a t r i e n e s  a r e  a v a i l a b l e ,  q u a n t i t a t i v e '  d a t a  on t h e  s t a b i l i t y  

of t h e  c i s  and t r a n s  cycli 'c monoolefins have been determined - 
, by d i r e c t  e q u i l i b r a t i o n  (122)  and h e a t s  of h y d r o g e n a t i o n .  

measurements ( 1 2 3 )  (~ab le111-1 ) ;  A (AH" ) and A ( A G " )  a r e  t h e  

T a b l e  11121 

'L, t r a n s  



v a l u e s  of  t h e  d i f f e r e n c e s  of  h e a t s  of hydrogena t ion  and f r e e  

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

cyc loa lkenes .  For  cyc lba lkenes  of r i n g  s i z e  l a r g e r  t h a n  1 0 ,  

t h e  t r a n s  double bond becomes more s t a b l e ,  and t h e  f a c t o r s  

c o n t r o l l i n g  t h e  s t a b i l i t i e s  are s u b s t a n t i a l l y  e  same as "I 
t h o s e  f o r  open c h a i n  o l e f i n s .  Although t h e  d a t a  ifor t h e  s t a -  

I 

b i l i t y  of  cyc loa lkapo lyenes  a r e  fragmentary, i t  i s  g e n e r q l l y  

b e l i e v e d  t h a t  t h e  r e l a t i v e  s t a b i l i t i e s  of c i s  and t r a n s  d ~ u b l e  
> 

bonds i n  t h e  CDT p a r a l l e l  t h o s e  of t h e  c i s  and t r a n s  double - 

bonds i n  t h e  cor responding  cyclododecene (78) .  It a l s o  appea r s  

( 1 2 4 )  t h a t  t t t C I Y T  i s  t h e r m a l l y  more s t a b l e  t h a t  t h e  cttCDT 

isomer .  Dre id ing  Molecular  Models o f  t h e  cttCDT 

show t h a t  t h e  c y c l i c  system i s  q u i t e  f l e x i b l e  and t h a t  t h e r e  

i s  no y i s i b l e  d i f f e r e n c e  i n  s t e r i c  approach toward t h e  c i s  and - 
I 

t r a n s  double  bonds. No s a t i s f a c t o r y  e x p l a n a t i o n  f &  p r e f e r e n -  

t i a l  a b t a c k  of t h e  t r a n s  double  bond by t h e  aminium r a d i c a l  

can be  ob ta ined  from a  d i s c u s s i o n  based OQ thermodynamic s ta-  
--. 7- 

b i l i t y .  ,- 

With endoDCPD, t h e  double  bond of t h e  b i cyc lohep tene  sys -  

tem h a s  been r e p o r t e d  t o  be t h e  most r e a c t i v e  i n  t h e  r a d i c a l  
4 

a d d i t i o n  of 4 -ch lo robenzene t@io l  (125), i n  t h e  i o n i c  a d d i t i o n  

of n i t r o s y l  c h l o r i d e  ( 1 2 6 ) ,  i n  mercura t ion  w i t h  mercur ic  ace-  - 

t a t e  (127) and r a d i c a l  r e a c t i o n s  u s i n g  t h e  p h o t o l y s i s  of t e t r a -  

methyl t e t r a z e n e  ( 6 4 ) .  These r e a c t i o n s  occur  w i thou t  any ske- 
i 

l e t a l  rearrangement .  There  has  been no ev idence  o f  p roduc t s  I 
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der ivkd  from a t t a c k  on t h e  double bond i n  t h e  cyc lopentene  

r i n g  bu t  t h e y  may have escaped d e t e c t i o n .  

Obviously aminium r a d i c a l s  gene ra t ed  from NND ( o r  NNOD) 

a t t a c k  t h e  norbornene double  bond as w e l l  as t h e  cyc lopentene  

double  bond; i n  ou r  c o n d i t i o n s ,  t h e  former has  been found t o  

be s i x  t imes  more r e a c t i v e  t h a t  t h e  l a t t e r  from t h e  r a t i o  of  

t h e  y i e l d s  of a l c o h o l s  11-41 and 11-42. 

I o n i c  and r a d i c a l  a d d i t i o n s  of r e a g e n t s  t o  ctCDD (128-130, 

v i d e  i n f r a )  have been shown t o  add s e l e c t i v e l y  t o  t h e  t r a n s  

double  bond. However, i n  t h i s  c a s e ,  aminium r a d i c a l s  induced 

a  t r a n s a n n u l a r  c y c l i z a t i o n  r e a c t i o n ;  hence t h e  i n i t i a l  a t t a c k  

of t h e  aminium r a d i c a l  cou ld  no t  be a s c e r t a i n e d .  Neve r the l e s s ,  

i n  agreement w i t h  r e p o r t e d  d a t a  (128-130) and w i t h  p rev ious  

r e s u l t s  w i t h  cttCDT, a s e l e c t i v e  a t t a c k  a t  t h e  t r a n s  double  

bond i s  b e l i e v e d  t o  t a k e  p l a c e  ( v i d e  i n f r a ) .  - 

111-1-3. I n d i v i d u a l  c a s e s  

( a )  Rearrangement w i t h  COD:  I n  t h e  o x i d a t i v e  a d d i t i o n  of 

NNOD t o  COD, on ly  t r a n s  amino a l c o h o l  11-23a of  t h e  two p o s s i -  

b l e  isomers  can be i s o r a t e d  a f t e r  LAH r e d u c t i o n .  F a i l u r e  t o  

d e t e c t  c i s  amino a l c o h o l  11-23b may be due t o  t h e  f a c i l e  r e a r -  - 

rangement of c i s  p e r o x y n i t r i t e  i n t e r m e d i a t e  111-11 t o  t h e  - 
o x a b i c y c l i c  e t h e r s  11-24 and 11-25 by e l i m i n a t i o n  o f  n i t r i t e  

i o n  a s s i s t e d  by t r a n s a n n u l a r  n - e l e c t r o n  m i g r a t i o n  t o  t h e  elec* 

t r o n  d e f i c i e n t  oxygen atom (Scheme 111-4). T h i s  may w e l l  i n -  



Scheme 111-4 i 
/ 

volved t h e  i n t e rmed iacy  of an oxonium i o n  (111-12) which 

s o l v e n t  may a t t a c k  a t  e i t h e r  C 5  o r  C 6  g i v i n g  t h e  dxabicyc l i c  

e t h e r s  11-24 and 11-25; , t h i s  t r a n s a n n u l a r  rearrangement  has  

been a l r e a d y  proposed d u r i n g  t h e  o x i d a t i v e  p h o t o a d d i t i o n  of  

NND t o  COD ( 6 9 , 1 3 1 ) ' a n d  was p o s t u l a t e d  t o  occur  th rough  t h e  
#' 

c i s  n i t r a t e  e s t e r  111-13. - 

( b )  Addi t ion  t o  endo-DCPD: From s t e r i c  r e a s o n s  (69,132,  

133), t h e  dimethylaminiurn r a d i c a l  i s  expected t o  approach from 

t h e  exo f a c e  of  t h e  n o r b o h e n e  n-bond of endo-DCPD g i v i n g  t h e  

exo c o n f i g u r a t i s n  of  t h e  amine group as i n  111-14 (scheme 111-5) . - 
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A c a r e f u l  examination of t h e  product 

t h e  formation of s a t u r a t e d  compounds 

mixture d id  

; this&imFna 

not  r e v e a l  

ted t h e  cy- 

c l i z a t i o n  s t e p  t o  111-15, al though decomposition of t h e  s a t u -  

r a t e d  amino n i t r a t e  e s t e r  der ived  from 111-15 t o  g ive  an' o l e -  

f i n i c  con ten t  moJecule i s  not  excluded.The subsequent approach 

of oxygen i s  determined not  only by t h e  

s t e r i c  bulk of the'  amino group i n  t h e  exo-9-posi t ion but a l s o  - 

by t h a t  of t h e  cyclopentene r i n g .  Both exo-cis  111--16a and I -- P 

t r a n s  n i t r a t e  111-16b (scheme 111-5) a r e  p o s t u l a t e d  as i n t e r -  

mediates by t h e  fo l lowing arguments. The exo-cis  conf igura t ion  -- 
of 111-16a i s  e a s i l y  deduced from t h a t  of amino a l c o h o l  11-41 

4 .- obtained by H ' reduct ion .  Since no t r a c e  of t r a n s  amino a l -  

cohol 111-17 has been d e t e c t e d ,  t r a n s  n i t r a t e  111-16b must 

have been r e a d i l y  decomposed before  r educ t ion ,  i n  analogy t o  

t h e  f a c i l e  c leavage of trans-2-nitrato-3-dimethylamino nor- 

bornye - That i s ,  n i t r a t e  111-16b might e l i m i n a t e  n i t r i t e  ion  

b y  the\  e l e c t r o n  s h i f t s  shown i n  Scheme 111-5 t o  g ive  t h e  i m -  

monium s a l t  111-18, t h e  p recurso r  of 11-43, which can be redu- 

ced tro 11-40. 

4 

( c  ) Transannular  c y c l i z a t i o n  wi th  ctCDD : Cation induced 

t ransannular ,  c y c l i z a t i o n  r e a c t i o n s  of 1,5-cyclodecadienes (128- 

130,134) and t h e i r  oxides (135,136) a r e  now e s t a b l i s h e d  t o  

g ive  - c i s  d e c a l i n  d e r i v a t i v e s  a s  t h e  major o r  s o l e  p-\uith 

high s t e r e o s e l e c t i v i t y .  I n  c o n t r a s t ,  t h e  c i s , t r a n s  germacrone 
c - 



111-19 i s  c y c l i z e d  t o  a  g u a i a n e - t y p e  compound 111-20 o f  unde- 
\. 

f i n e d  s t e r e o c h e m i s t r y  a t  C 5  (137); t h i s  h a s  been i n t e r p r e t e d  

a s  a n  i o n i c  r e a c t i o n  b u t  a r a d i c a l  mechanism w i t h  i n i t i a l  

a t t a c k  a t  t h e  t r a n s  d o u b l e  bond c a n n o t  b e  e x c l u d e d .  R a d i c a l  
. \  

induced  c y c l i z a t i o n s  w i t h  b romot r i ch lo romethane  and bromoform ' 

( 1 2 9 )  have  been s u g g e s t e d  t o  g i v e  c i s  d e c a l i n  111-21 and - 
111-22,  r e s p e c t i v e l y ,  i m p l y i n g  t h a t  i n i t i a l  a t t a c k  i s  on t h e  

c i s  d o u b l e  bond. However t h e r e  i s  no d e f i n i t e  p roof  t h a t  t h e  - 
compounds a r e  c i s  o r  even d e c a l i n s .  The aminium r a d i c a l  i n i -  - X 



t i a t e d  c y c l i z a t i o n s  w i t h  ctCDD a l s o  show h igh  s t e r e o s e l e c t i v i -  

t y  l e a d i n g  t o  on ly  one -&mpound of  - c i s  fused  5,7 b i @ ~ i c  pro- . . 
d u c t s .  The - c i s  r i n g  f u s i o n  h a s  been determined from t h e  f a c t  

t h a t  t h e  ketone 11-47a can  be isornerized t o  t h e  more s t a b l e  

t r a n s  isomer  11-47b; such i s o m e r i z a t i o n  has  been r e p o r t e d  

(1381141) w i t h  ana logous  systems.  

dimethylaminiurn r a d i c a l  a t t a c k  a t  t h e  t r a n s  double  
b 

bond should g i v e  r i s e  t o  two d i f f e r e n t  p o s i t i o n a l  carbon r a -  

d i c a l s  111-23a and 111-23b (Scheme 111-6) which, a f t e r  t r a n s -  

a n n u l a r  r i n g  c l o s u r e  can g e n e r a t e  f o u r  p o s s i b l e  s a t u r a t e d  
% 
carbon r a d i c a l s  111-24a-d, w i t h  t h e  - c i s  r i n g  f u s i o n .  Carbon 

r a d i c a l  111-24b can  be e l i m i n a t e d  on t h e  b a s i s  t h a t  no ir  
9 

a b s o r p t i o n  band around 1745 cm-l f o r  a  5-membered r i n g  ke to -  

ne 111-25 has  been d e t e c t &  from subsequent  t r a n s f o r m a t i o n s .  a 

I n t r a m o l e c u l a r  r a d i c a l  c y c l i z a t i o n  of open c h a i n  d i e n e s  has  

been thoroughly  i n v e s t i g a t e d  (24 ,  142-144 ) .  The d i r e c t i o n  of 

t h e s e  c y c l i z a t i o r s a p p e a r s  t o  be c o n t r o l l e d  by bo th  s t  i c ( I 4 2 )  + 
and e l e c t r o n i c  ( 1 4 4 )  f a c t o r s  y i e l d i n g  t h e  k i n e t i c a l l y  more 

favored  five-membered r i n g  produc t  p r e f e r e n t i a l l y  b u t  no f o u r  

member r i n g .  Consequent ly ,  carbon r a d i c a l  111-24a can  be r e -  

j e c t e d .  The a l t e r n a t i v e  five-membered c y c l i z a t i o n  t o  111-24c 

o r  t h e  six-membered c y c l i z a t i o n  t o  111-24d should be  cons i -  

de red :  t h e  former pathway i s  p r e f e r r e d  over  t h e  la t te5 on t h e  

b a s i s  of t h e  p rev ious  s t e r e o s p e c i f  i c  c y c l i z a t i o n s  (142-144 ) 

and from t h e  p ro ton  nmr spectrum of  n i t r a t e  s a l t  11-44a 



Vhich favor5  a c i s  fused decahydro azulene s t r u c t u r e  oveg a - 
c i s  d e c a l i n  s t r u c t u r e .  - 

11-43 

Scheme* 111-6 



111-2. T r a n s a n n u l a r  E l e c t r o p h i l i c  R e a c t i o n  o f  ~ l k e n ~ l  N i t r o s o  

. I 

Compounds 

4 

We saw i n  t h e  I n t r o d u c t i o n  t h a t  i n  p r i n c i p l e ,  a  n i t r o s o  

g roup  may be  p r o t o n a t e d  t o  g e n e r a t e  a  n i t r e n i u m  i o n  i n t e r m e -  

d i a t e  which may add i n t r a m o l e c u l a r l y  t o  a  s t r a t e g i c a l l y  

l o c a t e d  n-bond. The s t a r t i n g  C - n i t r o s o  a l k e n e  must p o s s e s s  9 

s u i t a b l e  c o n f i g u r a t i o n  whereby t h e  r e l e v a n t  o r b i t a l s  c a n  i n -  

t e r a c t  o v e r  t h e  s p a c e .  I n  t h e  f i r s t  s t e p ,  we s h a l l  d i s c u s s  

t h e  s t e r e o c h e m i s t r y  of t h e  n i t r o s y l  c h l o r i d e  a d d i t i o n  t o  

uncon j u g a t e d  p o l g e n e s .  h 

-/ 111-2-.I. N U C l  A d d i t i o n  t o  O l e f i n s  

* 

I n  s p i t e  o f  numerous r e p o r t s  on n i t r o s y l  c h l o r i d e  ad-  

j i t i o r !  t o  o l e f i n s  (2?',145), t h e  s t e r e o c h e m i c a l  c o u r s e  o f  t h e  

a d d i t i o n  remains  c o n f u s i n g  u n t i l  r e c e n t l y  when ~ o g i f  and co-  . 
workers  ( 3 6 )  r e s o l v e d  t h e  c o n t r o v e r s y  o v e r  t h e  a d d i t i o n  o f  

I -  - n i t r o s y l  c h l o r i d e  t o  cyc lohexene .  I n  h i g h l y  p o l a r  s o l v e n t s  

such  a s  s u l f u r  d i o x i d e ,  i t  was found t h a t  t r a n s  a d d i t i o n  of  
+ 

X 3 C 1  t o  c y c l o h e x e n e  g i v e s  a  p a i r  o f  2-chloronitrosocyclohexa- 

c e  e n a n t i o m e r s  which d i m e r i z e  h o m o s p e c i f i c a l l y  o r  h e t e r o s p e -  

c i f i c a l l y  t o  g i v e  t h e  a n t i  SS-SS, RR-RR ( d l  p a i r )  and SS-RR - 
(meso)  n i t r o s o  d i m e r s ,  r e s p e c t i v e l y  (36) .  However, in t h i s  

1 



work, f n  a  low p o l a r i t y  s o l v e n t  such a s  methylene c h l o r i d e ,  
- 

n i t r o s y l  c h l o r i d e  adds  s t e r e o s p e c i f i c a l l y  t o  COD, tttCIYT and 

probably  ctCDD i n  a - c i s  s t e r eochemica l  cou r se .  T h i s  was c l a r -  

i f i e d  by t h e  - c i s  c o n f i g u r a t i o n  of  C-n i t ro so  monomer of COD 

(11-51) and t h e  t h r e o  ( t r a n s )  - c o n f i g u r a t i o n  of t h a t  of t t t  

CDT (11-66). '? 
Cis-chZoroni t roso  compound 11-51 d imer i ze s  t o  a s i n g l e  - 

d i m e r ,  e i t h e r  t h e  - d l  o r  meso isomer.  The - c i s  c o n f i g u r a t i o n  

of  t h e  c h l o r i n e  and azodioxy group i n  t h e  dimer was e s t a b -  

-by l ~ n m r .  Exah ina t ion  of Dre id ing  Molecu la r  Models sug- 

g e s t s  t h a t  t h e  c y c l o o c t e n y l  n i t r o s o  c h l o r i d e  dimer of 11-51 

e x i s t s  p r e f e r e n t i a l l y  i n  a t w i s t - b o a t - c h a i r  conformat ion 

(111-26) w i t h  &he c h l o r i n e  and azodioxy group i n  pseudo a x i a l  

and pseudo e q u a t o r i a l  o r i e n t a t i o n s ,  r e s p e c t i v e l y ,  a s  con- 

fkTledWi.ththe methine p r o t o n s  of  t h e  nmr spectrum.  T h i s  confor -  

mation does not  l e a d  t o  o v e r l a p  of  t h e  n-bonds of t h e  n i t r o s o  



and o l e f i n i c  groups,  b u t  a s  i t  w i l l  be seen l a t e r ;  t h e  con- 

fo rma t ion  of monomer 11-51 may i n v e r t  t o  a more f a v o r a b l e  con- 

fo rma t ion  f o r  o l e f i n - n i t r o s o  i n t e r a c t i o n .  I n  any c a s e ,  an 

assumption of  t h e  t r a n s  c o n f i g u r a t i o n  f o r  t h e  dimer of 11-51 

does no t  g i v e  b i c y c l i c  hydroxylamine a c e t a t e  11-60 ( v i d e  

i n f r a )  w i t h  t h e  observed c o n f i g u r a t i o n .  

S i m i l a r l y ,  t h e  - c i s  a d d i t i o n  of n i t r o s y l  c h l o r i d e  t o  t t t  

CDT i n  rnethylene c h l o r i d e  a f f o r d s  a s i n g l e  isomer (11-66) 

w i t h  t h e  t h r e o  ( t r a n s )  c o n f i g u r a t i o n  of  t h e  c h l o r i n e  and n i -  

t r o s o  group. I n  t h i s  c a s e ,  two dimess of 11-66 a r e  o b t a i n e d ,  
, 

t h e  meso and - d l  d i a s t e r e o i s o m e r s  as i n d i c a t e d  by l 3 ~ n r n r  and 

confirmed by t h e  chemical  t r a n s f o r m a t i o n s  l e a d i n g  t o  s i n g l e  

0 -ch lo ro  amine 11-74. A t h r e o  ( t r a n s )  c o n f i g u r a t i o n  of 11-66 

was deduced from i t s  chemical  t r a n s f o r m a t i o n s  t o  t h e  meso 

b e n z y l a z i r i d i n e  11-67 (scheme 111-7) and e s t a b l i s h e d  a  - c i s  

a d d i t i o n  o f , n i t r o s y l  c h l o r i d e  t o  a  t r a n s  double  bond of t t t C D T .  

A s  proposed by Ohno (38) and Meinwald ( 3 7 ) ,  a f o u r - c e n t e r  

t r a n s i t i o n  s t a t e  may o p e r a t e  g i v i n g  t h e  t h r e o  isomer as seen  

i n  Scheme 111-7. 

With ctCDD, t h e  t r a n s  double bond i s  s e l e c t i v e l y  a t t a c -  

ked by n i t r o s y l  c h l o r i d e  i n  agreement w i t h  t h e  publ i shed  

r e s u l t s  (38 ,95 ,145) .  However, t h e  a d d i t i o n  of n i t r o s y l  c h l o r i -  

de t o  t h e  t r a n s  double b o n d i i s  n o n r e g i o s p e c i f i c  t o  g i v e  two 

C - n i t r o s o  dimers  11-80a and 11-80b as i n d i c h t e d  by t h e  t a u t o -  



Scheme 111-7 

mer iza t ion  p roduc t s  11-81a and 11-8lb.  I n  ana logy  t o  t h e  a d -  

d i t i o n  t o  o t h e r  o l e f i n s  a s  d t scus sed  above,  t h e  a d d i t i o n  t o  * 

t h e  t r a n s  double  bond o c  ctCDD may a l s o  occur  by s t e r e o s p e -  

c i f i c  - c i s  geometry b u t  f u r t h e r  exper iments  t o  prove t h i s  

p o i n t  have no t  been c a r r i e d  o u t .  



111-2-2. Reac t ions  o f  N i t ro soa lkenes  

Although t h e  a d d i t i o r j  of n i t r o s o  a r e n e s  (56)  and of  one 

t e r t i a r y  C-n i t ro so  compound (49)  a r e  r e p o r t e d  t o  occur  by a  
) 

f r e e  r a d i c a l  mechanism, t h e  i n t r a m o l e c u l a r  r e a c t i o n s  of a l -  
L 

kenyl  n i t r o s o  compounds desc r ibed  i n  t h i s  work a r e  be l i eved  

t o  t a k e  p l a c e  by an i o n i c  mechanism on t h e  b a s i s  of t h e  f o l -  

lowing r ea sons .  F i r s t l y ,  t h e  r e a c t i o n  occurs  even i n  t h e  dark  

and i s  c a t a l y z e d  by an a c i d ,  t o  g ive  hydroxylamines bu t  no t  

n i t r o x i d e s  a s  t h e  primary produc t .  Secondly,  i t  i s  w e l l  e s t a -  

b l i s h e d  t h a t  c y c l i z a t i o n  i n i t i a t e d  by n i t r o g e n  c e n t e r e d  r a d i -  

c a l s  appears  t o  f a v o r  t h e  format ion  o f  f i v e  membered r i n g  

over  t h o s e  p o s s e s s i n g  s i x  members by a k i n e t i c a l l y  c o n t r o l l e d  

p roces s  (146 ,147) ;  i n  our  c a s e ,  t h e  t r a n s a n n u l a r  e l e c t r o p h i l i c  

r e a c t i o n  of a l k e n y l  n i t r o s o  compounhs g i v e  a s i x  membered h e t e -  
4 

recycle r a t h e r  t han  a f i v e  membered one. 

The f a c i l e  t r a n s a n n u l a r  r e a c t i o n  of c h l o r o n i t r o s o  com- 

pound 11-51 can be v i s u a l i z e d  by the- 'mechanism as dep ic t ed  

i n  Scheme 111-8. I n  s o l u t i o n ,  under h e a t i n g ,  t h e  dimer of 

11-51 i s  d i s s o c i a t e d  i n t o  t h e  monomer w i t h  conformat ion 

111-27a. The monomer, hav ing  a  much s m a l l e r  bu lk  of t h e  n i t r o -  

s o  group t h a n  t h e  dirner, may be a b l e  t o  i n v e r t  r e a d i l y  under 

t h e  above c o n d i t i o n s  t o  conformat ion 111-27b i n  

a n n u l a r  i n t e r a c t i o n  of t h e  n i t r o s o  and o l e f i n i c  

be e a s i l y  ob ta ined  a s  shown i n  t h e  s t e p  111-27b 

which a t r a n s -  

n-bonds can 

- 111-28. 
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Scheme 111-8 

The a t t a c k  of t h e  anion from t h e  oppos i te  s i d e  of t h e  n i t rogen  

br idge  i n  t h e  in te rmedia te  111-28 l eads  t o  t h e  hydroxylamines. 

The conf igura t ion  i n  t h e  l a t t e r  , 11-58a'and 11-60, i s  r i g o -  

r o u s l y  assigned from s ~ e c t r o s c o p i c  d a t a  and chemical t r a n s -  

formations.  I f  t h e  proposed mechanism i s  c o r r e c t ,  t h e i r  s t e -  

/ reochemistry i n d i c a t e s  t h a t  t h e  c o n f i g u r a t i o n  of t h e  c h l o r i n e  

and n i t r o s o  group of t h e  s t a r t i n g  C-ni t roso  compound 11-51 

must be c i s .  . '  



The t a u t o m e r i z a t i , o n  o f  t h e  C - n i t r o s o  compound' which i s  

a l s w c i d  c a t a l y z e d  competes w i t h  t h e  t r a n s a n n u l a r  reaction. 

I n  t h e  p r e s e n c e  of  p r o t o n  donors  such  a s  h y d r o c h l o r i c  and p e r -  

c h l o r i c  a c i d s ,  t h e  fo rmer  r e a c t i o n  t a k e s  p l a c e  overwhelming- 

l y .  T h i s  p r e f e r e n t i a l  t a u t o m e r i z a t i o n  of 11-51 t o  oximes 11-52 

i n  p r o t i c  s o l v e n t s  may be  r a t i o n a l i z e d  by t h e  s t e r i c  crowding 

a s  t h e  p r o t o n a t i o n  of t h e  n i t r o s o  group s h o u l d  b e  accompanied 

by i n c r e a s e  of i t s  s i z e  t h ~ o u g h  s o l v a t i o n ;  t h i s  r a i s e s  t h e  

c o n f o r m a t i o n  e n e r g y  f o r  111-53 and makes 11-51 l e s s  l i k e l y  t o  

undergo  t h e  t r a n s a n n u l a r  r e a c t i o n .  

C h l o r o n i t r o s o  compounds 11-8Oa and 11-80b a r e  a l s o  capa-  

b l e ,  t o  a l e s s e r  e x t e n t ,  o f   assuming c o n f o r m a t i o n s  i n  which 

t h e  r e a c t i n g  n i t r o s o  and o l e f i n i c  n - o r b i t a l s  c a n  be b rough t  . 
t o  o v e r l a p p i n g  p r o x i m i t y .  However, t h e  p o o r e r  y i e l d s  of  t h e  

t r a n s a n n u l a r  p r o d u c t s  may b e  due t o  a  h i g h e r  a c t i v a t i o n  e n e r g y  

Such a  c o n f o r m a t i o n  i s  o b v i o u s l y  n o t  f a v o r a b l e  f o r  c h l o r o n i -  

t r o s o  compound 11-66. I n  t h i s  c a s e ,  t h e  similar t y p e  o f  hydrox- 

y l a m i n e ,  i f  formed a t  a l l  a s  judged by t h e  esr s i g n a l  o f  t h e  

* ' c o r r e s p o n d i n g  n i t r o x i d e  r a d i c a l ,  i s  n o t  p r e s e n t  i n  a s i g n i f i -  

c a n t  amount. V a r i o u s  a t t e m p t s  t o  c y c l i z e  amine 11-68 d u r i n g  

o x i d a t i o n  w i t h  l e a d  t e t r a a c e t a t e  ( 1 4 8 ) ~  o r  i t s  N-chloramine 

(149) have  n o t  been rewarded w i t h  s u c c e s s .  

T h i s  a c i d  c a t a l y z e d  i n t r a m o l e c u l a r  r e a c t i o n  can  a l s o  

s e r v e  a s  an  e f f i c i e n t  r o u t e  t o  g i v e  n i t r o x i d e s  i n d i r e c t l y  

\ 



v i a  hydroxy lamines .  R e p o r t s  on d i a l k y l  b i c y c l i c  n i t r o x i d e  

r a d i c a l s  p o s s e s s i n g  a -hydrogens  a r e  numerous b u t  o n l y  i n  a  

few c a s e s ,  were  t h e y  a c t u a l l y  i s o l a t e d  and c h a r a c t e r i z e d  

(62,150-152  hi his is pmbab ly due t o  t h e i r  low yields an* i n s t a -  

b i l i t y .  They a r e  u s u a l l y  n o n - c r y s t a l l i n e  and d i rne r i ze  e a s i l y  

( 1 5 2 ) .  On t h e  o t h e r  hand ,  hydroxylarnine a c e t a t e s  s u c h  a s  11-60 

c a n  be e a s i l y  p u r i f i e d  and s t o r e d .  Under m i l d  h y d r o l y s i s ,  e g  

w i t h  aqueaus  sodium c a r b o n a t e  s o l u t i o n ,  t h e y  g i v e  h y d r o x y l a -  

mines t h a t  a r e  r e a d i l y  o x i d i z e d  i n  t h e  a i r  t o  g e n e r a t e  

n i t r c x i d e  r a d i c a l s  (89 ) .  With  a d e q u a t e  c o n d i t i o n s ,  hydroxy- 

l amine  a c e t a t e s  can  s e r v e  a s  s t a b l e  p r e c u r s o r s  t o  g e n e r a t e  

n i t r o x i d e s  c o n t i n u o u s l y  f o r  c o n s i d e r a b l e  p e r i o d  o f  t i m e .  

Fur the rmore  t h e s e  b i c y c l i c  n i t r o x i d e  r a d i c a l s  have  been 

shown t o  be  v e r y  s t a b l e  and t h e i r  s t a b i l i t y  c a n  b e  a t t r i b u t e d  

t o  s t e q i c  h i n d r a n c e ,  s i n c e  no  d o u b l e  bond c a n  be  formed 
) 

between t h e  n i t r o g e n  and t h e  a d j a c e n t  c a r b o n  (150)  a c c o r d i n g  



CHAPTER IV 

EXPERIMENTAL 

I V - 1 .  G e n e r a l  T e c h n i a u e s  

U n l e s s  s p e c i f i e d  o t h e r w i s e ,  t h e  f o l l o w i n g  e x p e r i m e n t a l  

c o n d i t i o n s  were  used .  

I n f r a r e d  ( i r )  s p e c t r a  were  r e c o r d e d  on a Perkin-Elmer  457 

s p e c t r o p h o t o m e t e r  u s i n g  a Nujol  mul l  o r  a  l i q u i d  f i l m  o f  t h e  

samples .  The a b s o r p t i o n  bands  (cm-') a,re e x p r e s s e d  as s ,  m ,  w and 

b f o r  s t r o n g ,  medium, weak, and broad b a n d s ,  r e s p e c t i v e l y .  An 

Unicam SP-800 u l t r a v i o l e t  ( u v )  s p e c t r o p h o t o m e t e r  was used  t o  

f o l l o w  t h e  p r o g r e s s  of t h e  r e a c t i o n ;  s p e c t r a l  bands  a r e  r e p o r t e d  

as 'ma, nm ( c ) .  N u c l e a r  magne t i c  r e s o n a n c e  (nrnr) s p e c t r a  were 

o b t a i n e d  on a  V a r i a n  A 56/60 o r  a  V a r i a n  XL-100 s p e c t r o p h o t o m e t e r  

equ ipped  w i t h  a N i c o l e t  1080 computer  i n  d e u t e r o c h l o r o f o r m  ( C D C ~ )  

s o l u t i o n  u s i n g  t e t r a r n e t h y l s i l a n e  (TMS) as t h e  i n t e r n a l  s t a n d a r d .  
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o r t e d  from TMS i n  r u n i t s  f o r  p r o t o n  s p e c t r a  

C o u p l i n g  c o n s t a n t s  ( J )  and h a l f - h e i g h t  

i n  H e r t z  ( H Z ) .  The s p l i t t i n g  p a t t k r n s  

a e  p r e s e n t e d  as s f o r  s i n g l e t ,  d  f o r  d o u b l e t ,  dd f o r  d o u b l e t o f  =i 
d o u t l e t ,  ddd f o r  d o u b l e  dd ,  t f o r  t r i p l e t , d t  f o r  d a k l e t  o f  t r ip le t ,  

q f o A q u a r t e t ,  q u i  f o r  q u i n t e t ,  m f o r  r n u l t i p l e t ,  and b  f o r  b road .  

The D 2 h c h a n g e a b l e  p r o t o n  i s  i n d i c a t e d  by D20 e x c h ,  and t h e  

number of p r o t o n s  i n  a c o r r e s p o n d i n g  s i g n a l  by m u l t i p l e s  of  H. The 

d e c o u p l i n g  e x p e r i m e n t s  were p e r f  orm&y M r .  A r t h u r  Brooke,  Miss 

Edna Cheah o r  by t h e  a u t h o r  on t h e  XL-103 s p e c t r o p h o t o m e t e r .  I n  

t h e  13c nmr s p e c t r a ,  t h e  m u l t i p l i c i t y  of  t h e  peaks  obse rved  i n  t h e  

o f f  c e n t r e  r e s o n a n c e  d e c o u p l i n g  were i n d i c a t e d  i n  p a r e n t h e s e s .  

Mass s p e c t r a  ( m s )  were  t a k e n  by M r .  Gregory  Owen on a  H i t a c h i  

Perkin-Elmer  R M U - ~ E  i n s t r u m e n t  a t  a n  i o n i z a t i o n  v o l t a g e  of  80  e V  

and were r e p o r t e d  as m/e ( r e l a t i v e  abundance) .  The g a s  ~ o ~ -  
\ 

*mass s p e c t r a l  (gc-ms)  a n a l y s e s  were  done u s i n g  a  V a r i a n  1400 

g a s  chromatograph coup led  t o  t h e  mass s p e c t r o p h o t o m e t e r .  High I 

r e s o l u  

o f  B r i  

.on mass s p e c t r a  ( h r m s )  were  performed a t  t h e  U n i v e r s i t y  

. s h  Columbia Mass S p e c t r o m e t r i c  S e r v i c e s .  

Gas chromatograph ic  ( g c )  a n a l y s e s  were performed on a  FfM 

Model 810-19 Dual Flame A n a l y t i c a l  Gas Chromatograph o r  a  V a r i a n  

1200 f l a m e  i o n i z a t i o n  chromatograph u s i n g  a 104  SE-30, 6 f t  by 

7 
i n c h  s t a i n l e s s  s t e e l  column. P r e p a r a t i v e  gc  r u n s  were done on a  

V a r i a n  Aerograph S e r i e s  1700 Thermal C o n d u c t i v i t y  u s i n g  a  V a r i a n  

Aerograph ~ o d k l  20  s t r i p  c h a r t  r e c o r d e r .  R e t e n t i o n  t i m e s  ( i t 3  are 

g i v e n  i n  minu tes  ( rn in) .  Where gc i n t e g r a t i o n  was u s e d ,  t h e  p r o d u c t  

y i e l d s  were k e d  on relati= area r a t i o  of all gc p e a h  without i n t m n a l  

s t a n d a r d .  They .were  f u r t h e r  e s t i m a t e d  w i t h  nmr and t h e  compar ison 



o f  t h e  two y i e l d s  was b e l i e v e d  t o  b e  l e s s  t h a n  73% . Thin  

l a y e r  chromatography ( t l c )  was performed on a l u m i n a  o r  s i l i c a g e l  

p l a t e s  (0 .2 -0 .3  m t h i c k n e s s )  impsegnated  w i t h  uv i n d i c a t o r ,  and 

examined by uv l i g h t  and i o d i n e  vapor  d e v e l o p e r .  Column c h r o -  

mtog~@ic s e p a r a t i o n s  were  p e r f  o r a e d  w i t h  - n e u t r a l  o r  b a s i c  

a lumina  ( ~ r o c k m a n n  A c t i v i t y  I ,  F i s h e r  S c i e n t i f i c ,  80-200 mesh) ,  

s i l i c i c  a c i d  ( ~ a l l i n c k r o d t  a n a l y t i c a l  r e a g e n t ,  100 mesh) ,  o r  

s i l i c a  g e l  ( ~ a k e r  o r  F i s h e r  S c i e n t i f i c ,  60-200 mesh) .  

M e l t i n g  p o i n t s  (mp) were  de ter in ined w i t h  a F i she r - Johns .  h o t  

s t a g e  a p p a r a t u s  and were  u n c o r r e c t e d .  E l e m e n t a l  a n a l y s e s  were .* 

performed a t  t h e  Department  o f  Biology by M r .  May Kang Yang 

u s i n g  a Perking-Elmer  240 M i c r o a n a l y s e r .  E l e c t r o n  s p i n  r e s o n a n c e  . 

( e s r )  s p e c t r a  were  t a k e n  by D r .  K.S. P i l l a y  o r  by t h e  a u t h o r  on 

a V a r i a n  E-4 s p e c t r o p h o t o m e t e r .  The c o u p l i n g  c o n s t a n t s  ( a )  a r e  

g i v e n  i n  g a u s s  ( G )  and t h e  g - f a c t o r  was c a l c u l a t e d  u s i n g  

d i p h e n y l p i c r y l h y d r a z y l  r a d i c a l  (DPPH) as e x t e r n a l  s t a n d a r d .  

IV-2. Chemicals  

U n l e s s  o t h e r w i s e  s t a t e d ,  t h e  anhydrous  s o l v e n t s  used were 

r e a g e n t  g r a d e ,  d i s t i l l e d  and s t o r e d  o v e r  sodium r i b b o n  o r  

m o l e c u l a r  s i e v e s  ( ~ y p e  3 ~ ) .  The anhydrous  e t h e r  used  f o r  t h e  

m e t a l  h y d r i d e  r e d u c t i o n s  was d i s t i l l e d  f rom l i t h i u m  aluminium 

h y d r i d e .  Reagent  g r a d e  , p y r i d i n e  was s t o r e d  o v e r  p o t a s s i u m  



hydroxide  p e l l e t s .  

Concent ra ted  s u l f u r i c  0 99%) and h y d r o c h l o r i c  ( H C ~ ,  

38%) a c i d s  were s u p p l i e d  by q i s c h e r  S c i e n t i f i w o ,  t r i f l u o r a  

a c e t i c  a c i d  by Matheson Coleman and B e l l ,  g l a c i a l  a c e t i c  a c i d  by 

t h e  Mc Ar thu r  Chemical Company, and p e r c h l o r i c  a c i d  (704) by 

Mal l inck rod t  Chemical Works. 

Metal  h y d r i d e s  used were l i t h i u m  aluminium hydr ide  ( L A H  

A l f a  P roduc t s ,  956 ) , sodium -borohydride  ( N ~ B H ~  ,Fischer mm, 
* 

9%). The gaseous r e a g e n t s  except  oxygen ( ~ i ~ u i d  Ca rbon ic )  and 

n i t r o g e n  (un ion  c a r b i d e )  were s u p p l i e d  by t h e  Matheson Gas 

Company. Ni t rogen  was p u r i f i e d  by sc rubb ing  It through  a F i e s e r  

s o l u t i o n  (153)  fo l lowed by concen t r a t ed  H2S04 and t h e n  th rough  

potass ium hydroxide p e l l e t s  (KoH,  F i s c h e r  S c i e n t i f i c  C O ) .  

Hydrogen peroxide  ( ~ ~ 0 ~ .  506)  was s u p p l i e d  by F i s c h e r .  

The commercial ly a v a i l a b l e  o l e f i h q ,  1-hexene , t r a n s - 3 -  ' 

\ 
hexene,  -- cis,cis-1,5-cyclooctadiene and norbornene were supp l i ed  

b y . A l d r i c h  Chemical Co, cyclohexene by F i s c h e r  S c i e n t i f i c  Co, 

and were d i s t i l l e d  b e f o r e  used.  

IV-3. General  p rocedure  of  p h o t o l y s i s  

The pho to lyses  were c a r r i e d  o u t  i n  a p r e v i o u s l y  desc r ibed  
J 

(159 pyrex pho tovesse l  u s i n g  a q u a r t z  o r  pyrex  c o l d  f i n g e r .  ~ 6 e  

r e a c t a n t s  were d i s s o l v e d  i n  an a p p r o p r i a t e  s o l v e n t  and were 

i n t r o d u c e d  i n t o  t h e  p h o t o c e l l .  The s o l u t i o n ,  e x t e r n a l l y  cooled , 



1 
t o  0"  by immersing t h e  p h o t o c e l l  i n  an i c e  b a t h ,  was s t i r r e d  w i t h  

a magnetic s t i r r e r  wh i l e  a-sfm?am of an a p p r o p r i a t e  gas  was bub- 

b l ed  th rough  t h e  s o l u t i o n  f o r  a t  l e a s t  10  minutes .  The condenser  

was f i t t e d  w i t h  e i t h e r  a  mercury t r a p  o r  a  d r y i n g  tube .  Unless  

s p e c i f i e d  o t h e r w i s e ,  t h e  s o l u t i o n  was i r r a d i a t e d  w i t h  a r r e d b m  pm* 

s u r e  mercury lamp ( ~ O O W ,  Hanovia 6 5 4 ~ 3 6 )  p laced  w i t h i n  a c y l i n d r i -  

c a l  g l a s s  f i l t e r  ( ~ i g u r e  IV-I), bo th  be ingop laced  w i t h i n  t h e  lamp 

w e l l  of  t h e  co ld  f i n g e r .  Other  lamps, such as a 4 5 0 ~  ( ~ a n o v i a  679 - 
~ 3 6 )  o r  low p r e s s u r e  be ester Faus t  M?RI&~ NFW-300 o r  U l t r a v i o - l e t  

P roduc t s ,  I n c ,  100W, PCQ; 90$ .energy  a t  253.7  nm) were a l s o  used.  

c & n g  water  o r  f i l t e r  so lu t ' ion  I ( F i g u r e  N-1) w a s  passed thrcq$ 
. / 

t h e  c o o l i n g  jacket-.   he r e a c t i o n  was monitored by r e c o r d i n g  t h e  uv 

s p e c t r a  of p r o p e r l y  d i l u t e d  a l i q u o t s  of t h e  p h o t o l y s a t e  r e m o v k  a t  

s u i t a b l e  i n t e r v a l s .  The s o l u t i o n  was i r r a d i a t e d  u n t i l  t h e  uv ab-  

s o r p t i o n  a t  c a  240nm of t h e  NbNitroamine u s i n g  a  Corex f i l t e r  ( o r  

a t  c a  350nm of N-Nitrosamine u s i n g  a Nonex f i l t e r ,  s e e  Table  N-1) 

had d i sappea red .  A zero-hour c o n t r o l  sample was k e p t  i n  t h e  8!%k 

and r evea l ed  no n o t i c e a b l e  change a t  t h e  comple t ion  of t h e  photo- 

l y s i s  i n d i c a t i n g  t h e  absence  of t he rma l  r e a c t i o n s .  

Unless  o the rwi se  s p e c i f i e d ,  t h e  s o l v e n t s  were removed under 

reduced p r e s s u r e  (10-20rnm~g) a t  10-20" u s i n g  a r o t a r y  e v a p o r a t o r .  

The s o l u t i o n s  were made b a s i c  t o  pH 5-10 w i t h h t u r a t e d  sodium 

c a r b o n a t e  s o l u t i o n .  The o rgan ic  phases  k e r e  d r i e d  over  magnesium 

s u l f a t e .  Unless  s t a t e d  o the rwi se ,  t h e  y i e l d s  were c a l c u l a t e d  

from t h e  s t a r t i n g  l i m i t i n g  r e a g e n t .  



FIGURE IV-1 

TRANSMISSIOE CURVES O F  FILTERS 

(a) Filter solution I ( N I s o ~ ,  6 ~ ~ 0  (750g) 2,7-dimethyl- 

3,6-diazacyclohepta-1,6-diene (0.3g) ) 

( b )  Corex 

(c) Nonex 

(d) Nonex and Pyrex (2 layers). 



TABLE IV-1 

ULTRAVIOLET SPECTRAL DATA OF NND AND NNOD 

Compound So lven t  1 ma. nm ( E l  

NND 

'4 

NNOD 

NNOP 

methanol 

n-hexane 

methanol 

a c e t o n i t r i l e  

n-hexane 

methanol 

N - 4 .  f i r i f i c a t i o n  of  ' s t a r t i n g  o l e f i n s  

- - I  t r a n s ,  t r a n s ,  trans-1,5,9-cyclododecatriene 

The commercial p roduc t  ( 1 5 g ) ,  a mix tu re  of wh i t e  and yellow 

s o l i d ,  was pu t  i n  4 0  m l  of methylene c h l o r i d e .  The i n s o l u b l e  

s o l i d  was f i l t m t e d ;  t h e  methylene c h l o r i d e  phase was d r i e d  

cTier  zagnesiurn s u l f a t e  and t h e  s o l v e n t  removed t o  y i e l d  

c o l o u r l e s s  long  n e e d l e s  (12 .6g)  which were r e c r y s t a l l i z e d  from 

a 'cso lu te  e t h a n o l  t o  g i v e  t t t C I Y T  as long  c o l o u r l e s s  n e e d l e s  ( lo .%) 

f r e e  of - cis,trans,trans-1,5,9-cyclododecatriene as seen  by gc 



(25% Carbowax column on 60/100 Mesh Chrornosorb A ,  5 ' ~ ~ / ~ " ,  100- 
I 

221)" a t  2 "/rnin;- rt 24.9 rnin) ; mp 33-4" ; i r  970 ( m )  and 948 

( s )  cm-I ; nmr t 4 . 9 8  ( m , ~ l / ~  = 7 H Z ,  6 ~ )  and 7.94 ( m ,  w1/2 = 

The c o l o u r l e s s  o i l  was d i s t i l l e d  twice  under reduced premre 

( bp 120-10 / I jG ~g and 115-6" / 15 mm ~g ) t o  y i e l d  C ~ ~ C D T  

a s  a  c o l o u r l e s s  o i l  f r e e  of t t t C I Y T ,  a s  seen by gc ( 25% Carbowax 

IV-4 -3. Endo-dicyc lopentadiene  

Endo- t r icyc lo  [5.2.1. o2 deca-3,s-diene ( o r  endo-DCPD, 

Matheson, Coleman and B e l l ,  95%) was d i s t i l l e d  under reduced 

p ressu re  (bp 38-9" / 2 rnm H g )  t o  give pure endo-DCPD a s  a  

c o l o u r l e s s  s o l i d  : rnp 30-1" ; i r  3050 ( m ) ,  1640 ( w ) ,  1615 ( w ) ,  

7 5 5 ( s ) ,  7 2 8 ( s ) ,  7 0 5 ( s )  and 6 7 9 ( s )  cm-l ; nmr 24.05(m, H5 and 

He), 4.52 ( r n ,  H 2  and H.) ; uv ( C H J O H )  lmax 206 nm (.v 2,000) ; 

n m r ,  i d e n t i c a l  wi th  those  of l i t e r a t u r e  ( 82,83) .  

1,5-cyclodecadiene ( CDD, cbur te sy  of C i t i e s  Service  Company 

Cranbury, N.J. ) was d i s t i l l e d  under reduced p ressu re  (bp 45-6" 

a t  1 .5  m r n $ ~ g )  t o  give a  mixture of two isomers a s  seen by i t s  gc 



on a 3 ( SE-30 column (6 ~ x l / ~  ", 80-203" at 4 / min) :trans,lrans- 

1,5-cyclodecadiene (rt 1.6 rnin, 16%) and cis,trans-1,5-cyclodeca- - 
diene (rt 2.9 min, 86%) : ir 1675(m), 975(s) cm-' for a trans 

double bond and l645(rn), 708(s) dm-' for a cis double bond (m) . 
1 

'H nrnr ~4.5-6.)(mCT/4~), 7.9-8.>5(rnJ SH) and 8.35-8.65(mJ 4 ~ )  ; 
d 

nrnr ppm 134.5,132.5,126.5, 125.0, 32~7, 30.8, 28.1, 26.3, 

and 25.8 (2~). 

IV-5. Preparation of N-nitro and N-nitroso amines 

Dimethylamine hydrochloride was treated with nitrous acid 

( 155) to give N-nitrosodimethylamine (NND) in 65-75$ yields : 

ir 1435(s), 1410(s), 1320(s), 1290(s), 1050(s), 850(m), and 

685(s) cm-' ; uv (CH~OH) Imax 345 nm ( n. 100) and 230 nm 

( -  7500) ; nrnr ~6.18(s) and 6.93(s) in the 1:l ratio. 

The procedure of Emmons ( 7 ) was used to oxidize NND, 

except that 50% H202 was used in place of 90% H202. N-nitro 

, dimethylamine (NNOD) was recrystallized from ethanol as long 
d 

white needles (748)  : mp 54-5', lit ( 7 ) mp 58" ; uv (CHSOH) 

amax 239 nm (-6,000) ; ir ( c H c ~ ~ )  l5lO(s), 1320(s) and 1260(~); 



nmr t6.56 ( t ,  J = 1.5 H Z )  ; rns ( 2 5 " )  m/e ( 4 )  91 ( ~ + + 1 , 2 0 ) , 9 0  

( ~ + , 9 2 ) ,  74(8) ,  4 4 ( 3 6 ) ,  and 42 (100) .  NNOD was f r e e  of  NND a s  

s een  by gc on a 10% SE-30 column ( 6 1 ~ 1 / g f f J  150-250•‹ a t  4O/min) : 

rt NNOD = 3.6 min ; no peak a t  rt 1 . 9  rnin f o r  NND. 

The procedure  of  mans ( 7 ) was used w i t h  50% H 2 4  instead 

of 90% H202 ; t h e  p r o c e s s  was r e p e a t e d  t o  e n s u r e  complete - 

o x i d a t i o n  of N - n i t r o s o p i p e r i d i n e  ( N N P )  and gave N-nitropip&dine 

( N N O P )  a s  a c o l o u r l e s s  o i l  (52%)  : bp 105-6O / 25 nun ~g ; i r  

l 5 3 0 ( s ) ,  l330(s) ,  1 2 8 0 ( s )  and 1 2 4 0 ( s )  cm-' ; uv ( C H S O H )  imax = 

2,49 nm ( v  5,500)  ; nmr ~ 6 . 2 0 ( m ,  4 H )  and 8.35(mJ 6 ~ )  ; gc on a 

106 SE-30 column ( 6 1 ~ ~ / ~ " ,  150-2500. a t  GO/min) : /one peak a t  rt 

5.4 min f o r  NNOP and no peak a t  rt 3.2 min f o r  &P. 

IV-6. P r e p a r a t i o n  of n i t r o s y l  c h l o r i d e  (87 ) 

A good s t r eam of  n i t r o g e n  d i o x i d e ,  gene ra t ed  by g e n t l y  

warming up a . b o t t l e  ( NO2 bp 21" ) was passed  th rough  t w o w h i n g  

b o t t l e s  c o n t a i n i n g  wet K C 1  (235g K C 1 ,  5.5 rnl  H20 and 60 g K C 1 ,  

1.4 m l  H20, r e s p e c t i v e l y )  t o  g i v e  a n  exothermic r e a c t i o n . m e  red 

gases  were d r i e d  ove r  P205 and condensed i n  a receiverm&Ykdned 

i n  a d ry  ice -methanol  b a t h  ( -78" )  t o  y i e l d  a c h e r r y  r e d  l i q u i d  

and s o l i d .  T h i s  was f u r t h e r  d i s t i l l e d  a t  0" ( i c e  b a t h )  and 



c o l l e c t e d  i n  a graduated c y l i n d e r  held i n  d ry  ice-methanol 

( -40")  t o  g ive  N O C l  a s  a cherry  red l i q u i d  (40 m l ,  bp -5 .5") .  

T ~ S  l i q u i d  was e i t h e r  used immediately or  kept  i n  methylene 

c h l o r i d e  i n  t h e  f r e e z e r  f o r  s h o r t  per iods  of time. 

> 
N-7. Photo lys i s  of Nitramines 

IV-7-1. Under n e u t r a l  condi t ions,cyclohexene and C O  
' 0  

( a )  wi th  NNOP : A n-hexane s o l u t i o n  (200ml) of N N O P ( L ~ ~ ,  

0.01 mole) and cyclohexene (2.52g, 0.03 mole) was photoly-axl uder 

carbon monoxide atmosphere f o r  16 hours,  a t  which t ime 78% ofthe 

uv absorp t ion  a t  246nm has  disappeared.  A dark  red o i l  deposi ted 

on t h e  w a l l s  of t h e  p h o t o l y s i s  appara tus  and was removed by - 
d i s s o l v i n g  i t  every  two hours wi th  a b s o l u t e  e thano l .  The combined 

_ e thano l  s o l u t i o n s  were evaporated t o  g ive  a dark  red  o i l  (1.12g) 

which was shown t o  c o n t a i n  piperidinium n i t r a t e  11-2 (4%) a s  

t h e  major compound by comparison wi th  t h e  s p e c t r a  of an  a u t h e n t i c  

sample : i r  3400(m,b ) ,  2540(m,b), 2440(w,b), and 1400-1300(s,b) 

cm-' ; nmr r 8 . 2 5 ( m , ~ ~ 0  exch, 2 ~ ) ,  6.80(m, 4 ~ )  and 2.80(m, 6~). 

This  o i l  was d i s so lved  I n  water ,  t h e  s o l u t i o n  made b a s i c  and 

e x t r a c t e d  wi th  e t h e r  t o  k i v e  crude p i p e r i d i n e  a s  seen by i t s  gc, 

i r  and nmr matchi r igwi th  those  of an a u t h e n t i c  sample. 
. i 

The pho to lysa te  was evaporated t o  y i e l d  N N P  (553mg, -33%) 

as a yellow o i l  as shown by i t s  gc ( 1 0 f ~ ~ ~ - 3 0 , 6 ~ x r / , "  s .  s . N 2  carrier 

gas  i n l e t  p r e s s .  30ps i  and a H2 flame d e t e c t o r  a t  25psi,100-250" 

4 "/rnin;rt8.8rnin) peak matching with a ,u thent ic  a s  we l l  a s  i t s  



i r  and nmr. Th i s  o i l  showed a l s o  some o t h e r  minor components, 

none of them matching wi th  N-formylpiperidine 11-1 (same column 

and c o n d i t i o n s  ; rt  9 .5a in ) .  

( b )  wi th  NNOD : A n-hexane s o l u t i o n  (200ml) of NNOD (O.gg, 

0.01 mole) and cyclohexene (1.69g, 0.02 mole) was photolyzed 

under carbon monoxide f o r  19 hours ,  a t  which t ime 98% of t h e  uv 

a b s o r p t i o n  a t  234nm had disappeared.  An o i l  depos i t ed  on the w& 

and was separa ted  by decan ta t ion  from t h e  s o l u t i o n .  Themtolysate 

was evaporated t o  g ive  a  yellow o i l  (153mg) which showed i r  

absorp t ions  a t  1 6 2 5 ( s ) ,  1 2 8 0 ( s )  and 870(m) cm-I f o r  a n i t r a t e  

e s t e r  group, 1550(m) and 1380(m) cm-' f a r  a n i t r o  group, 1 6 7 5 ( s )  

f o r  a  carbonyl  group and j400(m,b), 1055(m) and 1025(m) cm-I f o r  
5 

a hydroxyl group. 

The depos i ted  o i l  was separa ted  t o  a methylene c h l o r i d e  

s o l u b l e  f r a c t i o n  (340mg) and a n  i n s o l u b l e  f r a c t i o n  (175mg). The 

s o l u b l e  f r a c t i o n  w a s  found t o  be a mixture of NND, N,N-dimethyl- 

formamide (11-3)and 11-4 a s  seen  by i t s  i r  and nrnr s p e c t r a  : 

i r  2460(m,b), 1 6 7 0 ( s , b ) ,  l 390- l320(s ,b ) ,  1040(m), 1022 ( m )  and 

930(m) cm-I ; nrnr 5 2 . 0 ( m ) ,  7 . 0 3 ( s )  a n d e 7 . 1 2 ( s )  f o r  11-3 , 2.75 

( b s  , D20 exch) and 7 .21  (s  ) for dimethylammonium n i t r a t e  (11-4 ) 

and 6 . 2 ( s )  and 6 . 9 3 ( ~ )  f o r  NND; t h e  r a t i o  of t h e  N-methyl peaks 

a t  t 6 . 2 ,  6.93, 7.03, 7.12 and 7.21 was 1:1:3:3:4. G a s  chro- 

m t o m  on a 25% Carbowax 20PTAT ( 6 ' ~ l / ~ " ,  120-200' a t  'lO/min ; 

rt ) showed dimethylamine (3min),  NND (18.3min) and 11-3 ' (24.8min) 

matching wi th  a u t h e n t i c  samples. The i n s o l u b l e  f r a c t i o n  was 



shown t o  c o n t a i n  dimethylammonium n i t r a t e  (11-4)as t h e  m a j o r  

compound a l o n g  w i t h  some 11-3 (nmr 2 7 . 2 1 ( s )  and 7 . 0 3 ( s ) ,  7 . 1 2 ( s )  

r e s p e c t i v e l y ) .  

IV-7-2. Under b a s i c  c o n d i t i o n s  
h 

( a )  w i t h  c y c l o h e x e n e ,  C O  and NaUCO3 : A m i x t u r e  o f  NNOD 

( 1 . 8 g ,  0.02 m o l e )  ,\ c y c l o h e x e n e  (9.4g, 0 . 1  mole )  and sodium b i c a r -  

b o n a t e  ( 2 g ,  0.1325 mole ) i n  a c e t o n i t r i l e  (200ml)  was p h o t o l y z e d  

u n d e r  ca rbon  monoxide f o r  s i x  h o u r s ,  a t  which  t i m e  85 .% o f  t h e  uv 

a b s o r p t i o n  a t  242nm had d i s a p p e a r e d .  The y e l l o w  p h o t o l y s a t e  was 

f i l t e r e d  and e v a p o r a t e d  t o  g i v e  a  m i x t u r e  c o n s i s t i n g  of  a  r e d  o i l  

and a  p r e c i p i t a t e  : i r  1 6 7 0 ( s , b ) ,  1 4 4 0 ( s , b )  and 1 3 0 0 - 1 4 0 0 ( s , b )  

em-'. T h i s  m i x t u r e  was t a k e n  up  i n  e t h e r  and s e p a r a t e d  i n t o  an 

e t h e r  s o l u b l e  p h a s e  and a  r e s i d u e .  The e t h e r  phase  was d r i e d  

( N ~ ~ S O ~ )  and e v a p o r a t e d  t o  g i v e  a  r e d  o i l  (440mg) c o n s i s t i n g  o f  

NND (2% ) and 11-3 (276 ) as s e e n  by t h e  f o l l o w i n g  p h y s i c a l  d a t a  : 

7 . 1 2 ( s )  and s m a l l  m u l t i p l e t s  from 7.5 t o  8 .6 .  The f o u r , s f n g l e t s  

were  i n  t h e  r a t i o  o f  1 0 : l O : l : l .  The r e s i d u e  was d i s s o l v e d  partially 

i n  a c e t o n i t r i l e  (10ml)  and was f i l t e r e d  t o  g i v e  a f t e r  e v a p o r a t i o n  

a  r e d  o i l  (761mg, 3516 ) c o n s i s t i n g  o f  s a l t  11-4 a s  t h e  m a j o r p x k t :  

i r  2460(m,b)  and 1 3 0 0 - 1 4 0 0 ( s , b )  cm-' ; nmr Z 3 . l ( b s ,  D20 e x c h )  

and 7 . 2 1 ( s ) .  



( b )  w i t h  norbornene,  CO and Na2C03 : A mix tu re  of  NNOD 

( I .&, 0.02 mole ) ,  norbornene ( l 8 . 8 g ,  0.2 mole)  and f ine ly -  

sodium c a r b o n a t e  (2g ,  0.025 mole)  i n  a c e t o n i t r i l e  ( 1 9 0 m l )  was 

photo lyzed  under  C O  f o r  s i x  hours  a t  which t ime  85% of  t h e  uv 

a b s o r p t i o n  a t  242nm had d i sappea red .  The s o l v e n t  was d i s t i l l e d  

t h r ~ u g h  a Vigreau column and t h e  d i s t i l l a t e  was t r a p p e d  (170ml) 

i n  a  v e s s e l  coo led  i n  d r y  i c e .  Hydrogen c h l o r i d e  gas  was bubbled 

th rough  t h e  d i s t i l l a t e  and t h e  s o l v e n t  was evapora t ed  t o  y i e l d  a  

yel low o i l  (832mg) : i r  3300(m,b) ,  1 6 5 0 ( s , b ) ,  15!t5(m,b) and 1050 

(m,b) cm-l; nmr T 1 . 2 ( b s ,  D20 e x c h ) ,  6 . 2 ( s )  and 6 . 9 2 ( s )  f o r  NND, 

7 . 9 5 ( s )  and 7.5-9.0(rn). T h i s  o i l  was d i s s o l v e d  i n  e t h e r .  The effm 

s o l u t i o n  was washed w i t h  a 10$ Na2C03 s o l u t i o n  and was evapora ted  

t o  y i e l d  a  yel low o i l  (423mg) : i r  3 2 8 0 ( s , b ) ,  3080(m,b) ,  1640(s,bL 

l 5 5 0 ( s , b ) ,  1310(m) and 1290(m) cm-'; nmr 2 4 . 2 ( b s ,  D20 exch ) ,62 (~ )  

and 6 . 9 2 ( s )  f o r  NND,  7 .78(bm) ,  8 . 0 8 ( s )  and 7 .9-9 .0(m) .  T h i s  

f r a c t i o n  showed one minor peak (NND,  rt 10.9  min, 246 ) and 1 m a j ~  

peak (IV-1, rt 16 .7  min)  on gc ( I @ S E - ~ O ,  6 ' ~ l / ~ " ,  100-260" a t  

4"/min) and was d i s t i l l e d  (25"/0.5 rnmyg) t o  g i v e  2-endo-acetamido 

b icyc lo[2 .2 .d  hep tane  ( I T - 1 ) .  The l a t t e r  was assumed t o  be formed 

by an  a c i d  c a t a l y z e d  a d d i t i o n  of a c e t o n i t r i l e  t o  norbornene (156)  

and was i s o l a t e d  as wh i t e  c r y s t a l s  : mp 134-5" (lit.(157) rnp131-2"); 

i r  3 2 8 0 ( s , b ) ,  3078(m,b>,  1 6 3 5 ( s , b ) ,  1 5 5 0 ( s , b ) ,  1315(m), 1310(m) 

1292(m) cm-'; m s  (80') m/e(g) 1 5 3 ( ~ + , 9 5 ) ,  133(18), 124(35),110(42), 

*(98), 8 2 ( 9 3 ) ,  6 0 ( 8 0 )  and 4 3 ( 1 0 0 ) .  T h i s  s o l i d  gave one peak on 

gc ( s e e  above)  co r r e spond ing  t o  t h e  major  one of p rev ious  fhc-n 

(r t  16.7  min) .  



The r e s i d u e  from t h e  p h o t o l y s a t e  (1 .89g)  was found t o  be a 

mix tu re  of t h e  f o l l o w i n g  compounds a s  seen by i t s  nmr : ~ 3 . 5 ( b s  

D20 exdh)  and 7 . 2 1 ( s )  f o r  11-4, 6 . 2 0 ( s )  and 6 . 9 2 ( s )  f o r  NND , 
2.0(m) ,  7 . 0 3 ( s )  and 7 . 1 2 ( s )  f o r  11-3, 6 . 5 7 ( t ,  J = 1 . 5 ~ z )  f o r  NNOD. 

The r a t i o  o f  t h e  N-methyl peaks a t  2 7 . 2 1 ,  6 .20,  6 .92,  7.03,  7.12 

and 6.57 was 5 :18 :18 :1 :1 :4 .  A gc a n a l y s i s  (10  $SE-30, 6 'x1 /8" ,  

150-250" a t  4"/min; r t )  showed NND ( l . 8 m i n ) ,  11-3 ( 2 . l m i n )  and 

NNOD (3.6min) matching w i t h  a u t h e n t i c  samples,  and two uniden-  

t i f i e d  minor components. 

( c )  w i t h  cyclohexene,  N2 and Na2C03 : A mix tu re  of  NNOD 

(0.9g,  0.01 mole ) ,  cyclohexene (3.36g,  0.04 mole) and sodium c a r -  

bona te  (2g,  0.025 mole)  i n  n-hexane (200ml) was photolyzed under , 

n i t r o g e n  f o r  10  hour s .  The i n s o l u b l e  p a r t  ( o i l  and s o l i d )  was de- 

can ted  from t h e  p h o t o l y s a t e .  The p h o t o l y s a t e  was evapora ted  t o  

g i v e  a  yellow o i l  (322mg) : ir 1 6 8 0 ( s , b ) ,  1625(m,b) ,  1275(m),  

1260(m),  1115(s),  1000(m),  912(m) and 860(w) em-'; n rk  t 2 . 0 ( m ) ,  

7 . 0 3 ( s )  and 7.11(s)  f o r  11-3, 6 . 2 0 ( s )  and 6 . 9 2 ( s )  f o r  N N D , ~ . ~ I ( s )  

and 7 . 8 2 ( s )  f o r  imine t r i m e r  11-6 and o t h e r  m u l t i p l e t s  a t  8.35,  

8 7 d . Q  due t o  cyc lohexy l  d e r i v a t i v e s .  The r a t i o  of  t h e  N-CH3 

a t  2 6 . 2 0 ,  6 .91,  6 .92,  7.03,  7.11 and 7.82 was 1:20:1:10:10:30.  

Gas chromatography of t h i s  mix tu re  (25 %Carbowax 20 PTAT, 61x1 /8"  

3 0 - 2 2 0 0  a t  2O/min; r t ,  y i e l d s  c a l c u l a t e d  from t h e  gc peak area) 

showed NND (6.1 min, -% ) , 11-3 (6.6 rnin, - 30-k ) and 15 w i d e n -  

t i f  ied peaks. 

The i n s o l u b l e  f r a c t i o n  was t aken  up i n - m e t h a n o l ,  f i l t r a t e d  



evapora ted  t o  gi-ve a  r e d  o i l  (lgOmg) : ir 3 2 8 0 ( s , b ) ,  3080(w,b) ,  

1 6 6 0 ( s , b ) ,  1240(m,b)  and 1040(m,b)  cm-l; nmr ~ l . g O ( b s ) ,  5 . l ( b s ,  

D20 e x c h )  and 7 .16 (d ,  J = ~ H Z )  f o r  11-5, 7 . 0 3 ( s )  and 7.11(s)  f o r  

11-3, 6 . 2 0 ( s )  and 6 . 9 2 ( s )  f o r  NND, and 6 . 5 6 ( t , - ~ = 1 . 5 ~ ~ )  f o r  NNOD; 

t h e  doub le t  a t  2 7 . 1 6  c o l l a p s e d  t o  a  s i n g l e t  when D20 was added. 

The r a t i o  of  t h e  s i g n a l s  a t  2 6 . 2 0 ,  6 . 5 6 ( t ) ,  6 .92 ,  7 .03 ,  7.11 and 

7 . 1 6 ( d )  was 5 :2 :5 :4 :4  : l 5 .  The gc a n a l y s i s  o f  t h i s  mix tu re  (25 % 

Carbowax 20 PTAT, l ~ ' x ' / , " ,  H e  p r e s s .  = 2 0 p s i ,  t he rma l  c o n d u c t i v i t y  

d e t e c t o r ;  r t ,  y i e l d s  c a l c u l a t e d  from t h e  gc peak a r e a )  showed NND 

( 0 m n  1 )  11-  (10.9 min, 1%)  and NNOD (25.1  min, 3) 

matching wi th  a u t h e n t i c  samples.  The major p e g ~ r _ p 9 . 3  min, 5% )wal 
1 

s e p a r a t e d  by p r e p a r a t i v e  gc and showed t o  be N-me'thylformamide 
? 

(11-6) by i t s  i r ,  nmr and m s  s p e c t r a  matching w i t h  hhose of t h e  

l i t e r a t u r e  ( 65) .  

IV-7-3. Under a c i d i c  c o n d i t i o n s  and cyclohexene 

( a )  w i t h  N2 : A s o l u t i o n  of NNOD (0 .9g ,  0.01 mole)  , 

cyclohexene (1.64g, 0.02 mole)  and concen t r a t ed  H C 1  ( 0 , g m l )  i n  

methanol ( 1 9 0 m l )  was photo lyzed  under  n i t r o g e n  f o r  3 hoursa tuMch 

t ime  40% of t h e  uv a b s o r p t i o n  a t  238nm had d i sappea red .  The work 

up gave a  n e u t r a l  f r a c t f o n  (I60mg) and a  b a s i c  f r a c t i o n  (790mg). 

The v e r y  complex n e u t r a l  f r a c t i o n  : ir 3900(m,b) ,  2870(m),1715(s,b) 

1 5 4 5 ( w ) ,  1 1 0 0 ( s , b )  and 1 0 5 0 ( s , b )  cm-'; nmr +4 .9 (m) ,  5*3(m),557(s), 

m s  and shown t o  c o n t a i n  > 30 peaks  (10  $ s E - ~ O ,  100 -200~ /min ) .  some 

o f  t h e  major  peaks were t e n t a t i v e l y  a s s igned  as t h e  f o l l o w i n g  



compounds ( r t ,  y i e l d s  c a l c u l a t e d  from t h e  gc peak a r e a ,  m/e ( 9  )): 

NNOD (2.1 min, 5 % )  90(MC,100) and 4 2 ( 7 0 ) ;  2-cyclohexenol 11-7 

(2.6 rnin,  17%)  98(M+, 4 5 )  and 7 0 ( 1 0 0 ) ;  2-cyclohexenone 11-8 (3.2 

min, 4 % )  9 6 ( ~ + ,  30) and  68(100) ;  a rnethoxycyclohexanone 11-9 

(5.0 min, 6% ) 1 2 8 ( ~ + , 5 )  and  71 ( 1 0 0 ) ;  a  methoxycyclohexanol 11-10 
b 

(5.6 min,  20%) 130(Mf, 7 ) ,  9 8 ( 1 2 ) ,  8 0 ( 4 5 ) ,  71 (74)  and 57(100) ;  

unknown (12.4  min, 6%) 1 2 6 ( ~ + ? ,  4 7 ) ,  , 113(100)  and 51(87) ;  unknown 

(20.3 min, 154)  1 2 9 ( ~ + ? ,  1 8 ) ,  114 (32 ) ,  and 69(100) .  Mass s p e c t r a  

of compounds -. 11-7 and 11-8 were matching w i t h  those  of a u t h e n t i c  
R 

samples ( 66).  

The b a s i c  e x t r a c t  e x h i b i t e d  t h e  fo l lowing i r  and nmr : i r3350  

( m , b ) ,  1660(w,b) ,  1 5 5 2 ( s ) ,  1372(m), 1160(rn), 1115(m) and 1048(s) ;  

nmr  : s i n g l e t s  a t  t 7 . 6 6 ,  7.70, 7.72 and 7.80. The complex b a s i c  

f r a c t i o n  was analyzed by gc-ms ( I @  SE-30, 6 1 ~ 1 / 8 1 1 ,  100-275•‹ a t  

6"/min) t o  giv6 t h e  fo l lowing peaks  (r t ,  %peak a r e a ) :  2.g&,l5eS; 

4 - 6  min, 2& ; 5.3 min, 8% ; 6 . 7  min, 24% ; 7.5 min,  2 8  ; 13 ,4m 

3% . These peaks showed t h e  corresponding m s  peaks a t  t h e  fallowing 

m / e  ($  ) : 2.9 min, dimethylaminocyclohexane (11-11 ) 127 ( ~ + , 3 8  1125 

( 6 0 ) , . 9 7 ( 9 5 ) ,  & ( l o o ) ,  8 2 ( 9 5 ) ,  7 1 ( 3 8 ) ,  5 8 ( 1 9 ) ,  44 (40)  and & 2 ( 5 2 ) ;  
4 

4.6 min, 11-12, l ( M , ) ,  1 2 8 ( 8 ) ,  114 ( 1 2 ) ,  1 0 0 ( 2 0 ) ,  84 ( l o o ) ,  

7 1 ( 7 0 ) ,  5 5 ( 6 6 ) ,  4 4 ( 3 9 )  and 4 2 ( 4 4 ) ;  unknown, 5.9 min, 1 7 0 ( ~ + , 2 2 ) ,  

142 ( l o o ) ,  126 ( 6 6 ) ,  84 ( 6 8 ) ,  71 ( 5 2 ) ,  5 8 ( 4 6 ) ,  44 ( 3 8 )  and 42 ( 4 2 )  ;6.7rrdn 

2-dimethylaminocyclohexanone oxime (11-1) , 156 ( M + , I ~ ) ,  139(100) ,  
I 

84 ( g o ) ,  71 ( 6 0 ) ,  44 ( 4 5 )  and 42 ( 5 8 ) ;  7 .5  min, 1 -n i tho-2 -d ime~lamino  
\ 

cyclohexane ( 1 1 -  ) , 172 (M', 86 ) , 142 (9 ) , 126 (76 ) , 

7 1 ( 9 0 ) ,  5 8 ( 6 2 ) ,  44 (54)  and 4 2 ( 5 6 ) ;  19.4 min, 



2 2 2 ( 4 0 ) ,  1 2 5 ( 1 0 0 ) ,  1 1 0 ( 7 5 ) ,  9 7 ( 7 5 ) ,  B ( 7 2 )  and 58(78).  Compounds 

11-11 ( 6 4 ) ,  11-12 ( 6 7 )  and 11-19 (68)  were matching w i t h  aut&tic  

samples. Mass spectrum of 11-14 was compared w i t h  t h e  one o f  

1-nitro-2-piperidinocyclohexane ( 6 9 ) .  

( b )  w i t h  C O  : A s o l u t i o n  of  NNOD (O.gg, 0.01 mole) ,  cyc lo-  

hexene (1.64g, 0.02 mole ) ,  and concen t r a t ed  H C 1  (0.9ml) i n  CH&H 

(190ml) was photolyzed under  carSon monoxide f o r  2 . 8  hours  at- . 

t ime 80% of t h e  uv a b s o r p t i o n  a t  238nm had d i sappea red .  The photo 

l y s a t e  was worked up t o  g i v e  a n e u t r a l  f r a c t i o n  (176mg) showntyg 

t o  be similar t o  p r e v i o u s  n e u t r a l  f r a c t i o n s ,  and a b a s i c  f r a c t i o n  

(680mg). T h i s  b a s i c  f r a c t i o n  showed s imi la r  i r  and nmr p a t t e r n s  

w i t h  t h o s e  of  t h e  above b a s i c  f r a c t i o n ,  and i t s  gc a n a l y s i s  skDwed 

t h e  fo l lowing  peaks ,  r t ,  y i e l d s  c a l c u l a t e d  from t h e  gc peak a r e a  

2 . 9  rnin, 11-11 . 1 4 6 m i ,  11-12 , 28.54 ; 5.3, min, 7.5$ ;67ndn, 

1 
', 11-13 ,24.54 ; 7.5 min, 11-14 , 24.5%. 

0 
' ( c )  w i t h  O2 : A s o l u t i o n  of NNOD (O.gg, 0.01 mole) ,  cyc lo-  

~ e k e n e  ( . 6 4 g ,  0.02 mole)  and c o n c e n t r a t e d  H C 1  (0.91111) i n  CHJOH 
d 

( 1 9 0 m l )  was photolyzed under  oxygen f o r  1 .5  hour. The p h o t o l y s a t e  

was worked up i n  t h e  u s u a l  manner t o  y i e l d  a n e u t r a l  f r a c t i o n  

(205mg) and a b a s i c  f r a c t i o n  (1 .52%)  c o n t a i n i n g  n i t r a t e  e s t e r s  ; 

i r  3420hm,b), l715(m), 1 6 2 5 ( ~ ) ,  l 2 7 5 ( s ) ,  1040(m) and 8 7 0 ( s )  cm-? 

The b a s l c  f r a c t i o n  was immediate ly  reduced i n  e t h e r  w i t h  G~(1.5~) 

f o r  one day. A f t e r  t h e  u s u a l  b a s i c  h y d r o l y s i s ,  a +1:3 mix tu re  o f  

c i s  and trans-2-dimethylarninocyc lohexanols  (11-12, 1 .04g,  6 4 ~ j m  

ob ta ined  as seen  by i t s  i r  and nmr a s  compared w i t h  a n  a u t h e n t i c  



sample ( 6 7 ) ;  t h e  m u l t i p l e t s  a t  2 6 . 0  and 6 .7  were i n  t h e  -1 : 3  

r a t i o .  \ 
4 2 

1 .  Oxida t ive  and non-oxida t ive  p h o t o a d d i t i o n s  of  N-n i t ro  a n d  

IV-8-1. NNOD t o  1-hexene*. w i t h  OP 

A s o l u t i o n  of  NNOD (2 .7g ,  0 .03  mole) ,  1-hexene (3.36g,  0.04 

mole ) and cor .centra ted H C 1  (2.7m1, 0.032 m*) i n  methanol (20014 

was i r r a d i a t e d  under oxygen f o r  3 hours .  The colourlessphatolysate 

was concen t r a t ed  t o  c a  3011-11 and t h e  d i s t i l l a t e  was t r apped  i n  a 

v e s s e l  cooled i n  d ry  i c e .  Treatment of t h i s  s o l u t i o n  w i t h  a  2,4- 

d i n i t r o p h e n y l h y d r a z i n e  r e a g e n t  s o l u t i o n  ( 4 0 m l )  gave no p r e d . p i W  

The r e s i d u e  was d i l u t e d  w i t h  w a t e r  (40ml) and e x t r a c t e d  wlk&er 

( jx20ml ) .  The e t h e r  e x t r a c t s  were washed w i t h  w a t e r  (20ml) and 

dr ied .The  e t h e r  was removed t o  g i v e  a yel low o i l  (89mg) which 

showed no NCH3 s i g n a l  i n  i t s  nmr spectrum and 12  peaks on gc ( 2 6  

SE-30, 1 4 0 " ) .  The f r a c t i o n  con ta ined  n i t r a t e  and n i t r o  groups as  

seen  by i t s  i r  bands a t  1 6 2 5 ( b , s ) ,  1 2 8 0 ( b , s ) ,  %o(m,b) ( 0 ~ 0 2 ) ;  

1555(m,k1) and 1380(m,b)  ( N O Z )  cm-'. 

~ h ;  aqueous a c i d i c  s o l u t i o n  was cooled t o  0 • ‹ ,  made b a s i c  t o  

pH 9.5-10 and immediate ly  e x t r a c t e d  w i t h  methylene c h l o r i d e  

(4x50ml). The e x t r a c t s  were d r i e d  over  sodium s u l f a t e  and evapo- a 

r a t e d  t o  g i v e  a  p a l e  yel low o i l  ( 5 .4g )  : i r  2 9 4 0 ( s ) ,  2870(m),  

2820(m) and 2780(m) [ C H B N ( C H ~ ) ~  ; 1 6 2 5 ( s ) ,  1 2 8 0 ( s )  and %0(m) 



( 0 ~ 0 2 )  ; 1715(m) ( C 4 )  ; 3400(w,b) and 1040(m) (OH)  cm-'. T h i s  

Crude b a s i c  f r a c t i o n  w a s  immediately reduced i n  d r y  e t h e r  (601111) 

a t  0"  w i t h  .LAH ( 5 g )  f o r  1 hour .  The s o l u t i o n  was s t i r r e d  f o r  1 day 

a t  room t empera tu re .  A f t e r  h y d r o l y s i s  (Hz0 and 1 0  $KOH s o l u t i o n s )  

f i l t r a t i o n  and thorough washing of  t h e  i n o r g a n i c  r e s i d u e  w i t h  

e t h e r ,  t h e  combined f i l t r a t e  and washings  were d r i e d  o v e r ,  sodium 

s u l f a t e  and evapora ted  t o  g i v e  a  p a l e  yel low o i l  (3 .24g)  which 

a f t e r  p r e p a r a t i v e  gc ( T d  SE-30, 20'x3/8",  120-230' a t  80;min) 

gave 1-dimethylamino-2-hexanol (11-16, 2.71g, 6% ) as a co lmles s  

o i l  : i r  3440(m,b) ,  2 9 4 0 ( s ) ,  2 8 6 0 ( ~ ) ,  2 8 2 0 ( s ) ,  2 7 8 0 ( s ) ,  1 2 7 0 ( s ) ,  
1 

10110(s) 1 0 j 0 ( s )  cm-l; nmr t 6 . 4 2 ( m ,  HE. ) ,  ' 6 . 7 0 ( s ,  D20 exch,  1 ~ ) ; )  

7.75(mJ SH) ,  S.6O(mJ WI2=?Hz, 6 ~ )  -and 9 . 0 8 ( m , 3 ~ ) ;  m s  ( 50  / e  (4) 

1 4 5 ( ~ + ,  5 )  , 1 2 8 ( 1 ) ,  09(18) ,  5 8 ( 1 0 0 ) ,  4 4 ( 9 )  and 4 2 ( 8 ) ;  min. 

A s o l u t i o n  of p - n i t r o b e n z o y l c h l o r i d e  (230mg, 1.24 mmole) i n  

l m l  of  d r y  THF was added t o  11-16 (lgorng, 1.24 mmole) i n  1 . 5 m l  o f  

d r y  THF under  i c e  c o o l i n g  w i t h  s t i r r i n g .  A w h i t e  s q l i d  s e p a r a t e d  

w i t h i n  5 min and t h e  mix tu re  was c o n t i n u a l l y  g t i r r e d  a t  room tem- 
k \ 

p e r a t u r e  f o r  10 ,hours .  A f t e r  f i l t r a t i o n ,  washing of  t h e  sol id  with 

d r y  THF, c rude  p -n i t robenzoy l  d e r i v a t i v e  o f  11-16 (348mg, 8%, 

mp 184-9" ) was ob ta ined .  Two r e c g y s t a l l i z a t i o n s  from I-PrOH 

a f fo rded  wh i t e  c r y s t a l s  (246mg, 6 0 $ )  of  1-N,N-dimethyl-2-(p-nitro 



Anal. Calcd. f o r  C15H23N204C1 : C,54.46; H j  7.01; N ,  8.47. 

Found : ~ ~ 5 4 . 7 5 ;  H ,  7.14; N ,  8.60. 

I n  a l o t h e r  experiment,  a  s o l u t i o n  of NNOD (0.9gJ 0.01 mole) ,  

1-hexene (1.26gJ 0.1315 mole) and c'oncentrated K C 1  (0.gm1, 0,011 

mole) i n  methanol (200ml) was photolyzed under oxygen wi th  a  low 

p r e s s u r e  mercury lamp  e ester Faust Model NFW-300; 90 $of  t h e  

l i g h t  output  a t  253.7nm) through f i l t e r  s o l u t i o n  I f o r  4 hours.  

The usua l  work-up gave a  n e u t r a l  f r a c t i o n  (48mg) and an aqueous 

b a s i c  s o l u t i o n  ( p ~  9-10) .  One twen t i e th  of t h i s  s o l u t i o n  was ex- 

t r a c t e d  wi th  C H 2 C 1 2  t o  g ive  a  pa le  yellow o i l  (85rng) shown t o  

con ta in  a  n i t r a t e  e s t e r  d e r i v a t i v e  a s  t h e  major compound, a s  i n d i -  
6 

ca ted  b y  i t s  i r  peaks a t  1 6 2 5 ( s ) ,  1 2 8 0 ( ~ )  and 860(m) cm-I. The 

r z s t  was l e f t  w i th  s t i r r i n g  f o r  1 day, e x t r a c t e d  wi th  C H 2 C 1 2  

(4x53ml) and then  cont inuous ly  wi th  C H 2 C 1 2  f o r  3 days t o  g ive  two 

f r a c t i o n s  (736 and 122mgJ r e s p e c t i v e l y )  a s  r edd i sh  o i l s  having 

s i m i l a r  s p e c t r a  : i r  3 4 0 0 ( s J b ) ,  1 7 2 0 ( s ) ,  1 0 4 0 ( s )  and 1 0 3 0 ( s ) c m ~  

nrnr T 7 . 6 2 ( s )  and 7 . 7 5 ( s )  ( N C H ~ ,  s a t i o  1 : l ) .  Prepara t ive  chro-  

-h~ of t h i s  mixture (3@ SE-30, 201x3/8", 100-180•‹ a t  2"/min) 

gave two major compounds; one was 1-dimethylamino-2-hexanone(11-18, - 
2%mgJ 2016,rt 19.5min) a s  a  co>urless  o i l  : i r  2 9 7 0 ( s ) ,  2 8 8 0 ( ~ )  

( S J \ 2 H ) ,  7.59(mJ 2 ~ ) ,  7 . 6 2 ( s ,  N C H J ) ,  8.30-8.80(mJ 4 H )  and 9.10(mY 

J H ) ; ' ~ s  - 
(80') m/e ( g )  I (  5)> ( 2 0 )  % ( l o ) ,  58(100)  and 

2 

42 ( 5 9 ) .  t h e  o t h e r  was a l c o h o l  11-16 (98mg,  2kd , rt  20.3 min)asa 

c o l o u r l e s s  o i l ,  a s  i n d i c a t e d  by i t s  i r ,  nmr and m s  s p e c t r a .  
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cofiol 11-16 (664mg, 4 x 1 0 - ~  mole) d isso lved  i n  

ace tone  (5rnl) was t r e a t e d  wi th  Jones '  reagent  (2.3m1, 5 x 1 0 - ~  

mole) ( k6 ) f o r  two h o u r s .  Af te r  evaporat ion of t h e  ace tone ,  t h e  

r e s i d u e  was b a s i f i e d  and e x t r a c t e d  w i t h  C H 2 C 1 2  t o  g ive  a  pa le  

ye l low o i l  (379mg, 5% ) , i r  and nmr spec t ra  of which were 

wi th  those  of amino ketone 11-18. 

IV-8-2. NN.OD t o  trans-3-hexene, wi th  O2 

A s o l u t i o n  of NNOD ( l . 8 g ,  0.02 mole) ,  trans-3-hexene (2.2g,  

0.026 r n o l ~ )  and concent ra ted  H C 1  ( 1 . 8 m 1 ,  0.026 mole) i n  methanol 

(200ml) was photolyzed under oxygen f o r  2 . 5  hours ,  a t  which time 

t h e  r e a c t i o n  mixture was worked u p  a s  above t o  y i e l d  a  n e u t r a l  

f r a c t i o n  (100rng) and a  bas ic  f r a c t i o n  (2.45g)  ; ir 2 9 7 0 ( s ) , ~ 0 ( s ) ,  

2 8 8 0 ( s ) ,  2830(m), 2780(rn) ( C H N ( C H & ) ;  1625 ( m ) ,  1280(m), 960(m) 

( 0 ~ 0 2 ) ;  1 7 1 0 ( s )  ( c = o ) ;  3400(m,b) and l045(m) ( O H )  cm-?The d i s t i l -  

l a t e  was t r e a t e d  wi th  a  2,4-dinitrophenylhydrazine reagent  solutLon 

g iv ing  no p r e c i p i t a t e .  A p a r t  of t h e  b a s i c  f r a c t i o n  (1.89g) was 

immediately reduced i n  dry e t h e r  ( 5 0 m l )  a t  o O  wi th  LAH ( l g )  f o r  

0 .5 hour,  and a t  room temperature wSth s t i r r i n g  f o r  1 day. A f t e r  

t h e  usua l  work-up, a  p a l e  yellow o i l  (1 .28g)  was obtained g iv ing  

J major peak on gc (30 $ 9 ~ - 3 0 ,  100-203" a t  6O/min)'. P u r i f i c a t i o n  

of t h e  o i l  by p r e p a r a t i v e  gc af forded 4-dimeth~larnino-3-hexanol 

(11-20, o.836g, 4%; rt 13.4 m i n )  a s  a  c o l o u r l e s s  o i l  : i r  3400(s 

b ) ,  2 9 6 0 ( s ) ,  2 9 4 0 ( s ) ,  2 8 8 0 ( s ) ,  2 % 0 ( s ) ,  2 7 9 0 ( s ) ,  1125(m), 1100(m) 

1 0 5 0 ( s ) ,  1 0 0 0 ( s ) ,  9 7 0 ( s )  and 920(m) cm-'; nmr  ~ 6 . 0 8 ( b s Y & O e x d q  

I H ) ,  5.50(m, ~ 3 ) ,  6.75(mY H I ) ,  7 .69(s ,  NCHB), 8.55(m, 4 ,  3 .94(m 



T O  a s o l u t i o n  of 11-20 (64mg, 0.44mmole) i n  THF ( ~ m l )  as - k 
added p-n i t robenzoylchlor ide  (82mg, 0.44rnrnole) ih THF ( l m l )  t o  

g ive  a crude s o l i d  (87rng, 60%; mp 163-5,") which was ~ ? e c r y s t a z e d  

twice from i-PrOH t o  give whi te  c r y s t a l s  of 4-N,N-dimethyl-3-(p- 

ni t robenzoy1)-hexyl  ammonium c h l o r i d e  11-22 (42mg,, 29 9 )  : mp164-5'; 

i r  2410(m,b),  1 7 2 0 ( s ) ,  1610(w,b) ,  1525(m), 1 3 5 0 ( d ,  1 2 7 5 ( s ) ,  

1 1 2 0 ( m ) ,  1100(rn) ,l015(m) and 7 2 0 ( s )  ~m-~;nmr~1.70(~,4@,4.45(m,l~), 

6 . 5 5 ( m , l ~ ) 7 . 0 3 ( s ) a n d  7 . 1 2 ( s ) ( 6 ~ ,  r a t i o  5 :3 ,  N C H ~ ) ,  7.6-8.2(m, 4 H )  

and 8.5-9.1 ( m ,  6 ~ ) ;  m s  (120")  m/e( $) 294 ( M + - H C ~ ,  11, 293(3),265(10) 

1 5 0 ( 3 9 ) ,  1 0 4 ( 4 0 ) ,  8 6 ( 1 0 0 ) ,  7 6 ( 3 0 ) ,  7 1 ( 3 8 ) ,  4 4 ( 2 5 ) ,  4 2 ( 3 0 ) ,  3 8 ( 8 )  

and  3 6 ( 1 7 ) .  

Anal .  Calcd. f o r  C 1 5 H 2 3 N 2 0 4 C 1  : C ,  54.46; H ,  7.01; N ,  8.47. 

Found r C ,  66; H,  P .  09; N ,  8.37. 

I n  a s e p a r a t e  experiment,  a s o l u t i o n  of NNOD (0.9g, 0.Olmole) 

trans-3-hexene (1.26g, 0.015 mole) and concent ra ted  hydrochlor ic  

a c i d  (O.gm1, 0.013 mole) i n  methanol (200ml) was i r r a d i a t e d  f o r  2 
C 

hours  t o  give a  n e u t r a l  f r a c t i o n  (,80mg) and an aqueous b a s i c  soluth 

(pH 9-10).  The aqueous s o l u t i o n  was s t i r r e d  a t  room t e m p e r a m  for 

1 day. Methylene c h l o r i d e  e x t r a c t i o n  ( 4 ~ 5 0 m l )  and continuous C&Qe 

e x t r a c t i o n  for 3 days af forded two f r a c t i o n s  (719 and 119mg rcspec- 

t i v e l y )  as orange o i l s  having s i m i l a r  s p e c t r a  : ir 3 4 0 0 ( s , b ) ,  

' 1 7 1 0 ( s )  and 1 0 5 0 ( s )  cm-I; nmr t 7 . 6 9 ( s )  and 7 . 7 9 ( s ) ( ~ ~ ~ ~ , m t i o  ~1). 

P r e p a r a t i v e  gc of t h i s  mixture on 30% SE-30 (same a s  a b o v e , l O ~ b O  



a t  GO/min) gave t ;wo major compoi 

hexanone (11-21, 357mg, 2% ; r t  

unds. One was 4 -dimet-hylamino-3- r' 

14.5 min) a s  a c o l o u r l e s s  o i l  : 

i r  2 9 7 0 ( s ) ,  2 9 4 0 ( s ) ,  2 8 8 0 ( s ) ,  2 8 3 0 ( s ) ,  2 7 8 0 ( s ) ,  1 7 1 0 ( s ) ,  1265(m) 

1045(m) and 9 0 2 ( s )  cm-l; nrnr ~ 7 . 1 2 ( t ,  J=7HzJ H * ) ,  7 . 4 7 ( q J  J=7Hz 

o t h e r  was amino a l c o h o l  11-20 (377mg, 26R; r t  17.1 min)  as shown 

b y  i t s  i r ,  nrnr and m s  s p e c t r a .  

Amino a l c o h o l  11-20 (44mg, 30rnrnole) i n  a c e t o n e  (6ml)  was 

t r e a t e d  wi th  Jones  ' r e a g e n t  (0.2m1, 42mmole) ( 86 ) t o  g i v e  > a f t e r  . 

e v a p o r a t i o n  of  t h e  ace tone  and b a s i f i c a t i o n ,  a c o l o u r l e s s  o i l  

(23mg, 57 $) showed t o  be amino ke tone  11-21 by i t s  i r  and nmr 

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

IV-8-3. NNOD t o  l , 5 - c y c l o o c t a d i e n e ,  w i t h  O2 

A s o l u t i o n  of NNOD (I&, 0. 02 mole ) ,  1 ,5 -cyc looc tad i ene  

(2 .4g,  0.022 mole)  and c o n c e n t r a t e d  H C 1  ( 3 m l )  i n  methanol (200ml) 

was i r r a d i a t e d  under  oxygen f o r  3.5 hours .  The methanol was evapo- 

r a t e d  a t  10"  and t h e  r e s i d u a l  s o l u t i o n  was d i l u t e d  w i t h  wa te r  and 

e x t r a c t e d  w i t h  e t h e r  t o l g i v e  an  orange o i l  (234mg). T h i s  o i l  

showed s e v e r a l  s p o t s  on a t l c  ' p l a t e  and a t  l e a s t  15 peaks on gc 

a n a l y s i s  (104  SE-30, 150-250' a t  4 "/min) and gave r i s e  t o  a complex 

nmr spectrum c o n t a i n i n g  no NCH3 a b s o r p t i o n s .  The aqueous s o l u t i o n  

was made b a s i c  t o  pH 9-10 and immediately e x t r a c t e d  w i t h  C H 2 C 1 2  

(5x50ml).  The e x t r a c t  was washed w i t h  water (2x30rnl),  d r i e d  and 



evaporated t o  g ive  an orange o i l  (2 .75g)  : i r  3350(w , b ) ,  3020 

(w,sh ) ,  2 9 4 0 ( s ) , ~ 8 7 0 ( s ) ,  2 8 2 0 ( s ) ,  278O(s) ,  1710.(m), 1625(s) ,1275 

( s ) ,  1 1 6 0 ( s ) ,  1 0 3 5 ( s ) ,  % o ( s )  and 7 3 5 ( s )  cm-'; nmr T4.38(m), 

4 . 8 ( m ) ,  6 . 6 5 ( s ) ,  7 . 7 1 ( s ) ,  7 .74(s)  and 7 . 7 7 ( s ) .  

The crude b a s i c  f r a c t i o n  was immediately t r e a t e d  wi th  LAH 

(2.6g, 0.068. mole) i n  e t h e r  ( 3 0 m l )  f o r  24 hours and t h e  product '  

was i s o l a t e d  i n  t h e  u s u a l  manner t o  give 'an o i l  (2 .43g)  which 

showed one major and two minor s p o t s  on a  t l c  p 1 a t e : i r  3400(s,b) 

3010(m,sh),  2 9 3 0 ( s ) ,  2 % 0 ( s ) ,  2 8 2 0 ( s ) ,  2 7 8 0 ( s ) , 1 1 0 0 ( s ) ,  1 0 4 5 ( s )  

and 1 0 3 0 ( s )  cm-'; nrnr t 4 . 3 8 ( m ) ,  6 . 6 5 ( s ) ,  7 . 7 2 ( s )  and 7 .77(s) .  

This  mixture was separa ted  by p r e p a r a t i v e  gc (25 warbowax 20PTAT 

on Chromosorb A 60/90 Mesh, 1 0 ' x l / , "  s t .  s t e e l  , 140-250"at 2"/;rdn 

He pressure  = 20ps i ,  thermal conduc t iv i ty  d e t e c t o r )  t o  a . f ford two 

f r a c t i o n s .  The f i r s t  f r a c t i o n  (r t  31-31.5 min) was obtained a s  a  

c o l o u r l e s s  o i l  and was d i s t i l l e d  a t  20•‹/0.2 mmHg t o  g ive ,  a f t e r  

s t and ing  i n  f r i d g e  f o r  2  months, long colour le$s  n e e d l e s ( ~ 7 7 - 8 0 b  

t h e  i r ,  'H nmr and m s  s p e c t r a  were i d e n t i c a l  wi th  those  of an 

a u t h e n t i c  sample of trans-2-dimethylamino-5-cycloocten-l.cil(~:~~) 

(74, r epor ted  as an 021) : nmr ppm 131.1 ( d ) ,  . l 3 0 . 7 ( d ) ,  

7 1 - l ( d ,  C I  1, 6 5 = 6 ( d ,  ~ 2 ) ,  41 .3 (q ,  N C H ~ ) ,  3 5 = 3 ( t ) ,  2 4 * 0 ( t ) , 2 3 8 ( t )  

and 21.2 ( t  ) . The second f r a c t i o n  (r t  36-38 min) was obtained as a 

c o l o u r l e s s  o i l  and was shown t o  be a  3 : l  mixture of t h e  2  e t h e r s ,  

endo-2-methoxy -=-6-dimethylamino-9-oxabicyclo [3.3. ]lnome(11-24) - 
and endo-2-methoxy-~-5-dirnethylamino-9-oxabicyclo C4.2. nonane 

(11-25)by gc peak matching with an a u t h e n t i c  mixture (158(10k~~- 

30, 6'~l/~, 140-250' a t  2"/min, rt 15.5 and 16.0 rnin,respectiveQr): 

ir and nmr were s i m i l a r  wi th  those  of a u t h e n t i c  samples (69). i 



IV-8-4. NNOD t o  1 ,5 -cyc looc tad i ene ,  w i t h  N2 

A s o l u t i o n  of NNOD ( l . 3 g J  0.02  mole),^^^ (2.38g,  0.022 mole)  

and c o n c e n t r a t e d   dl (2.8ml)  i n  a c e t o n i t r i l e  (200ml) was- i rmdhted 

f o r  1 0  hour s  under  n i t r o g e h  u n t i l  t h e  uv a b s o r p t i o n  maximum a t  

242nrn had decreased  t o  t h e  t e n t h  of i t s  i n i t i a l  v a l u e .  A yel low 

s o l u t i o n  and a r e d  o i l  d e p o s i t  on t h e  w a l l s  of  t h e  p h o t o l y s i s  

v e s s e l  were s e p a r a t e d  and t r e a t e d  s e p a r a t e l y .  

The yellow p h o t o l y s a t e  was evapora ted  t o  10ml (20•‹/30 rnrn~g) 

added wi,th wa te r  and e x t r a c t e d  wi th  e t h e r  (3x50ml). Theetherpkase 
- 

was washed w i t h  w a t e r  ( 1 5 m l ) ,  d r i e d  and evapora t ed  t o  y i e l d a n a l l y  

r e s i d u e  (510mg) c o n s i s t i n g  of un reac t ed  NNOD, COD and other--- 

minor compounds by i t s  gc,  i r ,  and nrnr s p e c t r a .  - 

The aqueous s o l u t i o n  was made b a s i c  t o  pH 10  and e x t r a c t e d  

w i t h  e t h e r  (4x50ml).  The e t h e r  s o l u t i o n  was d r i e d  and evapora t ed -  

1 0 3 5 ( s ) ,  730(m) and 7 1 0 ( m ) *  m- ' ;  t h e  nmr spectrum e x h i b i t e d  weak /F ? - 

m u l t i p l e t s  a t  T 0 . 2 5 ,  5.8 and 6.6-7.6,  s t r o n g  m u l t i p l e t s  a t  r 4 - . 4  

and 7 .6-8.5  and s i n g l e t s  a t  T 7 . 7 2  and 7.74 i n  c a  1:l r a t i o . . T h e  

c rude  b a s i c  f r a c t i o n  showed 5 s p o t s  on a t l c  . p l a t e  (a lumina,  2 % .  -, 
- 

CH30H i n  ~ ~ 2 ~ 1 2 )  and was found t o  be a mix ture  of  a t  l e a s t  10  

compounds on a  1 0 ~  SE-30 gc column (120-220" a t  GO/min). From gc- . 

rns a n a l y s i s  on a 104 SE-30 column ( s e e  a b o v e ) ,  3 major  peaks were 

7 t e n t a t i v e l y  i d e n t i f i e d  ( r t ,  y i e l d  based o n e r e l a t i v e  a r e a s  of a l l  

gc peaks )  : 11-26 (9.1 rnin, 1%) m/e(4) 189(~+, 1); 1 8 7 ( ~ + ,  31, 

1 5 2 ( 2 ) ,  1 1 0 ( 8 ) ,  84 (25), ~ ~ ( I o o ) ,  58(9)  and 56(11) ;  11-23 (lO.lmin, 
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326) m/e(%) 169(~+, 22), o ( ) ,  124(7), 1 0 2 ,  %(21),71(1@ 

58(28), 56(45), 44(30)and 42(34); 11-27 (13.5 min, 1%) m/e($) 

182 (M', 2), 165(100), 124 (19) , 110(10), 84 (21), 71 (28), .56 (20)md 

42(29). This oil quickly decomposed at roo3 temperature togive a 

dark brown tar. A part of the residue (60mg) was distilledatm 

temperature/0.5 mmHg for two hours to give a small amount of a 

white solid (6mg); ir, nmr and ms were identical to those of 

2-dimethylamino-5-cycloocten-1-one-anti- 11-27 prepared by 

another route (vide infra); mp 98-9" (lit(159) mp 102-3"); ir 
i 

3190(m,b), 3020(w), 2960(s,sh), 2930(s), '2860(s), 1642(w),11'7%n) 

116o(m), 1140(m), 1040(m), 1025(m), 1020(m), 970(m),920(m),900(m) 

830(m), 750[m), 730(m) and 705(m) cm-'; nmr ~2.0(bs, D20 exch, 

ZH), 4.36(p, ZH), 6.86(ddd, J=12.0, 6.5 and 3.5Hz, Hsa), 7.22(dd, 

5=8.5 and 7.OHz, Hz), 7.74(s, N C H ~ )  and 7.6-8.6(m, TH); ms (80") 

distillation of the same sample at 40" for 3 days afforded a 

colourless oil (4mg) believed to be 1-chloro-2-dimethylamino-5.- 

cyclooctene 11-26 (mixture of isomers) : ir 302O(m), 2940(s), 

m/e(B ) 189(~+, b ) ,  187(~+, 12), l52(l0), 124 (8), 110(20), % (29), 

71 (loo), 58(12), 56(19), 44 (16) and 42(22). 

. 
A part of these basic extracts (60gmg) was dissolved in dry 

ether (50rnl) and treated with LAH (0.5g) for 2 days followed by 



b a s i c  h y d r o l y s i s  t o  g i v e  a  c o l o u r l e s s  o i l  (4lorng) which gave  4  
t 

major  s p o t s  on a  t l c  p l a t e  ( a l u m i n a ,  2% CH30H i n  C H ~ C ~ ~ )  : i r  

3 3 0 0 ( s , b ) ,  3 0 1 0 ( w ) ,  2 9 4 0 ( s ) ,  2 8 6 5 ( s ) ,  2 @ 0 ( s ) ,  2 7 8 0 ( s ) ,  1650(w), 

1 2 6 5 ( m ) , '  1170(m) ,  1 0 4 5 ( s ) ,  1 0 3 5 ( s ) ,  830(rn) and 730(m) em-'; nmr 

r 4 .50( ,m) ,  4 ( ) ,  5 . 9 6 ( b s ,  DoO e x c h ) ,  6 . 4 0 ( t ,  J ~ H Z ) ,  6 .9 -5 .6  

(m, i n c R d i n g  s i n g l e t s  a t  T 7 . 7 0 ,  7.74 and 7.78).  The f o l l o w i n g  

compounds, d e s c r i b e d  i n  t h e  o r d e r  of  t h e  e l u t i o n ,  r t ,  yield aRrox- 

i rnated from gc a r e a s  based  on NNOD,  were  t e n t a t i v e l y  i d e n t i f i e d  

by gc-rns (10% SE-30, 6 ' ~ ~ / ~ " ,  e0-220' a t  4" /min)  : i )  5-d imethy l -  

a rn inocyclgoctene  11-23, 9 . 7  m i * ,  5%; m/e(% ) I ~ ) ( M +  , 1 2 ) ,  l38(3) ,  

and 2 2 )  iii) 1 1 - 2 ,  1 2 . 9  rnin, 26%, rn/e(%) 1 6 9 ( ~ + ,  26) ,140(14) ,  

column (206 ~owfax9~9/106~~~,8'x~/~"copper, 210• ‹ ,  He p r e s s . = 1 8 p s i  

and a ' t h e r m a l  c o n d u c t i v i t y  d e t e c t o r )  showed 3 peaks .  By t h e  peak 

match ing  t e c h n i q u e  w i t h  a u t h e n t i c  samples  (63 ,360) , the  minur peak 

a t  12  min  was shown t o  b e  11-28,  t h e  major  peak a t  37 min t o  be 

b l y  11-29)  and t h e  minor peak a t  4 8  min t o  be - c i s -2 -d imethy lamino  

5 -cyc looc ten-1-01  (11-23b) i n  t h e  r a t i o  o f  1:8:1. F u r t h e r m o r e  t h e  

13c spec t rum o f  t h i s  m i x t u r e  gave t h e  p e a k s  i n '  t h e  74-35pprn w o n  

and 41. !3(q) ,  i n  a d d i t i o n  t o  t h o s e  a t  7 1 . 0 ( d ) ,  6 5 . 5 ( d )  and 4 1 . 2 ( q )  
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f o r  t r a n s - a m i n o @ a l c o h o l  11-23a.  , . 

The r e d  o i l  d e p o s i t  was d i s s p l v e d  i n  w a t e r  ( 4 o m l ) ,  t h e  pH 
. 

-- checked ( c a  1 ) , and- e x t r a c t e d  w i t h  e t h e r  (3x50ml)  t o  give a neutml 

f r a c t i o n  (7rng) which  was n o t  a n a l y z e d  f a r t h e r .  The aqueous  ' phase  

was made b a s i c  t o  pH  1 0  and e x t r a c t e d  w i t h  e t h e r  (4x50ml)  t o  g i v e  
. , 

a  r e d  o i l  (210rng),, t l c ,  i r  and nrnr of  .which were  s i m i l a r  to t h o s e  
. . 

o f  t h e  major  b a s i c  f r a c t i o n .  

IV-8-5. NND t o  trans,trans,tr'ans-1.,51.9-cyclododecatriene, 

A s o l u t i o n  o f  t t tCDT (12.96g,  0 .08  m o l e ) ,  NND (5 .92g ,  0 . b ~  

mole )  and c o n c e n t r a t e d  H C 1  (8.5mll 0 . 1  rno1e)i'n x e t h a n o l  (800ml)  

was i r r a d i a t e d  w i t h  a  450 W Hanovia lamp u n d e r  n i t r o g e n  f o r  4 

h o u r s .  A new a b s o r p t i o n  ( c a  30onm) a p p e a r e d  i n  t h e  uv spec t rum 

which .dec reased  a f t e r  3 h o u r s  OF i r r a d i a t i o n .  The pho to l .ysa te  was 

c o n c e n t r a t e d  ( c a  3 0 m l )  u n d e r  r educed  p r e s s u r e  and w a t e r  (,ca 40ml)  

was added.  The e t h e r  e x t r a c t s  (hx50ml)  o f  t h e  a c i d i c  aqueous  s o l u -  

t i o n  were washed w i t h  0.5N H C 1  s o l u t i o n  (2x201111) t o  y i e l d  a neu- 

t r a l  f r a c t i o n  ( 2 . 8 g )  which was shown t o  b e  t t tCDT & y  i t s  i r  and 

nmr s p e c t r a .  

The a c i d i c  s o l u t i o n  was made t o  pH 1 0  and was e x t r a c t e d m  

e t h e r  (5x50m-1) t o  g i v e  a '  g a l e  y e l l o w  ' o i l  ( l b . b g ,  -76% )which shorn 

1 m a j o r  s p o t  on a n  alumifia t l c  p l a t e  (8% CH30H-CH2Cl2; Rf=0.75)as 

11-51 : i r  3 3 4 0 ( s ; b ) ,  J O J O ( W ) ,  2 9 7 0 ( ~ ) ,  2 9 2 0 ( s ) ,  ~ % o ( s ) , ~ o ( s ) ,  

1 6 3 0 ( w , b ) ,  9 5 0 ( s )  and 3 9 0 ( s )  em-'; nmr ~ 0 . 5 ( b s ,  DpO e x c h ) ,  4.6. 

and 4 . 9  ( m ,  r a t i o  1:15), 6.7-2-8 ( s m a l l  m ) ,  7 .77(s) ,  7 .92(m)  and 



8.1-8.5(m).  Crude 11-31 (150mg) was p u r i f i e d  by column chromato- 

graphy on n e u t r a l  a l u m i n a  ( 9 g ) .  E lu t ion  w i t h  2-4.4 CH30H-CH2C12 

a f forded  pure - syn-1-oximino-2-dimethylamino-trans,trans-5,9- 

cyclododecadiene (11-31, 127mg) which was r e c r y s t a l l i z e d  from 

e thanol  as whi te  needles  : mp 82-82.5'; i r  318O(m,b), 3030(w), 

2 7 8 o ( s ) ,  1650(w,b) ,  1170(m), 1 0 4 0 ( m ) ,  1015(m), 990(m),  , 960(s )  and 

~ $ O ( S )  em-'; 'H nmr T 1 . 4 ( ~ 2 0  exch, I H ) ,  4.91(m, 4 H ) ,  6 .70(dd,  

J=7.0 and 3.5Hz, H Z ) ,  7.02(m, l H ) ,  7 . 7 7 ( s ,  N C H ~ )  and 7.6-8.45(m, 

1 4 ~ ) ;  13c nmr ppm159.6(s), 1 3 1 . 3 ( 2 ~ ) ,  191.1,  130.8, 6) . -5(d ,c2) ,  . . 
. , 

40.5(q ,  N C H ~ ) ,  5 1 . 9 ( t ) ,  3 1 . 3 ( t ) ,  t ,  25.6(;.), 25'.7(.t) a n d  , . . 
18.  e ( t ) ;  hrms ( 1 0 0 ~ )  m/e(g) 2 3 6 . 1 8 7 6 ( ~ + ,  40; -ca lcd  f o r  C ~ ~ H P ~ N ~ P :  

f o r  C 4 H 8 N 2  : 84.06%).  71 ( 6 3 ) ,  59.0274 (38; ca lcd  f o r  C Z H ~ N O :  
h .  ' 

58.0293),  56 ( 4 0 ) ,  44 ( 4 2 )  and 42 (44 ). On i r r a d i a t i o n -  af t h e  broad 

m u l t i p l e t  a t  77.92 ( a l l y l i c  p r o t o n s ) ,  t h e  s i g n a l  kt 74.91 ( v i n y l  

p r o t o n s )  co l lapsed  t o  a n  AB q u a r t e t  w i b h  a ,  J va lue  of 14Hz,. and 
- A B  

t h e  m u l t i p l e t s  a t  7 6 . 7 0 ( ~ 2 )  and 7.02(H12) showed sdme changes ih 

t h e i r  coupl ing  p a t t e r n .  ~ r r a d i a t i o n  of t h e  m u l t i p l e t  a t  T6 . 7 0 ( ~ 2  ). 

changed t h e  coupl ing  p a t t e r n  around 8.15 and  i r r a d i a t i o n  a t  &.5, 

( H 3 H 3 , )  decoupled t h e  m u l t i p l e t  a t  76.70 t o  g ive  a broad s i n g l e t .  

Anal .  Calcd. f o r  c ~ ~ H ~ ~ N ~ o  : C ,  71 . i4 ;  H,  10.23; N ,  11.85. . . 
A . .  . 

Found : C ,  71,29; H, 10.39,;. N ,  11.84. 



Hydrolys i s  of t h e  amino oxime 11-31 : A  2 N  H C 1  s o l u t i o n ( 4 0 m l )  

o f  t h e  amino oxime 11-31 (1.15g,  4 . 8 7 x 1 0 - ~  mole)  was s t i r r e d  &40" 

f o r  1 week. The r e s u l t a n t  s o l u t i o n  was ] ex t r ac t ed  w i t h  e t h e r  (3x 

30ml) ;  no r e s i d u e  remained a f t e r  evapora t ion  o f  t h e  : so lven t .  The 

aqueous phase was made b a s i c  t o  pH 9 and e x t r a c t e d  w i t h  e t h e r  (3x 

40ml) ;  d i s t i l l a t i o n  of t h e  s o l v e n t  gave a n  o i l  (990mg) which &xwd 

2  s p o t s  on a t l c  p l a t e .  T h i s  mix ture  was chromatographed mmkrd 

alumina ( 6 0 g ) .  The f i r s t  f r a c t i o n  e l u t e d  w i t h  C H 2 C 1 2  (180ml) was 

shown t o  be 2-dimethylamino-trans,trans-5,9-cyclo~dodecadien-l-one 

(11-36, 4oomg, 37%) by i t s  t l c ,  i r ,  nmr and m s  comparisons w i t h  

t h o s e  of i h e  a u t h e n t i c  sample ( v i d e  i n f r a ) .  The second f r a c t i o n ,  

e l u t e d  w i t h  5% methanol i n  C H 2 C 1 2  (200ml) a f f o r d e d  t h e  s t a r t i n g  

amino oxime 11-31 (530mg, 4 6 % ) .  This  l a s t  f r a c t i o n  was a g a i n  t r e a -  

t e d  w i t h  a 2N H C 1  s o l u t i o n  (30ml) a t  65" f o r  1 week. Fol lowing 

t h e  p rev ious  procedure ,  i t  y i e l d e d  an a d d i t i o n a l  290mg (27%) of 

t h e  amino ke tone  11-36. 

Reduction o f  t h e  amino oxime 11-31 w i t h  LAH : Crude amino 

oxime 11-31 (12g,  0.051 mole) d i s s o l v e d  i n  e t h e r  (50ml) was added 

s lowly  a t  0" t o  a suspens ion  of  LAH ( 8 g ,  0.21 mole) i n  150ml qf 

e t h e r  and l e f t  s t i r r i n g  f o r  12  hours  a t  room t empera tu re  fol lowed 

by r e f l u x ( 5  h o u r s J . A f t e r  t h e  u s u a l  h y d r o l y s i s  w i t h  a 209 KOH s o l u  

t i o n ,  e x t r a c t i o n  and d ry ing ,  t h e  e x t r a c t s  was evapora ted  t o  g i v e  

a  p a l e  yel low o i l  ( l O . l g ,  9 % )  showing 1 s p o t  on a t l c  p l a t e  and 

1 major peak on gc (I@$ SE-30, 6 1 ~ 1 / 8 f 1 ,  150-270•‹ a t  6"/min; rt 

9.9 min ) .  T h i s  o i l  was f u r t h e r  p u r i f i e d  by  chromatography on 

n e u t r a l  alumina t o  g i v e  pure  1-amino-2-dimethylamino-trans,trans- 



5,9-cyclododecadiene (11-32 ) : ir 3)60(w,b), 3020(m,sh),292qs). 

2850(s), 2820(m,sh), 2770(m), 1575(m,b), 1150(m), 1030(m), 990(s) 

970(s) and 950(s) cm-'; 'H nm(~igure 11-2 ) -74.94 (m,4~) ,7.21(&3d, 

J= 9.5, 4.5 and 3.5 H Z , H ~ ,  7.52(ddd, J= 7.5, 5.5 and 3.5 Hz, Hz) 

~.~~(s,NcH,) ,7.70-8.10(rn, 3 ~ )  and 8.10-8.64 (m, 6 ~ ,  2D20 exch H); 

13c n m  pprn 131.4, 130.9, 130.8, 130.3, 59.5(d, ~ 2 ) ,  49.7(d, CI) 

42.9(q, NCH~), 33.6(t), 31.7(t, 2 ~ 1 ,  29.3(t.), 29.l(t), and 19.6(t) 
* ,- 

hrrns (50•‹) m/e($) 222.2096(~+, 28; calcd for C14Hz6N2: 222.2096)' 

207.1970(12; calcd for C13H23N2: 207.1861), 180.1752(27;~~ fbr 

C12Ha2N: 180.1752), 154.1485(22; calcd for CsHlaN2: 154.1470)~ 

126.1292 (48; calcd for CaH16N: 126.1282), ll0.0968(2);callcdfh 

C7H12N: 110.0970), % .0814 (49; calcd for CsHloN: 94.0813),7~(m 

(100; calcd for C4HsN: 71.-07)5), 55(62) and 44 (20). 

Anal. Calcd. for C14HZ6N2 : C, 75.62; H, 11.79; N, 12.60. 

Found : C, 75.98; H, 11.92; N, 12.55. 

IV-8-6. NNOD to trans,trans,trans-1,5,9-cyclododecatriene, 

with O2 

(a) photolysis : A solution of NNOD (l.8g, 0.02 mole),ttt 

CDT (3.24g, 0.02 mole) and concentrated HC1 (3ml) in methanol 

(200ml) was irradiated under oxygen for 3.5 hours.@~he colourless 

photolysate was concentrated to ca 3Om1, diluted with water(4~) 

an8 extracted with ether (5x40ml). The ether extract was washed 

with water (3x40ml), dried and evaporated to give a pale b range 
oil (720mg) which showed no NCH3 signal in its nmr spectrum; 

ir 1625(m), 1270(m), 970(s), 960(m) and 945(s) cm-*; nmr 74.99 



( m ) ,  6 .5(m) and 7.96(m). P repara t ive  gc of t h i s  n e u t r a l  f ra -c t ion  

(25% Carbowax 20 PTAT on dhromosorb A 60/80, 101x$",  100-200" a t  

2'/min) a f forded a n  unknown v o l a t i l e  compound (rt  5.1 m i n ) ,  t t t  

CDT (rt  31 min)  and cttCDT (r t  33 m i n )  i n  t h e  2:90:3 r a t i o .  t h e  

l a s t  2 compounds were i d e n t i f i e d  by gc peak matching a n d  i r  

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

The aqueous a c i d i c  s o l u t i o n  was cooled t o  0 • ‹ ,  made bas ic  t o  

pH 9.5-10 and immediately ex t rac tkd  w i t h  e t h e r  (5xGoml). The 

s o l u t i o n  w a s  d r i e d  and t h e  q l v e n t  was evaporated t o  g ive  a 

yel lowish viscous o i l  ( 3 . T g )  -710(m), : i 1620(s) ,1540 

( m ) ,  1 2 7 5 ( s ) ,  1 0 4 0 ( m ) ,  1025(m) a n d  8 6 0 ( s )  cm-I; nmr 74.60(m), 

4 .82(m),  6 .58(m) ,  7 .00(m) ,  7 .90(m) ,  8.35(rn) and 4  s i n g l e t s  a t  

77.60, 7.72, 7.76 and 7.80 ( % r a t i o  of 5 : 6 : 3 : 2 ) . ~ h e  above o i l  i n  

d r y  e t h e r  ( 4 0 m l )  was added w i t h  s t i r r i n g  a t  0" t o  a suspension of 

LAH (3.04g, 0.08 mole) i n  eth,er ( 4 0 m l ) .  The r e s u l t i n g  mixture was 

s t i r r e d  f o r  24 hours a t  room temperature.  A f t e r  hydro lys i s  wi th  

a l t e r n a t i v e  a d d i t i o n s  of small por t ions  of water  and 10% KOH 

s o l u t i o n ,  f i l t r a t i o n  a n d  thorough washing of t h e  inorganic  s o l i d  

wi th  e t h e r ,  t h e  combined f i l t r a t e  a n d  washings were d r i e d  and 

evaporated t o  g ive  a c o l o u r l e s s  viscous o i l  (3 .bg) ;  gc (5% Ver- 

samid 900 on gas ~ h r o m ~ 1 0 0 / 1 2 0 ~ e s h , 6  'x1/8",  150-270' a t  1oo/mf n )  

gave 3 .major a n d  1 minor peaks; i r  3 3 8 0 ( s , b ) ,  3020(w,sh) ,  1050 

( m , b ) ,  1 0 2 0 ( s ) ,  9 3 5 ( s ) ,  9 6 5 ( s )  and 9 5 5 ( s , s h )  ern-'; nmr 74.56(m) 

and 4.78(m) i n  t h e  4:7 r a t i o ,  6 .42(m),  7 . 6 0 ( s ) ,  7 . 7 1 ( 9 ) ,  7 . 7 8 ( s )  

7.90(m) and 8.50(m); t h e  r a t i o  of t h e . 3  NCH3 s i n g l e t s  was est ima- 

t e d  t o  be 5:2;4. 



t 

( b  ) chromatography of t h e  b a s i c  p h o t o l y s a t e  f r a c t i o n  a i t e r  
i ,  

r e d u c t i o n  w i t h  LAH : The p rev ious  mix ture  (2 .8g)  w a s  chromato- 

graphed on s i l i c i c  a c i d  (150g) g i v i n g  4  f r a c t i o n s . .  T k  flmt fkactlon 

t i o n  ( A ,  - 23mg) e l u t e d  w i t h  C H 2 C 1 2  gave 1-dimethylamino-bm,trms- 

4,8-cyclododecadiene (11-33; r t  10.0  min) :  peak matching w i t h  an  

a u t h e n t i c  sample prepared  by a n o t h e r  r o u t e  ( v i d e  i n f r a ) b 3 0 2 0 ( w ) ,  

2 8 5 0 ( s ) ,  2820(m),  2770(m) and 9 6 0 ( s )  em-"; nmr 74. %(m,4IS),%@(s), 

( s ,  7 H ) ,  7.99(m, 3 ~ )  and 8.33-9.0(m, 6 ~ ) ;  m s  ( 9 0 " )  m/e(%) 2 0 7 ( ~ +  

2 7 ) ,  1 3 6 ( 1 0 ) ,  1 2 4 ( l l ) ,  1 1 0 ( 2 8 ) ,  54(9'7), 7 1 ( 1 0 0 )  and 5 8 ( 2 6 ) . ~ h e  

second f r a c t i o n  ( B ,  l . l g ) ,  e l u t e d  w i t h  2% CH30H i n  C H 2 C 1 2  c o n t a i -  
I 

- 

ned predominant ly  amino a l c o h o l  11-34a(8% by gc ) , a l o n g  w i t h  

amino a l c o h o l s  11-34b (- 6s) and 11-35 (-4%). Continued e l u t i e -  
a 

w i t h  3% CH30H i n  C H 2 C 1 2  gave t h e  t h i r d  f r a c t i o n  ( c ,  - 0.5g)  which 

# con ta ined  amino a l c o h o l s  11-34a, 11-34b and 11-35 i n  t h e  gc r a t i o  

of 3 : 4  :3. The l a s t  f r a c t i o n  ( D ,  - 0. q g ) ,  e l u t e d  w i t h  4-7$ CH30H i n .  

C H 2 C 1 2 ,  con ta ined  most ly  amino a l c o h o l s  11-34b and 11-35 i n  t h e  

gc r a t i o  of 3:11, a l o n g  w i t h  minor u n i d e n t i f i e d  compounds of lon-  

g e r  r e t e n t i o n  t imes .  

F r a c t i o n  - B ( 0 . 7 g )  was rechromatographed on s i l i c i c  ac id (50d  

t o g i v e ,  on e l u t i o n  w i t h  2% CH30H i n  C H 2 C 1 2 ,  a f r a c t i o n  ( 3 5 0 ~ 1 ~ )  , 
showing 1 peak on gc (rt  14.0  min).  T h i s  o i l  was d i s t i ~ e d  a t  2v 

0.2 mmHg t o  a f f o r d  a c o l o u r l e s s  v i s c o u s  o i l  which c r y s t a l l e d  on . 
s t a n d i n g  t o  g i v e  2-dimethylamino-trans,trans-5,9-cyclododecadlen- 

5 .62 (bs ,  D20 exch,  I H ) ,  



O ( s ,  N C H S ) ,  7.91(mY 3 ~ )  7 . 2 0 ( d t ,  J= 7 .5 ,  7 . 5  and  5.0 Hz, 
I 

8.0-*.?(my 4 ~ ) ;  13c nmr ppm , 130.9,  129.6, 6!3.4(d, 

( t ) ,  2 6 . 7 ( t )  and 2 2 . 9 ( t ) ;  hrms ( \ l o 0 )  rn/e(() 223.1933(~:17;~&d 

f o r  C14H2,NO: 223 .1935)~  194.19 (5 ;  ca lcd  f o r  C13H2,N: 194.1908) ,.; 
179.1669(11; ca lcd  f o r  C 1 2 H 2 1 N :  179.1674),  129.1153(12;calcd for  

C & ~ S N O :  1 2 1 1 )  125.1203(13; ca lcd  f o r  C 8 H 1 5 N :  1 2 5 . 1 2 0 5 ) ~  
.- 

%.O811(28; ca lcd  f o r  C 5 H I O N :  % . 0 8 1 3 ) ,  71.0738(100; ca lcd  f o r  

C , H ~ N : '  71.6735) 5 q l 9 )  and 56 ( 1 9 ) .  On i r r a d i a t i o n  ,of the mitUpkk 

, a t  78.3% t h e  s i g n a l s  a t  ~ 6 . 5 3 ( ~ , )  and 7.20(H2) co l l apsed  t o  a n  
- .  1 AB q u a r t e t  (J= 7 . 5  H Z ) .  

I 

j Anal. Calcd. f o r  C 1 4 H n s N 0  : C ,  75.29; H, 11.28; N ,  6.27. 

I ~ o i ~ n d  : C ,  75.23; H ,  11.49; N y  6.60. 

I Frac t ion  - C (3 .5g)  w a s  rechroma w p h e d  on s i l i c i c  a c i d  

(30g)  t o  g ive ,  on e l u t i o n  w i t h  ~ - ~ $ - C H ~ O H  i n  C H 2 C 1 2 ,  a middle 
. , 

f r a c t i o n  (90mg) whfch was a mixture of t h e  amino a l c o h o l s  11-34b 

a n d  11-35 w i t h  t h e  gc r a t i o  of 9 : l .  A f u r t h e r '  c h r o m a t ~ h y c f l t d s  

T r a c t i o n  on s i l i c i c  a c i d  ( 5 g )  gave a c o l o u r l e s s  o i l  (45mg! which 

was d i s t i l l  d d a t  20•‹ /0.2 mmHg t o  give t h e  isomer of 11-34a(1&3 

rt 14.5 m i n )  : ir 3 4 2 0 ( m , b ) ,  3030(w,sh) ,  2 8 6 0 ( ~ ) ,  2790(m) ,103c(rrJ 

and 980f s )  cm-l; 'H nmr ( ~ i g u r e  11-4 ) T4.71(m, 4 H ) ,  6.14 ( d d d , ~ =  

r / 
XT;, 4.9  and 4 .0  Hz, H , ) ,  7 . 1 5 ( b s ,  D 2 0  exch, I H ) ,  7 .25(ddd,~=75,  

4 . 5  a n d  4 . 0  Hz, H z ) ,  7 . 7 1 ( s ,  N C H ~ ) ,  7.90(m, 8 ~ ) ,  3 .38-8 .55(m,2~)  
I 

and 2.55-8.95(m, 2 ~ ) ;  nmr ppm 133.3, 132.3, 130.6, 130.1, 

5 9 . 7 ( d ,  c ~ ) ,  S6.6(~, c 2 ) , . 4 2 . 5 ( q Y  N C H ~ ) ,  3 4 = 0 ( t ) , ' 3 1 = 8 ( t ) ~ 3 L X t ) ,  
t r 

;13 .3( t ) ,  29.7(t) and  2 2 . 9 ( t ) ;  hrms (100")  m/e($)  2 2 3 . 1 9 3 7 ( ~ + ,  5; 



ca lcd  f o r  C I 4 H 2 5 N O :  223.1936), 179.1661(5; ca lcd  f o r  C 1 2 H 2 1 N :  

179.1674),  129.1152(5; ca lcd  f o r  C 7 H 1 5 N O :  129.1154),  125.1202(7; 
, 

ca lcd  f o r  C B H 1  5 N :  125.1205),  84.0811(15; ca lcd  f o r  C S H , ~ N : ~ ~ . O @ )  

7l.O727(lOO; ca lcd  f o r  C 4 H 9 N :  71.0735),  58.0677(53; ca lcd  ftPc3W 

53.0657) and  56.0521 (13; ca lcd  f o r  C3H6N: 56.0500).  On 32mctLation 

of t h e  m u l t i p l e t s  a t  75.45 and 5.35, t h e  s i g n a l s  a t  r6.14(H1 )and 

7 . 2 5 ( ~ 2 )  col lapsed  t o  a n  AB q u a r t e t  ( J =  4 .0  H Z ) .  When the multlplet 

a t  76.14 was i r r a d i a t e d ,  t h e  s i g n a l  a t  r 7 . 2 5 ( ~ 2 )  col lapsed  t o  a 
I 

' d o u b l e t ' o f  doublet  (J= 7.5 and 4.5 H Z )  and a l s o  modified t h e  sig- 

h a l s  a t  79.38-8.55. I r r a d i a t i o n  a t  77.25 changed t h e  s i g n a l  a t  

T 6 . 1 4 ( ~ , )  t o  a doublet  of doublet  (J= 6.6 and 4 .9  Hz) and modifled 

s l i g h t l y  the  s i g n a l s  a t  ~ 3 . 5 5 - 3 . 9 5 .  
' 

Anal .  Calcd f o r  C 1 4 H 2 5 N 0  : C ,  75.23; H;  11.25; N ,  6.27. 

Found : C ,  75.35; H ,  11.54; N ,  6.29.  

I n  t h e  same way, f r a c t i o n  D ( 0 ~ 6 g )  w a s  rechromatographed on - 

s i l i c i c  a c i d  (30g)  t o  g ive  a secdnd f r a c t i o n  (190mg) on e l u t i o n  

w i t h  3% CH30H i n  C H 2 C 1 2 .  T h i s  f r a c t i o n ,  s l i g h t l y  contaminated 

w i t h  1 - b ,  was rechroma'tographed to.  g ive  a c o l o u r l e s s  oil(l4hog)- 
t 

which was d i s t i l l e d  a t  20•‹ /0 .2  mmHg t o  y i e l d  12-dimethylamino- 

r 5.5 Hz, C H ~ O H ) ,  - 7 . 0 3 ( s ,  D 2 0  exch, I H ) ,  7 . 7 0 ( t ,  J= 6.5Hz, C H ~ N ) ,  - # 

? . ~ E ( s ,  N C H ~ ) ,  7.93(m, S H ) ,  3 .3S(qui ,  J= 6 . 5 ~ ~ )  and 8 .52(qu i ,  \ 



-165- 

hrms (110") m/e(%) 2 2 5 . 2 0 8 9 ( ~ + ,  4; ca lcd  f o r  C 1 4 H a 7 N O :  225.2093) 

195.1975(2; c a l c d  f o r  C1,H2,N:  195.1986),  180.1734(4; ca lcd  f o r  

C l 2 H Z 2 N :  180.1752),  126.1279(55; ca lcd  f p r  C s H 1 ~ N :  126.1283) ,  

%.0811(20; c a l c d  f o r  C 5 H l o N :  84.0313),  E31.0698(16; ca lcd  f o r  

CsH9 : 81.0705),  71.0735 (33; ca lcd  f o r  C 4 H 9 N :  71.0735 ) and  5 8 B 4  

(100; ca l cd  f o r  C3H8N:  58.0657).  On i r r a d i a t i o n  of t h e  rnu l t ip l e t  

a t  T8.38,  t h e  t r i p l e t  a t  6.39 co l l apsed  t o  a  s i n g l e t .  

A n a l .  Calcd.  f o r  C 1 4 H 2 7 N 0  : C ,  74.61; H ,  12.08; N ,  6.21.  

Found : C ,  74.71; H,  12.09; N ,  6.19. 

The hydrochlor ide  of 11-35 was r e c r y s t a l l i z e d  from isopropa-  ' 

no1 as whi te  need les ;  mp 103-4"; ir  3 3 8 0 ( s ) ,  2 6 3 0 ( ~ ) ,  1065(m) 

a n d  9 7 0 ( s )  ern-'; x m r  ~ 4 . 6 2 ( m ,  Q H ) ,  6 . 3 7 ( t ,  J= 6.5Hz, C ~ O H ) ,  
r 

5 . 4 5 ( b s ,  I H ) ,  7 . 0 5 ( b t ,  J==7Hz,  C H ~ N ) ,  - 7 . 2 1 ( s ,  N C H ~ ) ,  7 . 9 3 ( m , , . 8 ~ )  
* 

and %36(m, 4 ~ ) ;  m s  (150" )  m/e(%) 2 2 5 ( ~ + - ~ ~ 1 ,  4  1, 1 9 5 ( 5 ) ,  1 9 0 ( 8 )  

Found : C ,  64.32; H ,  10.41; N ,  5.16. 

( c )  t r ea tmen t  of t he  b a s i c  pho to lysa te  f r a c t i o n  i n  a c i d i c  

c o n d i t i o n s  : I n  a s e p a r a t e  experiment,  a s o l u t i o n  of NNOD(l& 

0.32 mole) ,  t t t C D T  (3.24g, 0.02 mole) and  concent ra ted  H C 1  (3rnl) 

i f i  methanol (200ml) was i r r a d i a t e d  t o  g ive  a n e u t r a l  f r a c t i o n  
sC 

(%0mg) and an aqueous f r a c t i o n  ( 6 0 m 1 , p ~  1 -2 )  which was d iv ided  

i n t o  3 equal  p a r t s  - E ,  - F and - G .  P a r t  - E was immediately worked up 

a s  seer above. P a r t s  - 3' and  - - G were l e f t  a t  room tempera ture  f o r  

pe r iods  of 24 and hours ,  r e s p e c t i v e l y ,  a n d  were worked up as 



above. The 3 bas ic  o i l s  from E (1 .35g) ,  F (1.25g)  and G (1.23g) - - - 

showed i d e n t i c a l  i r  s p e c t r a  : 3350(w,b),  1710(m), 1 6 2 0 ( ~ ) ,  1275 

( s ) ,  l040(m) ,  1025(m) and % 0 ( s )  cm-l. Immediate reductionoflkese 
: a .:- 

' b a s i c  f r a c t i o n s  wi th  LAH a s  descr ibed above af forded t h e  o i l s  Q 

F, and 5, r e s p e c t i v e l y ,  possess ing  s i d l a r  i r  s p e c t r a :  3 3 0 ( s , b )  - - 
1050(m,b) and 1 0 2 0 ( s )  ern-'; nmr  7 7 . 6 0 ( s ) ,  7 .71(s)  and 7.78(s),, 

The ana lyses  by gc on 5% Versamid 9 0 0 ( 6 ' x f / ~ " ,  150-270'at 10%in; 

r t ,  y i e l d s  determined by gc/basic  e x t r q t s ) g a v e  t h e  fo l lowing 

r e s u l t s  : f r a c t i o n  5 (1 .19g)  c o n t a i n e d . 1 - 3 5 ( 1 3 . 3  min,l& ),Il-34a 
1 

( 1 4 . 3  min, 4811) and 11-)4b(l4.5 min, 14 .54) ;  f r a c t i o n  % ( l . l l g )  

11-35(13.3 min, I % ) ,  11-j4a(14.0 r n i n ,  468)  and 11-34bi14.5 min, 

1 5 1 ) ;  f r a c t i o n  ( l . . ) g g ) ,  1 1 -  m i ,  1 6 % ) ,  1 1 - ~ Q a ( l 4 . 0  m i n  

( d )  t r ea tmen t s  of t h e  bas ic  photo lysa te  f r a c t i o n  i n  b a s k  

condi f ions  : 

' i /  i n  aqueous so lu t ion(pH 1 9 ) . . I n  a  s i m i l a r  experiment, a  

s o l u t i o n  of NNCD !1.'3g, 3.02 mole) ,  tttCDT (3.24g,  0.02 mole) 

and concent ra ted  H C 1  ( ~ m l )  i n  methanol (200rnl) was i r r a d i a t e d  

a s  descr ibed above t o  g ive  a  n e u t r a l  f r a c t i o n  (200rng) and an 

aqueous fract i 'on which was made bas ic  t o  pH 10. This  s o l u t i o n  

was divided i n t o  H ( 2 / 3 )  and K ( l /3)  . p a r t  H was immediately - - - 

e x t r a c t e d  wi th  e t h e r  (4x%ml); t h e  e x t r a c t s  were washed w i t h  

water  (23ml) ,  d r i ed  and evaporated t o  g ive  an o i l  ( 2 . 5 1 ~ ) :  i r  
> 

7 7 -  ,,>)(rn,t), 171Z)(rn), l f 2 0 ' s ) ,  1 2 7 5 ( s ) ,  1040(rn)', 1025(m) and 950 
L 

' s )  c X - ' ,  which was 1 1 - ~ i d e d  i n t o  2  equal  p a r t s  I and J. F r a c t i o n  - - 

1 was immediately red72ced w i t h  LAH a s  descr ibed above t o  g ive  a  - 



p a l e  y e l l o w  o i l  I , .  T r a c t i o n  J was l e f t  a t  room* t e m p e r a t u r e  for - - 
# 

4 1  h o u r s  t o  g i v e  a n  o i l  which  i r  was i d e n t i c a l  i n  a l l  r e s p e c t s  

w i t h  s t a r t i n g  f r a c t i o n  J; t h i s  o i l  was t h e n  r e d u c e d  w i t h  LAH t o  - 

y i e l d  a  p a l e  y e l l o w  o i l  h. P a r t  K was l e f t  44 h o u r s  a t  room - i t e m p e r a t u r e  and t h e n  e x t r a c t e d  w i t h  e t h e r  (4x50ml)  t o  g i v e  an cnl 

which showed n i t r a t e  e s t e r  a b s o r p t i o n s  a t  1620 ( s )  , 1 2 7 5 ( s )  and 

S'O(S) em-'. T h i s  o i l  was reduced  w i t h  LAH t o  y i e l d  o i l  5. A l l  

t h e  o i l s  I , ,  & and & showed s i m i l a r  s p e c t r a  : i r  3 3 8 0 ( s , b ) ,  - 

1950(m,b)  and l X ' g ( s )  c m j l ;  nmr ~ 7 . 6 0 ( s ) ,  7.71 ( s )  and 7 .73(s )  

and gave t h e  f o l l o w i n g s  on gc a n a l y s i s  (54 Versamid 900 ,  same 

c o n d i t i o n s  a s  b e f o r e ;  r t ,  y i e l d s  de te rmined  by g c / b a s i c  EIC-): 

f r a c t i o n  c o n t a i n e d  11-3.5(12.9 min,  2 0 4 ) ,  11-34a(13.5' 

min, 454)  and 11-34b!14.1 min,  1 5 6 ) ;  f r a c t i o n  ( 0 . 9 i j g ) ,  11-35 .A 
, - Y '  

(12 .9  min, 1 5 f ) ,  I - a .  m i ,  4 4 % )  and 1 1 - b ( 1 . 1  min, l ~ g , )  

f r a c t i o n  & 2 ) ,  11-35(12.9 min, 1 )  11-34a(13.5  min, 4 2 % )  

4 
and 11-34b(14.1 min, 11 .54) .  

ii/ i n  t r i e thy lamin ' e  : F r a c t i o n  ~ ( l 2 O r n g ,  v i d e  i n f r a )  was - 

t r e a t e d  w i t h  15rnl o f  t r i e t h y l a r n i n e  w i t h  s t i r r i n g  f o r  3 days .  

A f t e r  removal  o f  t h e  s o l v e n t ,  it gave a n  o i l  (108mg, 9 0 % ) ;  i r  

and nrnr were  v i r t u a l l y  i d e n t i c a l  w i t h  t h o s e  o f  f r a c t i o n  &. 

iii/ i n  sodium methoxide  s o l u t i o n  : F r a c t i o n  ~ ( 2 0 O m g ,  v i d e  - 

- i r f r a )  was d i s s o l v e d  ir :  a  s a t u r a t e d \ s o d i u m  methoxide  s o l u t i o n '  
1- 

'5-1) and l e f t  f o r  1 week w i t h  s t i r r i n g  a t  room t e m p e r a t u r e .  

Water  was  added ( 4 0 m l )  and p H  b rough t  t o  1 0  w i t h  a 1JJ H C 1  

s o l u t i o n .  ?he r e s u l t a n t  r! was e x t r a c t e d  w i t h  e?Aer(3x30rnl) 

Z v a p o r a t i o n  o f  t h e  s o 1 7 / e n t  gave a  f r a c t i o n  (170mg, 55B),ir andnmr 

o f  which were  i d e n t i c a l  w i t h  t h o s e  o f  s t a r t i n g  f r a c t i o n  L. ' , - 



f 
( e  ) chromatography o f  t h e  b a s i c  p h o t o l y s a t e  f r a c t i o n  : 

A methano l  s o l u t i o n  /200ml)  o f .  NNOD ( 2 . 4 g ,  0.0267 m o l e ) ,  t t tCDT 

(4 3 ,  0.0267 mole )  and c o n c e n t r a t e d  H C 1  ( 4 m l )  was p h o t o l y z e d  , 

f o r  5.5 h o u r s  u n d e r  oxygen as d e s c r i b e d  b e f o r e .  A f t e r  t h e  u s u a l  
. - 

work-up, a n e u t r a l  f r a c t i o n  (840mg) and a  b a s i c  f r a c t i o n  L  (4 .Tg)  
. 

- . 
were o b t a i n e d .  T h i s  b a s i c  f r a c t i o n  L e x h i b i t e d  i d e n t i c a l  s p e c t r a .  - 

w i t h  t h e  p r e v i o u s  o n e s ,  even a f t e r  5  months s t o r a g e  a t  room tempe- 

r a t u r e :  i r  3 5 5 0 ( m , b ) ,  1 7 1 0 ( m ) ,  1 6 2 0 ( ~ ) ,  1 2 7 5 ( s ) ,  1040(mj  and 850 

( s )  cm-'. From t h i s  m i x t u r e  L, t h e  f o l l o w i n g  compounds were-n- - 
( 

t i f i e d  by peak m a t c h i n g  on gc (5% Versamid 900,  6'x1/,'", 150-265" . 

a t  S O / m i n )  w i t h  t h e  a u t h e n t i c  samples  ( r t ,  r a t i o ) :  11-73111.5 min 
- .  

I ) ,  I -  min, 4 ) ,  11-)4a(15.5 min, 1 2 ) ,  1 1 - ( 1 .  m i ,  4 )  

and o t h e r  p r o d u c t s  ( ~ 6  m i n ) .  T h i s  m i x t u r e  L was shown t o  c o n t a i n .  - 

no peak  c o r r e s p o n d i n g  t o  open c h a i n  amino a l c o h o l  11-35(14.8  m i n ) -  

. by peak match ing  w i t h  a n  a u t h e n t i c  s a m p l e . .  

A p a r t ( 2 0 0 m g )  of  t h e  c r u d e  b a s i c  f r a c t i o n  L was r e d u i e d  - 

( 2  h o u r s )  w i t h  h y d r a z i n e  h y d r a t e  ( 4 ~ 1 ,  5 m l )  i n  t h e  p r e s e n c e  o f  

P ~ / C  (50mg) i n  methanol  s o l u t i o n  ( 8 0 )  and t h e  p r o d u c t  was i s o l a -  

t e d  i n  t h e  u s u a l  manner t o  g i v e  a n  o i l :  i r  3 4 0 0 ( m , b ) ,  3 0 2 0 ( w ) ,  
I 

2 ? 4 5 ( s ) ,  2?20(m),  2775(m) ,  1 0 3 0 ( s , b )  and 995 em-'. The o i l  was 

d i s t i l l e d  u n d e r  vacuum ( 0 . 2  mrn~g) a t  room t e m p e r a t u r e  t o  g i v e  a 

rr,a,'or f r a c t i o n  (33mg, - 5 3 4 )  which was shown t o  b e  a  m i x t u r e  o f  

i s o m e r i c  a l c o h o l s  11-34a and 11-34b:  i r  338O(m,b) ,  1045(m,b)  and 

1 3 2 7 ' s )  cm-'; nmr r 4 . 7 3 i m )  and 4 . % ( m )  i n  t h e  1 :3.5 ratio,6.5o(rn) 

7.2:(yp.), 7 . 5 3 ! s )  and 7 . 7 m i n  t h e  - 4 : l  r a t i o ,  7 . 9 0 ( m )  and 

?. 2 - ? . ? ( m ) .  



A p a r t  of f r a c t i o n  L ( 2 . 5 g )  was chromatographed on s i l i c i c  - 

b ' l d  (91g). i l u t i o n  w i t h  1 4  CH30H-CH2C12  ( 1 0 0 m l )  gave a  f r a c t i o n  

(245mg) which c m t a i n k d  a 1 : l  mixture of NNOD. .and  t h e  amibo ketone 

1 1 -  a s  seen by i t s  ir.: 1 7 1 5 ( s ) ,  1 5 1 5 ( s ) ,  1 3 1 5 ( s )  and 970(s)cm'l; . . 
. 

and nmr T6.56(3& J=, 1 . 5 ~ ~ )  a n d  ? . 3 0 ( s )  i n  t h e  1:l r a t i o .  The . 
I second f r a c t i o n  e lu ted-  w i t h  450rnl of 1-34, CH,OH i n  ~ ~ 2 ~ 1 2 '  

contained amino ketone 11-36 w i t h  m i n o r  amounts of n i t r a t e  e s t e r  

I I -37a:  i r  1 7 1 5 ( s ) ,  1"0.(s), 1 2 7 5 ( s )  and 960(m) ern-'; nmr T7.80 

( S  ) .  T h i s  f r a c t i o n  (26?mg) was rechromatographed on 15g of &lick. . . 
* 

a c i d  w i t h  0-1$ C H 3 0 H  i n  C H 2 C 1 2  t o  y i e l d  155mg of c r y s t a l s  which 

sublimed a t  20- /3 .05rnm~~ t o  g ive  pure 2-dimethylamino-trans,trans 

5,3-cyclododecadien-l-one (11-3< ) a s  white needles  : mp 40-40.5"" 
.. 

( r e c r y s t a l l i z e d  from methanol) ; u:, ( H 2 0 )  1 =223nm(9200)'and 27~nrn . ,  1 
-* 1 

ca lcd  f o r  C l 4 H Z 3 N O :  221.17e'0), 193.1928(13; c a k d  f o r  C13H23N: ! 
i 

133.1?30) ,  175.1591 (5 ;  ca lcd  f o r  C12HZON:  179 .1596)~  124.1119(20; 

ca lcd  f o r  C B H 1 4 N :  124 ~ 1 2 6 )  , 110.0968(13; c a l c  @or C7H12N:lla0970) ' 

% ( 1 5 )  , 71: 0?45(11)Cl; ca lcd  f o r  C 4 H s N :  7 1 . 0 7 3 5 ) ~ ~  59.0614 (11;cahd 

f o r  CsHBN:  58.0657) a n d  56 ( 2 0 ) .  I r r a d i a t i o n  a t  ~ 9 . 1 7 ,  9.49 m 363 

c h a ~ g e d  t h e  p a t t e r n  of t h e  rnul t ip le t  a t  s7.09. Rec ip roca l ly ,  on 
i 

i r r a d i a t i o n  of t h e  rnul t ip le t  a t  ~ 7 . 0 8 ,  changes were obtained a t  



brought changes around T7.70 a n d  8.17. 
. . 

The .methyl iod ide  d e r i v a t i v e  of 11-36 was r e c r y s t a l l i z e d  

from isopropanol  a s  white  c r y s t a l s :  mp 241-2"; i r '  1 7 1 5 ( s ) ,  1230 

f m ) ,  1070(m,b),  9 7 0 ( s ) ,  9 5 0 ( s )  and 565(m) cm-I; nmr ( ~ ~ 0 )  74.87 

( r n ,  2 ~ )  and 8.10(rn, Q ~ ) ;  rns (240 ')  m/e(() 2 2 1 ( ~ + - ~ ~ 3 1 , 1 9 ) ,  193 

124) ,  1 4 2 ( 8 2 ) ,  1 2 7 ( 5 ) ) ,  124(43)  and 71(100) .  
\ 

Anal. Calcd. f o r  ' c ~ ~ H ~ ~ I N O  : C ,  49.53; H ,  7.21; N ,  3.96. 

Found : C ,  49.74; H ,  7 .Q9;  N ,  3.72. 

A t h i r d  f r a c t i o n  (593mg), e l u t e d  w i t h  15oml of 3$ CH30H i n  

CK2C12,. gave a  mixture of m i n o  ketone 11-36 and amino n i t r a t e  

e s t e r s  I I-37a and II-37b,Continued e l u t i o n  wi th  3-% CH,OH i n  - . . 

CHsClz af forded a  mixture; of ' amino a lcoho l s  II-34a and 11-34b 

w i t h  mino?. amounts of amino q i t r a t e  e s t e r s  I I-37a and II-37b 

1 . 2 )  No t r a c e  of jdp'en c h a i n  arn5ho a lcoho l  11-35 was e v e r  
. . dktec-ted by gc.  

- . .The amlno ketone 11-36' (11Smg, 5. Oxlo-? mole) d i s so lved  i n  a 
? 

mixture of e t h a n o l  (5rnl) and 2 N  NaOH, soludlon (10rnl) was t r e a t e d  
. . .  

under r e f l u x  f o r  4 .  houks w i t n  a  l a r g e  excess  o f .  hydroxylamine 

was removed under reduced ~ r e s s u r e  and 
3 .  

e x t r a c t e d  ,with e t h e r  (3x20rnl) t o  y i e l d  

A major p a r t  of t h e  e thad  

the  remaining s o l u t T o n m  

a c o l o u r l e s s  o i l  (95mg,80X) 



a s  amino oxime 11-31; t l c ,  i r  and nmr s p e c t r a  were i d e n t i c a l  w i t h  

t h o s e  of an a u t h e n t i c  sample p r e p a r e d  by a n o t h e r  r o u t e .  

Amino k e t o n e  11-36 (40mg, 1 . 8 ~ 1 0 - ~  mole )  was t r e a t e d  w i t h  LAH 

(50mg) i n  d r y  e t h e r  f o r  1 2  h o u r s .  Af ter  b a s i c  h y d r o l y s i s ,  i t  y i e l -  

ded a c o l o u r l e s s  o i l  (32mg) : Dmr 7 7 . 6 0 ( s  , I I -34a)and  7.71 ( s  , I I -34b)  

i n  a  1 :5 r a t i o ;  Gc a n a l y s i s  ( 4 2 ~ e r s a m i d  900,  150-270' a t  SO/min)  

gave  t h e  f o l l o w i n g  peaks  ( r t i y i e l d  de te rmined  f rom g c  peak a r e a ) :  

11-3'la (14.3 min, 1 5 % ) ;  11-34b ( 1 4 . 8  min, 7 4 % ) ;  unknown(l6.%h@). 

( f )  chromatography o f  t h e  b a s i c  p h o t o l y s a t e  f r a c t i o n  a f t e r  

r e d u c t i o n  w i t h  MaEH4 : The b a s i c  f r a c t ' i o n  - L ( 2 g )  was t r e a t e d  i n  

29m1 e t h a n o l  w i t h  a n  aqueous  s o l u t i o n  (20ml)  o f  sodium borol-@ride 

( 1 . 6 g )  a t  room t e m p e r a t u r e  f o r  24 h o u r s .  The e x c e s s  of  NaBH4 was 

d e s t r o y e d  s l o w l y  w i t h  aB3N H C 1  s o l u ~ o n  u n t i l  pH 1-2 .  The a c i d i c  .) 
% 

a y e o u s  phase  was made b a s i c  t o  pH 1 0  and e x t r a c t e d  w i t h  e t h e r  

(4x50ml)  t o  y i e l d  a  c o l o u r l e s s . t h i c k  o i l  ( 1 . 8 2 g ) :  i r  3350(m,b) ,  

1623 ( s ) ,  l 2 7 5 ( s  ) ,  1343(m) and % 3 ( s )  em-'. No c a r b o n y l  a b s o r p t i o n  

was d e t e c t e d ,  even a f t e r  5 months s t o r a g e  a t  room t e m p e r a t u r e .  , 
I, 

Chromatography o f  t h i s  o i l  ( l g )  on n e u t r a l  a lumina  (8Og) by 

e l u t i o n  w-ith C H 2 C 1 2  gave  a  f i r s t  f r a c t i o n  a s  a c o l o u r l e s s  o i l ( 6 5  ' 

mg) which c r y s t a l l i z e d  on s t a n d i n g  i n  t h e  f r i d g e  as l o n g  n e e d l e s  

' H  nmr 74.96(mJ5~),7.24(dt,~=7.5,7.5 andl(.0~~,~~),7.72(s,~~~~)and 
129.4 (6) 

7 . 9 2 - E ! . 5 0 ( m , 1 2 ~ ) ;  13c nmr ppm 132.7(d,2~),129.0(d),83.5(d,~1),58.6 

( d , ~ 2 ) ,  4 2 . 1 ( q , ~ ~ ~ 3 ) ,  31. .9( t ) ,  3 .  3 0 . 0 ( t ) ,  2 8 . 8 ( t ) ,  2 ? . l ( t )  
$ XG -. 

. \  
and 1 7 . 7 ( t ) ;  m s ( e 7 " )  m/e (%)  268(~+,1.5),222(100),206(1~).192f 1, 

* 



Anal .  Calcd. f o r  C 1 4 H 2 4 N 2 0 3  : C ,  62.66; H,  9.01; N ,  10.44. 

Found : C ,  62.52; H, 9.18; N ,  10.01. 

A second f r a c t i o n  (53mg) was shown t o  con ta in  a  1:l mixture 

of 11-37a and NNOD a s  i n d i c a t e d  by i t s  ir  and n m r : ~ 6 . 5 6 ( t , ~ = l . 5 ~ ~ )  

and 7 . 7 2 ( s )  ( r a t i o  1 : l ) .  T h i r d  f r a c t i o n  (158mg) contained m&ly 

n i t r a t e  e s t e r  11-37a contaminated w i t h  some amino alcohol 11-34a 

and t h e  nrnr s i n g l e t s  a t  ~ 7 . 6 0  a n d  7.72 ( r a t i o  l : 9 )  .Further elution 

w i t h  C H 2 C 1 2  gave a  mixture (175mg) of a l c o h o l s  11-34a and ,11-34b 

and pos tu la ted  n i t r a t e  e s t e r  11-37b a s  shown by i t s  i r :  3 3 4 0 ( m , b )  

1 6 2 0 ( ~ ) ,  1 2 7 0 ( s ) ,  1 0 4 0 ( s , b )  and % O ( m )  cm-I, and by  t h e  nmr s i n -  

g l e t s  a t  7 7 . 6 ~ ,  7.71 and 7.75 ( r a t i o  3:1 :2) .  No n i t r a t e  e s t e r  

11-77a was de tec ted  by t l c .  T-his f r a c t i o n  was t r e a t e d  w i t h   AH 

t o  y i e l d  an o i l  (141mg) a s  a mixture of 11-34a, 11-34b and 11-35 

i r  3 3 4 0 ( m , b )  and 1 0 4 0 ( s , b )  em-'; nmr 7 6 . 4 0 ( t ,  J= 6 .5~~) ,7 .60(s ) ,  

7 . 7 1 ( s )  and 7 . 7 8 ( s )  i n  t h e  2 : l : l . r a t l o .  Subsequent f r a c t i o n s  

(390mg), e l u t e d  w i t h  0-104 CH30H i n  C H 2 C 1 2  cons i s t ed  of mixture 

of amino a l c o h o l s  11-34a and 11-34b.  

Amino n i t r a t e  e s t e r  11-37a (35rng, 3 . 1 7 x 1 0 - ~  mole) was added 

slowly t o  a  s t i r r i n g  suspension of LAH ( 1 0 0 ~ )  i n  e t h e r  a t  OOand 
I 

was s t i r r e d  a t  room temperature f o r  24 hours.  A f t e r  t h e  usua l  

work-up, t h e  e t h e r  s o l u t i o n  was d i s t i l l e d  t o  g ive  a  c o l o u r l e s s  

o i l  (63mg ) which w a s  showed t o  be a  mixture of t h e  2 amino 

a l c o h o l s  11-34a and 11-35 a s  seen by i t s  nmr spectrum: ~ 4 . 5 6  (in), 

4 .?9(smal l  m ) ,  4 . 3 9 ( t ,  J= 6 . 5 ~ ~ ) ~  6 .58(bs ,  D20.exch) ,  7 .20(srnal l  , 

3 



and i t s  gc ( 1 0 % ~ ~ - 3 0 ,  100-230' a t  8"/min; r t ,  4 )  : 11-35 (9.3 min 

$ 4 ) -  and 11-34a(10.0 min, 64). 

Using Kuhnls p rocedure  ( B o ) ,  142mg (5.3x10-* mole)  of  amino 

n i t r a t e  e s t e r  11-37a were t r e a t e d  w i t h  hytfrazine h y d r a t e  ( 4 ~ , 4 ~ 1 )  

i n  t h e  presence  of P ~ / C  (50mg) i n  methanol! s o l u t i o n  at room temp* 

r a t u r e  f o r  24 hour s .  The u s u a l  work-up ( s e e  above )  a f f o r d e d  a  

c o l o u r l e s s  o i l  ('?8mg, 7 4 % )  which e x h i b i t e d  no ir abscaptionsQpica1 

of  n i t r a t e  e s t e r  group and was d i s t i l l e d  under vacuum (0.2mrn~g, 

49") t o  g ive  a  major  f r a c t i o n  (11-34a, %mg, 566)  a s  i nd i ca t ed  by 

i t s  t l c ,  i r  and n m r  s p e c t r a  i d e n t i c a l  w i t h  t h o s e  of t h e  pure  

sample. 

IV-8-7- NND t o  t r a n s  , t r a n s  ,trans-1,5,9-cyclododecatriene, .A 

w i t h  O2 

( a )  N N D , t t t C I Y T  i n  t h e  1:l r a t i o  : A methanol s o l u t i o n  

(237m1) of  NND (1 .48g ,  0.32 mole) ,  tttC,DT (3.24g,  0.02 mole) and 

c o n c e n t r a t e d  H C 1  ( 3 m l )  was photolyzed i n  t h e  p re sence  of oxygen 

f o r  2 . 5  hours .  The c o l o u r l e s s  p h o t o l y s a t e  was c o n c e n t r a t e d  under  

reduced p r e s s u r e  a t  lo0, d i l u t e d  w i t h  w a t e r  ( 3 0 m l )  andurasleddth 

e t h e r  (4x50ml).  The e t h e r e a l  washings gave 500mg of  n e u t r a l  mate- 

r i a l  which w a s  shown t o  be tttCDT as t h e  major compound ( g c ,  ir  

and nmr) ,  The aqueous phase  was made b a s i c  t o  pH-9.5 and was 

immediate ly  e x t r a c t e d  w i t h  e t h e r  (4x60ml) t o  g i v e  a basic lhactbn 



( s ) ,  7 . 7 1 ( s ) ,  7 . 7 7 ( s ) ,  7 . 9 0 ( s ) ,  7.90(m)rand 3.4(m). t h e  4 l a s t  . 

s i n g l e t s  had an approximate r a t i o -  of 1 : 4 : 1  . Y 
Immediate r educ t ion  of t h i s  crude bas ic  f r a c t i o n  wi th  LAH ' 

(2.0g,  0.053 mole) i n  d ry  e t h e r  (60ml)', follbwed by b a s i c  hydro- 

l y s i s  ( s e e  above) ,  a f forded a c o l o u r l e s s  o i l  ().59g, -904) whoge 

gc,  i r  and n m r  were s i m i l a r  t o  those  of NNOD o x i d a t i v e  photo- 

w i t h  t t t C D T :  nmr T4.56(m) and  4.78(rn) i n  t h e  3 : 4  r a t i o  and s i n -  

g l e t s  a t  ,7.50, 7.71 and 7.78 i n  t h e  approximate 4 : 1 : 4  ratio.- 

gc a n a l y s i s  of t h i s  o i l  (46 Versarnid 900, 6 ' ~ ~ / ~ " ,  150-270' a t  

?'"/in) by  peak matching w i t h  a u t h e n t i c  samples a f forded t h e  

fo l lowing compounds ( r t , y i e l d s  c a l c u l a t e d  from t h e  gc peak a r e a )  

11-33 (9.2 m i n ,  141, 11-35 ( 1 4 . 0  rnin, 3Od), 11-34a (14.7 min, 

49%)  and 11 -34b  (15.2 m i n ,  15 .54) .  . 

( b )  w i t h  excess  N N D  : I n  a  s e p a r a t e  experiment.a solutim 

of NND (2.15g, 3.04 mole),  t t t C D T  (1.62g, 0.01 m o l e h d  comerha- 

ted  H C ~  (5ml) i n  methanol (200ml) was i r r a d i a t e d  under oxygen 

u n t i l  t h e  uv  absorp t ion  a t  345nm had decreased t o  t h e  of i t s  

i n i t i a l  value (1 h o u r ) .  The pho to lysa te  was worked up in theus ra l  

manner t o  g ive  a  n e u t r a l  f r a c t i o n  (162mg) and a bas ic  f r a c t i o n  

( 1 . 9 g )  whose i r  and nmr were s i m i l a r  t o  previous ones. A p a r t  of 

t h e  bas ic  f r a c t i o n  (0 .4g)  was immediately t r e a t e d  w i t h L A ~ ( 3 5 0 4  - 
i n  d ry  e t h e r  '(20ml), followed by bas ic  hydro lys i s  t o  giveaco- 

l e s s  o i l  (312rng) : i r  3 4 0 0 ( s , b ) ,  3020(w,sh),  1 0 6 0 ( ~ ) ,  1040(m)and 

9%3(s) cm-l; nmr  ~ 4 . 5 9 ( m )  and 4.50(m) i n  a  3:2 r a t i o ,  6 . 1 ( b s ,  



estimated t o  be 3:3:7; gc (44 Versamid 900, 150-260•‹ a t  loO/min, 

r t ,  y i e l d s  c a l c u l a t e d  from t h e  gc peak a r e a )  : 11-33 (5.3min', 84 )  

11-35 (8.7min, 541) ,  11-3ha (9.  omin, 2& ) and 11-34b (9.2min,139 
7 

3 

I n  a n  i d e n t i c a l  manner, t h e  pho to lys i s  of NND (3.7g,  0.05 
L 

mole) ,  t t t C D T  (0 .  8 l g ,  5x10-= mole) and concent ra ted  H C I  (7.5ml) 

in ,methanol  (200ml.) was c a r r i e d  out  under oxygen u n t i l  t h e  uv 

absorp t ion  a t  345nm- k a d  decreased t o  t h e  8 9 / I o o  of i t s  i n i t i a l  

va lue  (1.2 h o u r s ) .  It y ie lded  a  n e u t r a l  f r a c t i o n  ( lglmg) and a 

b a s i c  f r a c t i o n  (1 .28g) .  This  bas ic  f r a c t i o n  (1. l g )  was t r e a t e d  

w i t h  LAH a s  above t o  g ive ,  a f t e r  b a s i c  hydro lys i s  a  c o l o u r l e s s  * 
o i l  ( 0 . 8 l g ,  +82%) :  nmr ~ 4 . 5 $ ( m )  a n d  4.80(m) i n  t h e  3:2 r a t i o ,  

6 . 3 9 ( t ,  J= 6 . 5 ~ z ) ,  6 . 6 5 ( b s ,  D 2 0  exch) ,  7 . 6 0 ( s ) ,  7 . 7 2 ( s ) ,  7 . 7 6 ( s )  
' .  

7 . 7 3 ( s ) ,  7.90(m) and 8.1-8.9(m); t h e  r a t i o  of t h e  4  NCH9singlete. 

was c a  2  :I :I :6; gc (44 Versamid 900, 150-260" a t  10"/min, r t ,  

y i e l d s  determined from t h e  gc peak a r e a ) :  11-33 (5.3min, 9 4 ) ,  

11-35 (8.7min, 5%), 11-34a (9.0min, 1%) and 11-34b(9.2min,10d) I 
+ .  
t,: 5 

wi th  02 

A s o l u t i o n  of NNOD (0.9g, 0.01 mole) ,  cttCDT (1.62g, 0.01 

t e d  i n  t h e  presence of oxygen f o r  2 .5  hours.  The pho to lysa te  was 

evaporated and t h e  r e s i d u e  was ~ o o l e d  t o  0 • ‹ ,  taken  up i n  H20(30rnl) ,  

aqueous s o l u t i o n  

f r a c t i o n  (3lontg) 

e x t m c b d  wi th  e t h e r  (kx50ml) t o  g ive  a 
I 

as a p a l e  yellow o i l :  ir  970(s), 948(m) 

4 

f" 



and 7 0 0 ( s )  cm-l; nmr T4.3(m) and 7.,9(m). The gc a n a l y s i s  (104 

SE-30, 6  1 ~ 1 / 8 1 1 ,  100-290' a t  s o m i n )  by peak matching with a u t d n -  

t i c  samples a f forded t h e  fo i lowing compounds (rt,  y i e l d s  r e l a t i v e  

t o  t o t a l  v o l a t i l e  f r a c t i o n )  : t t t ~ m  (6.4minY. 56)  and cttcm(6.6min, 

92%) .  - 
5 

The aqueous por t ion  was made bas ic  t o  pH 9-10 a n d  e x t r a c t e d  

w i t h  e t h e r  (5x60ml) t o  y i e l d  a n  o i l  (1 .92g,-804):  ir  3400(m,b),  

l710(m),  1 6 3 0 ( ~ ) ,  1 2 8 0 ( ~ ) ,  l035(m,b) ,  .99o(m), 960(ma) and, 705(m) 

cm-l; nmr ,4 .60(m),  6 .5 (m) ,  7.3-3.5(m), 7 . 6 0 ( s ) ,  7.67(~),%70(s),  

7 . 7 3 ( s )  and  7 . 3 0 ( s ) .  This  f r a c t i o n  was added t o  a mixture of LAH + ,r. " 

( 1 . 5 ~ )  i n  e t h e r  (50ml) and s t i r r e d  f o r  20 h o u ~ s  - a t  room tempera- 

t u r e .  Th i s  was t r e a t e d  w i t h  KOH (40% aqueous ,  2mlj a n d  water(5ml) 

a t  0 • ‹ ,  r e f luxed  f o r  2 0 m i n ,  cooJed a n d  f i l t e r e d .  THg remaining 
\ 

w h i t e  s o l i d  was f u r t h e r  washed w i t h  e t h e r .  The e t h e r  s o l u t i o n s  

were combined, dc ied  a n d  evaporated t o  y i e l d  a c o l o u r l e s s  

(1.55g, -704) : i r ' .  j 3 9 0 ( s , b ) ,  2.930(s),  2 & O ( s ) ,  

b ) ,  9 8 5 ( s )  a n d  710(m) cm-l; nmr r4 .60(m) , ' 6 .40( t ,  J= 6 . 5 ~ ~ ) ;  
C G 

6.30(m), 7.4@(m), 7.50-8.50(m) and s i n g l e t s  a t  %7.60, 7.67, 7.74 

a n d  7.79 i n  t h e  approximate * .  r a t i o  of 1:7.12:5. Analys is  of . t h i g  . . . 
1 

o i l  by gc (4B.Versamid 900; a& a b ~ G , e ,  156-270•‹ a t  8•‹/min) shared 
d d  . . . . 
a m i x r e  of. a t  least 6,cm&undH as s h b n  ;elow, i n  t h e  o r d e r  

$ .  - *  
of rt and c o r r e c t e d  r e l a t i v e  y i e l d s  .from, s t a r t l ~ g  V O D :  11-35. 

V '  . 

p o s t u l a t e d  11-3Sb (16.8min, 144) .  ~ h e s e  c&npounds were i d e n t i -  
d . .  

J( 

f i e d  by peak matching w i t h  a u t h e n t i c  samples. . . 
. . 

4 . .  . 
I ,  ' . 



. . 
. / 

-177- , 

ThC rlduced b a s i c  f r a c t i p n  ( l . 1 g )  was chromatographed on a 

s i l i c i c  a c i d  column (55g) a n d  gave; on e l u t i o n  w i t h  +154C&CH 
v . . 

inWCH2Cl2, d i f f e r e n t  f r a c t i o n s  of lrdxtures a s  anaiyced on 44 
L 

Versamid 9 0 0  column.. F r a c t i o n s  3-11 (2.56 CH30H i n  C H 2 C 1 2 ,  221mg) 

. .  .contaihed 11-38a (90%) and 11-34a ( 3 8 )  and was 
. .  , . , 

graphed on s i l i c i c  a c i d .  t o  y i e l d  

cyclod&decadien-1-01 (1I-38a) -- a s  a white  s o l i d :  rhp 31-4"; 1 3 ~ m  

* 
NCH.), 3 0 . 6 ( t ,  2 ~ ) ,  2 7 . 9 ( t ) ,  2 6 . 5 ( t ) ,  2 4 . 5 ( t )  and 2 3 . 1 ( € ) .  T h i s  

sol l id  was Sublimed a t  room temperature (~.2mrnHg) t o  g ive  w h i t e  I 
_ J  . 
- .  c r y s t a l s  of 11-38a: mp 43-5"; i r  3400(s , b )  , 3000(m,sh)., 2930(s )  , > 

2855(-s), 2820(m,sh) ,  2?80(m), 1055(m)-, l 0 3 0 ( s ) ,  1 0 1 0 ( m ) ,  9 9 5 ( s )  

/ . and -7D5(m) cm-I; I H  nmr T .60(rn: 4 H ) ,  6.44 ( m ,  H ' ~  ): 7 .20(bs ,  D 2 0  
1 

, : exch, 1 H )  , 7. 4 9 ( q ,  J= 6. O H Z ,  H2 ) , .7 .67(s ,  N C H ~ ) ,  7.94 ( m ,  SH), and , 

- 8.1-8.6(m, 4 H ) ; . h r r n s 1  ( 8 0 • ‹ )  m/e(4) 2 2 3 . 1 9 3 5 ( ~ + ,  55; ca lcd  f o r  
- f' 

c ~ ~ H ~ ~ N o :  223.,193k), 194.1919(12; ca lcd  f o r  c 1 3 ~ 2 4 h :  1 9 4 . 1 9 0 8 ) ~  
> 

179.1674 (.25; ca lcd  f o r  C12H21N:  179.1674,), 229.1155(25; calcd fcr, 

C7H15NO: 129.. l 1 5 4 ) ,  124.1110(26; ca lcd  f o r  C8H14N:  -124.1126),  - 
110.0958(21; ca lcd  forC7H12N: 110'.0969), %.0824(4'2; ca led  f o r  : 

f 
c ~ H ~ ~ N :  84.0813); 71.0752(100; c-aalcd f g  C4HsN:  71.0735),' 58(27)  - '. 
55(35) ,  44 (14)  and 42(21) .  

- 
~ n a l . ~ * ' l c d .  f o r  C 1 4 H 2 5 N 0  : C ,  75.28;  H,  11.28; N ,  6.27. 

- .  
, (  . Found : C ,  75..41; H, 11.31; N ,  6.28., . 

<, -' :, , .  

7 &eH2c12,  actions '12-15 (15  g), e l u t e d  w i t h  3-56 - 
were shown t ,o> be a mixturg  of 11-jga and probably 11-38b i n  t h e  

L . 



ratio of 7:3 as seen by . g c L o m J  , 6.50(m), 6.70(s, . D ~ O  ' 

exch), 7.48(m), 7.67(s) an 7.74(s) fn the ratio of 2:1,.7.95(m) 

and 8.1-8.6(m). The last fra s, 17 and 18 (69mg, colourless 

oil), eluted with 15% CHjOH in C H ~ C ~ ~  were found to 'contaan 
\ 

. mostly 12-dimethylamino-cis, , . trans-4 ,%dodecadien-1-01 (11-39) , 

with a trace amount of 11~38a: ir 3380(m,b), 3000(m,sh), 2925(s) 
r - 

2%2(s), 2775($), 1055(s,b), 1040(s,b),,965(s) and 700(w) ck-l; 

b13c nmr ppm 130.2, lj0.0, -1?9.8, 129.3, '61.7(ty ~ l ) ,  59.2(t,~~~), , 

- .  hrms (80') m/e(B) 225.2094 (M+, 7; calcd for C14H27NO: 225.2092) , 

l8~.1745(17; calcd forC12Ha2N: 180.1752 2, 126.1243(92; calcd for 
\\ 

CSH1>N: 126.128&@, %.0817(70;calcd for CsHloN: 84.0814 ), 81.0696 
C 

( 4  ; calcd for CeHs : 81.0704 ) , 7aO746 (98; calcd for C&N:~LO~~) 

and 58.0674 (100; calcd for C3H8N:- 58.0657). ~ r i '  analyticil sample 

of 11-39 was obtalned on distillation (20•‹, 0.2 mm~g). 

Anal. Calcd. for C14H27N0 : C, 74.61; Hy 12.08;-N, 6.21. 

IV-8-9. NND to &s.tr-an~~trans-l,5,9-cyclododecatriene, 

with O2 
- 

A methanol solutiok (200ml) of NND (l.628gY 0.022 mole), 

cttCDT (3.24g, 0.02'mole) and concentrated HC1 (3rnl) was irFa- 
r - 

\ 
diated under oxygen for 5 hours. The solution was distilledunder . 



reduced p r e s s u r e ,  and t h e  r e s i d u e  was t r e a t e d  w i t h  water ( 3 0 m l ) .  

and e x t r a c t e d  w i t h  e t h e r  ( 4 ~ 6 0 m 1 ) .  The e t h e r  e x t r a c t s  were m&& 
1 - 

w i t h  w a t e r ,  ' d r i e d  and ekapora t ed ,  l e a v i n g  a n  o i l  (33hg) which 

was shown t o  be mos t ly  C M '  dy i t s  ir and nmr. Gas %hrornatography 

(204 Dowfax 9N9, 10% TEP [on Chrornosorb P ~ o / ~ o ,  8 'x+"  copper ,  100- 

220at2%, H e  i n l e t  p r e s s u r e  a t  20 p s i )  gave t h e  following canpcunds ' 
f 

( r t ,  y i e l d s  based on t o t a l  v o l a t i l e  f r a c t i o n )  : t t tCDT (22.  %in ,  
/ % *  0 

54)  and cttClYl? (24.6minY 185%). * 

- b -  
w The aqueous s o l u t i o n  of t h e  p h o t o l y s a t e  wa l ;  t he r .made  b a s i c  

t o  pH 10  and -ex tyac t ed  d i t h  e t h e r  (4x&ml).' The e t h e r  solution was 

( m )  cm-*; nmr T4 .62 (m) ,  6 .3 (m)  and 7.3-8.8(m).  A p a r t  of t is P 
b a s i c  f r a c t i o n  (300mg) was t r e a t e d  w i t h  LAH (500mg) i n  t h e  N u s u a l  

f a s h i o n  t o  g i v e ,  a f t e r  h y d r o l y s i s ,  a c o l o u r l e s s  oil(248mg), which 

i r  and nmr were i d e n t i c a l  w i t h  t h o s e  of o x i d a t i v e  pho additionof < 
NNOD t o  cttCDT.. The gc a n a l y s i s  o f '  t h i s  o i l  4 ( 4 k ~ e r s a m i d g 0 0 ,  same4 

c o n d i t i o n s  as above)  showed t h e p r e s e n c e  of  t h e  fbllowlng6c&s 

( ~ t  , c o r r e c t e d  r e l a t i v e  y i e l d s  from s t a r t i n g  NND) : - D- 35 ( 14. omin, 

241, 11-34a (14.5min, 3 8 ) ,  11-38a (14.9min, X 6 ) ,  11-39 (15.3min 

2 1 % ) ~  unknown (16.2min, 7 % )  and 11-38b (16. 8min, 1 2 6 ) .  

, IV-+ lo .  NNOD t h d o - d i c y c l o p e i t a d i e n e ,  w i t h  or. * . - * 
A= s b l u t i o n  of NNOD (1 .9g ,  0.02 mole) ,  e n & o i l X ~ ~  .- (2 .64g ,  

0.02 mole) and concen t r a t ed  H C 1  ( T m l )  i n  methanol (2ooml) was 



, * ' . P  - 8  
* a .  -180- . 

\ . . * * 

< 

photolyzed under oxygen f o r  5 .hours .  The so lven t  was evaporated . - 

- and t h k ' r e s i ~ a i  s o l u t i o n  ( 3 0 m l )  was i s l u t e d  wi th  water  ( 3 U m l ) .  
/ /' 

l4 - 
~ x t r a k t i o n  w i t h  k t h e r  (4x60rnl) &aGe a neutral .  f i-action (930mg)rn 

a yellow o i l  which showed 12 peaks (10 X SE-3Q, 190."); irp90(m,b) 
r/ 

/ - .~ 
4 .,g(m*), 5.0-6. S'(m), h . 6 5  ( b s )  and, 7.1-8. % ( m ) .  

-The aqueous. mother l i q u 6 r  was made bas ic  ' to p~ 9.5 a t  O0- 

4 7  6.69(m), '  7 .40(m),  7 . 6 6 ( s ) ,  7:'69(s, D20 e x c h ) ,  7 . 7 2 ( s ) ,  , . . 

7 . 7 6 ( s ,  D20 e x c h ) ,  7 . 8 1 ( s )  and 9.40(m). A f t e r  e t h e r  e x t r a c t i o n  

( 4  h o u r s ) ,  t h e  aqueous phase was f u r t h e r  e x t r a c t e d  w i t h  C H n C l 2 @  
. . 

, . 

50ml.) t o  g ive  an a d d i t i o n a l  ' b a s i c  f r a c t i o n  (430mg) a s  a  brm cbl: 
r- 

ir 3 % 0 ( m , b ) ,  ' ~ 0 5 0 ( w ) ,  1715(s ,b )  and 1040(s ,b )  cm-'; nmrT-Q1,O 

e t h e r  e x t r a c t s  (2 .4g)  were imme2iately t r e - ~ t e d  wi th  LAH (2g) i n  - C 

t h e  usua l  way f o r  12 hours t o  g ive ,  a f t e r  b a s i c  hydro lys i s ,  a 

and  8.2-8.8(m).. The r a t i o  of t h e  s igna l s .  a t  73.77 t o  4.40a,nd'7;67 
I 

I *  

t o  7.77 was 1 :6. This  o i l  was shown' by gc on 4% ~ersamidg00(6 'x  

1/8", 100-270' a t  g"/min) t o  conta in  t h e  fo l lowing compounds i n  f 
order  of i n c r e a s i n g  r e t e n t i o n  . t ime : 1 4 . 0  min ( u n k n o ~ n , ~ ~ l X  )J% 



8 
I .  

min (11-42, SZ), 16.3  min (11-41 25% ), 17.3 min (11-40, 21%)- 

18.3 min (unknown, -2% ) .  Chromatography of a p o r t i o n  of t ,h is  mix- 

t u r e  ( l . 3 g )  -on s i l i c i c  a c i d  (90g)  and e l u t i o n  w i i h  i n c r e a s b g  

methanot concen t ra t ion  li CH2C12 a f forded  s e v e r a l  f r a q t i o n s  : - A ' . 

Frac t i0n .B  - gave one spot  on a t l c  p l a t e  a n d  one i i r ig le  p & m ~  
4 

(4 % Versamid goo-, see .  above, rt 17 .3  m i n )  and on '  distmatim at - + 
room temperature (0.05 mrn~g) yielded t r a n s  y c i s , ~ k l s h y ~ -  

1 _ C _  - 
methylbicy&lo[3.3.  01 oct-6-ene (11-40) as a I c o i b u r ~ e e s  o i l  : i r  

\ 3 3 5 0 ( s , b ) ,  3050(m), 1 6 2 0 ( ~ ) ,  l 0 6 5 ( s ) ,  l 0 2 0 ( s )  and 7 6 0 ( s )  cm-l; 

nmr (Figure 11-10) .4.30(m, I H ) ,  4 . 4 2 ( m ,  I H ) ,  5 .79( impur i ty ) ,  

6.34 ( d ,  J= 7Hz, 2 ~ ) ,  6 .41 ( d ,  J= 7 ~ i ,  2 ~ ) ,  6.70(m, 1 ~ )  , ~ t . ~ g ( m , l ~ ) ,  

7.5-9.0(m, 7 ~ ,  2 9.29(mYs l ~ )  and 8 .6-9 .2( impur i ty) .  I 

h m s  (70 ' )  7; calcd f o r  C l o H 1 6 0 n :  1 6 8 . 1 1 5 0 ) ~  
s 

150.1001(11; c a l c d  f o r  C l o H 1 4 0 :  150.1044), 1)6.Q891(14;caled for 
\ 

CsHlaQs 136.0888),  13~.0937(19;  caTcd f o r  C 1 % H 1 2 :  l32.-0939) , 
\ 

131.0859(16; c a l c d  f o r  c ' ~ ~ H ~  : 131.0860) ,I 119.0%6(100;~aled f t r  

C s H l l :  1 1 9 . 0 8 6 0 ) ~  117.0706(64; ca lcd  f o r  csiis: l ~ . 0 7 0 4 ) , 1 ~ ~ .  

(59; ca lcd  f o r  C 7 H s O :  1 0 9 . 0 6 5 3 ) ~  105.0706(54; ca lcd  f o r  C a H s :  
a 

1 0 5 . 0 7 0 5 ) ~  91.0541(84; ca lcd  f o r  C7H7:  9 1 . 0 5 4 7 ) ~  7 9 . 0 5 5 4 ( 7 0 ; ~  
, 

f o r  C e H 7 :  79.0549) and 6 6 ( 7 8 ) .  On i r r a d i a t i o n  of t h e  m u l t m e t  at 
;r' , 

T7. 72, t h e  m u l t i p l e t s  a t  ' 4.30 and  4.42 became . a .ABXY type  qmtIum 

( J ~ ~  = ~ H Z ,  JAX = JBY = 2 ~ z ) r  t h e  d o u b l e t s p a t  76.34 and 6.41 

became s i n g l e t s  a n d  changes occured i n  every o t h e r  m u l t i p l e t s .  

11-40 (50mg, 3 x 1 0 - ~  mole) was heated w i t h  p m i t r o b e n z o y l  
t- 

c h l o r i d e  (200mg, 1. I X I O - ~  mole) i n  pyr id ine  ( 3 m l ) '  on a  steambath 



u n t i l  t h e  s o l i d  was d isso lved  (0 .5  hour) .  The r e a c t i o n  mixture 
s 

was poured i n t o  ice-watkr  and  t6e r e s u l t i n g  - s o l i d  was f i l t e r e d  

and wash'ed thoroughly w i t h  sodlum carbonate  s o l u t i o n  and w i t h  

- w a t e r :  (65mg, (t6Z, mp 121-130" ) .  It was r e c r y s t a l l i z e d  three 
\ 

t imes  from isopropanol  t o  g i v e  t h e  b is -p-n i t robenzoate  of 11-40 
B - 

'as a white  s o l i d :  mp 131-2"; i r  l 7 1 2 ( s ) ,  1610(m), l 5 3 0 ( s ) ,  1350 

( m ,  I H ) ,  4 . 5 9 ( m , 2 ~ ) ,  5 .56(d ,  J= 7Hz, 2 ~ ) ,  5 .63(d,  3= 7Hz, 2H), 

6.54(m, I H ) ,  6.96(m, I H ) ,  7.4-7.7(m, 3H), 8.12(m, I H ) ,  8.42(m, - 
1 H ) /  and 8.81(m, H ) ;  m s  ( 2 0 0 ~ )  m / e ( ~ )  4 6 6 ( ~ + ,  2 ) ,  (67(31) ,  150 

4 . (46)-,  132('100), 120(40) ,  1 0 4 ( 4 3 ) ,  31(47)  a h d  6 5 t 3 0 ) .  , 

A n a l .  Ca . f o r  - C24&2N208 : C , 61.80; - H ,  4.75; N ,  6.01. Yd 
Found : C ,  61.54; H ,  4.79; N ,  5  88. 

&Fract ion  D as a yellow o i l  showed one spo t  on a  t l c  l a t e  - + \ 
and a s i n g l e  peak on gc ( 4 %  Versamid 900, see.above)  matching 

w i t h  t h e  major peak (rt  16 .5  m i n ) '  of t h e  % s i c  mixture.  T h i s  o i l  
I 

, was d i s t i l l e d  a t  '?5"/0.05 mmHg t o  a f f o r d  a c o l o u r l e s s  o i l  of 

( 1 1 - 1  ir  5300(m,b ) ,  3040(m), 2 9 5 0 ( s ) ,  2 9 3 0 ( s ) ,  2 9 8 0 ( s ) ,  2830 - 
( m ) ,  2792(m), 1 6 1 0 ( ~ ) ,  l245(m),  1090(m),- 1 0 7 0 ( s ) ;  

6.8-7.0(m, 9H, 1 D 2 0 e x c h k ) ,  7.45(m, I H ) ,  7 . 6 3 ( d t Y ' ~ = 6 . 0 a n d  < '  
- 0 

9 -5% H , 7 . 7 7 ( s ,  NCH.), 7.57(m, pH) ,  9.33 and 5.73 (~~qamtet, 
9 * + 

J~~ 

=- 1OHzy 2 ~ ) ;  h m  ( 7 0 " )  m/e(%). l 9 3 . 1 4 6 5 ( ~  , 51; c a l c d '  f o r  
t 

9 r, 



. '  
C.lzHlsNO:,19). 1466) ,  178.1227(13; c a l c d  f o r  C l  l ~ ; B ~ ~ :  178.1232),  - 
164.1440(15; c a l c d  f o r  C L  l H l ~ N . :  164.1439) ,  162.1281 (13;  c a l ~ d  f o r  

C l  l H l a N :  162 .1233) ,  127.0994 (20; c a l c d  f o r  C7H13NO: 127.0997); - 
0 .  

l25.0%1(43; c a l c d  f o r  C 7 H l  l N O :  l;5.0841), l lO.O973(45;  c a l c d -  f o r  
L 

C 7 H 1 2 N :  110; 0970) ,  94 .O8l4 (51; c a l c d  ~ O ~ ' - C ~ H ~ O N :  3 .,03l3) , 7 ~ ~ 3  - 
1 .  

(100; c a l c d  f o r  C 4 H 9 N :  71.0735)  a n d  58.0674(62; c a l c d  f o r  C3H8N: 

The column was washed w i d  a 2 : l  mix ture  of 0.05 N H C ~ '  %olu-  

t i o n  a n d  methanol.  The washing wa's f i l t e r e d  and was e v a p m . =  - 
Y .  

aqueous s o l u t i o n  was made b p s i c  t o  pH 10 w i t h  a 10% KOH s p l u t i o n  

and  e x t r a a t e d  w i t h  e tHer  (3x40ml) t o  a f f o r d  a n  o i l  (320mg) which 

was shown t o  c o n t a i n  the major amino a l c o h o l  . I I - 4 l  and 
* 

amino a l c o h o l  11-42 i n  t h e  1:l  r a t i o  by gc a n a l y s i s  ( 4 % ~ r s a m i d  

I 900, see above,  r t  1 6 . 3  and, 15 .6  m i n ,  r e s p e c t i v e l y ) : '  i r 3 0 0 ( s , b ) ,  

and  af t h e  s i n g l e t s  a t  -+7.67 t o  7.77 were n e a r l y  1 :I .  

i 
IV-8-11. NND t o  endo-d icyc lopentad iene ,  w i t h  O2 

A s o l u t i o n  of NND (1.628g,  0.022 mole) ,  endo-DCPD (2.64g,QM , 

mole) and c o n c e n t r a t e d  H C 1  ( 3 m l )  i n  methan'ol (200ml) was irmtlated 

i n  t h e  presence  of  oxygen f o r  5 hours .  The bu lk  of  methanolewas 
* 

removed. The r e s i d u a l  s o l u t i o n  (15rnl) was d i l u t e d  w i t h  water(anil) 
, I ,  

and e x t r a c t e d  w i t h  e t h e r  (4x60ml) t o  g i v e  an  o i l  (620mg)uhich wss 



shown $0 be a' complex mix ture  by i t s  gc ( 1 0 %  SE-30, 100-220' a t  ., 

3 .  

" ,, half  t h e  aqueous s o l u t i o n  ( p s 2 )  was's&rred f o r  7 d a y s  a t  

room t empera tu re  and e x t r a c t e d  w i t h  e t h e r  t o  g i v e  an  q i l  (35mg) ., 1 

which showed 3 major s p o t s  on a t l c  p l a t e  (a lumina , .  C H ~ C ~ ~ ) ,  i r  
* 

a b s o r p t i o n s  a t  1 7 2 0 ( s ) ' a n d  2730(m) cm-' and a nmr s i g n a l  a t  70.3 

( m )  f o r  an a ldehyde  moiety ,  a l o n g ' w i t h  ir a b s o r p t i o n s  a t  163O(s), . 

1 2 8 0 ( ~ )  and 865(m) cm-I f o r  a n i t r a t e  e s t e r  group,  and 3420(m,b) ,  
I .  

3060(m),  1020(m,b) and 710(m) em-'. Gc-ms a n a l y s i s ,  o f  t h i s  o i l '  

( 10  % SE-30, 100-2-80' a t  6"/min) showed 1 major component (r t  5.1 

min, 53 % based on gc peak a r e a s )  t e n t a t i v e l y  a s s igned  .as 

11-43 which e x h i b i t e d  m s  peaks  a t  m/e ( I )  164 (M', 6 ) ,  146(12) ,136  

o t h e r  unknown component ( r t . 3 . 1  min, 2 1 % )  e x h i b i t e d  m s  peaks a t  

6 6 ( 4 5 ) ,  41 (100)  and 3 9 ( 6 4 ) .  The same 

a c i d i c  aqueous s o l u t i o n  was w i t h  a s a t u r a t e d  
1 

Na&03 s o l u t i o n .  T h i s  s o l u t i o n  30-45" f o r  12 hours  

and e x t r a c t e d  w i t h  e t h e r  t o  g i v e  e x t r a c t s  A (65mg). The aqueous - 
phase was f u r t h e r  s t i r red  a t  70-85' f o r  1 day and e x t r a c t e d  witb 

e t h e r  t o  g i v e  e x t r a c t s  - B (122mg). Both n e u t r a l  e x b a c t s  A and B - - 
, showed i r  and nmr ve ry  s i m i l a r  t o  t h e  p rev ious  n e u t r a l  f r a c t i o n ;  

. i n  p a r t i c u l a r ,  b e t t e r  r e so lved  n m  d o u b l e t s  f o r  t h e  a lqehyde pro- 
. - 

t o n s  a t  ~ 0 . 2 8 ( d ,  J = 1 . 5 ~ ~ )  and ~ 0 . 3 4 ( d ,  J = 2 . 5 ~ ~ )  w i t h  e q u a l  ' 

. , 
i n t e n  i t i e s .  The gc of t h e s e  2  f r a c t i o n s  A and B on a 10XSE-30 B - - 
column (see .  above)  showed t h e  major peak a t  rt 5.1. min (72% and 



I 

b 

, ,185- 3 

65%, r e s p e c t i v e l y ) .  The same aqueous' s o l u t i o n  was ' f u r t h e r  made 

b a s i c  t o  pH 10 w i t h  a 1 0 %  KOH s o l u t i o n  and was lef t  2  days wi th  I 

. ,* 

s t i r r i n g . ,  a t  which t ime it was made a c i d i c  . t o  pH 3 w i t h  a 3 N  H C 1  
' <  4 

. s o l u t i o n  and e x t r a c t e d  wi th  e t h e r  t o  g ive  another  n e u t r a l  %&ion 
,, 

(131 mg): ir 3400(mY~),3~50(w)~1720(s,b);1550(m),1090(s and 1632 

( s ) ;  nmr r 3 . 5 2 ( ' m ) , , 3 . 8 ( t , ~ + 2 ~ ~ ) ,  5.6-8.8(mr. This  f r a c t i o n  c o n t a i -  

ned 1 major c6mpound as seen. by its g c  (10 SE-30,100-28o0 a t  6O/ 
I 

# 

min. A gc-ms of t h i s  -peak on t h e  same m1uq1-1 (rt  7.4 min, 90% of 

I 

99(68) ,  9 1 ( 3 2 ) ,  66(100)  and 39(42)  whioh d id  no t  match w i t h  t h e  . , 

one of p rev iou i  dialdehyde 11-43. 

The o t h e r  h a l f  of t h e  aqueous s o l u t i o n  was b a s i f i e d  t o  pH 10 

and l e f t . a t  room temperature wi th  s t i r r i n g  f o r  2  days. It was 

e x t r a c t e d  wi th  e t h e r  t o  g ive  a ' b a s i c  f r a c t i o n  (960mg) which s t i l l  

contained i r  absorp t ions  a t  1 6 2 5 ( s ) ,  1 2 7 5 ( s ]  and 860(m) dm-' f o r  

n i t r a t e  e s t e r  groups. It was reduced i n  t h e  usua l  manner wi th  LAH 

( l g )  t o  g ive ,  a f t e r  b a s i c  h y d r o l y s i s ,  a  n e u t r a l  fraction(126mg, 
. , 

11-40) and a  bas ic  Trac t ion  i694mg) which showed 1 major , l  medium 
\ 

7 

L. knd s e v e r a l  minor peeks by gc (10 z SE-30, 100-2800 a t  6O/min). e ' 

9 # 

The gc-ms of t h e  b a s i c  f r a c t i o n  gave t h e  fo l lowing peaks t h a t  

were descr ibed  i n  t h e  o r d e r  of rt ,  y i e l d  based,  on gc peak a r e a s ,  
- 

m/e(x): 5.5 min, 22, unknown, 1 7 9 ( ~ + ? ,  l o ) ,  1 5 0 ( 8 ) ,  1 0 9 ( 2 1 ) ,  84 

42 ( 7 0 )  ; 6.9  ';in, 1 4 % ,  p o s t u l a t e d  1f-42, l 9 3 ( ~ + ,  j8 ) ,  l 7 6 ( 2 8 ) ,  
' .  

' 164(15) ,126 '(96) ,  109(75) ,  %(l,oO)',  71 (92)  and 5 8 ( 7 6 ) ;  7.3 min, 
I 



P- 
' unkhgwn, 209 w i n ,  M . , 3 ,  unknown, 209 (M+? ) . The peaks a t  

6.9 m i n  and 7.3 min matched wi th  a 1:1 mixture of 11-42, 11-41., 

r e s p e c t i v e l y .  ' ; r 
. . 1  

IV-8-12. b D  - t o  &, - t r , a n s ~ l ,  5 - ~ y ~ l o d e c a d i e n e , .  w i th  O2 

A s o l u t i o p  of p e r c h l o r i b  a c i d  (702, 4 m l )  i n  methanol\((80ml) , - 

wag added i n  a photovessel  a t  t o  a s o l u t i o n  of NIjD (2.0(1* 
I .  - [ 

0.0276 mole) a n d  CDD (3.13g,  0.023 mole) i n  methanol ( 1 0 0 m l l 1 ~ ~  , 

s o l  tibn was i r r a d i a t e d  under oxygen f o r  8 hours.  The photo lysa te  4 ' l  

. was concentrated tb 60ml (10~ /15rnrn~~) .  ThiS s o l u t i p n  depos i ted  a 

yellow o i l  on cool ing .  A small  por t ion  -of t h i s - o i l  showed ir ab- 

s o r p t i o n s  a t  1 5 4 0 ( s , b ) ,  1 2 8 0 ( s )  and % o ( s , b )  cm-' ( 0 ~ 0 2 ) a s  w a a $  

i 
1 

1000-1130(s,b) cm-I (~10,-) . The pho$olysate was f u r t h e r  c a b  

t-ed t o  30rnl (10"/15mrn~g) and was added t o  water  (50rnl) .The apleauis 
b 

\ 
s o l u t i o n  waa e x t r a c t e d  wi th  e t h e r  (4x40ml). The e t h e r  e x t r a c t  was 

washed w i  water  (?x30rnl), d r i e d  ana'evaporated t o  g ive  a p a l e  9 
yellow o i l  (262mg) which showed no NCH3 s i g n a l  i n  i ts n m r - m  

and exh ib i t ed  i r '  absorp t ions  a t  1 6 2 5 ( s ) ,  '1280(s)  arid 9 6 5 ( s )  crn-' 

( 0 ~ 0 ~ )  and 1550(s )  and 1 3 7 2 ( s )  crn-' ( ~ 0 2 ) .  The aqueous phase was 

made b a s i c  t o  pH 10 and e x t r a c t e d  wi th  e t h e r  (4x50ml) t o  'give a  

b a s i c  f r a c t i o n  (4.6g) : ir 3300(w,b), 2930(s )  , 2 8 8 0 ( ~ ) ,  2 8 2 0 ( ~ ) ,  



This  bas ic  f r a c t i o n  yas immediately s t i r r e d  wi th  I+H ( 5 g h n  

dry e t h e r  (80ml) f o r  1 day a t  room temperature.  .After t h e  usua l  
4 

b a s i c  hydro lys i s ,  a  c o l o u r l e s s  o i l  w a s  obtained (3.7g,-93~) con- ' L .  
d 

A. s i s t i n g  of major w c l l z e d  amino a l c o h o l s  II-46a and 11-46b: ir 
I 

7 

1035(sh) ,  1 0 2 5 ( s ) ,  910(m) and 865(m) cm-'; nmr,no s i g n a l  below 

T6.  0, T6.)-6.9(m, p a r t i a l l y  D20 exch)  and 7 + ~ - c 9 9 t ~ ( ~ o m p , l e x  m) i n L  
J ,  

c lud ing  a broad s i w e t  a t  77.75. The gc a n a l y s i s  of t h i s o i l ( l o  + 

- $ 

SE-30 on ~h<omosorb S 80/100, 6  1 x 1 / 8 " s t a i n l e s s  s t ee l :  100-255Od 6- .= c 

6"/rni,n, He a t  1 9  p s i ,  and a  H2 flame d e t e c t o r )  showed 1 m i n o r ( 6 ~  

J rt 9.9 mini unknown), 1 major(78%, rt .fi. 1 min, 1,I-46a) .and 1 
1 \ medium ~ e a k ( l 6  5 rt 14.4 min, II-46b), t h e  las t  2 overlapping.  

 hid o i l  (3.4g) was chromatographed -on a  b a s i c  alumina column(l5og)' 

t o  g ive ,  on e l u t f o n  wl th  1 % CH30H i n  C H 2 C 1 2 ,  s e v e r a l  f r a c t i o n s :  

~ ( 3 0 6 m g ,  s e v e r a l  s p o t s  on a  t l c  p l a t e ) ,  ~ ( 7 0 0 m g ,  mostly 11-46 by - - 
r 

g c ) ,  - C(1.35g, mostly II-46a by g c ) ;  t h e  l a s t  f r a c t i o n  D v a s  eluted - 

w i t h  2-10% CHsOH i n  CH2C12 (300mg, a  7:13 mixture of 11-46a:Mb.  , ' 

by gc, v ide  i n f r a ) .  
, 

F r a c t i o n  - B w a s  rechromdtographed on 150g of bas ic  a l u h a  to . 
a f f o r d  a middle f r a c t i o n  (395rng) g iv ing  1 peak on g c ( r t  14.Mn). 

This  011 c r y s t a l l i z e d  on s tanding .  Sublimation of t h e  s o l i d  (40f 

D. 05 r n m ~ g )  y i e l d e d  8-dimethyla&-cis-bicycle[ 5.7.01 -2-decanol 

7.8-8.9(complex ma 1 6 ~ ,  inc ldd ing  a D20 exch peak a t  77.96); 13c 
.. 



.. . - .j*.. . ' .  
a c a l c d  f o r  C1~HzlN: i79.16731, 168.137,8(7; ca lcd  f o r  CloH18NO: . 

, *  
- ,a; 0 .  

168.13881, 110.0946(13; ca lcd  f o r  C ~ H , ~ N :  1 1 0 . 0 9 6 9 ) ~  94 .0817(100 ;~ ,  .. . 
.. , :. 

c a l c d  f o &  C 5 H I o N :  %.0613),  71.0721 (73;calcd f o r  C ; H ~ N :  71.073j:j . '  '. 

and 58.0654 (64 ; ' . c a l & d  f o r  C3HsN:f 58.0657). On i r r a d i a t i o n  a t  - ' -  

- .  
. . t h e  broad t r i p z k t  .a t  76:'50-nged t o  a broad s i n g l e t .  , 

* .  . 
\ .  - 

+ -  

L 

-- 4 I Anal. Calcd. f o r  C 1 2 H 2 3 N 0  : C ,  73.04; H,  11.75; N,  7.18. 

Found : C ,  73.25; H,  '11.68; 3, 7.25. - 
, . , 

I * 

An acetone s o l u t i o n  (,4ml) o f  amino a,lcohol 11-46a '(250mg, 

1 . 2 7 ~ 1 0 - ~  mole) was t r e a t e d  w i t h  a- red  s o l u t i o n  of C ~ O ~ - H ~ S O ~  i n  

water  ( 86) (0.66m1, 1 . ~ x I O - ~  mole) f o r  1 .5  hours  a t  Cam temp-- 

A f e w  drops of methanol w e r e a d d e y t o  t h e  green s o l e ' b *  ' 

t h e  excess  o f \ t h e   ones' reagen The ace tone  was evaporated and f 
t h e  r e s i d u e  was b a s i f i e d  &nd imrnediateLy extract-ed w i t h  CH2C12 - 

(jx40ml) t o  g ive  a c l e a r  o i l  (199mg, 81% ) as %dimethylamino-cis- - 
b i c y c l d  5.3.01 -2-decanone (11-47a) : 'ir 2935 ( s ) ,  2870~s) 28$j6), 

2780(di), l ? ' 03 ( s ) ,  i i 6 0 ( m ) ,  1040(m) and 865(m) cm-l; ' l k  nrnr 77.10- 

.7.9(m, 7H), 7 .73(s ,  NCHS) and 8.05-8.9(m, 1 1 ~ ) ;  "C nmrppn211;g ' 

W ( 4 1 ) ,  71(100) ,  ,56(1'2) and 42(11) .  - 
* -aming ketone 11-47a (15mg) was t r e a t e d  wi th  a ~NHQ-- 

- 
t i o n  (5m1) f o r  days a t  50•‹. b a s i f i c a t i o n  a n d l e t h e r  

t i o n ,  a colourlems o i l  (26mg, 7 5 % )  was obtained and shown to be a 



6 

. 1  0 . * 
-189- 

4 .  

w2:3, mixture of  amtRs ketones XI-47a. and 11-47b by i ts  ' ~ . n o i r  (2 
. * 

s i n g l e t s  a t  77-73 and 7.76.). 
: 

Fract ion '  D, ob ta ined  a s  a  c o l o u r l e s s  o i l  8howed 2 peaks , 9- 
-;. /' 

(10 x SE-30, iiee above ). This  ' h i x t u r e  was pos tu la ' ted .  t o  be a 7 :I). 

mixture o f  t h e  isomeric  a lcohold  11-46a(rt 14.1 min) and 1 1 - 4 6 ~  . 
- 8  

G (r t  14.4 min):  ir s p e c t ~ u m s l m i l ~ r W i t h  ir o f * p u p e , ~ i n a a l c o h o l  

I 11-46a; 'H nmr ~6.2-6.8(m,' p a r t i a l l y  D20 exch) ,  7.5-8.9(-m) , 

. and 7..75(9); "C nmr p p l  76 .2 (d ) ,  7 5 * 5 ( d ) r  7 3 - 3 ( d ) t 7 L 6 ( d ) ) ~ l ~  - . 

2 6 . 6 ( t ) ,  2 6 . 0 ( t )  and 2 4 . 6 ( t ) .  The under l ined  chemlcel s h i f t s -  

lower i n ' i n t e n s i t y  i n  comparison t o  ' o t h k .  an6 matched with&- - - . 
.' - - 

of &&o a lcoho l  11-46a. The gc-ms (~DxsE-30, 100-255O a t  6O/min) 
1 . . b 

of t h i s  mixture af forded t h e '  fo l lowing mass: -11-46a(rt 14. i inin) : - 
- m / e ( ~ )  l 9 7 ( ~ + ,  371, 1 9 2 ( 4 ) ,  1 6 8 ( 5 ) ,  110-(12), 54(100) ,  71 (89)  and 

.L 

. - 

. Thisr f r a c t i o n  (100mg) w a s  oxfdized i n  ace tone  (2ml) 'with 2 . .. ,. * 

- i /- 
s o l u i i o n  of Cr03-H2SOI @ . j m l ,  s above) for' 3 - h & r s  at ~ & t e n ~  

'?)as$! r a n  ( ~ l t n ~ ,  7~ X.?S a t u r e .  A f t e r  t h e  usua l  work-upls - .  

shown t o  be c rude  11-47+, as seen ky 'it& t l c ;  gc,  'ir. 'H and 13c . - 
nmr s p e c t r a  matching wi th  those  of  11-4la. 

- f L 

- .  , . ' .  'i 
t 

CDD (2.45'g, ,0.018 mole) and p e r c h l o r i c  a c i d  (70 2, 3 m l )  i n  b&OH,' - 
4 b 

8 . f 

$1 

4 (200ml) wag photolysed uncle$ oxygen as descr ibed  above- 53 4 

f ,  

f 
d i a t i o n  (2.5 h o u r p ) ,  t h e  pho to lysa te  w a s  concent ra ted  t o  3Ornlmd . 

-+ 
-l 

% 

, 
d .  

- a > / 

Y . 



f - , -  water (5Ohl) was added,  r e s u l t i n g  i n  a n  o i l  depot .  The e n t i r e  . . 
5 , 

&/==9' f r a c t i o n  was- e x t r a c t e d  with e t h e r  - (3x40m1) . The e t h e r  e x t r a c t  was 
C 

- 1  

washed w i t h  water (2x3Oml) , d r i e d  and evapora ted  t o ,  g i v e  an o i l  
I 

(440mg) q e n t i c a l  p rev iahs-  n e u t r a l  f r a c t i o n .  The p h o t o l y s a t e  

was f i l t e r e d  t o  a f f o r d  a wh i t e  s o l i d  (1.97g,  32% ) jhclch n a s  r e  
* - -  

\r c r y s t a l l i z e d  tw ice  from e t h a n o l  t o  g i v e  t h e  p e r c h l o r a t e  & % m a -  
.I 

t \ (F igu re  11-11 ) ~l.b6(bs,<;O f x c h ,  P H ) ,  5 .17(ddd,  J=10.4 ,10.Q and 
t 

NCHS),  7 .46(dddd,  J=12.0,.10.4,9.8 and 5.4Hz, H I ) ,  7.56(m,-&),8.01 

( m ,  P H ) ,  8.22(m, 2H) and 8.32-8.64(m, 8 ~ ) ;  1 3 C n k  (CMSO-ds) ppm 

I . . Found :\ C ,  42.11; H, 6 . 7 t ;  N,  8.14. 

11-44a (400mg) was added t o  water (5ml) ; the  ah- 

t i o n  made b a s i c  * e x t r a c t e d  h t h ,  i ther  t o  g i v e  a c o l o u W a  o n  
,L , 

(242mg,85 %)as  t h e '  f r e e  base  o f  11-44q: ir 3400(w,b),  no ca rbony l  

a b s a r p t l o n ,  . 1620( s ) ,  & 8 0 ( s )  and 8 6 o ( s )  cm--l. T h i s  f r a c t i o n  vfas 

inanediatelf  t r e a t e d  w i t h  LAH (200mg) i n  d r y  ether,wamlght.Af'te~ 

t h e  u s u a l  work-up3 a c o l o u r l e s s  o i l  (148mg,75%) w A 3  ob t a ined  
6 

whose ir and ~ ~ ( ~ o x s E - 3 0 ,  100-24.0' a t  loO/min,  1 peak a t  1376min) 

were matching w i t h  t h o s e  o f  pu re  a l c o h o l  11-46a. 

\ 



.* NND t o  - cis,trans-1,5-cyclodebadiene, k i t h  N2 
* ,J . . 

A s o i u t i o n  ,of NND (5.5 0.045. mole) ,  

a n d  concerf t ra ted H C 1  (4 : 4 m l )  i n  methanol 
\ 

under  n i t r o g e n .  The p h o t o l y s i s  was - s topped  when t h e  emerging peak - 
a t  c a  j O O n r n  was most i n t e n s e  (7..5 h o u r s ) .  The y e l l o w ~ p h o t o l y s a t e  - 

q s  n e u t r a l i z e d  immediate ly  w i t h  anhydrous sodium carbona3e.  .No , . - - 
p r e & p i t a t e  w r i s  ob t a ined .  The p h o t o l y s a t e  Gas cohcen t r a t ed  t o  a  

- 1 .  
sma l l  volume under  va\$m and 50ml of  e t h e r  was added. No p r e c i p i -  - 

b 6 

t a t e  was ob ta ined& The s o l u t i o n  was c o n c e n t r a t e d  t o . g f v e  a  yel low 
I /  

p a s t e ,  t o  which 5 0 ~ 2  of  Br ine  s o l u t i o n  was added,  and w a s a t a c t e d  , 

w i t h  C H 2 C 1 2  ($50mi)'. The e x t r a c t s  were washed w i t h  Br ine  solutibn 

(3x30ml) and evapora ted  t o  g i v e  an orange o i l  ( 6 . 8 6 ~ )  which showed 
J 

1 major and s e v e r a l  minor a  t l c  p l a t e :  ir ~ 1 8 0 ( m , b ) ,  

3050(m,b) ,  29;10(s) ,  1 6 4 0 ( w , b ) , ~ 6 5 ( m ) ,  

1210(w) ,  1185(rn), 1040(m),  1 ~ ( m ) ,  96&), 860(m) and 

703(m) emb1 ; nrnr no o l e f i n i c  p ro ton ,  m u l t i p l e t s  a t  T ? .  0  w 8.5, a t  t 
7 7 . 7 4 ( b s ,  N - C H ~ )  , an exch e  p ro ton  a t  ~ - 0 . 0 5 ( b ) ~ s t n g l e t s  

a t  r 6 . 2 ~  and 6 . 9 3  f o r  nmr i n d i c a t e d  t h a t  t h i s  
\ 

f r a c t i o n  con ta ined  2  major compopnds, p o s t u l a t e d  as - syn and a n t i -  - 
o x b e s  I - ,  in r e l a t i v e l y  e q u a l  amount-s a s  s een  by t h e  b i g h t  of 

t h e  fo l lowing  peaks:  ppm 162.1,  161.5, 7 4 . 9 ,  71 .3 ,  -- 48-1,114.8,= 

( 2 c ) ,  4 2 . 3 ( 2 ~ ) ,  40.2 ,  33.7, 32.6 ,  3 30.7,  29 .6 ,  29.3 ,  28  4, - - 
/' 1 

28.0,  28.0 ,  27.3 ,  -- 26.0,  25 .0  and 24.2. A l l  t h e  under l inedchendcal  

l s h i f t s  matched w i t h  pure  an t i -ox ime 11-48b i s o l a t e d  i n  t k  fldlowlng 

work-up. 



# .  

Ac.id b a s e  e x t r a c t i o n  o f  t h i s  m i x t u r e  ( 5 . 5 g )  a f f o r d e d  a neu- 
0 

t r a l  f r a c t i o n  ( y e l l o w  o i l ,  207mg) c o n t a i n i n g  s t a r t i n g  NND and 
> \ 

' o l e f i n i c  m a t e r i a l  as i n d i c a t e d  by i t s  i r  and  nmr s p e c t r a .  Tke 

b a s i c  f r a c t i o n  ( y e l l y  o i l ,  4 .98g ,  - 75%)  showed 1 major ,  2  medi;m 

( m ) ,  860(rn) and 703(-m) cm-'. I t s  nmr spec t rum showed a broad s i n -  
P 

g l e t  a t  T - 0 . 0 4 ,  m u l t i p l e t s  a t  76.8-8.8 and a s t r o n g  and a  weak 

t 
s i n g l e t s  a t  T7.74  and  7': 78, r e s p e c t i v e l y .  

chromatography o f  a p o r t i o n  o f  t h i s  m i x t u r e  ( 4 g )  on n e u t r a l  

a l u m i n a  (4d0g)  and e l u t i o n  w i t h  CH30H i n  C H 2 C 1 2  a f f o r d e d  m f k r e n t  

f r a c t i o n s  ( %=H30H, volume e l u a n t ,  we igh t  ) : f r a c t i o n  - A (l%,lJl,95rng) 

20 %, 6001~11, 300mg). F r a c t i o n s  A ,  - - B and C c o n t a i n e d  amino k e t o n e s  - 

11-47 and showed 1 major  s p o t  on a t l c  p l a t e  and s i n g l e t s a t  77.73 

and ' 7 . 7 6  i n  t h e  r a t i o  -2 :j. F r a c t i o n  B was rechromatographed cn Wg - 

n e u t r a l  a lumina  t o  y i e l d  a m i x t u r e  o f  amino k e t o n e s  11-47 (232mg) 

as a ~ c o l o u r l e s s  o i l :  1 s p o t  on a t l c  p l a t e  ( a l u m i n a ,  2% CH30H i n  

C H B C l 2 ,  R f  0 . 7 5 ) ~  peak on gc ( 1 0 5 ~ ~ - 3 0 ,  6 ' ~ l / ~ " ,  80-2400 a t  60/  
b 

min, rt 14 .5  m i n ) ;  i r  2 9 3 5 ( s ) ,  2 8 7 0 ( s ) ,  2825(m) ,  2780(m) ,  1 7 0 3 ( s )  

and 1040(m) crn-l; ' H  nmr 77.1-7.95(m, 4 ~ 1 ,  7 . 7 3 ( s )  and?' .%(s)(~io 

*2:3, N C H ~ )  and 8.0-g.O(m, 1 1 ~ ) ;  13c nmb ppm 2 1 1 . 9 ( s ) ,  2 1 1 . 8 ( ~ * )  
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2 6 . 5 ( t ) ,  2 4 . 8 ( t  1; 2 3 . 4 ( t ) ,  2 2 . 7 ( t  ), 2 2 . 2 ( t )  a n 4  2 0 . 7 ( t ) .  A l l  t h e  

unde r l i ned  chemical  s h i f t s  were t h e  lowes t  i n  h e i g h t  and matched * .  4 
t 

w i t h  pure  amino ke tone  11-47a. Th i s  f r a c t i o n  formed c r y s t a l s  i n  

t h e  f r e e z e r ,  bu t  mel ted a t . room tempera ture .  

F r a c t i o n  D c~on ta ined  a mix ture  of  amino ke tones  11-47 and - c amino oximes 11-43: 2 s p o t s  on a t l c  p l a t e ;  ir  3180(w,b) ,  1 7 0 3 ( s )  
\ 

1640(w,b) ,  1040(m) and %030(m) em-'; nmr ~ 7 . 7 4 ( s )  and 7 . 7 6 ( s )  i n  

t h e b 2 : l  r a t i o .  Th i s  f r a c t i o n  D w a s  t r e a t e d  w i t h  4 0 m l  o f  a n s g m u s  - 

2N H C 1  s o l u t i o n  f o r  5 days t o  g i v e ,  a f t e r  b a s i f i c a t i o n  and e t h e r  - 
e x t r a c t i o n ,  a f r a c t i o n  (629mg), which was shown t o  be a & 2 : 3  mlx- ( 

t u r e  of 11-47a and 11-47 b by i t s  t k  (1 s p o t  1; 'H nmr ,dng le t a  a t  

77.73 and 7.76 i n  t h e  r a t i o  -2:3; I3c nmr, similar t o t h o s e  obtai- ,, 
ned above. 

F r a c t i o n  E showed 3 s p o t s  on a t l c  p l a t e  ( a l u m i n a , 2 % ~ ~ 3 0 d  in - 
6 d 

f- 
CH2C1,  ) cor responding  t o  a  mix ture  of  ~ ~ - 4 7 ( ~ f  0 . 7 5 ) ,  1 1 - 4 3 a ? ( ~ f  

0 .40)  and 11-43b(Rf 0 . 2 5 ) .    he 'major s p o t  ( R f  0.40),assumed tobe 

11-43a could  not  be i s o l a t e d  i n  a n o t h e r  chromatography of this ftac- 

t i o n  (170mg) on n e u t r a l  alumina (25g) .  Recovery of  a l l  t h e  fYactions 

y i e l d e d  an o i l  a ( 1 2 5 m g )  which gave on ly  a  f a i n t  s p o t  a t  R f  0.40, 

bu t  t h e  s p o t  a t  R f  0.25 became t h e  most i n t e n s e .  

F r a c t i o n s  and F were t r e a t e d  w i t h  2N H C 1  s o l u t i o n s  i n  t h e  - 

samP shion as f r a c t i o n   s see above)  and gave 2  f r a c t i o n s  (58mg - 

and 42Omg, r e s p e c , t i v e l y  ) ,  eacQf them g i v i n g  1 s p o t  on a t l c  @ate 

matching i n  R f  va lue  w i t h  ke tones  11-47: i r  1703 cm-I ;n m r  T % ~ ( e )  

and 7 . 7 6 ( s )  i n  t h e  * 2 : 3  r a t i o .  
\ 

, F r a c t i o n  G .was rechromatographed on 150g n e u t r a l  a lumina t o  - 
t 



. 
F i v e  a ' m a j o r  f r a c t i o n  (794mg) which showed only 1 spo t  on a t l c .  

(a lumina,  2  % CH30H i n  C H 2 C l a ,  ' ~ f  0 . 2 5 ) .  T h i s  c o l o u r l e s s  
I 

s t i c k y  o i l  (500mg) was d i s so lved  - i n  e t h y l  a c e t a t e  and crystalliz* * 

t i o n  occurred t o  g i v e  3  crops of \ 
\ 

cis-bicycle[ 5*. 3.01 decane (11-48b) as c o l o u ~ l e , s s  p l a t e s  (425mg) : 

mp 116-116.5"; i> 3170(rn,b), 3050(m), 2820(m), 2780(rn), 1650(m)  

1030(s), 1005(m),  9 5 5 ( s ) ,  9 1 0 ( s )  and 8 6 0 ( s )  cm"; ' H  nmr T-0.41- 

D 2 0  exch, I H ) ,  6.93(m, I H ) ,  7.14(m, I H ) ,  7 . 7 4 ( ~ , , ~ ~ ~ 3 ) ,  7.85(m,lH) + .  
and 8.14-8.72(m, 1 2 ~ ) ;  13c nmr ppm 1 6 1 . 5 ( s ) ,  7 4 . 9 ( d ) ,  4 8 . 1 ( 6 ) ,  

4 4 = 8 ( d ) ,  43 .2 (q ,  N C H ~ ) ,  3 2 . 6 ( t ) ,  2 9 . 6 ( t ) ,  2 9 . 3 ( t ) ,  28.0(t) ,26.o(t)  

a n d ' 2 5 . 0 ( t ) ;  hrms (1109 m / e ( % )  2 1 0 . 1 7 3 2 ( ~ + , i a l c d f ~ & & p ~ 2 0 :  

210.1732 ) , 193.1702 (89; ca lcd  f o r  C 1 2 H 2 1 N 2  : 193.1705)~ 165.1375(12; 

cal'cd f r C l o H i 7 N 2 :  1 6 5 ~ 3 9 1 ) ,  148.1103(26; ca lcd  f o r  C 1 0 H 1 4 N :  S 1 
'I 

l48.1126), 122.0961(9;calcd f o r  C 8 H 1 2 N :  1 2 2 . 0 9 7 0 ) ~  110.0932(16; 
- 

ca lcd  f o r  C 7 H 1 2 N :  l l 0 . 0 9 7 0 ) ,  84.0814 (66; ca lcd  f o r  c~H~oN:%.O%~)  - 
71.0738(100; ca lcd  f o r  c ~ I - & N :  71.07)5), 5 8 ( 2 0 ) ,  56(37)and42 (5).  

Anal. Calcd. f o r  C 1 2 H 2 2 N 2 0  : , C ,  69.53; H,  10..54; N ,  13.32. 

Found : C ,  68.57; H ,  10.55; N y  13.36- 

Frac-hon - H was a l s o  shown t o  be 11-48b as seen by ita tlc, ir 

and 13c nmr s p e c t r a .  The pure oxime 11-48b (99rng) was t r e e t e d e h  

a 2N H C 1  s o l u t i o n  a t  50" f o r  35 hours .  The s o l u t i o n  was made @ic 

a n d  e x t r a c t e d  w i t h  e t h e r  t o  g ive  a ~ 2 : 3  mixture of ketones 11-47 

(75mg, 80~ ji as seen by i t s  'H and 13c nmr s p e c t r a  sirnklar to those 
., 

of t h e  previous  mixture.  
I 



IV-9: Transannu la r  E l e c t r o p h i l i c  Reac t ion  of Alkenyl  ~ i t r b s o  
Y . . 1 

Compounds 

I V - 9 - 1 .  P r e p a r a t i o n  of a n t i - d i m e r  o f  &-1-nitros+S&lorc+ 

5-cyc looc tene  

v e t h y l e n e  c h l o r i d e  s o l u t i o n  (20ml) of  n i t r o s y l . c h l o r i d e  

, - - 5 x 1 0 - ~  mole)  was added i n  0 . 5  hour  t o  a  s o l u t i o n  of 

g ,  9 . 2 6 x 1 0 - ~ ,  mole)  i n  C H 2 C 1 2  (20ml) a t  -10" and l e f t  w i t h  

g a t  -10" f o r  0 . 5  hour .  To t h e  da rk  b lue  s o l u t i o n  was added 
4 

ane (100ml) bu t  no s o l i d  p r e c i p i t a t e d .  The s o l u t i o n  was 

immediate ly  c o n c e n t r a t e d  t o  40ml under reduced p r e s s u r e  (20  m m H g  

a t  10"  ) .  A s o l i d  h a s  o b t a i n e d ,  f i l t e r e d ,  washed- thoroughly  w i t h  

hexane and qpiedJa d e s i i c s t o r  over  ca lc ium ch lo r ide .Th i s  a u d e  

wh i t e  s o l i d  (2 .56g ,  -)OX, rnp 99-101 " )  was r e c r y s t a l l i z e d  from a 

- 1 : 4  mix ture  of  CHC13:hexane t o  g i v e  c o l o u r l e s s  n e e d l e s  of t h e  

\d an t i -d i rner  of cis-1-nitroso-2-chloro-5-cyclooctene(dimer &II-51); 
- 

mp 104.5-105" ; one s p o t  on an alumina t l c  p l a t e p v  ( c H , c ~ ~  )1294nm 

(6250) ;  i r  3020(m),  1 2 3 9 ( s ) ,  l 2 0 9 ( s ) ,  775(m),  752(m)and736(s)crri! 

' H  nmr ~ 4 . 0 6 - 4 . 4 0 ( m ,  4 H ) ,  4 . 57 (dd ,  J= 11.5 and 4 . 0  Hz, 2 ~ ) , 5 . 4 8  
b 

(rn, W $  = 11 Hz, 2 ~ )  and 7.1-3.2(m, 1 6 ~ ) ;  13c nmr pprn 131 .0(d) ' ,  

1 2 9 . 5 ( d ) ,  6 7 . 3 ( d ) ,  6 1 . 0 ( d ) ,  3 5 . 7 ( t ) ,  2 7 . 3 . ( t ) ,  2 1 . 8 ( t ) a n d  21.6(t) ;  

rns (110 ' )  m/e(x)  no M+, 176(1 .5 ) ' ,  1 7 5 ( 2 ) ,  174(3),  1 7 3 ( 2 ) ,  153(4)  

1 5 6 ( 9 ) ,  1 3 9 ( 1 3 ) ,  1 2 0 ( 1 0 ) ,  1 0 7 ( 4 2 ) ,  9 1 ( 4 6 ) ,  7 9 ( 1 0 0 ) ,  67(42),53(20), 

4f(33) and 39 ( 2 9 ) .  On i r r a d i a t i o n  a t  ~7.59, t h e  mul t ip le t  at T5.48 

c o l l a p s e d  t o  a s i n g l e t  and small changes were seen  a t  74-57. On i p  

r a d i a t i o n  a t  T?.75,  t h e  double  doub le t  a t  T:4.57 c o l l a p s e d  t o ' a  . . 



s i n g l e t  and smal l  changes were seen a t  75.48. I r r a d i a t i o n  etT7.5 . 
i 

brought c h h g e s  of t 6 e  o l e f i n i c  s i g n a l s  a t  r4.2 but none f o r  t h e  
7 

L 

% 

m u l t i p l e t s  a t  74.57 and 5.45. I r r a d i a t i o n  a t  74.57 o r  a t  5.43' 

caused np change i n  t h e  r e s p e c t i v e  s i g n a l  nor i n  t h e  o l e f i n i c  
3 

\ 

s i g n a l  a t  74.2. 
f 

Anal. Calcd. f o r  ( c ~ H ~ ~ N o c ~ ) ~  : C ,  55.34; H,  6.97; N ,  8i07. 
/ ,  

Found : C ,  55.'23; H ,  6.93; N ,  8.07. 
8 

The blue mother- l i q u o r  was wasfied with water  ( 4 0 m l ) ,  wi th a  
'3' 

sodium carbonate  s o l u t i o n  (30ml) ,  then wi th  water .  The organic 
P 

o phase was d r i ed  and evapora teda fp  a f f o r d  a  mixture of yellow o i l  

and solid. .  Hexane (10ml) was added t o  t h i s  r e s idue  t o  g%ve asecmd 

crop of dimer of 11-51 (564 mg, 7 X ;  mp. 98-102");  t h e  t l c  and i r  

were i d e n t i c a l  w i t h  those  of dimer 11-51. The solutionwag evapom 
* ,  

ted  t o  give s t a r t i n g  COD (4 .3g)  a s  t h e  major product a lohg w i t h  

oximes 11-52 a s  ind ica ted  b y ' t l c  a n a l y s i s  (v ide  i n f r a ) .  
\ 

A' 

4 . 6 3 ~ 1 0 - ~  mole) was added i n  15 m i n  t o  a  s o l u t i o n  of COD (0.5g, 
8 

4 . 6 3 ~ 1 0 - ~  mole) i n  C H 2 C l P  (15ml) and l e i t  a t  -10" wi th  s t i r r i n g  

f o r  0.5 hour. Cold hexane (50ml) was added and t h e  resulting&& 

blue s o l u t i o n  was concentrated t o  ca 3 O m l  t o  give a white  s o l i d  

(196mg, ca  24 %, mp 98-101 " ), t h e  13c nmr spectrum of which exhibi- 

t e d  s i g n a l s  due t o  dimer of 11-51 and syn-oxime 1 1 - 5 2 b h a n  agq&+ 

ximate r a t i o  of 9 : l .  The mother l i q u o r  was c o n c e n t r a t e d t o  ca l O m l  

t o -  y i e l d  a  second crop of s o l i d  (165mg, ca 202, mp 95-8") cons i s -  

t i n g  of dimer of 11-51, syn- and anti-oximes 11-52; t h e  r a t i o  of - 



" the respective signals in the I'=c n w  spectrum was estimated to 

be 7:2:1. The mother'liqboi- was evaporated to give a dark blue oil 
-. 

fl 

(222mg) aonsistlng of oximes 11-52.a and 11-52b, COD and dimer of 

IIi51 as seen by the nmr spectrum of the mixture and matching 

with authentic samples; an approximated ratio of 8:4:4:3 was attrl- - 
to %he respective signals of the 4 components 0.f t k  m i ? c t u ~ .  

bute\ 

IV-9-2. Reactions of the dimer of 11-51 

b 

(a) neat sample c A crude dimer of. 11-51 was left 

at room temperature for 2 months to give an orange oil which did 

not show the spot at Rf = 0.9 corresponding to the dimer,.40f C-ni- 

troso 11-51 on a tlc plate (alumina, C H ~ C ~ ~ )  but another spot at 

~f=0.1 for ii mixture of isomeric oximes 11-52 : ir 3260(s,b), 

3020(m), 1640(m), ll55(rn), 990(s), 900(s), 755(s) and 6%(s) cm;' 
4 

'H nmr r0.95(bs, D20 exch, IH), 4.33(m, 2 ~ ) ,  5.40(dd, J= 7.0 and 

5.OHz, %H, syn-11-52b), 5.68(dd, J= 9.0 and 4.0~2, $H, -- anti-11-a) 

. and 6.9-8.l(m, 8~); 13c nmr ppm 160.2(~), 158.8(s), 130.6, 130.1 

129.4(d), 129.3(d), 60.2(d), 55.9(d), 35.9(t), 33.3(t), 31*8(t), . 

25.9(t)', 22.8(t), 22.2, 22.l(t) and 20.9(t); the underlined chemi- 

cal shifts were-relatively more intense than the other lines.'lhis 

fraction was sublimed to give - syn-1-oximino-2-chloro-5-cyclooctene 

(11-52b, 23mg) as a colourless oil; one peak on gc (se - 4 rt * . 
17.3 min); ir 3300(s,b), 3020im), 1645(m),. 122k(m),la5(m),1165(m) 

exch, IH), 4.33Ym,>2~), *O(dd, J= 7.0 and 5.OHz, IH), and7.0- 



Y 
4 - 

d i a t i o n  a t  77 .90,  t h e  d o u b l e  d o u b l e t  a t  7 5 . 4 0 ' c o l l a p s e d  t o  a s i n -  
A 

g l e t  and changes  occured  a t  74 .33 .  
b 

Anal .  Ca lcd .  f o r  C 8 H I 2 N O C 1  : C ,  53.34;  H ,  6 .97 ;  N ,  8 .07 .  
I 

Found : C , ' 5 5 . 5 0 ;  H ,  6 .97;  N ,  8.38. 

( b )  w i t h  H C 1  : A methy lene  c h l o r i d e  s o l u t i o n  , o f  N O C ~ (  0.02 

mole )  *was added i n  19 min t o  a  s o l u t i o n  of  COD (4 .54g,  4 . 2 x 1 0 - ~  
b 

m o l e )  i n  20ml C H 2 C 1 2  a t  -10"  and was k e p t  l h o u r  a t  rmmtmpar8 tu re .  . 

Methanol  ( 5 0 m l )  was added and t h e  s o l u t i o n  c o n c e n t r a t e d  t o  20ml. 

A w h i t e  s o l i d  was o b t a i n e d ,  f i l t e r e d  a n i i w a s h e d  w i t h  e t h e r t o g i v e  
I 

dimer  o f  11-51 (268mg, mp 102-4O ) w h i d s h o w e d  t l c ,  i r  and nmr 

s p e c t r a  i d e n t i c L 1  t o  a n  a u t h e n t i c  sample.  To t h e  b l u e  mother Urplor 
. '  

was add-ed 0.2ml o f  c o n c e n t r a t e d  H C 1  and t h e f m i x t u r e  was s t i r r e d  

ove,rnight  a t  room t e m p e r a t u r e .  The b l u e  c o l o u r  p e r s i s t e d . ' l h e  m i x -  
I 

t u r e  was t h e n  h e a t e d  a t  c a  4 5 "  u n t i l  t h e  b l u e  c o l o u r , d i s a p p e a r e d  

( 2  d a y s ) .  Water  (50ml)  was added t o  t h e  s o l u t i o n  and  t h e  methanol  

removed u n d e r  v a c w .  The r e m a i n i n g  s o l u t i o n  was,extracted w i t h  
. . 

C H 2 C 1 2  (3x40ml)  t o  g i v e  a d a r k  r e d t r o i l  ( 2 .  86g) :ir3370(m,b),3040 

. ( m ) ,  l 7 1 5 ( m , b ) ,  1 6 4 0 ( m , b ) ,  1565(m)., l l l o ( m )  and 1022(m) ;nmr~2 .5  

6 .9-8 .4  ( m ) ;  e s r  ( C H . C I ~ )  t r i p l e t  ( 1  1 )  aN 17.2G, l ine  d t h  5 5 ~ ,  

g  2 . 0 0 6 9 ~ 0 . 0 0 0 6 .  The gc-ms a n a l y s i s  o f  t h i s  complex ,mix tu re  ( I @  

SE-30, 6  f ~ l / ~ " ,  100-250" a t  6  "/min) a n d ,  t h e  p + e p a r a t i v e  g c ( 2 0 % ~ ~ -  

3 0 ,  ~ o ' x ~ / ~ " ,  2 5 0 " )  showed t h e  f o l l o w i n g  compounds a s  seen on . 
C h a r t  I V - 1 ;  compounds 11-53, 11-54 and - X were  i s o i a t e d  u s i n g  t h e  

l a t t e r  column and compound 11-52 was match ing  w i t h  a n  a u t h e n t i c  

sample u s i n g  t h e  f o r m e r  column. E s r  o f  - X d i d  n o t  show any  s i g n a l .  
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Chart 'IV-1, note  a :  compounds 11-53 and - 11-54 gave lpeakcn a 10% 

SE-30 column ( 6 f ~ ' / ~ " )  but  2  peaks on a  2OXSE-30 column (20'9~"): 

11-53 (r t  37.2 mih') a n d  11-54 ( r t  39.9 min) i n  equal  r a t i o .  

/' 

( c  ) with  u r n 4  and CH30H : A suspension of the dimer of Q31 

(200mg) i n  a  1 :4 mixture of C&C12 :CH30H (25ml) containing 2 d r q s  

of perchloric  a c i d  (70 2 )  was s t i r r e d  a t  room temperature f a r  1 day. 

A s  t h e  t l c  a n a l y s i s  showed no change, t h e  mixture was heated & 40' . 
f o r  1 day when no s p o t  f o r  t h e  dimer of 11-51 (~f=0.9)vras detected. 

The s o l u t i o n  was evaporated,  water  (20ml) was. added and t.he r e s u l z  

t i n g  s o l u t i o n  was e x t r a c t e d  w i t h  C H B C I B  ()x20ml) t o  y ie ld  a cokuF 

l e s s  o i l  ( l70mg): i r  3 2 5 0 ( s , b ) ,  3020(m), l700(w,b) ,  1642(m,b), 

1 0 2 0 ( s ) ,  990(s ) ' ,  9 2 5 ( s ) ,  7 8 2 ( s )  and 7 2 5 ( s )  em-'; 'H nmr 7 0 * 7 ( ~ 2 0  

exch) ,  4 . 3 - 4 . 7 ( m ) ,  5.40(m), 6 . 6 1 ( s ) ,  6 .671s)  and 6.6?.20(m).By gc 

peak matching with. a u t h e n t i c  mixture ( 1 0 % ~ ~ - 3 0 ,  6  f ~ 1 / 8 " ,  100-250' 

9 a t  6"/min), t h e  fo l lowing compounds were i d e n t i f i e d  ( rt ,  y i e l d  

from s t a r t i n g  monomer 11-51): ketones 11-53 and/or 11-54(XL6minY 

1x1, methoxy oxime 11-55 (16 .3  m i n ,  1 5 % )  and ch lo ro  oximes 11-52 

\ (IT..? m i n ,  7 0 % ) .  This  o i l  exhibi 'ted t h e  fo l lowing 13cnmr spectrum 

t o  t h a t  of a  mixture 11-52a and 11-52b: ppm 1 6 0 . 2 ( ~ ) ,  1 5 8 . 8 ( ~ ) ;  

130.6, 0 . 1 ,  129.4, 129.3, 6 0 . 2 ( d ) ,  56.o(d);37.0,33.9,3'L9,26.0, - 

22.3,  22.3, 22.2 and 21.0; t h e , l i n e s  of t h e  underl iped chemical 

s h i f t s  were more * in tense  than  t h e  o t h e r  l i n e s .  

The aqueous phase w a s  made bas ic  t o  pH10'and e x t r a c t e d  w i m  
< 

C H 2 C 1 2  (3x20ml) . t o  a f f o r d  a  w h i t e  s o l i d  .(lOmg) g iv ing  1 major spot 

on a. t l c  p l a t e  (alumina, 4 %  CHJOH i n  C H > C 1 2 ,  Rf 0.4 )and tentatLvdy 



* 

assigned a s  exo-2-chloro-endo-3-meth&y-9-hydroxy-9-azabic~cl~ 

r3.3.13nonane 11-58a: i r  3200 m,b ) ,  1265(m), 1102(m), 108!3(s), b 
1050(m), 9 1 0 ( s ) ,  S40(m), 7 2 5 ( s ) ,  653(m) and 630(m) cm-l; nmr - .  

75.68(m, W& = SHZ, I H ) ,  6..02(m, W* = 22H2, I H ) ,  6.46-6.76(m, 2H), 

6 . 6  ( s ,  O C H ~ )  and 7.5-8.85(m, 9 H ) ; b s  ( 9 0 " )  m/e( %; 2[07(PlC, 2 ) ,  

t r i p l e t ,  aN 17.5G, l i n e  w i d t h  5.5~, g 2.0073+0.0006. T h i s  s i g n a l  

was a t t r i b u t e d  t o  n i t r o x y l  r a d i c a l  11-58b. It a l s o  cmtainedmdiurn 
r 

b a n d s  around the  c e n t r a l  band of t h e  t r i p l e t .  

( d )  w i t h  dimethylamine hydrochloride and  .CH30H A s o l u t i o n  

con ta in ing  d r y  dimethylamine hydrochloride (93.4mg, 1 . 1 4 6 ~ 1 0 - ~  

mole) ,  dimer of 11-51 (200mg, 5 . 7 5 x 1 0 - ~  mole) i n  a  2 : l  mixture of 

CHzC12-CHoOH (3Oml) was s t i r r e d  under n i t rogen f o r  2 hours a t  0 • ‹ ,  

15 hours a t  room temperattire and 5  h o u r s - a t  4 0 • ‹ ,  a t  which-the 
, . 

s t a b i n g  , dimer disappeared as shown by t l c  a  ~ l y s i s .  The so lven t  

was p a r t i a l l y  removed, water  (20ml) was added a& t h e  s0luth-1 was 

e x t r a c t e d  w i t h  C H 2 C 1 2  (4x30ml). The methylene c h l o r i d e  ph s e  was 5 , 
dr ied  and evaporated t o  g i v e . a  n e u t r a l  f r a c t i o n  (135mg) which,on 

a  t l c  p l a t e  ( a l u m i n a ,  2 % CH30H i n  C H ~ C ~ ,  ) gave a major spot  c m &  

~ o n d i n ~ t o  11-52 ( ~ f  0.5,) and a medium spot  c o r r e s p o n d i n g b I I 3 8 a  

( ~ f  0 . 3 ) .  The s p e c t r a  of t h e  mixture were: i r  3 2 6 0 ( s , b ) ,  3020(m) 
4 

9 0 5 1 s ) ~  9OO(s), ?6O(s ) ,  7 4 0 ( 9 ) ,  

720(m) and 670(m) cm-l; nmr . 2 ( b s 9  D 2 0  exch) ,  4.32(m), 5.4 ( m ) ,  

5 .7 (m)~ ,  6 . 0 ( m ) ,  6.65(m), 6 . 7 ( s )  and  7.1-3.2(m); t h e  m u l t i p l e t s  a t  

T4.32, 5 .4 ,  5 .7,  6 .0 ,  6.55 a n d  6.7 were i n  t h e  r a t i o  of 2 0 : 9 : l : l :  



2:3. Zsr of t h i s  mixture i n  C H 2 C 1 2  gave a  broad t r i p l e t :  aN 1 5 . l . G  
* 

l i n e  width 4 ~ ,  g 2.0037+0.0008. The aqueous phase was made bas ic  

t o  pH 10 and e x t r a c t e d  wi th  C H 2 C 1 2  t o  give 11-27 ( l lmg,  5 I ) :  mp -. 
99-9'; tie, i r  and q s  s p e c t r a  were i d e n t i c a l  w i t h  those  of an 

a u t h e n t i c  sample prepared by another  rou te  ( v i d e  s u p r a ) .  - 
4 

The above n e u t r a l  f r a c t i o n  (170mg) was s t i r r e d  witn A C ~ O  

was remov 

z h c  powder ( l g )  i n  CH2C12 (10ml) a t  room temperature 

rogen f o r  1 day, then a t  35-90' f o r  12 hours.  T h e  (nc , 

ed by f i l t r a t i o n .  The s o l u t i o n  was poured i n t o  
T 

made bas? c  t o  pH 10 and ext rac tedbwi th  C H 2 C 1 2  t o  g ivea  $law 

.(190mg) which showed i r  absorp t ions  a t  1 7 7 0 ( s , b )  and 1 2 O O ( s ' , q .  
4 

and a  nmr s i g n a l  a t  7 7 . 3 3 ( s )  f o r  an 0-ace ty l  oxime group. This  
6 

mixture was chromatographed on s i l i c a g e l  (159)  and e l u t h  with 
, 

0-0.5% CH30H i n  C H 2 C 1 2  affopded a  major f r a c t i o n .  (11-59, 164mg); 
-- I 

t h e  t l c ,  i r  and nmr s p e c t r a  were i d e n t i c a l  wi th  those  of an d m -  

t i c  sample. The follow.ing f r a c t i o n s  (32mg), e l u t e d  ~ C J & Q H  in- 
e 

C H 2 C 1 2  could not be p i r i f i e d  but showed a  t r i p l e t  e s r  s i g n a l :  

1 ) . 3 ~ ,  l i n e  width 3 . 5 G ,  g  2 . 0 0 7 ~ 0 . 0 0 0 5 .  a~ 

( e )  wi th  Ac20--and AcOH : To a  s o l u t i o n  of t h e  crhde dimer 
1 

of C-ni t roso  compound 11-51 (400mg, 1 . 1 5 ~ 1 0 - ~  mole) i n  CH2C12 

(20ml') purged wi th  n i t rogen  and cooled i n  an i ce -ba th ,  was ,added 

a  methylene c h l o r i d e  s o l u t i o n  (5ml) of aceti--  anhydride(2hg,2.3 

x10-* mole) and a c e t i c  a c i d  (29mg, 0 . 4 6 ~ 1 0 - ~ m o l e  ) . The mixture 

was s t J r r e d  a t  0" under n i t rogen  f o r  5 hours ,  then 3 days a t  r'oorn 

temperature.  A s  a t l c  a n a l y s i s  (alumina, ~ ~ 2 ~ 1 ~ ) ' o f  t h e  p i x t u r e  
1 

showed a  l a r g e  spo t  f o r  s t a r t i n g  m a t e r i a l  dimer of 1~1-51 ( ~ f  0.9)  



I 

7 "  
t h e  r e a c t i o n  mix tu re  was hgate'd a t  35-40•‹ u n t i l  a t l c  a n a l y s i s  . 

' .  -# 
I 

showed t h e  absence .  o f  t h e  dimer of 1,I-51 ( 5  h o u r s ) .  The yel low 
t 

s o l u t i o n  was poured i n t o  i c e  (30g) ,  was made b a s i c  t o  pH 9.5 and 
'9 

immediately e x t r a c t e d  w i t h .  C H ~ C ~ ;  (3x5Oml) . The e x i r a c t  w a s  f u r -  
\ ' 

t h e r  washed w i t h  a 10% N a 2 C O s \  s o l u t i o n  (2x20ml),  t h e n  . w a t e r ( 3 h l )  

and d r i e d .  Removal o f  t h e  s o l v e n t  gave a yel low oil(46lmg) shomg 

one minor and 2  major  s p o t s  on a  t l c  p l a t e   silicag gel,@&^ ,in 

, . l 3 7 0 ( ~  j ,  I P ~ O ( S ) ,  I Z O O ( S , ~ ) ,  1035(m),  1 0 0 2 ( ~ ) ,  9 2 5 ( s )  

cm-I; nmr 74.2-4.8(m),  m u l t i p l e t s  a t  ~ 5 . 1 2 ,  5.67 

3:1 :2  r a t i o ,  6.9-3.3(m), ? .83fs) ,  7 . 9 0 ( s )  and 7 .95(s) ;  t h e  r a t i o  

o f  t h e  s i n g l e t s  was a p p r w m a t i v e l y  6 : i  :1. 

T h i s  mix ture  was c h r o m a t ~ ~ r a p h e i  o ~ . s i l i c a g e l  ( 2 0 ~ ) .  The' 

f i r s t  f r a c t i o n  (13mg); e l u t e d  w i t h  C H 2 C 1 2 ,  was COD, i i p u r i t y  i n  

t h e  s t a ~ t i n g  m a t e r i a l  dimer of 11-51. The nex t  4 f r ac t ion$e lu t ed  ' - 
w i t h  0 .5  $0 1 % CH.OH i n  C H 2 C l 2  were c rude  I I - 5 6 2 5 1 m g ,  51  as a 

4 

t 

c o l o u r l e s f b i l ,  which c r y s t a l l i z e d  on s t a n d i n g  i n  t.he f m z a  but 

mel ted a t  room t empera tu re .  D i s t i l l a t i o n  o f  t h i s  o i l  at room t a p e  
J 

c r a t u r e  (0 .2  rnm~g) a f f o r d e d  a-acetyl-2-chloro-5-cycloocten-1-one- 

C 

'H  nmr ~ 4 . 3 4 ( m ,  2 ~ ) ,  5 .15(dd,  J= 7 .0  and 5 .OH2,  I H ) ,  6.88-8.10 



a n d  5.15, small changes were observed between 77..30 an* 7.68 a n d '  - 
between 77.52 a n d  8.10, ' r e spec t ive ly .  On i p r a d i a c i o n  a t  77.50, 

rnu l t ip le t  a t  75\15 becamk -a broad s i n g l e t  'and t h e  m o l t i p l e t  a t  7 , 

r 

4.34 chan ed t o  an  AB - q u a r t e t  ( J ~ ~  = 1 2 ~ ~ ) .  On i r r a d i a t i o n  atT7.85, B 4 

t h e  double double t  a t  75.c3f) co l lapsed  t o  a  sha rp  s i n g l e t .  
\ 

- Found:  C ,  55.53; H,  6.63; N ,  '6.81. 
b '  r 

\ 

The f r a c t i o n s  e lu tkd  w i t h  2-476 C H 3 0 H  f n  C & C l 2  a f forded  

crude 11-60 (145rng, 18.Z) as a yellow t h i c k  o i l  which c r y s t a l l i z e d  ' 

.on t h e  f r e e z e r . ' T h i s  o i l  i n  chloroform showed t h e  esr spectrum of 

- a broad t r i p l e t  (1 : I  : I )  which was assigned t o  , -  endo-2-acetoxy-exo- - 
' . 

, 5-chloro-9-azabicyclo[ 3.3.11 nonane n i t r o x y l  r a d i c a l  (11-61b) : 

a 17.2G,l ine w i d t h  5.7G, g 2.006&0.0006. ~ u b l i m a t i d n  of t h i s  N 8 

s o l i d  a t  65" (0 .2  rnrn~g) a f fo rded  pure endo-2;9-dia etoxy-'exo-6-. - 

4 
J 

chloro-9-azabicyclo[3.  3.11 noAane (11-60) as wh t e  c r y s t a l s  : mp - 
4 

.\,7.0 a n d  5.OHz, w i t h  f u r t h e r  small coupl ing  < lHz, H z ) ,  5;70(m, , 

Ws = ~ H ~ , . H G ) ,  6.41(m, W$ = IOHz, H1 and H 5 ) ,  7.59-8.46(m, SH), 

7 . 8 7 ( s ,  NOAC) a n d  7 . 9 3 ( s ,  C O A C ) ;  13c nmr ppm 169 .0 (9 ) ,168 .4 ( s ) ;  

2 1 . 6 ( t ) ,  2 '0 . l (q) ,  1 9 , 4 ( t )  and l 3 . 8 ( q ) ;  hrms (80" )  rn/e(X)ZT7.08€D 

. and 275. 0 9 0 3 ( ~ + ,  2 'and 5.5; ca lcd  f o r  C l 2 H l 8 N O 4 C 1 :  277.0894 an.d 

275.0925),  2%. 0915 a n d  2j3.0800 (27 and  78.5; ca lcd  fmCi&&Ck 

235.0739 and 233.0819), 213.0782 and 216.0811 (30 and %;ca'lcdfb? 



174.0685 (33 and 100; ca lcd  f o r  C ~ H ; ~ N O C Z :  176..0656 and 174.0685), * 
158(8), 156(20) ,  135.0930(46; ca lcd  f o r  C e H 1 2 N O :  1 j8 .0919)~ 

'120; 0809 (24; ca lcd  f o r  C s H l o N :  120. O ~ I ? ) ,  96.0576 (29; - c a l c d  f o r  
l-J - 

c6H80: 95.0576) and 4 3 ( 9 4 ) .  On i r r a d i a t i o n  of t h e  m u l t i p l e t  a t  
- 

76.41, t h e  m u l t i p l e t  a t  74.64 became, a  broad d o ~ b l e h o u b l e t  1 J= 
11.0 and 7 .0 ,  with f u r t h e r  small  coup l ing  < 1 ~ 2 )  and changes 

occurred .at 75.70 and 7.6-7.3.  
A 

t 

Anal. &lcd .  f o r  C12H18N04C1 : C,*52.27; H ,  6.58; N ,  5.08. 

Found : C ,  52.57; H,  6 .61;  N ,  5.17. 
- 

A s o l u t i o n  of 11-60 (ca  0.5mg) i n  C H 2 C 1 2  ( ' l m l )  * d i d  .not show 
/" 

$ any e s r  s i g n a l .  This  s o l u t i o n  was shaken w i t h  s a t u r a t e d  odium 

carbonate  s o l u t i o n  i l m l )  i n  t h e  e s r  tube and t h e  spectrum was 
. -. 

immediately recorded.  A s t r o n g  s i g n a l  ( t r i p l e t ,  1 :1 : I ,  a N  17.2G, 

l i n e  width 4 . 8 ~  and g 2.0073t0.0005 ) was observed, which &ithfCly 

increased  d r a s t i c a l l y .  A f t e r  6 mini tes  t h e  s i g n a l  increased  only 

s l i g h t l y .  The e s r  spectrum was taken a t  r e g u l a r  i n t e r v a l s  a f t e r  . \-. 
> r 

vigourous mixing. The i n t e n s i t y  of t h e  s i g n a l  d i d  nok change si- - 
g n i f l c a n t  l y  a f t e r  s e v e r a l  months, even a f t e r  keeping t h i s  m h t i m  

under nit;ogen f o r  s e v e r a l  weeks. 
1 

( f )  w i t h  Ac20 i n  C H 2 C 1 2  : A methylene c h l o r i d e  s o l u t i o n  

( 5 m l )  of f r e s h l y  d i s t i l l e d  a c e t i c  anhydride (562rng, 5 . 7 5 ~ 1 0 - ~  

. mole) was added t o  a  s o l u t i o n  of t h e  dimer of 11-51 (100mg, 2 . 8 7 ~  . . 
mole i n  C H 2 C 1 2  ( 7 m l ) .  The s o l u t i o n ,  was s t i r r e d  under N2 ( 

i 

a t  room temperature f o r  10  hours ,  then a t  35-40" f o r  10 hours.  

~ l t h o u ~ h  some dimer of 11-51 s t i l l  remained (alumina t l c ,  C H 2 C 1 2  



Rf 0 . 9 ) ,  the  r 'eaction mixture was dumped i n t o  i c e  (2043) and was 

worked up as  before.: A c o l o u r l e s s  o i l  ( l l8mg) was obtained and. 

shown t o  c0ntai.n dimer of 11-51, 11759 and 11-60 gs judged by t 
I 

a n a l y s i s  ( s i l i c a g e l ,  4% CH30H i n  C H 2 C 1 2 ,  Rf 0.85, 0 .7 and 0.6,  

r e s p e c t i v e l y )  ; ir  l 7 7 0 ( s  , b )  and 1740 ( s h )  'cm-' ; nmr : m u l t i p l e t s  

a t  75.15 (11-59), 5.43 (11-51) and 5.70 (11-60)- for  m e  methine 
\ 

pro tans  i n  t h e  r a t i o  of 1 :2 :2  and t h e  s i n g l e t s '  a t  77.83 ( 

and 7.87,  7 .93 (11-60) i n  t h e  r a t i o  of 1:2:2. This  

r e d i s s o l v e g  i n  CH2C12 con ta in ing  a c e t i c  anhydride (500mg). The 

mixturk was s t i r r e d  a t  45-50•‹  under n i t rogen f o r  ~1 day u n t i l  no 

dimer of 11-51 remained. The same work-up, a s  descr ibed  above, 

gave a  s l i g h t l y  yellow o i l  (129mg) con ta iq ing  oxime a c e t a t e  11-59 

(30%) and hydroxylamine a c e t a t e  11-60 (6% ) a s  seen by i t s  t l c , i r  

and nmr spec t ra  compared w i t h  those.  of a u t h e n t i c  samples.The yields, 

bgsed on monomer 11-51 were determined using t h e  nmr  i n t e g r a t i o n  

r a t i o  of t h e  methine protons a t  ~5.15(11-59)  and 5.?0(11-60). . 

. \ 
( g )  with neat  Ac20 : A s o l u t i o n  of t h e  dimer of 11-51 % 

i 
I (100mg, 2 . 8 7 x 1 0 - ~  mole) i n  f r e s h l y  d i s t i l l e d  a c e t i c  anhydride(5ml 

was s t i r r e d ' u n d e r  n i t rogen  a t  room temperature f o r  7 hours and a t  . . 
1 .  

35-50' f o r  8 hours.  A f t e r  t h e  usual  work-up ( s e e  above) ,  a  c o l o u ~  

l e s s  o i l  was obtained (155mg9, which was composed of oxime acetate 
\. 

11-59 (50%)  and hydroxylamine a c e t a t e  11-60 ( 4 2 % )  a s  seen by i t s  

t l c ,  i r  and nmr ' spec t ra :  i r  1765(s ,b )  and 1745(s ,  s h )  om-'; nmr 

T ~ . I ~ ( I I - 5 9 )  and 5.70(11-60) i n  t h e  9:7 r a t i o .  



. 5t 
( h )  with Ac20 and AcONa : A methylen'k chl&A.de ~ l ~ t i o n ( l & l )  - 

of dimer of 11-51 (400mg, 1 . 1 5 ~ 1 0 - ~  mole) was addedtoa.suspension 

d i s t i l l e d  a c e t i c  anhydride (2.25g, 2 . 3 x 1 0 - ~  mole). The mixture ms 

s t i r r e d  under n i t rogen  d t  40-45"unt i l  dimer of 11-51 disappeared 

( 2  days )  a s  checked by a, t l c  analys ' is .  AJter t h e  u s u a l  work-up, a 

c o l o u r l e s s  o i l  (576rng) was obtained a n d b a s  shown t o  be a 3:2 mix- 

t u r e  of 0-mime a c e t a t e  11-59 and hydrox$lamine a c e t a t e  11-60 a s  
' 

seen by i t s  n m r  spectrum: 75.15 f o r  11-59 and 5.70 f o r  11-60 i n  a  

3:2 r a t i o .  Column chromatography of t h i s  mixture on 20g s i l i c a g e l  

( s e e  above ) yie lded  11-59 (260mg, 52% ) 'and 11-60 .(217mg, 7 4 %  ) ; 

i r  and nmr s p e c t r a  of both compounds were i d e n t i c a l  wi th  those  of 

r e s p e c t i v e  a u t h e n t i c  samples. 
t 

L 
. ( a )  wi th  LAH : An e t h e r  s o l u t i o n  ( 5 m l )  of 11-60(50m~L82x 

l D - 4  mo1e)was added a t  0' under n i t rogen t o  a  suspension of LAH 

( 2 ~ 0 m g )  i n  e t h e r  (10ml) and s t i r r e d  a t  room temperature fcr 6 b u r s .  . 
The mixture was hydrolyzed wi th  a l t e r n a t e  p o r t i o n s  of mter and4CX 

4 
KOH s o l u t i o n ,  f i l t e r e d  and t h e  white  s o l i d  f u r t h e r  ws k ed with ether. 

The combined e t h e r  e x t r a c t s  were d r i e d  and evaporated t o  y i e l d  a  

. c o l o u r l e s s  o i l  (29rng, 85%) -giving 1 major spot  on a  t l c  p l a t e ( & %  

mina, 4 X CH30H i n  C H 2 C 1 2 ,  R f  0 . 2 ) .  Sublimation o f  t h i s  o i l  a t  80" 
, 

(0 .2  mrn~g) gave e n d o - 2 , 7 - d i h y d r o x y - e x o - 6 - c h l o r o - 7 - a z a b i c ~ 1 ~ . ~ f ]  
r - 

nonane (11-62a) a s  a white  s o l i d  : d l P 6 - 9 " ;  ir 3)00(s ,b),1255(s), 
, 

1 9 9 5 ( s ) ,  1 0 6 0 ( s ) ,  l o 3 5 ( s ) ,  990(m), 9 6 0 ( d ,  930(m), 9 0 5 ( s ) ,  830(m) 
\. 



\ 

a n d  7 2 2 ( s )  em-'; hmr r5.48(m, W i  = ~ O H Z ,  H ~ ) ,  5 . 6 7 ( m 9 w p 6 ~ z , h ) ,  

6 . 6 4 ( m ,  W$ = l l H z ,  H I  and  H ~ )  and  7 .3 -3 .9 (m,  a t  least  l Q O e x c h H ,  

1 0 ~ ) ;  m s  ( 8 0 " )  m/e  193 a n d  I~ I (M ' ,  .2 ' ,anff 9 ) ,  176  a n d  17405 -loo), , . '  

o f  water ( I m l ) ,  h y d r o g e n  p e r o x i d e  (30%, l m l )  a n d  1 N m O H  m l u t i m  

( 2  d r o p s ) .  The m i x t u r e  was ' k e p t  a t  40 '  f o r  2  h o u r s .  N a C l  
4 I 

was added  t o  t h e  s o l u t i o n .  E x t r a c t i o n  w i t h  C H  C 1 2  a f f o r d ' e d  11-6211 ? 
as a y e l l o w i s h  s o l i d  (5mg) : i r  1 2 6 0 ( m ) ,  . 1 0 2 0 ( m , b ) ,  and  '900(sm,b) 

Q 

em-'; es r  ( C H ~ C ~ B )  t r i p l e t  (1 : : I ,  aN 17.5G, l i n e  w i d t h  5 . 4 ~ ,  

( b )  w i t h  Z ~ / N ~ I  : The p r o c e d u r e  o f  S C h n i d e r  e t  al(9j)waC 

u s e d .  To a n  a c e t i c  a c i d  s o l u t i o n  ( B O X ,  3.5ml) o f  11 -60 (190m~ 6.9 . - 
. x 1 0 - ~  m o l e )  a n d  sodium i o d i d e  (175mg, 1 . 1 7 ~ 1 0 - ~  m o 1 e ) ' w a s  added  

z i n c  d u s t  ( 1 . 0 5 g )  i n  small p o r t i o n s  and  t h e - m i x t u r e  was s t i r r e d  

a t  room t e m p e r a t u r e  f o r  -36 h o u r s  and  a t  3 5 - 4 0 "  f o r  2  hou&. The 

r e s i d u a l  z i n c  was removed by f i l t r a t i o n  and  t h e  s o l i d  washed wi th  

/ a n  9 0 %  a c e t i c  a c i d  s o l u t i o n  ( 5 m l ) .  The combined , f i l t r a t e s  were 

c o n c e n t r a t e d  a n d  C H 2 C 1 2  was a i d e d  ( 1 0 m l ) .  An i n o r g a n i c  w h i t e  a o c d  

was o b t a i n e d  a n d  removed f r o m  t h e  s o l u t i % h  b y  f i l t r a t i o n . m e  h&e- . ' 

r o g e n e o u s  s o l u t i o n  was made b a s i c  t o  pH 1 0  a n d  e x t r a c t e d  w i t h  
'c 

C H 2 C 1 2  ( 3 x 4 0 m l ) .  The e x t r a c t  was washed w i t h  s a t u r a t e d  Na2C03 s o -  
. . 

* -  

l u t i o n  ( 2 0 m l ) ,  t h e n  w i t h  water ( 2 0 m l ) .  The s o l v e n t  was @ied and.  
> 

removed t o  g i v e  c r u d e  11-63 (131mg, 97%) as' a n  o r a n g e  o i l . M s t l l -  

l a t i o n  o f  t h i s  o i l  a t  room t e m p e r a t u r e  (0.5mmHg) a f f o r d e d a c o m  



5 7 5 ( s )  em-'; 'H nmr 74.93(b q u i ,  J + 10.0, 5.0 and 
1 

small coupliAg < IHz, H B ) ,  5.70(m, ~h = 8Hz, H ) ,  6 .9(m,w+=lo~z ,  

, H I  and H ~ ) ,  7 . 4 ( b s ,  DPO exch, N H ) ,  7 . 9 5 ( s ,  C H ~ )  a n d  7.5-8.4J,m,8~); 

13c n m r  ppm 1 6 9 . 6 ( s ) ,  71 .3 (d ,  c , ) ,  61 .9 (d ,  c s ) ,  51 .6 (d ,  C1),87.i 

( d ,  C )  2 9 . l ( t ) ,  . 2 6 . 6 ( t ) ,  2 4 . 9 ( t ) , '  2 0 . 8 ( q )  and 18.9(t);hrms(70•‹)  

m/e ( %  ) 219.0836 and .217 .0869(~+:  2 and 7; ca l cd  f o r  C I O H I ~ N O 2 C 1 :  

219.0840 and 217.0859), 182.1130(52; ca lcd  ~ o ~ C ~ ~ H ~ ~ N ~ ~  :1@.~81), 

176. oh59 a n d  174.0685 ( 2 3  .and 79; c a l c d  f o r  C8H1 3 ~ ~ ~ 1  :l@.O656 and 

. 159.0629 and 157.0659) ,  1 2 2 . 0 ~ 6 9 ( 1 0 0 ;  ca lcd  f o r  C8H12N:122&69), 

96.0811 (4a ;  c a d  f o r  C6HIoN: 96.0914 ) ,  94.0654 ( 3 8 ; d d  fo r  Y~N: 
94.0656) ,  82.0665(40; ca;cd f o r  C 5 H B N :  92.0657) , ~ Q O ~ U ( ~ ~ ; C B I C ~  

, f o r  C 5 H 6 N :  80 .0500) ,  69.0576(48; ca lcd  f o r  C 4 H 7 N :  69.0579)and 43 

( 5 2 ) .  On i r r a d i a t i o n  of t h e  rnul t ip le t  a t  76.90, t h e  m u l t i p l e t  a t  

74.93 became a broad double double t  (J = 10.0 a n d  5 . 0 ~ 2 )  and t h e  

s i g n a l  a t  75.70 was modified.  I r r a d i a t i o n  of t h e  m u l t i p l e t s  a t  

- Anal. C a l c d . . f o r  C l o H l G N 0 2 C 1  : G ,  55,17; H ,  7.41; N ,  6.44. 

Found : C ,  55.29; H, 7.48; N, 6-72'. 

An e ther  s o l i t i o n  (20ml) of b i c y c l i c  m i n e  11-63 (l20mg, 
1 

I 
5 . 5 2 x 1 0 - ~  mole) was t r e a t e d  w i t h  LAH (150rng) f o r  16 hours &mom 

\ 

I 
t empera ture  and hydrolyzed w i t h  p o r t i o n s  of water  and  40% KOH 



s o l u t i o n  i n  t h e  usua l  manner. The e t h e r  e x t r a c t  was d r i eda rd  eva 

pora ted  t o  g i v e  a c o l o u r l e s s  o i l  (47rng) showing 2 s p o t s  on a  t l c  I 

p l a t e  (alumina, 8% C H 3 0 H  i n  C H ~ C ~ ~ ) ,  probably a  mixture of endo- 
/ 

2-hydro&--exo-6-chloro-7-azabicyclor - 3.3.11 nonane (IV-2)md 11-6: 

'H  nmr spectrum did  not  show a s i g n a l  f o r  a n  a c e t a t e  group a t  T 

7.96 but  showed only a  weak absorpt ion  f o r  a  methine proton a t  7 

5.70. The s d l i d ,  a f t e r  f i l t r a t i o n  , was f u r t h e r  continuouSlyartrac- 

t e d  wi th  e t h e r  f o r  1 day t o  give another  f r a c t i o n  (7mg)of mixture 

Tnd 11-65* 
This  mixture of IV-2 -65 (40rng) was t r e a t e d  i n m i d h e  

(1.5rnl) wi th  an excess  of p - n i t r o s u l f o n y l  c h l o r i d e  (213mg) a t  0"  

f o r  0.5hour. The rnixtuhb, a f t e r  being kept i n  f r idge*  f o r  10 hours 

was poured i n t o  i c e  ( l o g )  and e x t r a c t e d  wi th  e ther .% ether extract 

was washed with a  0.5N H C 1  s o l u t i o n ,   the^ water ,  t o  y i e l d ,  a f t e r  

dry ing  and evapora t ing ,  an orange o i l  (62mg): i r  3450(m,b),3&0 
v 

(w,b) ,  1 5 9 5 ( s ) ,  1 4 %  ( m ) ,  1 3 5 0 ( s , b ) ,  1 1 9 0 ( s ) ,  1 1 7 0 ( s ) ,  1 1 6 0 ( s ) ,  

1100(s), 9 6 0 ( s ) ,  9 2 0 ( s ) ,  9 4 0 ( s ) ,  8 1 5 ( s ) ,  7 1 2 ( s )  and 660[s)  cm-l; 

q m r  r2.26(m) and 2.67(m) i n  a  1:l r e t i p ,  5.2-7.3(m), 7.52(s),7.55 

( s )  and 7.93-8.9(m). - 

This  f r a c t i o n  was t r e a t e d  wi th  a  l a r g e  e x c e s s - o f  LAH (150mg) 

. i n  e t h e r  (20ml) f o r  1 day under r e f l u x .  The same work-upasabove 

gave a  c o l o u r l e s s  o i l  (34mg): ir 3350(m,b) and 1055(m) cm-l, a s  

a  mixture of 9-azabicyclor 3.3.11 nonane (11-64 ) and endo-24ydraxy- 

9-azabicyc?l~[3.3.11 nonane (11-65) a s  seen by a  gc-ms on a10 SE-30% 

/' , 



t u r e  showed 2 s p Q t s  a t  Rf 0 .15 f o r  11-64 and Rf 0.02 f o r  11-65 on 

a  t l c  p l a t e  (a lumina ,  2  % CH30H i n  ~ ~ $ 1 2  ) . column' chromatography , - 
of t h i s  mix ture  on b a s i c  alumina ( 3 g )  a f f o r d e d  a  f r a c t i o n  (7mg) 

e l u t e d - w i t h  4-8% CH30H i n  C H 2 C I 2 .  Th is  f r a c t i o n  was t r e a t e d  w i t h  

p - t o l u e n e s u l f o n y l  c h l o r i d e  i n  p y r i d i n e  t o  g i v e  9-tosylaTabicyclo 

r3.3.13 n o n a n e - a s  a l i g h t  brown s o l i d :  mp 152-5" ( l i t ( 9 4 ) r n p 1 ~ " ) ;  

9 1 ( 9 0 )  and 8 2 ( 5 7 ) .  

IV-9-4. P r e p a r a t i o n  of an t i -d imer  of l - n i t r o s o 2 ~ 0 ~ ~ ~  

A s o l u t i o n  of n i t r o s y l  chlor i .de  (3.3m1, 0.19 mo1e)in methyle- 
. - 
ne c h l o r i d e  (50ml) was added t o  a  so4ut iqn  04, tttCDT (32.4g,  0.2 I \\- 
mole)  i n  C H 2 C 1 2  (250ml) a t  - 0" i n  a  p  r i o d  o f  20 min.The m j x ~ e  

immediately became green and was brought t o  room temperature  &w- 

l y ,  a t  wich t ime a d d i t i o n  o f  methanol (5001111) affpr,ded a wh i t e  
-w 

p r e c i p i t a t e .  F i l t r a t i o n  and washing of  t h e  s o l i d  w i t h  methanol 

a f f o r d e d  t h e  c rude  dimer of c h l o r o  n i t r o s o  compound 11-66(39,02& 

94 4; mp 127-132" ) cant-aminated wi th  tttCDT. R e c r y s t a l l i z a t b  hm 

a  4 : 1 mixture  of e t h e r  : C H 2 C 1 2  gave t h e  an t i -d imer  of  l - n i t r o s o - 2 -  
7 

c h l o r o - t r a n s  , t rans-5 ,9-~~clodod 'ecadiene  (11-66 ) a s  a wh i t e  s o l i d  

g i v i n g  1 s p o t  on a  t l c  p l a t e :  mp 4j3-q0 ( l i t  ( 9 5 )  mp 125-5.5 ' ) ;  
0 



7.70-8.3(m, 2 4 ~ ) ;  13c nmr ppm 133.3, 133.1, 1 3 3 . 0 ( 2 ~ ) ,  129.2, 

129.0,  128.,9, 1 2 8 . 5 ,  6 2 . 7 ( d ) ,  62:6(d) ,  5 7 . 5 ( d ) ,  5 6 . 7 ( d ) , 3 3 . 0 ( t , 2 ~ )  

- ( Z) M' not observed, 2 1 2 ( 1 ) ,  2 1 0 ( 2 ) ,  1 6 1 ( 5 1 ) ,  1 1 9 ( 3 2 ) ,  91 (60) ,79  

(97) ,  67 (100) ,  54 ( 5 5 )  a n d  4 1  ( 6 7 ) .  On i r r a d i a t i o n  between 77.9 and r' 
1 ,  t h e  rnul t ip le t '  a t  ~ 5 . 6 5  col lapsed  t o  2  n e a r l y  superimposed t 
double ts  ( J % . O H Z ) ,  t he  m u l t i p l e t  a t  7 4  . l h  t o  2 doub le t s ,  ~ 4 . 1 \  
( J = ~ . ~ H Z )  a n d  7 4 . 2 1  (J=4 .5Hz),  a i d  t h e  m u l t i p l e t  a t  T 4 .  changed 

A Y 
i t s  p a t t e r n .  f > 

( /  
A n a l .  Calcd. f o r  C 2 H I 8 ~ 0 c 1 ) 2  : C, 63.29; H ,  7.97; N ,  6.15.  

Found : C ,  63.36; H ,  8.19; N ,  6.25.  

IV-9-5. React ions of t h e  dimer of 11-66 

( a )  w i t h  LAH : C r u d e  d i m e r  of 11-66 ( l o g )  i n  e t h e r  (200nIl) 

was added t o  a  suspension of LAH (9 .5g)  i n  e ther  (50ml) a t  Q 0  and  
J 

was s t i r r e d  under r e f l u x  f o r  4 days. A f t e r  hydro lys i s  w i t h  a  1 0 %  

KOH s o l u t i o n ,  t h e  e t h e r  phase was f i l t e r e d  a n d  was e x t r a c t e d  w i t h  

8 0.5N H C 1  s o l u t i o n  (2x601~11). The e t h e r  s o l u t i o n  was evaporated t o  

g ive -a  n e u t r a l  f r a c t i o n  (1 .05g)  which cons i s t ed  of t t t C l Y T  as t h e  

major compound, as seen by i t s  i r  and nmr s p e c t r a .  The aqueous 

phase  was made bas ic  t q  pH11 w i t h  a 1 0 %  KOH s o l u t i o n .  The p r e c i p i -  

t a t e  was f i l t e r e d ,  washed w i t h  water and d r i ed  i n  desS ica to r  over 



calcium c h l d r i d e  t o  g ive  a whi te  s o l i d  (5 .2g ,  mp 82-90•‹)  which 
' I 

gave a negat ive  B e i l s t e i n  flame test '  and was shown t o  be a mixture 

of  11-67 and 11-68 as seen by t l c ;  i r  3400(m),  3025(m), 1 6 2 0 ( ~ ) ,  

1 5 5 0 ( s , b ) ,  985(m),  9 7 0 ( s ) ,  9 6 0 ( s )  and  720(m) cm-'; nmr ~ 4 . 8 0 ( m ) ,  

7 .2(m) a n d  7.75-9.2(m). \ 
i 

The mf'xture ( l . 8 g )  was chromatographed on a s i l i c a g e l  column 

( 7 0 g ) .  E lu t ion  w i t h  7 %  CH30H i n  e t h e r  a f fo rded  13-aza-bicyclo[lO. 
e- 

1 . 0 1 - t r a n s ,  t r a n s - 4 , 3 - t r i d e c a d i e n e  (11-67, 130mg),as whi te  needles: 

mp 75-7"; i r  3 1 7 0 ( s , b ) ,  3025(m), 1380(m), 1>50(m), 1 2 9 0 ( m ) , ~ 5 0  

( m ) ,  l 0 3 0 ( w ) ,  9 7 0 ( s ) ,  950(m),  900(m),  a n d  7401(m). cm-'; ' H  nmr 

74.78(m, 4 ~ ) ,  7.77-7. % ( m ,  4 ~ ) ,  7.9-8.2 ( m ,  8 ~ ) ,  8 .6-8 .9(m,2~)ard  

9 . 0 8 ( b s ,  D 2 0  exch, 1 ~ ) ;  13c nmr ppm 1 3 3 . l ( d ) ,  1 2 8 . 4 ( d ) ,  3 7 . 0 ( d )  

3 1 . 6 ( t ) ,  2 9 . 8 ( t )  and 2 7 . 9 ( t ) ;  hrms ( 8 0 " )  m / e ( ~ )  1 7 7 . 1 4 9 9 ( ~ + ,  6;  

ca l cd  f o r  C 1 2 H 1 9 N :  177.1517),  176.1448(17;calcd f o r  C 1 2 H 1 8 N :  

176.1439) ,  162.1269(14; ca lcd  f o r  C l 1 H I G N :  1 6 2 . 1 2 8 3 ) ~  148.a(16;  

ca lcd  f o r  C 1 0 H 1 4 N :  148 .1126))  l34.0948(17; ca lcd  f o r  C 9 H 1 2 N :  

134.0969),  122.0972(24; ca lcd  f o r  C 8 H 1 2 N :  122.0969) ,  80.0664(39; 
? 

ca lcd  f o r  C s H e :  50.0626))  69.0701 (100; ca lcd  fo\r C 5 H s :  69.0705) ,  

6 3 ( 6 3 ) ,  5 4 ( 3 1 )  a n d  4 1 ( 3 2 ) .  T h i s  s o l i d  was, s u b l i m e d  a t  25" ,  0.5mm 

Hg t o  g ive  w h i t e  need les :  mp 78-78.5'. 
* 

< 

Anal. Calcd.  f o r  C 1 2 H 1 9 N  : C ,  91-30; H ,  10.80; N j  7.90. 

Found : C ,  81.71; H ,  10.66; N ,  7.91. 

Az i r id ine  11-67 (35mg, 2xlO-* mole) i n  d r y  benzene (2ml) was 

t r e a t e d  w i t h  benzyl c h l o r i d e  (249mg, ~ x I O - ~  mole) under r e f l u x  

f o r  6 hours.  The s o l u t i b n  was evaporated a n d  t h e  r e s u l t i n g  o i l  



was t r e a t e d  w i t h  e t h e r  t o  y i e l d  1~-azabicyclo~l0.l.0]trans,trans- 

5  ,%ridecadiene  hydrochloride as a white  s o l i d  (11-69,19mg,46 x); 

-7" ( d ) ;  ir 2725(m,b),2680(m,b),2500(w,b),1120(m),990(m)~~ 

( m ) ,  6 ( s )  and 898(rn)cm-';' nmr ~ 2 . 3 6 ( b s , ~ 2 0  e x c h , 2 ~ ) , 4 . 9 0 ( m , 4 ~ ) ,  mp 7 
7 . 3 2 ( b d , ~ = 7 H z , 2 ~ )  and 7 . 6 - 8 . 6 ( m , 1 2 ~ ) .  The f i l t r a t e  was evaporated 

r. 

t o  g ive  a yellow oi l (29mg) c o n s i s t i n g  of N-benzyl-13-azabicyclo 

[ 10.1. Ol t rans  , t rans,-5,9-tr idecadiene (11-71 ) contarhinated v d f h ~ ~ l  

c h l o r i d e :  ir  3030(m),1600(~'),1495(m),1262(m),1120(m),1100(~),~70, 

5~),4.83(m,4~),5.50(s,impurity) , 6 . 5 6 ( s , ~ ~ ~ @ )  ,7 .7-8 .26(1~1,8~)  'and 
C 

8.54-8.96 ( m , 4 ~ ) .  Th i s  o i l  was r e f  luxed i n  benzene (2ml) conWnhg 

h benzyl chloride(250mg) f p r  '12 hours.  The s o l u t i o n  waqevapora ted  
.- '\ 

and t h e  excess  of ~ C H ~ C ~  was d i s t i l l e d  u n d e r  reduced p r e a s u r e ( ~ 5  

mm~g) t o  y i e l d  11-71 (22mg,-42 s r o m  s t a r t i n g  11-67) a s  t h e  only 
\ 

\ 

product : 1 spot  on a t l c  p l a t e  ( s i l i c a g e l  ,PLCH~OH i n  c I ~ Q C & , ~ Q ~ ~ ) ;  

'Hnrnr 7 2 . 7 8 ( ~ , 5 ~ )  ,*4 .88(m,4~) ,6 .56(sha rp  s,'CH2@),7.7-8.26(m,8~)acd 

8.5-8.9(m,&H); ( -55" )  similar spectrum, no AB q u a r t e t  for &Q(bs, 

W + = ~ . ~ H Z , C H ~ ~ ) ;  13cnmr ppm 139.0,133.1(2~),128.1(2~), 1 2 7 . 7 ( 2 ~ ) ,  

1 2 7 . 5 ( 2 ~ ) ,  126.7, 65.0(cHz@.), - 4 6 . 4 ( 2 ~ ,  c H N ) ,  3 1 . 6 ( 2 ~ ) ,  2 9 . 9 ( 2 ~ )  

and 2 7 . 1 ( 2 ~ ) ;  hrrns(40•‹) m/e( X) 2 6 7 . 1 9 7 6 ( ~ + ,  32; ca lcd  fcr h H & N :  - 

267.1987), 266.1901 (28; ca lcd  f9r C19H2*N: 266.1908), 200(13) ,  

- 187(12) ,  176.1442(50; c ~ i c d  f o r  C12H18N:  176.1439), 172(30) ,  

159.1041 (90; ca lcd  f o r  C1  1H13N: 159.1048), l34.0967(43; cal'cd 

f o r  CsH12N: 1% .0969),  1 1 7 ( ~ 1 ( 1 0 0 ;  ca lcd  f o r  C 7 H 7 :  91.0548) 

and 41(23) .  This  o i l  taken up i n  e t h e r  (5rnl) was t r e a t e d  w i t h  

hydrogen c h l o r i d e  gas  r epea ted ly  t o  a f f o r d  p r e c i p i t a t e s  (25rng). 

The s o l i d  was t r e a t e d  w i t h  a s a t u r a t e d  N a 2 C 0 3  so lu -  



tion. Extraction with ether y'ielded a mixture showing two spots 
P 

in tlc analysis (silicagel, 2% CH30H in CH2C12, Rf 0.55 and 0.75, ' 

e 

respectively).   his mixture was separated by preparative tlc to 

give ~-N-benzylamino-2-chloro-trans,trans-5,~-c~clododecadiene 
4 

(11-72, 12 mg, Rf 0.75): ir 3400(w,vb), 3025(m), 1580(w), 1260(m) 

(m, 13H including an exch H at 78.84); 13cnmr ppm--14~.j, 132.8, 

132.0, 130.5, 129.2, 128.6(2~), 128.1(2~), 126.9, 67.4(c2j, 53.5 

(CH*~), - 50.3(cl ) ,  33.7, 31.9, 29.5, 29.3(and 28.9; hrms(40•‹) 
1. 

( % )  303.1756 and 305.1729(~+, 22 and 8; calcd for ClsHB6NC1: 

303.1754 and 305.1724), 268.2067(24; calcd for C19H2,N: 268.2066) 

24l(8), 146.0972(26; calcd for C1~H12N: 146.0970), 133.0889(100; 

, calcd for C9H1 ,N: 133.0891), 106(7), -9l.O543(6l; calcd for C7H7: 
2 

91.0548) and 41(8); and N-benzylaziridine 11-71 (4mg, Rf 0.55), 

as seen by its l~nmr spectrum matching with  authentic. 

Elution with 10-20% CH30H in ether afforded 1-amino-trans, 

trans-4,8-cyclododecadiene (11-68, l.03g) a& white needles: !'np 

' (m, 4~), 7.23(bt, J=lOHz, HI ) ,  7.74-9.2(complex m, 1 6 ~  including 
J 

a D20 exch broad singlet at 78.17, NH$); 13cnmr ppm 1>1.9,13~5, 

&.8(t), 29.5(t) and 22.6(t); hrrns (80') m/e(Z) * 
calcd for C12HZ1N: l79.1673), l5O.l278(28; calcd for 

3 



v 

1 5 0 . 1 2 8 3 ) ~  136.1124(43; ca lcd  f o r  C 9 H 1 4 N :  136 .1127)~ 122.0977 

(46; c a l c d  f o r  C 8 H 1 2 N :  1 2 2 . 0 9 7 0 ) ~  110,0985 (43; ca lcd  f o r  C7H12N:  
2 

&-' . l l0 .0g70) ,  96.0809(88; ca lcd  fo% C 6 H l o N :  9 6 . 0 8 1 3 ) ~  83.0750(94; 

ca lcd  f o r  C5HSN: 8 3 . 0 7 3 5 ) ~  82.0676(92; ca lcd  f o r  C5HeN:  8 2 . 0 6 5 6 ) ~  

70.0653 (80; ca lcd  f o r  CIHBN-: 7 0 . 0 6 5 6 ) ~  69.0586 (83; ca lcd  fer C;&N: 

6 9 . 0 5 7 8 ) ~  56.0517(100; ca lcd  f o r  C3HsN:  56.0500) and 43(89) .  d n  

subl imation of t h i s  s o l i d  (boo ,  0.5 mrn~g), wh i t e  needles  were 
* 

obta ined:  mp 98-101". 

Anal.  Calcd. f o r  C l 2 H Z L N  : C j  80.38; HJ 11.81; N J  7.81. 
a 

Found : C ,  80.11; H ,  12.03; . N ,  7.53. 

The benzoyl d e r i v a t i v e  of 11-68 was r e c r y s t a l l i z e d  twice- 

.cm-l; nmr 72.28(mJ 2 ~ ) ,  2.62(mJ 3 ~ ) ,  4 . 3 0 ( b s J  D20 exch, N H ) ,  4.80 

( m ,  4 ~ ) ,  5.84(m, 1 ~ )  and 7.62-9.02(mJ 1 4 ~ ) ;  ms(180") m/e(x) 283 

prepared adding excess  ace t i c / anhydr ide  t o  a n  aqueous s o t u t i o n  of 

t h e  amine. A f t e r  n e u t r a l i z a t i o n  of t h e  mixture,  a s o l i d  was o b t a i -  

ned and r e c r y s t a l l i z e d  from e thano l  t o  g ive  1-acetamido~trans,tzam- 

4,8-cyclododecadiene (11-70) : mp 120-3O; ir 327q(s  , b ) ,  j 080 (mJb) ,  

( m ,  l ~ ) ,  7.68-9.10(m, 1 6 ~  i n c l u d i n g  a D20 exch H )  and 8 .04(s ,  3 ~ )  

13cnmr ppm 1 6 8 . 9 ( s ) ,  131.7(dJ 2 ~ ) ,  130.3(d) ,  1 2 9 , 3 ( d ) ,  44 .4 (d ) ,  



and 22.5;  rns(l3o0) - rn/e(z) 221 ( M ~ ,  751, 175(26)  Y 362(1QO,) 3 133(69) . 

Anal. C a l t d .  f o r  C I 4 H 2 3 N O  : C ,  75.97; H, 10.47; N, 6-33. 

Foynd : C ,  76 . io ;  H, 1 0 3 6 ;  N ,  6.02. \ 

Using Eschwei ler-Clarke ' s method (96 ) , 11-68' (50mg) was r e -  

f l uxed  f o r  12 hour s  i n  a  s o l u t i o n  of fo rmic  a c i d  f 9 8 t w e o u g , '  

l m l )  and formaldehyde (37% aqueous,  . l m l ) .  ' ~ i l u t e  H C 1  (IN, 2ml) 

was added and t h e  s o l u t i o n  evapora ted  n e a r  d ryness  under  reduced *- \ 

p r e s s u r e .  Th i s  r e s i d u e  was made b a s i c  w i t h . a  40% KOH s o l u t i o n  a t  

h y n d  e x t r a c t e d  w i t h  e t h e r  (2x20ml).  The e t h e r  phase w a s  . d m  

vapora ted  t o  g i f b  a  ~ o l o u r l e s s  .dl (26mg; - 57% ) . Ana lys i s  
< . 

on a  ~ 1 0 %  SE-30 co.lumn (100-220" a t '  QO/min)  showed 1 major - 
component (11-33,rt 5.1 m i n p 9 0  % of  a l l  gc p e a k s )  and . s e v e r a l  

minor ones.  Compound 11-33 was i d e n t i c a l  i n  a l l  r e s p e c t s  w i t h  - 1 
t h e  a u t h e n t i c  samplk.  I 

a 
Using Nagata '  s procedure  (143, l e a d  t e t r a a c e t a t e  77.92g, 

/ 
1.79x10-" mole) was added under  n i t r o g e n  t o  a suspens ion  o f  

amine 11-68 -(800mg, 4 . 4 7 ~  & a& dry  potass ium ca rbona te  

(1.23g, 5 .94x10-~  mole)  i n  50ml of  d r y  benzene and t h e  mix ture  

was s t i r r e d  v igourous ly  f o r  1 . 5  hours  a t  30-35". The yel low 

s o l u t i o n  c o n t a i n i n g  K2CO3 s o l i d  was s t i r r e d  w i t h  a c o l d  sa- 
4 

s o l u t i o n  of  K2CO1 ( 6 m 1 )  . The benzene l a y e r  w a s  s e p a r a t e d  by 

c e n t r i f u g e .  The lower l a y e r  and brown ' s o l i d  were '  e x t r a c t e d '  seveP- - 

t i o n s  were e x t r a c t e d  w i t h  a 20% aqueous co ld  t a r t a r i c  a c i d  s o i u -  
+ 
3 
1 

@ 



K t i o n  (2x30ml) t o  g iye  an aqueous a c i d i c  and an organic  phase. 
/ 

The aqueous a c i d i c  phase was made t o  pH 9.:5 wi th  a  s a t u r a t e d  

K2CO3 s o l u t i o n  and e x t r a c t e d  w i t h  e t h e r  (3xqOrnl). The combined 

bas ic  e x t r a c t s  were d r i e d  over anhydrous K2C03 and f i l t e r e d .  

Acet ic  anhydride ( 4 m l )  was added t o  t h e  s o l u t i o n  a t  0"  under n i -  

t rogen.  The mixture was s t i r r e d  a t  0" &br 6 hours and was washe( ~ 

with  a  s a t u r a t e d  Na2C03 s o l u t i o n  (3x301~11). * .  The e t h e r  phase was 
d 

- 
I I 

acetamide 11-70 a s  t h e  major compound a s  seen by i t s  i r and  gc 

d r i e d  and evaporated t o  give a  yqllow o i l  (210mg) con ta in ing  t 

peak matching wi th  a u t h e n t i c  (10% SE-30, 200•‹,  rt 5.1 min) .  The 

organic  phase was f u r t h e r  washed'with a  10% Na2C03 s o l u t i o n  and 

t h d g a n i c  l a y e r  was d r fed .  F i l t r a t i o n  and removal of t ~ e s a l v e n t  

a f forded a  red o i l  (570mg) which ! '-,, was shown t o  be a  mixture of 2 - 
unknown minor and 1 major (11-7,0) components as i n d i c a t e d  by gc 

and 11.3 min (71 %, matching with a u t h e n t i c  11-70) : ir 3 ~ 0 ( m , b ) ,  

3030(w),  298o(m), 2 9 2 0 ( s ) ,  2 8 5 0 ( s ) ,  1 7 4 0 ( s , b ) ,  1 6 5 0 ( s , b ) ,  1540 

( m , b ) ,  1 2 3 0 ( s , b ) ,  1020(m,b) and 970 cm-'. ~ , q t i a l  separa t ion  
l 

o f  t h i s  mixture (250mg) was achikved on s i l h d g e l  p r e p a r a t i v e  

p l a t e  (0 .5  m t h i c k n e s s )  us ing  1% CH30H i n  e t h e r  a s  e l u a n t  and 

af fordgd 2 f r a c t i o n o .  The bottom f r a c t i o n ,  a s  a  c o l o u r l e s s  o i l  

(10%g, R f  0 .45)  had i r ,  nmr and m s  ' s p e c t r a  i d e n t i c a l  t o  those  of 

acetamide 11-70. The t o p  f r a c t i o n  (34mg, Rf 0.85)  was obtained as 

a  c o l o u r l e s s  o i l :  ir  3370(m,b), 3030(w), 2980(m,sh),  2 9 2 0 ( s ) ,  

2 9 5 0 ( s ) ,  1 7 Y ( s , b ) ,  1 6 7 0 ( s , b ) ,  1550(,s), 1 4 4 0 ( s ) ,  1 3 7 0 ( s ) ,  1240(s) 

1323(m) and 9 7 0 ( s )  cm-'; nmr 7 4 . % ( m )  a m  7.85(s) i n  a 4 : 3  r a t i o  
7 

and 7.6-9.0(m); ms(130•‹) m/e(%), no d e f i n i t e  M', l j 6 (30 ) ,  1 6 2 ( 2 8  - 



'Th i s  f r a c t i o n  was n o t  analyzed f u r t h e r  and became red  orange on 

s tanding  i n s i d e  t h e  f r eeze r , .  

( b )  w i t h  a 1 :1 mixture L A H : A 1 C 1 3  : Using a Soxlet  extract;ar, 

t h e  dimbr of 11-66 (0.5g, 1 . 1 x 1 0 - ~  mole) w a s  added t o  a d u x i n g  

e t h e r  suspension of LAH (0.274g, 7 . 2 x 1 0 - ~  mole) and aluminium 

c h l o r i d e  (0.96g, 7 . 2 ~ 1 0 - ~  mole).  Af te r  t h e  complete a d d i t i o n  of 

the  dimer of 11-66 (11 h o u r s ) ,  t h e  s o l u t i o n  was external lycooled 

t o  0" and water (6m1) and 4 0 %  KOH s o l u t i o n  ( 4 m l )  were slowlyadded. 

The s 'ol id  was f i  t e r e d  and  e x t r a c t e d  2 more times w i t h  ether.The t 
combined e t h e r  e x t r a c t s  were d r i e d  and  evaporated t o  g ive  a white 

\ 

semi6-solid ( 0 . 4 l g )  : i r  3400-3150(w , b ) ,  3025(w),  1590(w,b) ,  990 

( s ) ,  9 7 2 ( s ) ,  9 6 2 ( s ) ,  814(m), 765(m) and 640(m) cm-'l; nmr 74.87 

( m ) ,  5.52-5.84 ( m ) ,  6.85-7.42(m) and 7.6-8.9(m); a gc a n a l y s i s  

(10% SE-30, 150-240" a t  8"/min) showed the  fo l lowing peaks ert, 

y i e l d s  c a l c u l a t e d  from t h e  gc peak a r e a ) :  azoxy 11-73 (2.4 min,  

15 %)  , amine 11-68 (3 .7  min, 10% ) and ch lo ro  amine 11-74 (4.0 m i n  

' 6 5 % ) .  Amine 11-68 was matching w i t h  an a u t h e n t i c  sample (v ide  

s u p r a ) .  This  mixture was sublimed a t  room temperature (0.5mmHg) 

t o  g ive  a f irst  f r a c t i o n ,  1-8zo)cy-2-chloro-trans, t rans-5 ,9-  

cyc1"oodeeadiene (11-73, 85mg), as a whi te '  s o l i d :  1 peak on gc 

(rt  2.4 min, s e e  above);  r e c r y s t a l l i z e d  from e t h e r ,  mp 111-3"; 

U V ( C H S O H )  Amax 354nm(-26), 290nm(sh,*21);ir l 4 9 0 ( s ) ,  l 4 4 0 ( s ) ,  

mwd, n 3 2 ( m ) ,  1 2 6 5 ( s ) ,  1 1 2 0 ( s , b ) ,  9 9 ~ ( s ) ,  9 7 0 ( s ) ,  9 6 2 ( s ) ,  

8 6 5 b ) ,  8 0 5 ( s )  and 690(m) cm-l; 'Hnmr 74.@t(m, 8H), 5.46(m, I H ) ,  

5 . 6 5 ( b t ,  J ~ H Z ,  2H), 6:4O(m, 1 ~ )  and 7 .65-8 .6~(m,  24 H ) ;  13cnmr 



28.2 and 24.5; hrms(ll5") m/e(%) 438.2205, 440.2181 and 442-2139 

(M+, 4,2.5andl; calcd for C24H36N20C12 : 438.2205, 440.2175 and 

442.2145), 421.2170, 423.2131 and 425.~141(14, 9 and 2.5; calcd I 
for C ~ ~ H ~ ~ N ~ G ~ L Z  : 421.2178, 423.2147 and 425.2118), 349.2616 (33; 

calcd for C2,H3,N2 : 349.2644 ) , 208(25), ~78.1357(84; calcd for 

C12H180: 178.1358), l24.0879(50; calcd for C8H120: l24.0888), 

123.0814(59; calcd for CsHI1O: 123.0810), 109.0656(92; calcd for 

the remaining solid (same column and conditions) indicated the 
, , 

presence of compounds 11-68 (rt 3.7 min) and 11-74 (rt 4.0 m h )  

in a ratio of 1:7; its l3cnrnr spectrum exhibited strong lines at 

31.7(2~), 29.4 and 29.0 for chloro amine 11-74b and small lines 

matching with those of authentic amine 11-68. By further fraction- 

,,a1 sublimation of this solid (room temperature, o.lrnm~g), & 

fraction was shown to contain 1-amino-2-chloro-trans,trans-5,9- 

cyclododecadiene (11-74 , 17mg) as white needles: 1 peak on gc 

(rt 4.0 min, see above); mp 44-5"; ir 3400-3300(w,b), 3015(w), 

1600(w,b), 990(s), 973(s), 962(s) and 760(s) cm-l; nmr (~igure 

•’1-18) r4.39(m, 4 ~ ) ,  5.73(ddd, J= 7.5, 7.0 and 2.OHz, H2), 7.06 

(ddd, J= 6.5,6.0-and ~.OHZ, HI), 7.70-8.20(m, IOH), 8.32-8.52 
i 

(m, 2 ~ )  and 8.33(bs, D20 exch, N H ~ ) ;  hrms(30•‹) m/e(%) 213.1295 

and 215.1252(~+, 9 and 3;  calcd for C12H20NC1: 213.1284 and 

215.1255)~ 178.1601 (43; chcd for C12H20N: 178.1596)~ 132(5) , 
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130(13) ' ,  117.0343 and 119.0318(40 and 1 4 ;  c a l c d  f o r  C 5 H s N C 1 :  

117.0345 and l l 9 .0316) ,  96.0812 (30; c a l c d  f o r  CGH,  ON: 96.0814 ) ,  

7 9 ( 1 5 ) ,  6 7 ( 1 4 ) ,  5 6 ( 4 2 )  and 43 (100) .  On i r r a d i a t i ' o n  a t  78.42 o r  

7 .99,  t h e  m u l t i p l e t s  a t  77.06 and 5.73 c o l l a p s e d  t o  d o u b l e t s  

( J =  ~ . o H z ) ,  r e s p e c t i v e l y .  I r r a d i a t i o n  of t h e  s i g n a l s . a t  75.77 o r  L 

7.06 caused t h e  r e s p e c t i v e  m u l t i p l e t s  t o  change t o  d6ub le t  of  

d o u b l e t s  ( J =  6 .5  and 6.0Hz and J= 7.5 and 7.OHz, r e s p e c t i v e l y ) .  

A mix ture  of  c h l o r o  amine 11-74 and amine 11-68 (51mg, 1 : 5  

r a t i o  a s  seen by gc ,  s e e  , above)  d i s s o l v e d  i n  methanol (2ml)  was 

t r e a t e d  w i t h  a  s a t u r a t e d  sodium methoxide s o l u t i o n  (1ml )o fo r  4 

hou r s  a t  room t empera tu re .  The s o l u t i o n  was made t o  pH 9-10 w i t h  

a  1 N  H C 1  s o l u t i o n  and was e x t r a c t e d  w i t h  e t h e r  t o  g i v e  a n  orange 

4 'd nmr ~ 4 . 5 , 6 ( b m ) ,  5 .70(bm),  6 .3(m) ,  6 .7(m) and 7.0-9.2(complex m ) ;  
' . - 

a gc a n a l y s i s  o f  t h i s  mix ture  on a 10% SE-30 column (100-220" 

a t  6"/min) gave t h e  f o l l o w i n g  peaks matching w i t h  a u t h e n t i c  sam- 

p l e s  ( r t ,  gc peak a r e a ) :  

I T % ) ,  c h l o r o  amine 11-74 

a z i r i d i n e  11-67(5.4 min, 

unknown (3.2 min, 3% ) , amine 11-68 (4,3min, 

(5 .0  min, 1 6 x ) ,  unknown(5.2 min, 13 ) ,  

l o % ) ,  unknown(9.6 min, 12 X )  , unknown 

(20 .1  rnin, 2 1 % ) .  T h i s  o i l  was n o t  analyzed f u r t h e r .  

( c )  w i th  H C 1  : To a  ho t  s o l u t i o n  o f  dimer of  11-66 ( l g ,  

2 . 2 x l 0 - ~  mole) i n  C H 2 C 1 2  ( 3 m l ) ,  a  methanol (10ml) s o l u t i o n  anteln- 

i n g  O . l r n l  of concen t r a t ed  H C 1  was added. A whi t e  s o l i d  p r e c i p i -  

t a t e d  a n d  was d i s s o l v e d  by h e a t i n g  wi th  a d d i t i o n a l  C H 2 C 1 2  ( 7 m l ) .  
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The s l i g h t l y  green s o l u t i o n  w a s  l e f h i t h  s t i r r i n g  a t  45-50' f o r  

3 d a y s  a t  which time a  t l c  a n a l y s i s  (alumina, 0 .5 X C H 3 0 H  inc&Q,) 

of t h e  s o l u t i o n  showed o n l y  a  f a i n t  s p o t  f o r  s t a r t i n g  dirner of 

1 11-66 ( ~ f  0 . 9 ) .  The yellow s o l u t i o n  was concent ra ted ,  water(l5rnl) 

was added a n d  t h e  r e s u l t a n t  s o l u t i o n  ex t rac ted  w i t h  ~ ~ 2 ~ 1 4  (3x 

50rnl). The s o l u t i o n  was d r i ed  and evaporated t o  g ive  a viscous 

orange o i l  (892mg) con ta in ing  11-75 and 11-76 as shown on a t l c  

p l a t e  (alumina, 0 .5  % C H 3 0 H  i n  cH2c12),  R f  0 .2  and 0.65, r e s p e c t i -  

ve ly :  ir 3 3 5 0 ( s , b ) ,  3035(w),  1720(m), 1550(w),  1122(rn), 1 1 0 0 ( s )  

1 0 8 0 ( s ) ,  9 7 5 ( s )  and 965(s) cm-'; nrnr T l .55(bs ,  D 2 0  exch) ,  

4 .83(m) ,  5 . 8 4 ( t ,  J = ~ H z ) ,  6 .40(ddJ J&.5  and 4 . 0 ~ ~ ) ~  , 6 ~ 7 2  

. ( s )  and 7.2-8.3(rn).  The r a t i o  of t h e  s i g n a l  a t  76.40 t o  5.84 and 

6.65 t o  6.72 was 1 :3. A gc on a 3% SE-30 column (130-220•‹at 

gave 2 major peaks: 11-76 (rt 4 . 7  m i n ,  2 1  2 )  and 11-75 (rti.3&, 

6 3 ~ ) ~  a long w i t h  o t h e r  m i n o r  components.' T h i s  m i x t u r e ( 7 0 0 m g ) ~ ~  

chromatographed on n e u t r a l  alumina (60mg). The f i r s t  f r a c t i o n  

e l u t e d  w i t h  C H 2 C 1 2  afforded 2-methoxy-trans,trans-5,9--cyclodode- 

cadien-i-one (11-76, 72rng) a s  a c o l o u r l e s s  v o l a t i l e  o i l :  ir 3400 

C ( w , b ) ,  3035(w), 1 7 2 5 ( s h ) ,  1 7 2 0 ( s ) ,  1 7 1 5 ( s h ) ,  1 1 3 0 ( d ,  1 0 9 8 ( s ) ,  

'1080(m) and 9 7 0 ( s )  ern-'; nmr T4.Ei2(rn, Q H ) ,  6 .40(dd,  ~ = 6 . 5  a n d .  

2 0 8 ( ~ + ,  9 3  , 1 7 6 ( 1 3 ) ,  1 2 0 ( 4 6 ) ,  1 1 1 ( 4 7 ) ,  8 1 ( 7 1 ) ,  7 9 ( 7 6 ) ,  68 (100) ,  

6 7 ( 8 6 ) ,  5 8 ( 5 1 ) ,  55 (41)  and 41 ( 5 0 ) .  The second f r a c t i o n ,  

w i t h  0-1% CH30H i n  C H 2 C 1 2  , was a mixture of 11-75 and 

seen by t l c  a n a l y s i s .  The t h i r d  f r a c t i o n ,  e l u t e d  w i t h  1-2X.CH30H 

i n  C H 2 C 1 2  a f forded  - syn-2-methoxy-trans,trans-5,g-cyclododecadien- 

1-one oxirne (11-75, 365mg) a s  a  c o l o u r l e s s  o i l :  1 spot  on a t l c  



" a t  75.94 col lapsed  t o  a  s i n g l e t .  

( d )  with pyr id ine  : To a  dimer of - 11-66 ( l g ,  2.2x10-~rnole) 

s o l u t i o n  i n  C H 2 C 1 2  (10ml) was added pyr id ine  (0.5g,  6.3x10-~mole) . 

i n  CH30H (201-111) under n i t rogen .  The heterogenous mixture was stir- 
I 

red under i t r o g e n  a t  room temperature f o r  1 day. A white  s o l i d ,  2. 
due t o  dimer of 11-66, was s t i l l  p resent  and the  s o l u t i o n  was% 

e d  t o  35". The r e a c t i o n  was followed by t l c  u n t i l  t h e  s t a r t i n g .  

dimer was consumed ( 3  d a y s ) .  The so lven t  was removed under reduced 
v 

pressure  t o  give a semi-sol id  (1.25g)  which was washed wi the ther  
< 

t o  give a  white s o l i d  (1.23g, 9 3 )  of 1-oximino-trans,trans-5,9- 

cyc lododecad ien-2-pyr id in ium c h l o r i d e  (11-77): mp 190-4"(d) ;  ir 

nmr ( ~ 2 0 )  T 1.0-2.0 ( m ,  c ~ H ) ,  4.58 ( m ,  5H), 6.8-7.35 ( m ,  2 ~ )  and 7.5- 
* 

8.6(m, IOH.). A p a r t  of t h i s  s o l i d  (860mg) was d isso lved  i n  water  

(20ml) and added t o  an aqueous s o l u t i o n  of  dimethylamine(20s,20nil). 

The r e a c t i o n  mixture became cloudy upon s t i r r i n g  f o r  0.5 hour. 

The t u r b i d  s o l u t i o n  c l a r i f i e d  on a d d i t i o n  of a  s a t u r a t e d  Na2C03 

s o l u t i o n  (pH 10). Ex t rac t ion  gdth C H 2 C 1 2  (3x501111) afforded a  tMck 

3 



o i l  (645mg, 9 l % ) ,  t l c ,  i r  and nmr which were i d e n t i c a l  w i t h  

those  o f  a u t h e n t i c  amino oxime 11-31. 

e 
( e )  w i t h  Ac20 : Anhydrous sodium a c e t a t e  ( l g )  and dimer 

of 11-66 (0.5g, l . l x l ~ - ~  mole) were added t o  a c e t i c  anhydride 

(15ml) under n i t rogen .  The mixture was kept  under n i t rogen  w i t h  

s t i r r i n g  f o r  2 d a y s  a t  room temperature and  3 d a y s  a t  45". The 

r e a c t i o n  mixture was poured i n t o  i c e  (50g)  and s t i r r e d  f o r 2  hms. 

T h i s  s o l u t i o n  was made t o  pH 9  and ex t rac ted  w i t h  C H 2 C 1 2  (3x6Oml) 

t o  ,give a  yellow o i l  (481mg). T h i s  o i l  showed 1 major (11-78), 1 

medium (dimer of 11-66) and s e v e r a l  m i n o r  s p o t s  on a t l c  p l a t e  
. 

( s i l i c a g e l ,  1 % CH30H i n  C H ~ C ~ ,  ) : i r  3 0 3 0 ( w ) ,  l 7 7 5 ( s ) ,  '1640(m), 

1 2 0 5 ( ~ ) ,  1 0 0 0 ( s ) ,  9 8 0 ( s ) ,  9 6 5 ( s ) ,  9 5 0 ( s ) ,  9 2 5 ( s )  and n m  - 
~ 4 . 8 1 ( m ) ,  5.16(m), 6 .7-7.15(small  m ) ,  7.0-8.0(m) and 7 .79 ' ( s ) ;  

e s r  ( c H ~ c ~ ~ )  : broad major t r i p l e t  (1 :l : l ) ,  aN 13.5G, l i n e  w i d t h  

6 . 5 ~ ~  g  2.0068+0,0008. T h i s  mixture (450mg) was chromatographed 

on a s i l i c a g e l  column (40g)  and af forded a m i d d l e  fraction(wlmg), 

e l u t e d  w i t h  C H 2 C 1 2 ,  which c r y s t a l l i z e d  i n  t h e  f r e e z e r . r ( e m T  

l i s a t i o n  from methanol a f forded 0 - a c e t y l - 2 - c h l o r o - t r ~ ; ~ s - & L  

cyclododecadien-1-one oxime (11-78) as white  crystals:mp49-49.5: 

9 6 0 ( s ) ,  9 2 4 ( s ) ,  873(m), 803(m), 765(m) and 718(m) cm-'; 'Hnmr 

~ 4 . 8 2  ( m ,  4 ~ ) ,  5 .17(b t ,  * J ~ H Z ,  H Z ) ,  6.7-7.4 ( m y  H1za) ,  7.6-7.9(*, 

1 1 ~ )  and 7 . 8 0 ( s ,  C H ~ . ) ;  13~nrnr  : ppm 1 6 7 . 9 ( s ) ,  165. .5(s ) ,  132.7, 

2 9 . 0 ( t ) ,  2 6 . 1 ( t )  and  1 9 . 4 ( q ) ;  ms(60•‹) m/e(%) M+ not  observed, 



i r r a d i a t i o n  a t  77 .82 ,  t h e  m u l t i p l e t  a t  75 .17  c o l l a p s e d  t o  a s i n -  

g l e t  and t h e  m u l t i p l e t  a t  74.82 became a n  AB q u a r t e t  ( J ~ ~ = I ~ H Z . ) .  

Anal .  C a l c d .  f o r  C14H20N02C1 : C ,  62 .33;  H ,  7 .47 ;  N ,  5 .19.  

Found : C ,  61.99;  H ,  7.51; N ,  5 .22 .  

A t t e m p t s  t o  i s o l a t e  minor components o f  t h e  m i x t u r e  were 
C 

u n s u c c e s s f u l l .  

IV-9.-6. P r e p a r a t i o n  of a n t i - d i m e r  of 1 - n i t r o s o - 2 d i L m o e b  

& -  

A methylene  c h l o r i d e  s o l u t i o n  (20ml)  o f  n i t r o s y l  c h l o r i d e  

(3. '27g, 0 .05  mole )  was  added i n  1 0  min t o  a  s o l u t i o n  o f  CDD (9g, 

6. '62~10- '  m o l e )  ii CH2C1. (SO&)  a t  -10".  The s o l u t i o n  was stirml 

. a t  -10" f o r  1 h o u r ,  t h e n  a t  room t e m p e r a t u r e  f o r  3 hours.The o r i -  

g i n a l  ,:men e m e ~ a l d  c o l o u r  d i s a p p e a r e d  and deposi-t.ed s solid.Ad- 

' d i t i q n  O f  methanol  (100ml)  p r e c i p i t e d  more s o l i d .  The m i x t u r e  uas 

f i l t r a t e d  arrd. ' ihe s o l i d  washed w i t h  methanol  t.3 y i e l d  dimer of 

11-80 a s  a ' w h i t e  s o l i d  (1 .27&,  13 %, mp 143-kO). The mother  liquor - 
was c o n c e n t r a t e d  t o  30ml t o  g i v e  more s o l i d  ( 3 . 1 8 g ,  3 2 % ,  rnp1)2-8~)., 

Both f r a c t i o n s  &ve 1 s p o t  on a tlc p l a t e ' ( a l u m i n a ,  CHzC12, Rf 

0 .85  ) -and were  r e c r y s t a l l i z e d  from C H 2 C 1 2  t o  g i v e  t h e  a n t i - d i m e r  

o f  1-nitroso-2-chloro-cis-5(7)-cyclododecene - ( d i m e r  o f  11-80) a s  

f i n e  w h i t e  n e e d l e s :  mp 150-1";  ir  3008(m),  1 2 5 5 ( s ) ,  1 2 1 2 ( s ) ,  

nmi 7 4 . 2 8 ( d d d ,  J=9.0, 6 .5  and 2.5Hz, H I  ) ,  4.45(rn, 2H) ,  5 . 4 ( b  d t  

' J=g.O and 4.OHz, Hz), 7.3-8.1(m, 8 ~ )  and 8.44(m, 4H);  m s ( 1 3 5 O ,  
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15eV.) m/e ( 2) M+ f o r  dimer not odserved, 203 and 201 (M+ monomer, 

( l o ) ,  67#(100) and 5 5 ( 5 0 ) ;  uv(CH2~12) Am,,= 299nm ( c = 7 9 ~ 0 ) ; ~ ~ ~ n m r  . 
(DMF) d isso lved  - a t  60" (decomposition) ; t h e  major peaks matched 

wi th  ch lo ro  oxime 11-81. I r r a d i a t i o n  a t  77.9 breught changes of 

t h e  m u l t i p l e t s  a t - 7 4 . 2 8  and 5.4 t o  2  broad double ts  (J* 9 . 0 ~ ~ ) .  

Anal.. Calcd. ~ o P ~ c ~ ~ H ~ ~ N o c ~ ) ~  : C ,  59.55; H,. 8.09; N y  6.95. 
P 

Found : C ,  59.20; H ,  7.80; N ,  6.98. 

IV-9-7. Reactions of t h e  dimer of 11-80 

( a )  with H C 1  and CH30H : A suspension of  dimer of 11-80 

(500rng) i n  a  1 :2 mixture CH2C12-methanol con ta in ing  1 drop of 

concent ra ted  H C 1  was s t i r r e d  a t ,  r e f  lux (60' ) f o r  '36 hours,  a t  

which t ime al ' l  t h e  s o l i d  d isso lved .  Acid-base e x t r a c t i o n ' o f  t h e  

r e a c t i o n  mix tu re . a f fo rded  a  n e u t r a l  (464mg) and a  bas ic  (33rng) ' 

f r a c t i o n s .  The n e u t r a l  f r a c t i o n  had t h e  fo l lowing phys ica l  cons- 
i 

t a n t s :  ir  3 3 0 0 ( s , b ) , .  3008(m), 1650(w,b),  llOO(mLb), 1020(m),1000 

5 . 4 5 ( d d ,  J=11.0 and -5Hz) and 5.63(dd, J=10 and -5Hz) i n  t h e 1 : l  

r a t i o ,  6 . 6 3 ( s ) ,  6 . 7 1 ( s ) ,  6 . 8 ( s ) ,  and 7.2-8.8(m); e s r  ( ~ ~ 2 ~ 1 2 )  

overlapping t r i p l e t s  i n  which t h e  major had a ~  15.2G and g-value 

2.0061t0.0010. This  f r a c t i o n  was, d i s t i l l e d a t  30' (0.2 r n m ~ ~ )  t o  

g ive  a  white  p a s t e  (290mg) having similar ir and nmr s p e c t r a  t o  

t h a t  of t h e  above mixture and 2  major s p o t s  on a t l c  p l a t e  ( s i l i -  

c a g e l ,  4 % CH30H i n  C H 2 C 1 2  ) .  They were separa ted  by chromatography 

on s i l i c a g e l  (15g) .  Elu t ion  with 0.5-1% CHsOH gave a solid(%mg) 

which was sublimed (25'/0.2 mrn~g) t o  g ive  2 - ~ h l o r o - & - ~ ~ ~ ~ ~  - 
, 



625(m) cm-I; 'Hnmr ,0 .99(s ,  D 2 0  exch, O H ) ,  4.70(m, 2H),  5 .45(dd,  

2 9 . 4 ( t ) ,  25 .3 ( - t ) ,  2 4 . 9 ( t ' ) ,  2 4 . 6 ( t )  and 2 2 . 5 ( t ) ;  h rms( lOoO)  m/e(%) 

203.0881 and 201 .0932(~+ ,  3 and 8; ca lcd  f o r  * C ~ ~ H ~ ~ N O C ~ :  203.0891 

and 201.0 ) ,  186.0865 and 184.0887(20 and 57; calcdfbr  G&aCL.. S" . 
186.0864 and l84 .0893) ,  166.1252(100; ca lcd  f o r  Cl0H16NO:166.1232 

148.1125(55; ca lcd  f o r  C I o H l 4 N :  148.1126),  91'.0546(51; ca lcd  f o r  

C 7 H 7 :  91.0547): 79.0530(44; ca lcd  f o r  CsH,: 79.0548) and k 7 . 3 8  

(49; ca lcd  f o r  C 5 H 7 :  67.0548). On i r r a d i a t i o n  a t  75.45, changes ' 

a t  77.68-3.10 were observed. On i r r a d i a t i o n  a t  78.06, t h e  doublet 

o f  double& a t  75.45 col lapsed  t o  a doublet  ( ~ = l l . O H z )  and t h e  

m u l t i p l e t  a t  74.70 became a poorly resolved doublet  ( J = ~ ~ H Z ) .  

I r r a d i a t i n g  between T7.68-8.06 f a i l e d  t o  give c l e a r ' r e s u l t s  on 

t h e  m u l t i p l e t  a t  75.45 due t o  s i d e  baOd e f f e c t s .  On i r r a d i a t i o n  

a t  78.39, t h e  m u l t i p l e t  a t  76.93 became a ill resolved  doublet  3 

Anal. Calcd. f o r  C l o H 1 6 N O C l  : C ,  59.55; H ,  8.00; N ,  6.95. 

Found : C ,  59.71; H ,  8.14; N ,  7.05. 
C, 

Oxime 11-81a (50mg) was t r e a t e d  i n  a 2 N  H C 1  s o l u t i o n  ( 5 ~ 1 )  f o r  

3 days. The s o l u t i o n  was made 'to pH 10 and e x t r a c t e d  w i t h  C H 2 C 1 2  

t o  y i e l d  an o i l  whose nmr s t i l l  showed a  doublet  of doub le t sa t  

75.45 f o r  11-8la b u t  not  a t  ~ 5 . 6 3  f o r  11-8111. 
4 

The second f r a c t i o n  was e l u t e d  w i t h  2-4% CH30H i n  C H 2 C 1 2  



gave a  c o l o u r l e s s  o i l  (72mg) showing 1 maJor spot  on a, t l c  p l a t e  ' 

but e x h i b i t i n g  s e v e r a l  methoxy absorpt ions  i n  i t s  nmP spectrum; 

4.34-4.'86(m,1/2a o f ' t o t a l  proton i n t e g r a t i o n ) ,  6 . 6 3 ( s ) ,  6 .7 '2(s)  

and 6 . 7 8 ( s )  i n  t h e  2:1:2 r a t i o ,  and 6.80-8.90(rn). f- 

A gc-ms of w e  o r i g i n a l  r e a c t i o n  mixture QJI -- a 1 ~L&oco- 
lumn (100-230" a t  GO/min) showed t h e  fo l lowihg compounds ( r t ,  

y i e l d  c a l c u l a t e d  f r h  t h e  gc peak a r e a ) ,  rn/e(% ) : CDD ( 4 . 0  min,7%) 

1 3 2 ( ~ + ,  4 8 )  and 104 (100) ;  u n i d e n t i f i e d ( 6 . 8  min, 9 % ) ,  1 8 0 ( ~ + , 3 8 ) ,  

106(82)  and 77(100) ;  u n i d e n t i f i e d  ~ ( 9 - 1 0 . 5  min, -24% ), 165'(Mf?,8) 
\ - 

1 9 7 ( ~ + ,  6 ) ,  1 8 0 ( 6 0 ) ,  l 4 8 ( 4 6 ) ,  71 (72)  and 41(100) ;  11-8Pa?(l4,3*) 

(14.6 min) ,  203 and 201(Mf, 5 and 1 5 ) ,  1 8 6 ( 2 2 ) ,  1511(67), 166(109 

148(50)(" 91 (56 ,  79 (51  ) , 67 (62 ) and 4 1  (61 ) .  The l a s t  2  peaks were 

over lapping  and gave a  40% t o t a l  yield. ,  

( b )  with Ac20 : A CHzC12 s o l u t i o n  (20ml) of f r e s h l y  dsm- 
. l ed  a c e t i c  anhydride (2.04g, 2 x 1 0 - ~  mole) and dimer of 11-80 

. (403mg, 1 x 1 0 - ~  m01e)~ was s t i r r e d  under n i t rogen  a t  40-50" f b r  3 
r 

days,  a t  which t ime t h e  p a l e  green s o l u t i o n  turned t o  a  yellow 

colour .  The r e s u l t a n t  r e a c t i o n  mixture was poured i n t o  i c e  (30g)  

and was made t o  pH 10. The methylene c h l o r i d e  was f u r t h e r  washed 

wi th  a 10  %Na2C03 s o l u t i o n  (2x20ml), then  with water  (30ml) and 

d r i e d .  Removal of t h e  s o l v e n t  gave a  pa le  brown p a s t e  (517mg) 



which gave, on a  t l c  p l a t e  ( s i l i c a g e l ,  1 X CH30H i n  C H ~ C ~ ~ ) ,  2  1 

major s p o t s ,  i e ,  d i m e r  of 11-80 w i t h  R f  0.9 and 11-85 wlthRf0.75 

and 2 minor s p o t s ,  i e ,  11-86 w i t h  R f  0.5 and 11-87 w i t h  R f  0.3. 
P b > 

It was taken up i n  a 1:l mixture of CH2C12-ether t o  y i e l d  a w h i t e  

p r e c i p i t a p  which was shown t o  be dimer of 11-80 (107mg, 334, mp 

1 4 4 - 5 0 A s  seen by i t s  i d e n t i c a l  ir 
. % 

dr ied  and evaporated t o  g ive  a n  o i l  
0 

7 1 5 ( s )  cm-l; nmr 74.2-4.8(m), 5.2-5.8(m), 6.8(m) and 7.0-8.9(m), 

7 . 7 9 ( s t r o n g  s  ), 7.92 (weak s  ) and ?.97(weak s )  ; esr ,  3 overlapping 

t r i p l e t s ( 1 : l : l )  (1 major and 2 minors)  i n  which t h e  major t r i p l e t  a/ 

/had a~ 1 4 . ' 2 ~ ,  l i n e  w i d t h  4~ and g 2.007*0.001. T h i s  mixture was 

chromatographed on s i l i c a g e l  (30g) .  The f i r s t  f r a c t i o n  elutedwith 

C H 2 C 1 p  gave, an o i l  (147mg, 451 ) which was d i s t i l l e d  (25•‹,0.2mrn~g). -. 
\ t o  give a  I :?  mixture of 0-acetyl-2-chloro-cis-5-cyclodecen-1-one - 

oxime (11-85a) and i t s  isomer 0-acetyl-2-cNoro-cis-7-cyclodecen- - 
1-one oxime (11-85b) a s  a c o l o u r l e s s  o i l :  ir 3000(m), 1 7 7 5 ( s , b ) ,  

1630(m,b), 1260(m), 1 2 0 5 ( s , b ) ,  1 1 7 5 ( s ) ,  1000 ( s ) ,  9 3 5 ( s ) ,  8 9 0 ( s ) ,  

7 3 5 ( s )  and 710(m) cm-I; ' H n m r  ~4 .65( rn ,  2 ~ ) ,  5.34(dd, J=12.0 and 

4.5Hz, * H ) ,  5.66(dd, J = l l . O  and 5.OHz, 2 H ) ,  7.2-8.14(m, l l ~ ) ,  

7.74 ( s )  and 7 . 7 6 ( s )  i n  t h e  approximate 1:3 r a t i o ;  13~nmr  pprn 

and 19.4; hrms(70•‹)  m/e(%) 246.1079 and 244.1105(~++1,  4  and 10; 

ca lcd  f o r  C I Z H 1 ~ N O Z C 1 :  246.1074 and 244.1105), 2 4 j . 1 0 4 0 ( ~ + ,  1; 

ca lcd  f o r  C I 2 H l  8 ~ 0 ~ ~ ~ ~ 1 :  2 4 3 . 1 0 2 6 ) ~  201.0928(66; ca lcd  f o r  
4 



C ~ O H I B N O ~ ~ C ~ :  201.0921) , 1911.0.890(65; calcd f o r  C l O H 1  5 ~ 3 5 ~ 1 :  

194.089j),  166.1236 (65; calcd fo r  C I O H I B N O :  166.1232)~ 148.1125 

(100; calcd f o r  C l o H 1 4 N :  148.1127)~ 135.1175(85; calcd f o r c l A s :  

135.1174 1, 93.0707(85; calcd f o r  C 7 H 9 :  93.0704 ), 67.0555(94 ;cabd 

f o r  C 5 H 7 :  67.0548) and 43(91).  
F 

Anal. Calcd. f o r  C 1 2 H l & 1 N 0 2  : C ,  59.14; H, 7.44; N,  5.75. 

Found : C ,  58.89; H: '7.55; N,  5.60. 

E l u w n  with 0.5-2 % C H 3 0 H  i n  C8H2C12 gave a so l id  f rac t ion  . - 

(27mg, 8 I) as  2,ll-diacetoxy-5-chloro-ll-azabicyclo[ 4.4.l]un&can 

( r n ) ,  730(m) and 715(m) ern-'; nmr 
<4*70(bt 

J + . O Y  9.0 and <lHz), 

5.48(m, I H ) ,  6.72(m, 2 H ) ,  7.7-8.6(m, 4 - 1 2 ~ ) ~  7.83(s,  3 ~ )  and 

ca.lcd f o r  C 1 4 H 2 2 N 0 4 C 1 :  305.1208 and 303.1238)~ 263.1084 and 

261.1148(3 and 8; calcd f o r  Cl2HpNO3C1: 263.1102 and 261.1132)~ 

246(36), 244.1110(100; calcd f o r  ~ ~ 2 ~ ~ 9 ~ 0 ~ ~ ~ ~ 1 :  244.1104), 

226.1444 (96; calcd f o r  C 1 2 H 2 0 N 0 3 :  226.1443) , 220(26), 218(77), 

208.1%5(31; calcd f o r  Cl.H18N02 : 208.1338)~ 184.0891 (36; calcd 

f o r  C ~ O H ~ ~ N ~ ~ C ~ :  184.0893), 166.1219(31; calcd f o r  C l o H l a N O :  

166.1232) , 4 8 . ;  calcd f o r  C l o H 1 4 N :  148.1126) and 43(92). 

On irradiaP at 
77.95, t h e  broad t r i p l e t  a t  4.70 became a 

doublet ( J  = 9 . 0 ~ ~ ) .  This white so l id ,  although giving 1 spot 
I 

on a t l c  p la t e  could not be recrys ta l l ized  t o  give an ana ly t ica l -  I 
l y  pure sample. I 



F u r t h e r  e l u t i o n  w i t h  2 %  CHsOH i n  CH2C12 '  ( 3 0 m l ;  followed i n  

t h e  column because of a yellow r i n g )  gave an  orange oil which 

was sublimed t o  g ive  2,5,11-triacetoxy-11-azabicycl~4.4.1]unde- 

cane (11-87, 30mg, 9 z h o r  isomer t h e r e o f :  i r  3 5 0 ( m , b ) ,  1 7 6 5 ( ~ ,  

b ) ,  1 7 3 5 ( s , b ) ,  1 2 4 0 f s , b h  1 1 9 0 ( s , b ) ,  940(m,b), 890(m), 860(m)ard 

810(rn) em-'; nmr T4.74(rn, 2H), 5.27(bq, J * 6 . 5 ~ ~ ~  2H), 7.7-8.8 -' 
( m ,  - 1 2 ~ ) ~  7 .90(s ,  3 ~ )  and 7 3(s ,  6 ~ ) ;  ms(80•‹) m/e(x)  327(~+ ,2 ) ,  4 

- 285(33) ,  268(100) ,  226(36) ,  .208(22 1, 166(31) ,  148(28) ,  9 6 ( 2 5 ) ,  

67(24 ) and 4#(62) ;  e s r :  1 major (1 :1:1) broad t r i p l e t  wLth 

g 2.0089, a~ 14.3 G and poss ib ly  2 minor broad t r i p l e t s  w i t h  
/ 

g 2.0063 and 2.0045, aN f o r  both 14.5 G.  
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ADDENDUM 

N N P  

NNOP 

NND 

NNOD 

C O D  

t t t cm 

c t t C D T  

c t C D D  

e n d o - D C P D  

LAH 

LIST O F  A B B F E V I A T I O N S  

lithium a l u m i n i u m  hydride 




