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ABSTRACT 

T?!!R!fAL AND PHOTCLYTIC ACID-CATALYZED DECOMPOSITION OF 

TETRAMETHYL-2-TETRAZENE 

Tetramethyl-2-tetrazene (TMT) was decomposed by concentrated 

sulfuric acid to yield dimethylaminium radicals. In the presence of 

toluene, this decomposition gave 2-, - m- and - p-N,N-dimethyltoluidines 

(11-3) in a 15:10:75 ratio. TMT decomposition in trifluoroacetic acid 

generated a dimethylnitrenium ion which was intercepted by toluene to 

give o, m, and p 11-3 in a 2:O:l ratio. Irradiation of TMT in dilute - - - 

acidic solutions was a clean source of (CH~)~NH.+ radicals which 

added in good yields to cyclohexene, norbornene, and 

1,5-cyclooctadiene (COD) under either nitrogen or oxygen. 

Under nitrogen, only a trace of 1,2 addition of (cH~)~NH.+ 

was observed. Addition of (cH~)~NH'+ to an olefin led to a 

/3-dimethylammoniumalkyl radical (111-2). The 111-2 radical derived 

from cyclohexene combined in a 1,2 fashion with a dimethylaminomethyl 

moiety to form cis and trans-2-dimethylaminomethyl-1-dimethylamino- 

cyclohexane and the one derived from COD combined with this moiety in a 

transannular fashion to give 6-KO-dimethylaminomethyl-2-e2- 

dimethylamino-&-bicyclo[3.3.0]octane. The 111-2 radical derived from 



norbornene resul ted  i n  high y i e lds  of dimerization. In a l l  three cases ,  

products o f  hydrogen abstraction a t  the 111-2 radical  centre were a l so  

observed. Under oxygen, 111-2 radica ls  combined with oxygen and led t o  

hydroperoxides which were reduced t o  the corresponding 

/3-dime thy laminoalcohols i n  good y i e l d s .  



"Leaving Warsaw, the Germans demolished the c i t y  completely 

and subjected the people t o  mass ann ih i la t ion . .  . 'We want t o  

have, once and for a l l ,  a fr iendly  Poland as our neighbor' 

- S t a l i n ,  1945" 

G . K .  Zhukov 

I I  Memoirs" (1969)  
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CHAPTER 1 

INTRODUCTION 



(A) GENERAL 

The major p a r t  o f  t h i s  work is devoted t o  t h e  s t u d y  of t h e  

t h e r m a l  and photochemical  decomposi t ion o f  N,N,N' ,N1-te t ra-  

me thy l -2 - t e t razene  (TMT) under  a c i d i c  c o n d i t i o n s .  It was hoped t o  

e s t a b l i s h  whether t h i s  decomposi t ion proceeded v i a  a  n i t r en iu rn  ion  o r  an  

amino/aminium r a d i c a l  pathway through t h e  r e a c t i o n  p a t t e r n s  w i t h  v a r i o u s  

s u b s t r a t e s .  T h e r e f o r e ,  a  b r i e f  su rvey  o f  2 - t e t r a z e n e  r e a c t i o n s  is i n  

o r d e r .  

( B )  CHEMISTRY OF TETRAALKYL-2-TETRAZENES 

( 1  ) P r e p a r a t i o n  

T e t r a s u b s t i t u t e d - 2 - t e t r a z e n e s  a r e  r e a d i l y  p r e p a r e d  by t h e  

o x i d a t i o n  o f  1 , l - d i s u b s t i t u t e d  h y d r a z i n e s  (1-12) ,  decomposi t ion o f  

s u l f o n y l h y d r a z i n e  s a l t s ,  o r  by t h e  r e a c t i o n  of  secondary  amines w i t h  

A n g e l i ' s  s a l t  ( 1 0 )  through a  mechanism i n v o l v i n g  a n  a m i n o n i t r e n e  

( 1 , l - d i a z e n e )  i n t e r m e d i a t e  (Scheme 1-1 ) (8-1 1 ) .  P e r c h l o r a t e  s a l t s  o f  

t h e s e  a m i n o n i t r e n e s  have been i s o l a t e d  i n  t h e  s i l v e r  p e r c h l o r a t e  

o x i d a t i o n  of  1 , l - d i s u b s t i t u t e d  h y d r a z i n e s  and a  s t a t i s t i c a l  m i x t u r e  of  

2 - t e t r a z e n e s  was o b t a i n e d  when a  mix tu re  of  two d i f f e r e n t  

d i a l k y l a m i n o n i t r e n e  s a l t s  was b a s i f i e d  (Scheme 1-2)  ( 8 ) .  The 

aminon i t rene  i n t e r m e d i a t e  h a s  been f u r t h e r  suppor ted  by t h e  g e n e r a t i o n  

of '  a  d iazenium ion ( I + ) ,  which c o u l d  be  t r apped  by o l e • ’  i n s  (Scheme 



I - 3 ) ,  when t h e  ox idat ion  of 1 , l - d i s u b s t i t u t e d  hydrazines  was allowed 

t o  take place i n  an a c i d i c  medium ( 9 ) .  

L 1 2 )  H' R , R '  = Alkyl  o r  Aryl 

H2•‹ 
I 

RR'NH + Na2N202- RR'NNHOH 

Scheme 1-1 

Scheme 1-2 

Scheme 1-3 



4  

The s t a b i l i t y  o f  t h e  i n t e r m e d i a t e  aminon i t renes  s h o u l d  b e  a n  

i m p o r t a n t  c o n s i d e r a t i o n  when a t t e m p t i n g  a 2 - t e t r a z e n e  s y n t h e s i s  s i n c e  

t h e y  may r e a c t  o r  decompose by comple te ly  d i f f e r e n t  r o u t e s  (Scheme 

1-41 g i v i n g  l i t t l e  o r  no t e t r a z e n e  ( 1 0 ) .  However, t h e  b e s t  y i e l d s  of  

TMT a r e  o b t a i n e d  when 1 , l -d imethy lhydraz ine  (DMH) i s  o x i d i z e d  under 

b a s i c  c o n d i t i o n s  w i t h  mercur ic  o x i d e  (12) .  

Scheme 1-4 

( 2 )  P r o p e r t i e s  

a )  Basic  P r o p e r t i e s :  T e t r a l k y l - 2 - t e t r a z e n e s  undergo p r o t o n a t i o n  

(2 -7 ,13 ,14) ,  a l k y l a t i o n  and a c y l a t i o n  (5,15-19) r e a c t i o n s  q u i t e  

r e a d i l y  a s  w e l l  a s  forming s a l t s  and complexes w i t h  a  l a r g e  v a r i e t y  of 

Lewis a c i d s  (1-7,20-23).  TMT h a s  a  pKb=7.8 ( 1 4 , 1 6 , 2 4 , 2 5 , 3 1 ) ,  a  

f i r s t  i o n i z a t i o n  p o t e n t i a l  ( 1 . P . )  of 7.96 eV (181,  and a n  o x i d a t i o n  

p o t e n t i a l  o f  E ~ / ~ ~ = o . ~ z  v o l t s  i n  a c e t o n i t r i l e  ( 1 6 ) .  The pK2 h a s  

n e v e r  been measured owing t o  r a p i d  decomposi t ion above pH=O 

1 3 , 1 4 1 6  However, a t  pH=O, TMT i s  s t i l l  monoprotonated (14,161 and 

i t  may be s t i l l  monoprotonated i n  s o l u t i o n s  of  Ho=-3 s i n c e  no 

r a d i c a l s  a r e  observed and t h e  p l o t  o f  decomposi t ion r a t e  v e r s u s  

a c i d i t y  i s  l i n e a r  i n d i c a t i n g  s p e c i f i c  a c i d  c a t a l y s i s  ( 1 4 ) .  1 . r .  and 



Raman s t u d i e s  have shown a  bond o r d e r  N-N = 1.44 and N=N = 1.72,  

i n d i c a t i v e  o f  a  d e l o c a l i z e d  n - n i t r o g e n  bonding ( 2 6 ) .  T h i s  i s  in 

agreement w i t h  a  l a r g e  n -con juga t ion  a l o n g  t h e  n i t r o g e n  c h a i n  i n  

r e c e n t l y  s y n t h e s i z e d  2 - t e t r a z e n e  ( H 2 N - ~ = N - ~ ~ 2 )  ( 2 7 , 2 8 ) .  

RIT e x i s t s  mainly  i n  t h e  t r a n s  c o n f i g u r a t i o n  ( 6 , 7 , 2 9 , 3 0 )  hav ing  

C2h symmetry ( 2 6 )  a s  does  2 - t e t r a z e n e  (27,281.  Some o t h e r  i somer  of  

TMT [p robab ly  t h e  6 s  ( 2 9 ) ]  w i t h  a n o t h e r  C symmetry h a s  been observed 

i n  t r a c e  amounts a t  room t e m p e r a t u r e  ( 2 6 ) .  TMT h a s  an  U . V .  

a b s o r p t i o n  a t  AmaXz277 nm ( ~ = 8 . 2 x 1 0 ' )  i n  e t h a n o l  ( 6 , 7 , 1 4 , 3 0 , 3 1 )  

3 and Amax=237 nm ( ~ = 8 . 0 x 1 0  ) i n  d i l u t e  HC1 ( 1 4 , 3 1 ) .  A cis 
t e t r a z e n e ,  1,4-dimethyl-1,4,5,6-hexahydro-1,2,3,4-tetrae ( I - 1 3 ) ,  

3 h a s  been shown t o  have a  U . V .  a b s o r p t i o n  a t  AmaXz268 nm ( ~ ~ 6 x 1 0  ) 

i n  e t h a n o l  ( 3 0 )  (F igure  1-1) .  Although X-ray a n a l y s i s  h a s  shown 

1,4-di-para-fluorophenyl- tetrazenecarbonylbis(triphenylphosphine)- - 

i r i d i u m ( 1 )  c a t i o n  t o  be  of  cis geometry ( 3 2 )  a s  i n  1-14, r e c e n t  X-ray 

a n a l y s i s  o f  - b i s ( p e r f 1 u o r o - p h e n y l )  t e t r a m e t h y l t e t r a z e n e  z i n c ( 1 1 )  (1-15) 

r e v e a l s  a  t r a n s  form i n  t h e  s i n g l e  c r y s t a l ,  b u t  t h e  s t r u c t u r e  i n  

s o l u t i o n  is u n c l e a r  ( 3 3 ) .  



F i g u r e  1-1: P o s s i b l e  C o n f i g u r a t i o n s  o f  TMT s a l t s .  

Low t e m p e r a t u r e  n.m. r .  s t u d i e s  o f  t h e  TMT-HC1 s a l t  (1-16) have 

shown i t s  s t r u c t u r e  t o  be i n  a  t r a n s  c o n f i g u r a t i o n  ( 3 4 ) .  Ingo ld  h a s  

proposed t h a t  t h e  p h o t o l y t i c  decomposi t ion o f  t e t r a i s o p r o p y l -  

2 - t e t r a z e n e  i s  due t o  t h e  p h o t o l y t i c  fo rmat ion  o f  t h e  c i s  t e t r a z e n e  - 

from t h e  t r a n s  fo l lowed by thermal  decomposi t ion of  t h e  cis t e t r a z e n e  

( 2 9 ) .  Nelsen has  po in ted  ou t  t h a t  a  c o n f o r m a t i o n a l  change 

i s  r e q u i r e d  p r i o r  t o  bond c leavage  i n  t h e  decomposi t ion of  

substituted-1,4-diaryl-1,4-dimethyl-2- t e t r a z e n e s  (35). 

b )  O x i d a t i o n :  TMT can  be  e a s i l y  o x i d i z e d  [ I .P .=7 .96  eV ( 1 8 ) l  t o  

t h e  TMT c a t i o n  r a d i c a l  (TMT") by e l e c t r o c h e m i c a l  o x i d a t i o n  

(16 ,18 ,30 ,34 ,36) ;  c e r t a i n  o r g a n i c  a c i d s  o r  a c i d  anhydr ides  (16,191;  

o x i d i z i n g  a g e n t s  such a s  ce r ium(IV) ,  KMn04, o r  potass ium bromate 

( 3 6 , 2 5 ) ;  o t h e r  r a d i c a l s  ( 1 8 ) ;  o r  t e t r a n i t r o m e t h a n e  ( 3 4 , 3 7 ) .  Thun and 

McBride have po in ted  out  t h a t  TMT" would have a n  even g r e a t e r  



T?-conjugation with r e s p e c t  t o  TMT, s t r eng then ing  t h e  N-N bond and thus 

p reven t ing  f a c i l e  e l imina t ion  of n i t rogen  (25 ) .  

c )  S t a b i l i t y :  It has  been poss ib l e  t o  c a r r y  o u t  r e a c t i o n s  on t h e  

s u b s t i t u e n t s  of 2 - te t razenes .  Permanganate ox ida t ion  of TMT, y i e l d i n g  

carboxy d e r i v a t i v e  1-18, i s  be l ieved  t o  involve TMT" (Scheme 1-51 

(25) .  Fur ther  ox ida t ion  has  made a v a i l a b l e  a  l a rge  c l a s s  of compounds 

having amido m o i e t i e s  (F igure  1-2) (25) .  

F igure  1-2: Amido-tetrazenes 

The r e a c t i o n  of RIT with d in i t rogen  t e t r o x i d e  i s  suspec ted  of 

proceeding through a f r e e  r a d i c a l  mechanism g iv ing  an N-nitroso 

compound (1-20) ( ~ i g u r e  1-3) (25) .  However, with 



1,4-diphenyl-1,4-dimethyl-2-tetrazene, n i t r a t i o n  of t h e  aryl r i n g  

o c c u r r e d  ( 3 8 ) .  

c I "3 
TMT N204 - ( C H ~  ) 2 ~ N = ~ ~ - ~ = ~  

(1-20) 

F i g u r e  1-3: N i t r a t i o n  of TMT 

Reac t ion  on t h e  methyl g roup  of TMT need no t  proceed v i a  TMT" 

a s  i n  t h e  c a s e  of t h e  r e a c t i o n  of RlT  and chloramine ( F i g u r e  1-4) (39) 

and t h e  r e a c t i o n  of ?MT with  a z o d i c a r b o x y l a t e s  (Scheme 1-6) ( 4 0 ) .  

F i g u r e  1-4 :  R e a c t i o n  of TNT and K1I2CI.  

CH3 

N-COOR tiLc2k- N=N N @ H ~ ) ~  
TMT t 11 4 

3 

N-COOR Hl I 
RooC-N-N- COOR 

Scheme 1 - 6  



The above r e a c t i o n s  i n d i c a t e  t h e  s t a b i l i t y  of t h e  n i t rogen  

l inkage i n  TMT and TMT". Attempted Diels-Alder r e a c t i o n s  with TMT 

have been unsuccessful  (40,411. 

d )  Decomposition: TMT has been used a s  an i n i t i a t o r  i n  s ty rene  

and a c r y l o n i t r i l e  polymerizat ions (42-46) but tho  mechanism may be 

complex (46) .  A t  temperatures  above 100' (12,30,41,42,47-55) o r  

dur ing  i r r a d i a t i o n  (29,30,52-57),  TMT loses  n i t rogen  homoly t ica l ly  

gene ra t i ng  two dime thylamino r a d i c a l s  (Scheme 1-7).  This  l o s s  o f  

n i t r o g e n  has  been proposed t o  occu r ,  a t  l e a s t  i n  p h o t o l y s i s ,  from the  

c i s  con f igu ra t i on  of RIT (29) .  There i s  evidence f o r  amino r a d i c a l  - 

induced decomposition of RIT (Scheme 1-8) i f  t he  concen t r a t i on  of  RIT 

is above 0.2M (53 ) .  The f a t e  of these  amino r a d i c a l s  w i l l  be 

I discussed  below. 
i 

! 

TMT (1-23) 

Scheme 1-7 

H * N ( c H ~ ) ~  

( c H ~ ) ~ N '  + CH2=NCH3 + (CH 3 ) L NH + N 2 

Scheme 1-8 



N i t r o g e n  is evo lved  i n  t h e  a l k y l a t i o n  o r  a c v l a t i o n  o f  TMT 

(1-8 ,15,16,18)  a long  wi th  t h e  g e n e r a t i o n  o f  PIT" and 

t e t r a m e t h y l h y d r a z i n e  (TMH) c a t i o n  r a d i c a l  (TMH") ( l 5 , 1 6 , 1 8 ) .  A 

g e n e r a l  mechanism, i n v o l v i n g  f r e e  r a d i c a l s ,  h a s  been proposed f o r  t h e  

fo rmat ion  o f  p r o d u c t s  a r i s i n g  from t h e s e  r e a c t i o n s  (Scheme 1-9) (18 ) .  

I 
( c H ~ ) ~ - N * ~  + TMT r TMT'+ + ( c H ~ ) ~ N R  

( I . P .  = 7.96eV) 

Scheme 1-9 

The l o s s  of  n i t r o g e n  i n  t h e  d i l u t e  a c i d  decomposi t ion o f  TMT i s  

E 

1 n o t  a  f r e e  r a d i c a l  p r o c e s s  ( 1 4 ) .  An equimolar  r a t i o  o f  n i t r o g e n ,  

! L me thy  lamine,  dimethy lamine,  and formaldehyde i s  produced p e r  mole of  
! 

I 
TMT decomposed (1 -5 ,13 ,14 ,58) .  The proposed mechanism of 

decomposi t ion (scheme 1-10)  i s  through a n  i o n i c  p r o c e s s ,  p o s s i b l y  

g e n e r a t i n g  a n  i n t e r m e d i a t e  d i m e t h y l n i t r e n i u m  ion (1-27) which may 

combine wi th  an  a n i o n  (e.g. C1-) ( 3 , 4 , 1 4 , 5 8 ) .  The i n t e r m e d i a t e  

f 



N-chlorodimethylamine (NCD) has never been de t ec t ed  i n  t h e  d i l u t e  

hydrochlor ic  ac id  decomposition of RIT (14).  The imine 1-29 may 

e i t h e r  form t h e  t r imer  1-30 o r  hydrolyze t o  methylamine and 

formaldehyde ( 1 4 ) .  An a l t e r n a t e  mechanism has been proposed t o  

account f o r  the  l a c k  of choramine formation analogous t o  the  r eac t ion  

o f  RIT with azodicarboxylates  (scheme 1-1 1 )  (40).  

Scheme 1-10 

Scheme 1-11 

I f  the  concen t r a t ion  of TMT i n  d i l u t e  aqueous ac ids  (such a s  H C 1 ,  

HC104, H2S04) i s  r a i s e d  above 0.2M, TMT" i s  formed ( 1 4 ) .  No 

mechanism f o r  t he  formation of TMT", under t hese  cond i t i ons ,  has  

been given. 



I f  s t r o n g  a c i d s  a r e  used ( e . g . c o n c e n t r a t e d  H2S04), t h e  

decomposi t ion may proceed through a  f r e e  r a d i c a l  mechanism (13,141.  

Two diphenylaminium r a d i c a l s  a r e  g e n e r a t e d  by t h e  homoly t i c  l o s s  o f  

n i t r o g e n  from d i p r o t o n a t e d  t e t r a p h e n y l - 2 - t e t r a z e n e  (TPT) i n  

c o n c e n t r a t e d  H2S04 t o  g i v e  a  polymeric m a t e r i a l  (Scheme 1-12) 

( 5 9 ) .  No polymer was formed when TPT was decomposed i n  h y d r o c h l o r i c  

a c i d ;  however,  t h e  p r o d u c t s  were no t  i d e n t i f i e d  (59 ) .  It i s  p o s s i b l e  

t h a t  i n  weaker a c i d s  TPT decomposes v i a  a  n i t r e n i u m  ion such a s  i s  

formed by t h e  a c t i o n  of  Y205 on d i p h e n y l  hydroxylamine (Scheme 

1-13) ( 5 9 ) .  

Scheme 1-12 

Scheme 1-13 

The a c t i o n  of  c o n c e n t r a t e d  H2S04 on TMT shou ld  g e n e r a t e  

dimethylaminiurn r a d i c a l s  i n  an analogous  manner t o  TPT. Dimethylamine 

i s  more b a s i c  than  diphenylamine ( 6 0 ) ;  t h e r e f o r e ,  TMT would b e  

expec ted  t o  b e  d i p r o t o n a t e d  more e f f i c i e n t l y  i n  c o n c e n t r a t e d  H2S04 

t h a n  TPT. S i n c e  TMT i s  monoprotonated i n  a c i d i c  s o l u t i o n s  up t o  

Ho=-3 ( 1 4 ) ,  t h e  q u e s t i o n  remains whether a  d i m e t h y l n i t r e n i u m  ion 

(1-27) is g e n e r a t e d  i n  t h e  weak a c i d  decomposi t ion o f  TMT. 



( C )  NITRENIUM IONS 

The concep t  o f  n i t r e n i u m  ion i n t e r m e d i a t e s  is w e l l  documented 

1 6 1 - 6 6 .  Although t h e  g e n e r a t i o n  o f  n i t r e n i u m  i o n s  i n  t h e  

u n s a t u r a t e d  N-chloramine i n t r a m o l e c u l a r  c y c l i z a t i o n  r e a c t i o n s  h a s  been 

b o t h  suppor ted  (61-64,69,7O) and d i s c o u n t e d  (66-68), t h e i r  p o s s i b l e  

g e n e r a t i o n  i n  t e t r a z e n e  a c i d  decomposit ion through a n  i o n i c  mechanism 

(3-5,13,14,58) h a s  never  been s u b s t a n t i a t e d  o r  d i sp roved .  

I f  a  d imethy ln i t ren ium ion (1-27, Scheme 1-10) i s  formed i n  t h e  

d i l u t e  a c i d  decomposi t ion of TMT, i t  could  e x i s t  i n  e i t h e r  a  t r i p l e t  

( I -27a)  o r  a  s i n g l e t  ( I -27b)  e l e c t r o n i c  s t a t e  ( F i g u r e  1-5) 

(61 ,65 ,66 ,71 ,72) .  I N D O  c a l c u l a t i o n s  on t h e  low l y i n g  s i n g l e t  and 

t r i p l e t  e l e c t r o n i c  s t a t e s  o f  1-27 i n d i c a t e  t h e  t r i p l e t  I-27a t o  be 

l i n e a r  and o f  a  lower energy  (by  26  k c a l  mole-') t h a n  t h e  b e n t  

s i n g l e t  I-27b ($$= 122') (71 ). The energy d i f f e r e n c e  between I-27a 

and I-27b may b e  even l a r g e r  ( 7 2 ) .  

1-2 7a I-27b 

F i g u r e  1-5: The Dimethylni t renium Ion (1-27) 



A s i n g l e t  n i t r e n i w n  ion  would b e  e x p e c t e d  t o  r e a c t  i n  a  s i m i l a r  

manner t o  a  s i n g l e t  ca rbene  ( 7 3 )  o r  n i t r e n e  ( 7 4 , 7 5 ) ,  where bond 

i n s e r t i o n  and s t e r e o s e l e c t i v e  o l e f i n  a d d i t i o n  predominate  (61-66).  A 

t r i p l e t  n i t r e n i u m  ion would show s i m i l a r  r e a c t i v i t y  t o  t r i p l e t  

c a r b e n e s  o r  n i t r e n e s  (mainly  hydrogen a b s t r a c t i o n )  (61-66).  One would 

f u r t h e r  expec t  bo th  s p e c i e s  t o  undergo e i e c t r o p h i l i c  a r o m a t i c  

s u b s t i t u t i o n  s i m i l a r  t o  f r e e  n i t r o n i u m  (76-79) o r  i s o p r o p y l  c a t i o n s  

( 8 0 ) .  However, a  r a p i d  rearrangement  o f  1-27 t o  a  p r o t o n a t e d  imine 

I -29a,  s i m i l a r  t o  t h e  rearrangement  i n  methyl n i t r e n e  ( 8 2 )  o r  

i s o p r o p y l  c a t i o n  (811,  i s  a l s o  expec ted  ( F i g u r e  1 -6 ) .  

F i g u r e  1-6: Rearrangement o f  1-27 

(Dl AMINO RADICALS 

The p r o d u c t s  o f  t h e  i n t e r m e d i a t e  dime t h y  lamino r a d i c a l s  g e n e r a t e d  

i n  t h e  p h o t o l y s i s  o r  t h e r m o l ~ s i s  o f  TMT ( s e e  above)  a r e  TMH [ n o t  

n e c e s s a r i l y  a r i s i n g  from geminate  p a i r  r ecombina t ion  (55)], imine 1-29 

o r  imine t r i m e r  1-30, and N,N,N1,N'-tetramethylmethylenediamine 

(12,29,47-52) .  Dia lkylamino r a d i c a l s  can a l s o  b e  produced by 

i r r a d i a t i o n  of  d i a l k y l -  o r  t r i a l k y l a m i n e s  (83,85,91-94)  o r  

t e t r a a l k y l h y d r a z i n e s  (83,851.  



These amino r a d i c a l s  a r e  n o t  e f f i c i e n t  dehydrogena t ing  a g e n t s  

below 100' (41,48,51-54,84,85j  and f a i l  t o  add i n t e r m o l e c u l a r l y  t o  

o l e f i n s  a t  room t e m p e r a t u r e  (53-55,961. An a c t i v a t i o n  energy  of 35-40 

k c a l / m l e  h a s  been c a l c u l a t e d  f o r  t h e  t h e o r e t i c a l  a d d i t i o n  o f  amino r a d i c a l  

*NH2 t o  e t h y l e n e  ( 9 6 ) .  Addi t ion  o f  dimethylamino r a d i c a l s  t o  e t h y l e n e  a t  

127-175' o c c u r s  i n  good y i e l d s  ( 4 8 ) ,  and some a d d i t i o n  t o  a n t h r a c e n e  

h a s  been r e p o r t e d  ( 4 1 ) ;  however,  no a d d i t i o n  h a s  been obse rved  t o  

occur  w i t h  cyc lohexene , norbornene ( 53,54,96 1, and nonene (48  ) . 
P r o d u c t s  r e p o r t e d  a s  r e s u l t i n g  from t h e  a d d i t i o n  o f  amino r a d i c a l s  t o  

a -methy l s ty rene  (42,481 may occur  by a n o t h e r  r o u t e  (90 ,  n o t e  1 4 ) .  

E l e c t r o n  wi thdrawing s u b s t i t u e n t s ,  c a p a b l e  of r e d u c i n g  t h e  nonbonding 

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

energy  needed f o r  a d d i t i o n  ( 9 6 ) ;  t h u s ,  d i f l u o r o a m i n o  ( 9 7 )  and 

b i s t r i f l u o r o m e t h y l a m i n o  ( 9 8 )  r a d i c a l s  a r e  c a p a b l e  o f  add ing  t o  o l e f i n s  

i n  good y i e l d s .  

Although p h o t o l y s i s  of  d i -  and t r i a l k y l a m i n e s  i n  benzene g i v e s  

amine a d d i t i o n  p r o d u c t s  ( 9 1 , 9 2 ) ,  no a d d i t i o n  o r  a r o m a t i c  s u b s t i t u t i o n  

o c c u r r e d  when TMT was thermolyzed a t  145-150' i n  t h e  p r e s e n c e  o f  

a r o m a t i c  s u b s t r a t e s  ( 5 1 , 8 4 ) .  

TMT p h o t o l y s i s  a t  o r  below room tempera tu re  i n  t h e  p r e s e n c e  o f  

o l e f i n s  is e x p e c t e d  t o  g ive  amino r a d i c a l  combinat ion and 

d i s p r o p o r t  i o n a t  i o n  r e a c t  i o n s  o n l y  ( 9 6 ) .  However, i f  amino r a d i c a l s  

a r e  p r o t o n a t e d  ( ~ i ~ u r e  1 - 7 )  o r  complexed wi th  m e t a l  i o n s ,  t h e y  l e a d  t o  

h i g h l y  r e a c t i v e  s p e c i e s  ( s e e  below).  



*+ 
(cH-3 I2N-H - - (CH3)2N' + H+ pKa = 6.5-7.5 (94,951 

F igure  1-7: Pro tona t ion  of ( C H ~  )*N'  

The formation and r e a c t i o n s  (hydrogen a b s t r a c t i o n ,  e l e c t r o p h i l i c  

aromatic  s u b s t i t u t i o n ,  and a d d i t i o n  t o  o l e f i n s )  of aminium r a d i c a l s  

have been i n v e s t i g a t e d  and wel l  documented i n  our group (99-108) and 

elsewhere ( s e e  e .g . :  70,85,109-114). However, i t  i s  necessary  t o  

e l a b o r a t e  on c e r t a i n  a spec t s  of  dimethylaminium r a d i c a l  r e a c t i v i t y  

p e r t i n e n t  t o  t h e  r e s u l t s  descr ibed  i n  t h i s  t h e s i s .  

E l e c t r o p h i l i c  aromatic  s u b s t i t u t i o n  by aminium r a d i c a l  

i n t e rmed ia t e s  genera ted  i n  s t r o n g l y  a c i d i c  media from N-chloramines 

(109,113-123) has  been shown t o  be complicated by another  mechanism. 

The mechanism proposed by Kovac i c  (1  14)  involv ing  i o n i c  chloramine 

a d d i t i o n  followed by H C 1  e l imina t ion  has  been used t o  exp la in  t h e  h igh  

y i e l d  o f  meta-N,N-dimethyltoluidine formed i n  some r e a c t  ions  by the  

aminat ion of t o luene  by NCD under s t r o n g l y  a c i d i c  c o n d i t i o n s  (Table  

1-1 1. 

. Minisci  i s  conf ident  t h a t  t h i s  mechanism is  u n l i k e l y  t o  occur  i n  

aromatic  s u b s t i t u t i o n  of to luene  by NCD i n  t h e  f e r r o u s  l a c t a t e  



Table 1-1: Toluidine Isomer Ratios From NCD. 

No. Method TOC (CH3 I2NC6H4CH3 

or.tho:meta: para 

A1Cl3/RNO2 80 

h ~ l H ~ S 0 ~  80 

Na2S04/H2S04 80 

CuC1/H2S04 80 

CuC 1/H2S04 7 5 

CuC1/H2SO4 4 0 

CuC1/H2S04/CH3COOH 40 

CuC l/H2S04 10 

TiC13/H2S04 4 0 

FeC12/H2S04 40 

FeC12/H2S04 30 

FeII lactate/H2S04/ 20 

RN0 2 

%Yield Ref. 



i n i t i a t e d  decomposi t ion i n  H2S04-nitromethane (No.12, Tab le  1-1) 

(115) .  The mechanism of a pr imary c h a r g e  t r a n s f e r  (CT) complex (1-35) 

between ( c H ~ ) ~ N H ' +  and a n  a romat ic  s u b s t r a t e  fol lowed by a 

a-type i n t e r m e d i a t e  (1-36) i s  invoked t o  e x p l a i n  t h e  s e l e c t i v i t y  and 

r e a c t i v i t y  o f  ( C H ~ ) ~ N H . +  (Scheme 1-14) (115) .  It i s  proposed 

h e r e  t h a t  a l i n e a r  energy r e l a t i o n s h i p  between t h e  i o n i z a t i o n  

p o t e n t i a l  ( 1 . P . )  of t h e  a r o m a t i c  s u b s t r a t e  (126)  and t h e  l o g  o f  i t s  

r e l a t i v e  r a t e  o f  aminat ion is  expec ted  i f  1-35 resembles  t h e  

t r a n s i t i o n  s t a t e  (124,125) .  Indeed,  i f  t h i s  is  done ( F i g u r e  1- 8 ,  

Table  1-21, a good c o r r e l a t i o n  is  a t t a i n e d  i n  t h e  s e r i e s  benzene,  

t o l u e n e ,  2-xylene,  b i p h e n y l ,  and a n i s o l e .  The anomaly o f  i sopropy l -  

and t -bu ty lbenzene  i s  e x p l a i n e d  i n  terms of s t e r i c  and i n d u c t i v e  

e f f e c t s  involved i n  t h e  t r a n s i t i o n  s t a t e  (115) .  Both bromo- and 

chlorobenzene a l s c  undergo ha logen  e l i m i n a t i o n  l e a d i n g  t o  

d i m e t h y l a n i l i n e  (118)  (scheme 1-15), account ing  f o r  t h e  l a r g e  

d e v i a t i o n  o f  t h e s e  observed i n  F i g u r e  I- 8 because  t h e  f o r m a t i o n  o f  

d i m e t h y l a n i l i n e  was n o t  inc luded  i n  t h e  c a l c u l a t i o n  o f  t h e  r e l a t i v e  

rates (118) .  

Scheme 1-14 



Table 1-2: Ionization potentials ( I . P . )  and relative rates of 

+ amination by (CH3)2NH' of various aromatics. 

No. Aromatic 

Substrate 

I.P. (eV) iielative Ref. 

(126) . Rate 

1 

ca. 0.1 

ca. 0.1 

11.8 

9 . 3  

5 . 3  

78.8 

200 

> 200 

3 

u : 2 
a 

j 1 
Q: 

4i 0 
0 

-1 

- r 8  
<bo, . . '0 - - 

\ 4 
50- - Q 

6 0  
- 
\ 
1 - - - -p - 

2 3o 0 

I. I? 6.1 8.4 8.6 8.8 9.0 9.2 
Figure 1-8 : Plot of I.P. vs. relative rate of amination. 



Scheme 1-15 

A s  y e t ,  no s a t i s f a c t o r y  e x p l a n a t i o n  h a s  been g iven  f o r  t h e  f a c t  

t h a t  b e n z y l i c  a b s t r a c t i o n  i n c r e a s e s  and r i n g  a m i n a t i o n  d e c r e a s e s  w i t h  

d e c r e a s i n g  a c i d i t y  from c o n c e n t r a t e d  H2S04 (100% a m i n a t i o n )  t o  

a c e t i c  a c i d  (100% a b s t r a c t i o n )  (109,116,127) .  I t  may be t h a t  i n  l e s s  

a c i d i c  media,  no  c h a r g e  t r a n s f e r  o c c u r s .  No c o r r e l a t i o n  o f  I.P. of  

some s u b s t i t u t e d  t o l u e n e s  v s .  t h e  l o g  o f  t h e  r a t e  o f  fo rmat ion  of  t h e  

c o r r e s p o n d i n g  benzyl  c h l o r i d e s  from Noale's work ( !2?) cou ld  be 

made. Another e x p l a n a t i o n  may be  t h a t  t h e  CT complex 1-35 e l i m i n a t e s  

a  p r o t o n  and t h e  r e a c t i o n  between t h e  r e s u l t i n g  benzy l  r a d i c a l  and a n  

N-chloramine i s  r a t e  d e t e r m i n i n g  i n  benzy l  c h l o r i d e  f o r m a t i o n .  

I n g o l d  h a s  proposed t h e  fo rmat ion  of  a  n i t r e n i u m  ion  from t h e  

d i s p r o p o r t i o n a t i o n  of  two aminium r a d i c a l s  (128) .  However, i f  a  

n i t r e n i u m  ion  d i d  p a r t i c i p a t e  i n  t h e  e l e c t r o p h i l i c  s u b s t i t u t i o n  o f  

t o l u e n e ,  a n  0 r t h o : m e t a : p a r a  r a t i o  o f  t o l u i d i n e s  s i m i l a r  t o  t h e  r a t i o  o f  --- 
n i t r o t o l u e n e s  o b t a i n e d  i n  t o l u e n e  n i t r a t i o n  by a  n i t r o n i u m  ion [2 :1 ,  

o r t h o : p a r a ,  l i t t l e  o r  no meta (76-79)1 o r  t h a t  i n  t h e  a l k y l a t i o n  o f  -- - 
t o l u e n e  by an i s o p r o p y l  c a t i o n  [3 :1 :2 ,  0 r t h o : m e t a : p a r a  ( s e e  r e f e r e n c e  

-_I- 



80, T a b l e  2,  no .63)I  shou ld  be  expec ted  because  o f  t h e  fo rmal  p o s i t i v e  

c h a r g e  on t h e  n i t r e n i u m  ion  ( s e e  above) .  M i n i s c i ' s  mechanism (Scheme 

1-14), i n v o l v i n g  d i r e c t  p a r t i c i p a t i o n  o f  t h e  aminium r a d i c a l ,  is  t h e  

b e s t  e x p l a n a t i o n  o f  t h e  r e s u l t s  i n  r e f e r e n c e  115 t o  d a t e .  

Dimethylaminiurn r a d i c a l s  g e n e r a t e d  from TMT decompos i t ion  shou ld  g i v e  

s i m i l a r  r e s u l t s  i n  t h e  p r e s e n c e  o f  t o l u e n e  and H2S04. 

F) METAL I O N  COMPLEXES OF AMINO RADICALS 

Under n e u t r a l  c o n d i t i o n s ,  t r e a t m e n t  o f  N-chloramines w i t h  m e t a l  

s a l t s  h a s  been proposed t o  produce complexed amino r a d i c a l s  which 

undergo s i m i l a r  r e a c t i o n s  t o  aminium r a d i c a l s  b u t  a r e  more s e l e c t i v e  

i n  hydrogen a b s t r a c t i o n  and o l e f i n  a d d i t i o n  r e a c t i o n s  (70,110,113) .  

TMT complexes such a s  1-12 o r  1-15 ( s e e  above)  may produce amino 

r a d i c a l s  on decomposi t ion (20-23,33,129,130) .  Michejda and Campbell 

o r i g i n a l l y  proposed t h a t  t h e  decomposi t ion of  t h e  z i n c  chloride-TMT 

complex gave a  a s - d i m e t h y l a m i n o  d i r a d i c a l  (1-37) which c o u l d  b e  

c a p a b l e  o f  adding t o  c e r t a i n  o l e f i n s  g i v i n g  diamino compounds (1-38) 

under  n i t r o g e n  and amino a l c o h o l s  (1-39) under  oxygen (Scheme 1-16) 

(129) .  No a d d i t i o n  p r o d u c t s  were o b t a i n e d  w i t h  cyclohexene under  

e i t h e r  g a s .  



L 

The d i r a d i c a l  I- 

Scheme 1-16 

.37 h a s  been r u l e d  ou t  a s  a  p o s s i b l e  i n t e r m e d i a t e  

on t h e  b a s i s  o f  r e c e n t  X-ray a n a l y s e s  (33 ,130)  which show a  t r a n s  

geometry o f  TMT i n  1-15. T h i s  geometry may accoun t  f o r  t h e  fo rmat ion  

o f  me thy laz ide  i n  t h e  TMT-aluminium complex decompos i t ions  ( 2 0 ) .  A s  a  

r e s u l t ,  a  s i n g l e  complexed amino r a d i c a l  (1-40) h a s  been r e c e n t l y  

proposed a s  t h e  i n t e r m e d i a t e  l e a d i n g  t o  1-38 and 1-39 (130) .  The 

fo rmat ion  o f  epoxides  (5-10% y i e l d s )  may account  f o r  some o f  p roduc t  

1-39 when TMT-ZnC12 i s  decomposed under  oxygen (Scheme 1-17] (130) .  

Pe roxyaminorad ica l s  a r e  h i g h l y  u n s t a b l e  s p e c i e s ,  decomposing t o  

n i t r o x y l  r a d i c a l s  q u i t e  r e a d i l y  (29 ,128) ,  and may form epox ides  a s  

d e s c r i b e d  (130) .  TMT decomposi t ion i n  t h e  p r e s e n c e  o f  m e t a l  i o n s  w i l l  

n o t  b e  i n v e s t i g a t e d  i n  t h i s  t h e s i s  a s  t h e  work i s  i n  p r o g r e s s  

e l sewhere  (130) .  

Scheme 1-17 



CHAPTER I1 

RESULTS* 

*The y i e l d s  a r e  based upon one mole TMT g i v i n g  one mole o f  p r o d u c t s  o r  

113 mole of imine t r i m e r  1-30. 



A )  N.M.R. STUDY OF A C I D  CATALYZED TMT DECOMPOSITION 

When TMT was d i s s o l v e d  i n  c o n c e n t r a t e d  H2S04 a t  oO, i t  gave 

a  deep yel low c o l o r  and much g a s  e v o l u t i o n .  The m i x t u r e  was q u i c k l y  

coo led  t o  -70'. The n.m.r .  recorded a t  -20' ( F i g u r e  11- la) ,  30  

minutes  a f t e r  mixing,  showed t h e  n . m . r .  s i g n a l  a t  r 7 . 1 0 ( t )  f o r  

dimethylammonium and a t  r 6 . 2 7 ( d t )  and 1.93(m) f o r  N a e t h y l -  

methyleneimonium ( I -29a)  c a t i o n s  i n  a  1:  1  r a t i o .  It a l s o  

showed a  smal l  s i n g l e t  a t  76 .40 .  When t h e  s o l u t i o n  was warmed t o  room 

t e m p e r a t u r e  ( F i g u r e  1 1 - l b )  no d e t e c t a b l e  i n c r e a s e  i n  e i t h e r  t h e  

dimethylamine o r  imine I-29a s i g n a l s  was obse rved ;  however,  t h e  

s i n g l e t  a t  r 6 . 4 0  had i n c r e a s e d ,  and t h e  r e s o l u t i o n  o f  a l l  peaks had 

improved . 

The o r i g i n  of t h e  new s i g n a l  a t  76 .40  was found t o  be  due t o  t h e  

methyl  s i g n a l s  of d i - p r o t o n a t e d  TMH. A s o l u t i o n  o f  TMH i n  H2S04 

+ a t  20' e x h i b i t e d  a  s i g n a l  a t  r6.40** u s i n g  (CH3l2NH2 a s  a n  

i n t e r n a l  s t a n d a r d  ( F i g u r e  1 1 - l d )  . The TMH-2~' s i g n a l  appeared t o  

d e c r e a s e  s l i g h t l y  on s t a n d i n g  one day a t  room t e m p e r a t u r e  ( F i g u r e  

I - 1  T h i s  s o l u t i o n ,  when examined by e . s . r .  ( s e e  be low) ,  showed a  

p o o r l y  r e s o l v e d  s e r i e s  o f  m u l t i p l e t s  f o r  TMT". 

**When t h i s  s o l u t i o n  was h e a t e d  a t  110' f o r  one h o u r ,  t h e  s i g n a l  a t  

+ 
~ 6 . 4 0  was r e p l a c e d  by t h o s e  o f  (CH3l2NH2 and t h e  imine I-29a.  
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Figure 11-1: a - c )  N.M.R.  s t u d y  of TMT decompos i t ion  i 1 2  

H2S04,  d )  TMH i n  &?So4 



F i g u r e  11-2: N.M.R. s t u d y  of TMT d e c o m p x i t i o n  i n  CF3COOH 

a - e )  thermal, f) p h o t o l y s i s ,  g )  TMH 



1 1 I . . . . .  
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, Figu re  11-3: 1J.M.R.  of TMT in 1M CF3COOH in CD3CN, a) before 

and b) after photolysis, c )  TMH 



When TMT was d i s s o l v e d  i n  CF3COOH a t  -15O, t h e  N-methyl 

n.m.r. s i g n a l s  were s p l i t  i n t o  t h r e e  s i n g l e t s  a t  r 6 . 6 2 ,  6 .82 ,  and 

6.92 i n  a r a t i o  o f  1 :  1 :2  ( F i g u r e  11-2).  A s i m i l a r  s p l i t t i n g  h a s  been 

observed f o r  t h e  TMT-HC1 s a l t  i n  CDC13 and has  been a s s i g n e d  t o  

IMT-H+ t r a n s  c o n f i g u r a t i o n  ( 3 4 ) .  There  was no s i g n  o f  decay  o f  t h i s  

RIT-H+ s i g n a l  a t  -15' over  one hour ( F i g u r e  1 1 - l a ) .  Warming t h e  

s o l u t i o n  t o  10' broadened t h e  RIT-H+ s i g n a l ,  b u t  t h e r e  was a g a i n  

no s i g n  o f  decomposi t ion w i t h i n  30 minutes  ( F i g u r e  11-2b). On warming 

t o  30•‹, the  TMT-H+ s i g n a l  coa lesced  t o  a  s i n g l e t  a t  76 .78  ( F i g u r e  

11-2c) and decayed w i t h i n  50 minutes  t o  b e  rep laced  by t h e  n.m.r.  

s i g n a l  a t  r 7 . 1 0 ( t )  f o r  dimethylamine and a t  76.25(m) and 1.90(m) f o r  

imine I-29a ( F i g u r e  11-2e).  The s i g n a l s  a t  r7 .10 and 6 . 2 5  were i n  a  

2: 1 r a t i o  i n d i c a t i n g  an equimolar y i e l d  o f  t h e s e  compounds. 

P h o t o l y s i s  o f  t h e  TMT-H+ s o l u t i o n  i n  CF3COOH a t  0' ( F i g u r e  

+ 11-2f) showed t h e  n .m.r .  s i g n a l  a t  ~ 7 . 1 0 ( t )  f o r  (CH3l2NH2 and a t  

r6 .25  and 2.10 f o r  t h e  imine I-29a.  The l a t t e r  s i g n a l s  were s l i g h t l y  

d i f f e r e n t  i n  shape t o  t h a t  observed above and might b e  due t o  a  

+ produc t  o t h e r  than  I-29a.  The s i g n a l  f o r  (CH3l2~H2 was 

over lapped wi th  t h a t  o f  ?MH-H+ a t  77.14 ( s e e  F igure  11-2g).  The 

r a t i o  o f  t h e  ( c H ~ ) ~ N H ~ +  s i g n a l  a t  r7.10 t o  t h a t  a t  16 .25  was 

abou t  3.5: 1. 

When TMT was d i s s o l v e d  i n t o  a c e t o n i t r i l e  c o n t a i n i n g  CF3COOH and 

cooled t o  -40•‹, t h e  TMT-H+ appeared a s  t h r e e  s i n g l e t s  a t  r 6 . 5 8 ,  



6.88,  and 6 .96 i n  a  r a t i o  o f  1 : 2 : 1  ( F i g u r e  IT-3a).  I r r a d i a t i o n  of 

t h i s  s o l u t i o n  a t  0' gave r i s e  t o  a complex n , m . r ,  spec t rum ( F i g u r e  

11-3b) which c o u l d  no t  b e  a s s i g n e d .  

B) TF! E.S.R. ST!!I?Y OF A C I D  CATALYZEC T?*TT 3ECOMPOSITION 

The e . s . r .  s i g n a l  of TMT" was g e n e r a t e d  a t  room t e m p e r a t u r e  

i n  c o n c e n t r a t e d  H2S04 ( F i g u r e  11-41. It c o n s i s t e d  o f  a s e r i e s  o f  

p o o r l y  reso lved  bands h a v i n g  a  s p l i t t i n g  of  c a .  lOG and g - f a c t o r  of  

2.0040+0. - 0005 f o r  TMT" ( 3 4 , 3 7 ) .  The s i g n a l  decayed s l o w l y  o v e r  

, s e v e r a l  days  and no o t h e r  s i g n a l  was obse rved .  

A b e t t e r  r e s o l v e d  TMT" s i g n a l  cou ld  be  g e n e r a t e d  i n  a  

CF3COOH- a c e t o n i t r i l e  s o l u t i o n  a t  room tempera tu re  ( F i g u r e  11-5) o r  

a t  -45' ( s e e  F i g u r e  11-8a) .  The coup l ing  c o n s t a n t s  o f  \ 
aN(2,3N)=1.15,  a N ( 1 , 4 ~ ) = 1 0 . 8 5 ,  aH(6H)=10.40, aH(6H)=10.60 G 

and t h e  g - f a c t o r  o f  2.0040+0.0005 o b t a i n e d  from t h e s e  s p e c t r a  a g r e e  

f a v o u r a b l y  wi th  those  r e p o r t e d  e l sewhere  f o r  TMT'+ ( 3 4 , 3 7 ) .  A t  

-45O, t h i s  s i g n a l  showed v e r y  l i t t l e  decay o v e r  s e v e r a l  h o u r s  b u t ,  

a t  room t e m p e r t u r e ,  i t  decayed o v e r  two h o u r s  w i t h  no appearance  o f  

any o t h e r  s i g n a l .  

TMT decomposi t ion i n  a  s o l u t i o n  o f  CF3COOH i n  benzene formed 

two l i q u i d  p h a s e s .  The t o p  benzene phase was examined by e . s .  r .  a t  

+ 
room temperaure  and showed a  TMT' s i g n a l  superimposed w i t h  a n o t h e r  



-t 
Figure  11-4 : I'MT' E.S.R. in H2SO4 at 20" 

. + 
Figu1.e 11-5 : TMT E.S.R. in CF3COOH-CH3CN at 20" 



u n i d e n t i f i e d  s i g n a l  ( ~ i g u r e  11-6a) .  T h i s  s i g n a l  was r e p l a c e d  w i t h i n  

30 minu tes  by a n o t h e r  weaker s i g n a l  a t  g=2.002+0.001 showing a t  l e a s t  - 
17 major  bands 4.2G a p a r t  i n  a  r a t i o  ( o u t e r  t o  c e n t r e )  of  

12: 23: 25: 35: 6O:65: 73:gO: 100 ( F i g u r e  11-6b).  I n  a n o t h e r  

exper iment ,  TMT was added t o  a  s o l u t i o n  of  CF3COOH i n  1: 1 

cyc lohexene-ace toni t r i le .  Again,  t h e  e . s .  r .  o f  t h e  t o p  phase  a t  room 

t e m p e r a t u r e  showed an i l l  r e s o l v e d  TMT" s i g n a l  ( F i g u r e  11-7a) which 

decayed i n  45 minu tes  t o  b e  r e p l a c e d  by a  weaker s i g n a l  v e r y  s i m i l a r  

t o  t h a t  obse rved  p r e v i o u s l y :  g=2.0024+0.0004, - 17 major  bands  4.2G 

a p a r t  i n  a  r a t i o  o f  7:12:20:25:50:60:65:75:100 ( F i g u r e  11-7b). 

Both t h e s e  new s i g n a l s  decayed i n  30 minutes  a t  room 

t e m p e r a t u r e .  These s i g n a l s  were t e n t a t i v e l y  a s s i g n e d  t o  an 

N,N,N8-trimethy?dianifiomerhyl r a d i c a l  (11-2)  on t h e  b a s i s  o f  t h e  

f o l l o w i n g  arguments .  The low g - f a c t o r  of  2.0024 is  i n d i c a t i v e  o f  a  

ca rbon  c e n t r e d  r a d i c a l  (131) .  Comparison of  a  s i m u l a t e d  spec t rum 

( ~ i g u r e  11-6c) u s i n g  t h e  c o u p l i n g  c o n s t a n t s  o f  known a -aminoa lky l  

r a d i c a l s  (83 ,93)  (Tab le  11-1) w i t h  t h e  observed one a g r e e s  w e l l  w i t h  

t h i s  a s s ignment .  Fur the rmore ,  t h e  s l i g h t l y  lower g - f a c t o r  i s  i n  

agreement w i t h  s i m i l a r  r e s u l t s  s e e n  i n  a - a l k o x y a l k y l  r a d i c a l s  where 

t h e  g - f a c t o r  d e c r e a s e s  w i t h  i n c r e a s i n g  a lkoxy  s u b s t i t u t i o n  a t  t h e  

r a d i c a l  c e n t r e  (131) .  

When TMT was added t o  a  s o l u t i o n  of  CF3COOH i n  a c e t o n i t r i l e  a t  

-45O, the  e  . s .  r .  s i g n a l  of  TMT'+ was d e t e c t e d  ( F i g u r e  11-8a) .  
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Figure 11-6: a) E.S.R. of TMT decomposition at 20' in C6H6- 

CF3COOH, b )  assigned to N,N,Nf-trimethylaminomethyl 

radical (11-2), c )  simulated spectrum of 11-2 



Table 11-1: #-Amino a l k y l  r a d i c a l  coupling constants .  

Radical g-fac tor 

2.00280 

2.00282 

2.00274 

2.0031 

2.0026 

2.0028 

g-fac tor  

2.0024 



Figure I - :  ESRofTMT decomposition at 20" in CF3COOH-C6H12 

I I 

i 
F i g u r e  11-8: ESR of TMT photolysis at -45" in CF3CO0f~-clf3~~ 



I r r a d i a t i o n  of  t h i s  s o l u t i o n  a t  -45' w i t h  an  u n f i l t e r e d  mercury lamp 

caused  a  s l i g h t  d e c r e a s e  i n  t h e  TMT" s i g n a l  and a n  appearance  o f  

o t h e r  weak s i g n a l s  ( F i g u r e  11-8b and c ) .  However, when t h e  p h o t o l y s i s  

was s t o p p e d ,  a  s t r o n g e r  s i g n a l  o f  RIH" appeared ( F i g u r e  11-8b, 

c e n t r e )  and grew t o  a  maximum w i t h i n  t h r e e  minu tes  i n  t h e  d a r k .  The 

RIH" s i g n a l  was superimposed wi th  t h a t  o f  WT" which a l s o  

i n c r e a s e d  i n  t h e  d a r k  ( F i g u r e  11-ad) .  T h i s  TMH" s i g n a l  decayed 

s l o w l y  o v e r  s e v e r a l  h o u r s  a t  -45' b u t  w i t h i n  30 minu tes  o n  warming 

t o  room t e m p e r a t u r e  t o  l eave  behind t h e  TMT" e . s .  r .  s i g n a l .  

A d d i t i o n  o f  cyclohexene a t  -45' caused an i n s t a n t a n e o u s  decay  o f  t h e  

TMH" s i g n a l  ( F i g u r e  11-9) .  A d d i t i o n  of cyclohexene t o  t h e  above 

s o l u t i o n  a f t e r  warming t o  room t e m p e r a t u r e  and r e c o o l i n g  t o  -45' 

produced no change i n  t h e  TMT'+ e . s .  r .  s i g n a l  ( F i g u r e  11-10). 

I r r a d i a t i o n  of  RIT-H+ s o l u t i o n  i n  a c e t o n i t r i  l e  a t  25O, u s i n g  

CFjCOOH a s  t h e  a c i d ,  caused a  b u i l d  up o f  MH'+ w i t h i n  5  minu tes  

a f t e r  i n t e r r u p t i o n  o f  t h e  p h o t o l y s i s  ( F i g u r e  1 1 - l l a )  which decayed 

w i t h i n  one h o u r .  The obse rved  c o u p l i n g  c o n s t a n t s  f o r  TMH" of 

a (N)=l3 .2 ,  a(H)=12.7G and g - fac to rZ2 .  OO39+O. 0006 were s i m i l a r  t o  t h a t  - 
r e p o r t e d  by Nelsen ( 1 5 ) .  A s i m u l a t e d  s t i c k  diagram f o r  t h e  TMH" 

e . s . r .  s i g n a l ,  u s i n g  t h e  above c o u p l i n g  c o n s t a n t s ,  i s  g i v e n  i n  F i g u r e  

11-1 l b .  

When TMT was dropped i n t o  a  m i x t u r e  o f  SbC15 and H2S04, a  

v i o l e n t  r e a c t i o n  o c c u r r e d  and t h e  mix tu re  became red-orange.  The 



F i g u r e  11-Q: a )  TMH* a t  -45', b )  C6HI2 added  

. + F i g u r e  11-10: TMT ESR a f t e r  s o l u t i o n  i n  F i g u r e  11-9 

warmed t o  20' and r e c o o l e d  t o  - 4 T 0 ,  C6H12 

added  a t  -45" 



-- 

d- F i g u r e  11-11 : a )  TMH* ESR s i g r , a l  a t  2D3,  b )  s i m u l a t e d  

spec t rum u s i n g  c o u p l i n g  c o n s t a n t s  shown 

F i g u r e  TT-12: ESR s i g n a l  o b s e r v e d  when TMT added  t o  SbC15 

&So4  m i x t u r e  a t  20" 



e . s . r .  spect rum of  t h i s  m i x t u r e ,  r ecorded  a t  room t e m p e r a t u r e ,  showed 

many b r o a d  l i n e s  ( F i g u r e  11-12).  The spec t rum appeared t o  be  caused 

by s e v e r a l  r a d i c a l  s p e c i e s  ; however,  none o f  t h e s e  c o u l d  b e  

i d e n t i f i e d .  

C) A C I D  CATALYZED TMT DECOMPOSITION I N  THE PRESENCE OF TOLUENE 

1 )  I n  Concen t ra ted  H2S04 

S i n c e  t h e  r e a c t i o n  o f  TMT, t o l u e n e ,  and c o n c e n t r a t e d  H2S04 

c o n s i s t e d  of  two l i q u i d  p h a s e s ,  t h e  c o n c e n t r a t i o n  o f  t h e s e  s u b s t r a t e s  

i n  e i t h e r  phase cou ld  not  b e  de te rmined .  The i n i t i a l  molar r a t i o  was 

k e p t  a t  abou t  1: 10: 5 ,  r e s p e c t i v e l y ,  which was t h e  r a t i o  found by Bock 

and Kompa (121)  t o  g i v e  optimum y i e l d s  of  aminat ion of  t o l u e n e  w i t h  

N-chlorodimethylamine (NCD). From t h e  o u t s e t  it was n e c e s s a r y  t o  

e s t a b l i s h  t h e  optimum c o n d i t i o n s ,  e . g .  ( i )  an  e f f i c i e n t  q u a n t i t a t i v e  

o f  t h e  p r o d u c t s ,  ( i i )  t h e  e f f e c t  o f  oxygen on t h e  decomposi t ion 

o f  RIT, and ( i i i )  t h e  r e a c t i o n  t i m e ,  s i n c e  t h e  d i s a p p e a r a n c e  o f  

TMT c o u l d  n o t  b e  fo l lowed  d i r e c t l y .  

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

employing g . c .  and g.c.-m.s.  a n a l y s e s ,  a s  d e s c r i b e d  i n  Chapter  V 

( ~ x ~ e r i m e n t a l ) ,  a l lowed c o m p i l a t i o n  o f  t h e  d a t a  p r e s e n t e d  i n  Tab les  

11-2 and 11-3. The g . c .  p r o c e d u r e ,  u s i n g  chlorobenzene a s  i n t e r n a l  s t a n d a r d ,  

a l lowed  t h e  c o n c e n t r a t i o n  o f  t h e  b a s i c  p roduc t s  t o  b e  de te rmined  wi th  

l e s s  t h a n  5% u n c e r t a i n t y .  



Table 11-2: HrS04 decomposition of TMT in 

39 

the presence of toiuene 

all yields are based on one mole TMT giving one mole of 

products, +: detected but not determined, - :  none observed; 

b) N,N-dimethyltoluidine; c) N,N-dimethylbenzylamine: 

d) N-methylphenethylamine; e) N-methylindoline: f) N,N-di- 

methylphenethylamine; g) p-N-methyltoluidine; h) polymeric 

material in mg/g of starting TMT: i) ortho- and para- 

benzyltoluenes; j) NCD; k) p-chloroto%uene; 1) obtained by 

column chromatography; rn) trace of bibenzyl; n) contains 

some irnine trimer 1-30; o) some starting TMT; P )  under 

nitrogen; a) CH3COOH; r) estimated 13% from nmr; 
s) temperature spontaneously rose to 37" for 5 min. on 
appearance of a purple color; t) trace of rneta-benzylto'l-uene. 



TABLE 11-3: Mass Spectra of major compounds in Table 11-2. 

.a) N,N-dimethyltoluidine; b) N,N-dimethylbenzylamine; c) Nmethyl- 
phenethylamine; d) Nmethylindoline; e) N ,N-dimethy lphenethylamine; 
f )  p-N-methyltoluidine . 



The r e a c t  ion of  NCD w i t h  t o l u e n e  i n  H2S04 (no.  1 ,  Tab le  11-21 

was c a r r i e d  ou t  a s  d e s c r i b e d  by Bock and Kompa (121)  t o  p r o v i d e  a  

m i x t u r e  o f  o ,  - - m ,  and p - t o l u i d i n e s  (11-3) which was u s e d  t o  s t a n d a r d i z e  

t h e  g . c .  c o l u m .  The n e u t r a l  f r a c t i o n  from t h i s  r e a c t i o n  c o n t a i n e d  a  

m i x t u r e  o f  - o- and E-benzy l to luenes  (11-41, and e - c h l o r o t o l u e n e  (11-5) 

i n  8% and 3% y i e l d s ,  r e s p e c t i v e l y ,  a s  e s t i m a t e d  from n.m.r .  and g . c .  

peak a r e a s ;  t h e s e  p roduc t s  were p r e v i o u s l y  u n r e p o r t e d  (109 ,121) .  

N-Methylphenethy lamine (11-6) ,  N,N-dime thy  lbenzylamine (11-71, 

N-methyl indol ine  ( IT-8) ,  - p-N-methy l to lu id ine  (11-91, a s  w e l l  a s  

t o l u i d i n e s  11-3 were i d e n t i f i e d  by g . c .  peak matching w i t h  t h e  

a u t h e n t i c  compounds (133)  ( s e e  Chapter  V ,  Tab le  V-1). The ass ignments  

were f u r t h e r  confirmed by g .c . -m.s .  (Table  11-3) and i s o l a t i o n  o f  

some o f  t h e s e  compounds by column chromatography ( s e e  below).  

No s i g n i f i c a n t  change i n  t h e  y i e l d  o r  o:m:p r a t i o  o f  t o l u i d i n e s  - - -  

11-3 was obse rved  when TMT decomposi t ion was c a r r i e d  ou t  under  a  

n i t r o g e n  atmosphere (no .5 ,  Tab le  11-21 a s  compared w i t h  t h a t  c a r r i e d  

o u t  i n  a i r  (no .4 ,  Tab le  11-2) .  A s  a  r e s u l t ,  no p r e c a u t i o n s  were t a k e n  

t o  exc lude  a tmospher ic  oxygen.  The r e a c t i o n  t ime needed f o r  optimum 

y i e l d s  of 11-3 was a t  l e a s t  two days  a t  0' (no .3 ,  Tab le  11-21. The 

g e n e r a l  p rocedure  f o r  t h e  TMT decomposi t ion i n  t h e  r e a c t i o n s  i n  Tab le  

11-2 was t o  t e r m i n a t e  a  p a r t i c u l a r  r e a c t i o n  by a d d i t i o n  o f  i c e  when no 

f u r t h e r  g a s  e v o l u t i o n  was obse rved .  Reac t ions  below 30' (nos .  2-9, 

T a b l e  11-21 produced a  deep  p u r p l e  c o l o r  t o g e t h e r  w i t h  a  s h a r p  r i s e  i n  



t empera tu re  and v igorous  gas  e v o l u t i o n  u s u a l l y  i n  one t o  f i v e  minu tes  

a f t e r  a d d i t i o n  of a  TMT-toluene s o l u t i o n  t o  H2S04. These 

r e a c t  ions  r e t u r n e d  t o  ambient t emperature  w i t h i n  f i v e  minu tes  and were 

t e r m i n a t e d  when t h e  p u r p l e  c o l o r  had changed t o  yel low o r  brown and 

g a s  e v o l u t i o n  had subs ided .  A t  t empera tu res  above 30' (nos .  10 and 

11,  Tab le  11-2) n e i t h e r  p u r p l e  c o l o r  nor r i s e  in  t empera tu re  was 

observed ;  t h e y  were t e r m i n a t e d  when g a s  e v o l u t i o n  had ceased .  

Addi t ion  o f  i c e  l i b e r a t e d  a  brown polymeric m a t e r i a l  i n  a l l  

c a s e s .  Th i s  m a t e r i a l  was s o l u b l e  only i n  c o n c e n t r a t e d  H2S04 and 

showed an unresolved s t r o n g  e . s .  r .  s i n g l e t  a t  g=2.0036+0.0004, - 
AG =8G i n  H2S04. The n .m.r .  was poor ly  reso lved  b u t  showed 

PP 

a r o m a t i c  p r o t o n s  a t  72.7-3.6.  The i . r .  i n d i c a t e d  a  p resence  o f  a  

monosubs t i tu ted  benzene r i n g  a t  l h 0 0 ( s ) ,  a!?, ?39!s), and 7 0 1 ( s )  

ern-' and a n  ammonium s u l f a t e  o r  a  s u l f o n i c  a c i d  a t  3500-2000(b), 

1 2 0 0 ( s ) ,  1 1 7 0 ( s ) ,  1 0 3 3 ( s ) ,  and 1011(s )  cm-l. The m . s .  showed peaks 

up t o  m/e 600. The peaks a t :  m / e ( % ) ,  135(13) ,  91(50) ,  77(12) ,  

44(100)  i n d i c a t e d  t h e  p resence  o f  an Nmethylphenethylamino (11-6) 

moiety .  

The n e u t r a l  f r a c t i o n  was found t o  c o n t a i n  b e n z y l t o l u e n e s  (11-4) 

a s  t h e  on ly  major  p roduc t s  a f t e r  d i s t i l l a t i o n  o f  t h e  t o l u e n e .  Except 

i n  r e a c t i o n  no.11 (Table  11-2) ,  where t h e  meta isomer ( l i t .  n.m.r. 

7 6 . 1 5 ( s ) ,  -CH2-; i . r .  1090, 1072, 7 7 4 ( s ) ,  757(s )  cm-I (134) )  

c o n s t i t u t e d  ca.5% o f  the  t o t a l  11-4, only  t h e  o r t h o  and - p a r a  isomers 



were formed i n  a  40:  60 r a t i o .  Most r e a c t i o n s  a l s o  showed a  t r a c e  o f  

b i b e n z y l  ( l i t .  n.m. r .  7 7 .  l 5 ( s ) ,  -CH2-CH2- ( 1 3 4 ) ) .  

The b a s i c  f r a c t i o n  was found t o  c o n t a i n  ( s e e  T a b l e s  11-2, 11-3, 

and V-11, i n  a d d i t i o n  t o  t h e  e x p e c t e d  t o l u i d i n e s  11-3, v a r y i n g  amounts 

o f  phene t h y  lamines  11-6 and 11-10, benzy lamine 11-7, i n d o l i n e  11-8, 

t o l u i d i n e  11-9, some imine t r i m e r  1-30, and on one o c c a s i o n  (no.4 ,  

T a b l e  11-2) some s t a r t i n g  TMT. Compound 11-10 h a s  been  a s s i g n e d  t o  

N,N-dimethylphenethylamine on t h e  b a s i s  o f  t h e  i d e n t i c a l  m . s .  ( s e e  

T a b l e  11-3) t o  t h a t  o f  an a u t h e n t i c  sample.  

I n  a d d i t i o n  t o  g . c .  peak matching wi th  t h e  a u t h e n t i c  compounds 

( 1 3 3 )  ( s e e  Table  V-1) and g.c.-m.s.  a n a l y s i s  (Tab le  11-31, t h e  

f o l l o w i n g  compounds were 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  o f  r e a c t i o n  

nos .2  and 3  co able 11-2) by column chromatography on s i l i c i c  a c i d .  

p-N,N-Dimethyltoluidine (p-11-31 was o b t a i n e d  i n  pure  form a s  t h e  - - 
major  t o l u i d i n e  isomer h a v i n g  i d e n t i c a l  i . r .  and n .m.r .  s p e c t r a  t o  

t h e  a u t h e n t i c  (134) .  A 2:  1  m i x t u r e  o f  N-methylindoline (11-8) and 

p-11-3 was a l s o  o b t a i n e d  and was i d e n t i f i e d  by comparison of  t h e  i . r .  - 
and n .m.r .  s p e c t r a  wi th  those  o f  an a r t i f i c i a l  m i x t u r e  o f  a u t h e n t i c  

11-8 (136)  and p-11-3 (134) .  o- and m-N,N-Dime t h y l t o l u i d i n e  were - - - 
o b t a i n e d  a s  a  1 : l  m i x t u r e  (134) .  These m i x t u r e s  were d i f f i c u l t  t o  

s e p a r a t e  a s  a l l  f o u r  compounds 2-, IJ-, and p-11-3 and 11-8 occur red  i n  - 

one s p o t  on a  t . 1 . c .  p l a t e  ( s i l i c i c  a c i d l e t h e r ) .  



Traces  o f  o t h e r  amines were d e t e c t e d  by g .c . -m.s . ;  among them 

were a  compound h a v i n g  a  m.s. rn/e(%),  2 2 5 ( ~ + , 1 ) ,  134(90) ,  91(100) ,  

and 7 7 ( 1 )  i n d i c a t i n g  t h e  p r e s e n c e  o f  two b e n z y l  o r  t o l u y l  groups  and a  

dime thylamino moie ty ;  a  compound h a v i n g  a  m . s .  m/e (%) ,  l 7 8 ( ~ + ,  1 ), 

and 134(100)  i n d i c a t i n g  t h e  p resence  of  two dinrethylamino and one 

t o l u y l  m o i e t i e s ;  and a  compound hav ing  a  m.s. m / e ( % ) ,  1 9 2 ( ~ + , 3 ) ,  

148(2) ,  134(15) ,  58(100) ,  and 4 4 ( 1 2 )  i n d i c a t i v e  o f  a 

dime thylaminomethyl moie ty  a t  m/e 58( 100%) and a  

d i m  t h y l a m i n o t o l u i d i n e  a t  m/e ~ + - 5 8 = 1 3 4 ( 1 5 % ) .  

The decomposi t ion of RIT i n  CF3COOH i n  t h e  p r e s e n c e  o f  t o l u e n e  

was worked up and ana lysed  i n  a  s i m i l a r  manner t o  t h a t  i n  H2SQ4; 

t h e  c o n d i t i o n s  and r e s u l t s  a r e  g iven  i n  Tab le  11-4. I n  a l l  c a s e s ,  t h e  

major  p roduc t  o b t a i n e d  (up t o  85%)  was t h e  t r i m e r  1-30. R e a c t i o n  no. 

12 (Tab le  11-4) gave t h e  same p a t t e r n  o f  p r o d u c t s  obse rved  i n  

H2S04  able 11-2) and a l s o  e x h i b i t e d  p u r p l e  o r  red-brown c o l o r s  

immediate ly  a f t e r  t h e  a d d i t i o n  o f  t h e  TMT-toluene s o l u t i o n ;  however,  

no  p e r c e p t i b l e  r i s e  i n  t e m p e r a t u r e  was obse rved .  

When t h e  decomposi t ions  were run a t  h i g h e r  t e m p e r a t u r e s  

(nos .14,15,  T a b l e  11-41, t h e  r e a c t i o n  s o l u t i o n  was p a l e  ye l low and 

gave no polymeric m a t e r i a l  on a d d i t i o n  of  i c e .  The o:m:p r a t i o  o f  - - -  
t o l u i d i n e s  11-3 changed d r a m a t i c a l l y  i n  r e a c t i o n s  14 and 15 a s  



T a b l e  11-4. CF3COOH d e c o m p o s i t i o n  of  TMT i n  t h e  p r e s e n c e  

o f  t o l u e n e  

NO. 
- - 
12 

13 

14 

IS 

I6 

I ?  

18 - 

CONCENTRATION 

:TMl!$w :m~: 

a )  a l .1  y i e l d s  a re  b a s e d  on o n e  :nole TMT g i v i n g  

o n e  mole  o f  p r o d u c t s  o r  mole  i r n i n e  trimer 
1-30, +: d e t e c t e d  b u t  n o t  d e t e r m i n e d ,  - !  n o n e  

o b s e r v e d ;  b )  TFA: CF3COOH, A N :  CH3CN.  P-70: 

p e r f l u o r o a l k a n e - 7 0 ,  R F :  CHBr3; c )  N , N - d i m e t h y l -  

t o l u i d i n e ;  d )  N,N-dimethylbenzyramine; e )  N- 
m e t h y l m e t h y l - e n e i m i n e  t r imer:  f) some b e n z y l -  

t o l u e n e s  1 1 - 4 ;  g )  t r a c e  N - m e t h y l p h e n e t h y l a r n i n e  

11-6; h )  t race  N - m e t h y l i n d o l i n e  11-?: i) H2SOa;  

j )  t r a c e  amount  d e t e c t e d  by g . c .  



compared w i t h  r e a c t i o n s  1-12 (Tab les  11-2 and 11-4) ,  showing l i t t l e  o r  

no meta 11-3 and a n  o:p  11-3 r a t i o  o f  approx imate ly  2 : l .  With t h e  - - - 
e x c e p t i o n  of  t h e  t r i m e r  1-30 and a  t r a c e  of  N,N-dimethylbenzylamine 

(11-71, no o t h e r  amines o r  b e n z y l t o l u e n e s  were o b t a i n e d  from r e a c t i o n s  

14  and 15. - o-N,N-Dimethyltoluidine was i s o l a t e d  from r e a c t i o n  15 by 

p r e p a r a t i v e  g . c .  a s  t h e  major 11-3 isomer and was i d e n t i f i e d  by 

comparison of t h e  i . r .  w i t h  t h a t  o f  an a u t h e n t i c  sample (134) .  

R e a c t i o n s  16 t o  18 (Table  11-4) were c a r r i e d  ou t  i n  s o l v e n t s  i n  

which t h e  imine t r i m e r  1-30 was o b t a i n e d  a s  t h e  major p roduc t  i n  

a d d i t i o n  t o  low y i e l d s  of o r t h o  and pa ra  11-3 ( 2 : l  r a t i o )  and 11-7; - 
l i t t l e  o r  no 11-3 was d e t e c t e d .  

D) A C I D  CATALYZED TMT DECOMPOSITION I N  THE PRESENCE OF OLEFINS 

Acid c a t a l y z e d  decomposi t ion o f  2MT h a s  been shown t o  produce t h e  

imine 1-29 o r  imine t r i m e r  1-30 i n  q u a n t i t a t i v e  y i e l d s  ( 1 3 , 1 4 ) .  No 

a d d i t i o n  p r o d u c t s  t o  o l e f i n s  were o b t a i n e d  when TMT was decomposed i n  

CF3COOH i n  t h e  p r e s e n c e  of  cyclohexene o r  i n  a  CF3COOH- 

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

norbornene.  The major p roduc t  o b t a i n e d  i n  t h e  b a s i c  f r a c t i o n s  was 

1-30. Proton s i g n a l s  t y p i c a l  f o r  a  norbornane s k e l e t o n  were observed 

i n  t h e  n .m.r .  of t h e  b a s i c  f r a c t i o n  o b t a i n e d  from t h e  decomposi t ion 

i n  t h e  p resence  o f  norbornene;  however,  t h e r e  were no N-CH3 s i g n a l s  

excep t  t h a t  o f  1-30. Both g . c .  and t .  1 . c .  showed a t  l e a s t  e i g h t  



c o n s t i t u e n t s  i n  t h i s  b a s i c  e x t r a c t  from which 1-30 was t h e  o n l y  one 

i d e n t i f i e d .  When RIT was decomposed i n  d i l u t e  H C l  i n  methanol  i n  t h e  

p resence  o f  cyc lohexene ,  1-30 was o b t a i n e d  i n  a  q u a n t i t a t i v e  y i e l d .  

E) PHOTOLYSIS OF TMT I N  A C I D I C  SOLUTION I N  THE PRESENCE OF OLEFINS 

1 ) Cyc lohexene 

a )  I n  H C l  under  Ni t rogen :  When t h e  p h o t o l y s i s  o f  TMT was 

conduc ted  i n  t h e  p r e s e n c e  of  cyclohexene i n  a  d i l u t e  H C l  s o l u t i o n  i n  

a c e t o n i t r i l e  under  n i t r o g e n  a t  0' through a  Pyrex f i l t e r  (u .v .  

c u t - o f f  a t  290nm), i t  took  69 h o u r s  •’0 t h e  TMT-H+ a b s o r p t i o n  a t  239 

nm t o  d i s a p p e a r .  Column chromatography ( s i l i c a  g e l )  o f  t h e  b a s i c  

e x t r a c t  provided t h e  f 01 1 owing compounds. 

Bis-dimethylaminobicyc lohexane (11-15, 0 . 2 % )  was i d e n t i f i e d  on - 
t h e  b a s i s  o f  i t s  i . r .  and mass s p e c t r a .  The i . r .  showed 

c h a r a c t e r i s t i c  Bohlmann bands a t  2740, and 2720 t o  2680 cm-' ( 1 3 7 ) ,  

and a  s t r o n g  a b s o r p t i o n  a t  1042 cm-' f o r  C-N s t r e t c h i n g  (138 ,139) ;  

no  a b s o r p t i o n  i n  t h e  3500-3000 cm-' r e g i o n  was obse rved .  11-15 

showed a  h . r . m . s .  m o l e c u l a r  i o n  a t  m/e 252.2541 i n  agreement w i t h  t h e  

m o l e c u l a r  formula  C16H32N2. 

Trans-2-chloro-N,N-dimethylcyc lohexylamine (11-1 6 ,  7 .1%)  was 

o b t a i n e d  a s  an o i l  (95% p u r e )  by column chromatography. I t s  n .m.r .  



i s  c o n s i s t e n t  w i t h  t h e  t r a n s  c o n f i g u r a t i o n  by showing a  s i g n a l  a t  

76.11 ( d t ,  544 and 10Hz; H-2) (140,141) .  11-16 showed h . r . m . s .  

m o l e c u l a r  i o n s  m/e 163.1011 and 161.0944 i n  a  r a t i o  39:100 f o r  t h e  

c h l o r i n e  i s o t o p e  r a t i o  i n  t h e  molecu la r  formula  C8H16NC1. A minor 

p r o d u c t ,  b e l i e v e d  t o  b e  a  dirnethylaminomethylchlorocyclohexane 

(11-171, was a l s o  i d e n t i f i e d  i n  t h e  g.c.-m.s.  a n a l y s i s  on t h e  b a s i s  

of  i t s  m . s .  f r agmenta t ion  p a t t e r n  o f  m/e (%) ,  1 7 7 ( ~ + , 3 ) ,  1 7 5 ( ~ + , 8 )  

1 4 0 ( 2 ) ,  and 58(100) .  The m/e 177 and 175 peak i n t e n s i t y  r a t i o  o f  

35: 100 and t h e  peak a t  ~ + - ~ l = m / e  140 i s  c o n s i s t e n t  w i t h  

monoch lo r ina ted  compounds (135) .  The i n t e n s e  rn/e 58 peak i s  a  

commonly observed peak i n  most o f  t h e  i s o l a t e d  compounds i n  t h e  

p r e s e n t  s t u d i e s  and i s  i n d i c a t i v e  o f  a  dimethylaminomethyl moie ty  

(102,103,135) .  

The 

1 . 5 % )  a s  

a t  77.67 

98% pure  a -2 -ch lo ro -N,N-d imethy  lcyc  lohexy lamine (11-18, 

o b t a i n e d  from column chromatography showed t h e  n .m.r .  s i g n a l  

(s ,6H)  f o r  t h e  N-methyl groups and a  c h a r a c t e r i s t i c  

e q u a t o r i a l  p r o t o n  s i g n a l  a t  75 .43 (WlI2=7Hz, H-2) f o r  C H C l  

(140,141 ). 11-18 had v i r t u a l l y  i d e n t i c a l  m . s .  t o  t h a t  o f  t h e  t r a n s  

i somer  11-16. 11-18 decomposed r a p i d l y  a t  room t e m p e r a t u r e  t o  a  d a r k  

brown t a r .  The h i g h l y  p o l a r  t r i m e r  1-30 (28%) was o b t a i n e d  a s  a  p a l e  

ye l low l i q u i d  from t h e  l a t e r  f r a c t i o n  o f  t h e  chromatography. 

By t h e  peak matching method w i t h  t h e  now a v a i l a b l e  a u t h e n t i c  

m a t e r i a l s  t h e  c r u d e  b a s i c  e x t r a c t  was a l s o  ana lysed  by g . c .  (10% 



Carbowax 20M, t o  2 0 0 ~ ) .  T h i s  p rocedure  showed t r i m e r  1-30 a s  t h e  

major  c o n s t i t u t e n t ,  a l o n g  wi th  about equa l  amounts o f  

3-dime thylaminocyc lohexene (11-19 1, dime thylaminocyc lohexane (11-20),  

6-chloramines  11-16 and 11-18 a s  t h e  minor p r o d u c t s .  The y i e l d s  of 

t h e s e  minor p r o d u c t s  must be on t h e  o r d e r  of 7% s i n c e  13-chloramine 

11-16 was o b t a i n e d  i n  7 .1% y i e l d  by column chromatography. A s  

mentioned above,  P-chloramine 11-18 and 11-16 decomposed r e a d i l y  on 

s t a n d i n g  a t  room t e m p e r a t u r e  and might have decomposed on t h e  s i l i c a  

g e l  column a c c o u n t i n g  f o r  t h e  low y i e l d  o b t a i n e d ;  a l though  n o t  

conf i rmed ,  cyc lohexene 11-19 c o u l d  be  a product o f  t h i s  decomposi t ion.  

It was demons t ra ted  t h a t  both  a u t h e n t i c  cyclohexene 11-19 and 

cyclohexane 11-20 cou ld  e a s i l y  be removed on t h e  r o t a r y  e v a p o r a t o r  

(20•‹/30rmn ~ g )  and might have been l o s t  d u r i n g  t h e  working up. 

1n s i l i c a  g e l  chromatography of t h e  b a s i c  f r a c t i o n ,  a l a r g e  

p o r t i o n  o f  h i g h l y  p o l a r  s u b s t a n c e  was o b t a i n e d  by t h e  e l u a n t  o f  1N HC1 

i n  methanol .  T h i s  o i l  showed N m e t h y l  and cyclohexane r i n g  

n .m. r .  s i g n a l s  and was ana lyzed  by g . c .  peak matching w i t h  t h e  

a u t h e n t i c  compounds , s y n t h e t i c a l l y  o b t a i n e d  by o t h e r  r o u t e s  

( s e e  Chapter  V-H and V-I) .  The compounds were 

trans-1,2-bisdimethylamin~c~c lohexane (11-21, 2 . 4 % ) ,  

trans-2-dimethylaminomethyl-l-dimethylaminocyclohexane (11-22, 1 3 % ) ,  

and ~s-2-dimethylaminomethyl-l-dimethylaminocyclohexane (21-23, 1 % ) .  
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The major  c o n s t i t u e n t  ( trans-aminomethyl 11-22) was i s o l a t e d  by 

p r e p a r a t i v e  g . c .  and had i d e n t i c a l  i . r . ,  n .m. r . ,  and m . s .  t o  t h a t  o f  

a u t h e n t i c  11-22. The d i p i c r a t e  (mp 176-177') gave no m e l t i n g  

d e p r e s s i o n  when mixed wi th  t h e  d i p i c r a t e  p r e p a r e d  from a u t h e n t i c  11-22 

( s e e  Chapter  V-I). 

The r e s u l t s  a r e  summarized i n  Table  11-5. The y i e l d s  of  

/3-chloramine 11-18, cyclohexene 11-19, and cyclohexane 11-20 a r e  

approximated from t h e  g. c .  r e s u l t s .  

b )  I n  CF3COOH under Ni t rogen:  P h o t o l y s i s  of  'IMT i n  t h e  

p resence  o f  cyc lohexene ,  when c a r r i e d  out  under n i t r o g e n  u s i n g  a  low 

p r e s s u r e  mercury lamp and a  Vycor f i l t e r  i n  a c e t o n i t r i l e  c o n t a i n i n g  

CF3COOH a s  a c i d ,  developed a deep yel low c o l o r  which d i s a p p e a r e d  

s l o w l y  o v e r  6 h o u r s  o f  i r r a d i a t i o n .  The c r u d e  b a s i c  e x t r a c t  was 

h e a t e d  wi th  a  Na2C03 s o l u t i o n  on a  s team bath  f o r  two h o u r s  i n  an 

a t t e m p t  t o  hydro lyze  any t r i f l u o r o a c e t a t e s  t o  t h e  c o r r e s p o n d i n g  

13-aminoalcoho 1s s i n c e  t h e  former may have been formed through a n  i o n i c  

mechanism ( s e e  D i s c u s s i o n ) .  Ana lys i s  of  t h e  b a s i c  e x t r a c t  a f t e r  

h y d r o l y s i s ,  u s i n g  g .  c .  peak matching wi th  t h e  a u t h e n t i c  m a t e r i a l s ,  

a f f o r d e d  t h e  r e s u l t s  g iven  i n  Tab le  11-6. N e i t h e r  t r i m e r  1-30 n o r  any 

2-dime thylaminocyc lohexanols  (11-24) were d e t e c t e d .  

However, wi thou t  t h e  h y d r o l y s i s  s t e p  o f  t h e  b a s i c  f r a c t i o n ,  a  60% 

y i e l d  o f  t r i m e r  1-30 was o b t a i n e d  a l o n g  wi th  t h e  o t h e r  compounds i n  



TAU 11-6 : PHOTOLYSIS OF T MT IN THE PRESENCE OF 

CYCLOHEXENE AND CkCOOH UNDER NITROGEN 

STRUCTURE 

TABLE 11-1 : PHOTOLYSIS OF TMT IN THE PRESENCE O F  

CYCLOHEXENE AND Cf;COOH UNDER OXYGEN 

STRUCTURE 

N(cH3r a.. 

NO. %YIELD 

I[-L)b - 36.1 



T a b l e  11-6. Compounds 11-19, 11-20, 11-22, and 11-15 were i s o l a t e d  by 

p r e p a r a t i v e  g . c .  : a l l  f o u r  showed t h e  i d e n t i c a l  i . r . ,  n.m.r . ,  o r  m.s. 

w i t h  t h o s e  of t h e  a u t h e n t i c  compounds s y n t h e s i z e d  o r  i s o l a t e d  

p r e v i o u s  l y  . 

c )  I n  CF3COOH under  Oxygen: P h o t o l y s i s  of  RIT (0.0172 moles )  

i n  t h e  same c o n d i t i o n s  a s  used i n  ( b ) ,  e x c e p t  under oxygen i n s t e a d  of 

n i t r o g e n  aga in  produced a  deep yel low c o l o r .  Iodometry showed t h e  

p h o t o l y s a t e  t o  c o n t a i n  0 .005 e q u i v a l e n t s  o f  o x i d i z i n g  m a t e r i a l .  The 

p h o t o l y s a t e  was e v a p o r a t e d  and t h e  r e s i d u e  was b a s i  f i e d  wi thou t  

s e p a r a t i o n  o f  any n e u t r a l  o r  a c i d i c  p r o d u c t s .  The t o t a l  e t h e r  e x t r a c t  

o b t a i n e d  from t h e  p h o t o l y s a t e  gave a  n e g a t i v e  t e s t  t o  KI - s t a rch  paper .  

The b a s i c  r e s i d u e  was reduced wi th  LAH t o  a f f o r d  a n  o i l  which 

showed two g .  c  . p e a k s ,  one cor respond ing  t o  cyc lohexene 11-19 (3.521,  

t h e  o t h e r  t o  a  m i x t u r e  o f  cis- and trans-2-dimethylaminocyclohexanols 

(11-24a and b y  55%) a s  i d e n t i f i e d  by g . c .  peak matching wi th  t h e  

a u t h e n t i c  m a t e r i a l s  (142) .  The n .m. r .  spec t rum of  t h e  o i l  e x h i b i t e d  

t h e  s i g n a l s  co r respond ing  t o  -CHZCH- (11-9) a t  74.26 (my WlI2=35Hz) 

and an e q u a t o r i a l  a-hydroxy p r o t o n  (11-24a) a t  r 6 . 0 0  (my WlI2=9Hz) 

and an a x i a l  a-hydroxy p r o t o n  (11-24b) a t  76.69 ( d t ,  5 4 . 5  and 10Hz) 

(134,142)  i n  a  1 :5:10.5  r a t i o .  Aminoalcohols 11-24a and b  were 

i s o l a t e d  a s  a  m i x t u r e  by p r e p a r a t i v e  g . c .  and had an i d e n t i c a l  i . r .  

t o  t h a t  o f  an a u t h e n t i c  sample o f  11-24 p repared  by a n o t h e r  r o u t e  by 



The unreduced b a s i c  f r a c t i o n  showed a  s t r o n g  i . r .  a b s o r p t i o n  a t  

1710 em-' a s  w e l l  a s  s t r o n g  i . r .  c h a r a c t e r i s t i c s  f o r  amino a l c o h o l s  

11-24 a t  3380, 2780, 1268, 1036, 946,  873,  and 847 cm-' (142) .  

A n a l y s i s  by g . c .  showed t h i s  o i l  c o n t a i n e d  mainly 11-24, a l o n g  w i t h  

cyclohexene 11-19 and a n  u n i d e n t i f i e d  g . c .  peak i n  t h e  r a t i o  o f  

80: 2: 15. Treatment  o f  t h i s  por t  ion  wi th  hydroxylamine h y d r o c h l o r i d e  

i n  p y r i d i n e  gave a n  o i l  which c o u l d  no t  b e  c r y s t a l l i z e d ;  t h e  o i l  d i d  

n o t  c o n t a i n  t h e  u n i d e n t i f i e d  minor g . c .  peak obse rved  above.  The 

n.m.r .  of t h i s  o i l  i n d i c a t e d  t h e  p r e s e n c e  of  11-24a [ r5 .93(m)]  and 

11-24b [r6.7O(m)l i n  a  1 :2  r a t i o  and showed a  weak s i g n a l  i n  t h e  

o l e f i n i c  r e g i o n  a t  7 4 . 2 2 .  The r e s u l t s ,  based on g . c .  a r e a s  and 

n.m.r .  r a t i o s ,  a r e  g i v e n  i n  Tab le  11-7. 

2  Norbornene 

a )  I n  CF3COOH under  Ni t rogen :  The p h o t o l y s i s  o f  RIT was 

conducted i n  t h e  p r e s e n c e  o f  norbornene i n  a  CF3COOH-acetonitrile 

s o l u t i o n  under n i t r o g e n  through a  Vycor f i l t e r  a t  0'; t h e  

p h o t o l y s a t e  showed a  deep  yel low c o l o r  upon i r r a d i a t i o n  which 

d i s a p p e a r e d  i n  two h o u r s .  The f i r s t  b a s i c  e x t r a c t  showed n.m.r. 

s i g n a l s  t y p i c a l  o f  N-CH3 groups and norbornane r i n g  sys tems .  

F u r t h e r  e x t r a c t  ion  p rov ided  a  second b a s i c  f r a c t i o n  c o n s i s t i n g  mainly 

o f  t h e  imine t r i m e r  1-30 i n  a  40% y i e l d  as  e s t i m a t e d  by n .m.r .  



Both t . 1 . c .  and g . c .  showed t h e  f i r s t  b a s i c  e x t r a c t  t o  be  

composed o f  f i v e  major  compounds. Three o f  t h e s e  compounds were 

o b t a i n e d  p u r e  and a r e  d e s c r i b e d  below. The y i e l d s  were o b t a i n e d  from 

a second p h o t o l y s i s  under t h e  same c o n d i t i o n s ,  b u t  employing a  

d i f f e r e n t  work up ( s e e  below) and a r e  p r e s e n t e d  i n  Tab le  11-8. 

2 - E - d i m e t h y l a m i n ~ b i c ~ c  l o [ 2 . 2 . 1  Iheptane (11-26) was o b t a i n e d  

from t h e  f i r s t  b a s i c  f r a c t i o n  by p r e p a r a t i v e  g . c .  11-26 showed t h e  

c o r r e c t  molecu la r  ion  a t  m/e 139 (38%) and t h e  mass peaks t y p i c a l  f o r  

d i ~ t h y l a m i n o n o r b o r n a n e s  (103)  a t  m/e (%)  1 2 4 ( 8 ) ,  110(46) ,  98(38) ,  

8 4 ( 2 9 ) ,  71(33)  and 58(100) .  The i . r .  of 11-26 showed c h a r a c t e r i s t i c  

Bohlman bands a t  2759(s)  cm-' (137) ,  a  C-N s t r e t c h i n g  a t  1040(s )  

em-' (138 ,139) ,  and no a b s o r p t i o n  i n  t h e  3500-3000 cm" r e g i o n .  

The a b s o r p t i o n s  a t  1021(s )  and 819 cm'l a r e  c h a r a c t e r i s t i c  f o r  t h e  

6x0-11-26 isomer ! repor ted  1 0 2 2 ( s )  and 820 cm-' ) (143) .  - 

2-Endo-(3'-exo-dimethylaminobicyclo[2. - - 2 .1  Jhept-2'-endo-y1)-3-=o- - 
dimethylaminobicyclo[2.2.l Iheptane (11-27) was o b t a i n e d  from column 

chromatography of  t h e  f i r s t  b a s i c  f r a c t i o n  a s  w h i t e  p r i s m s ,  mp 165-171' 

(subl im.  1. Analys i s  and h .  r .m.s. agreed w i t h  t h e  molecu la r  formula 

C18H32N2. The i . r .  bands a t  2775(s)  and 1042 cm" w i t h  no 

a b s o r p t i o n  i n  t h e  3500-3000 cm-' r e g i o n  sugges ted  t h e  p r e s e n c e  o f  a 

t e r t i a r y  amine (137-139) and t h e  'H n.m.r. showed t h e  p r e s e n c e  o f  

two (CH3)2N groups a t  77.75 ( s , 1 2 ~ ) .  The mass spec t rum showed 

mask peaks t y p i c a l  f o r  dime thylaminonorbornanes (103)  a t  m/e(%) 



1 2 4 ( 7 ) ,  9 8 ( 1 0 ) ,  8 4 ( 4 5 ) ,  and 5 8 ( 3 9 ) .  The 13c n .m.r .  showed o n l y  8  

peaks ,  among them one a t  42.4 ppm ( q ,  N-CH3) n e a r l y  t w i c e  a s  h i g h  a s  

t h e  r e s t ,  f o r  t h e  18 c a r b o n s .  The 13c n .m.r . ,  i n d i c a t e d  t h e  

s t r u c t u r e  a s  t h a t  o f  two dime thylaminonorbornane m o i e t i e s  

symmet r i ca l ly  j o i n e d  wi th  a  p l a n e  o f  symmetry. The low s o l u b i l i t y  i n  

methanol and h i g h  s o l u b i l i t y  i n  hexane,  unusual  f o r  t e r t i a r y  amines ,  

i n d i c a t e d  11-27 a s  hav ing  a  low d i p o l e  moment p o s s i b l y  a r i s i n g  from 

t h i s  h igh symmetry (144) .  

The s t r u c t u r e  o f  11-27 was a s s i g n e d  on t h e  b a s i s  o f  13c n .m.r .  

d a t a  ( F i g u r e  11-13 and Tab le  11-91 by comparison w i t h  t h e  chemical  

s h i f t  d a t a  f o r  s u b s t i t u t e d  norbornanes  (145)  and t h e  o f f  c e n t r e  

d e c o u p l i n g  exper iments .  The c a r b o n s  a t  3 5 . 3  ( d ;  C-1 ), 46 .9  ( d ;  C-4), 

28.5 ( t ;  C-5), and 23.2  ppm ( t ;  C-6) were a s s i g n e d  i n  good agreement 

w i t h  r e p o r t e d  13c chemical  s h i f t  d a t a  ( 1 4 5 ) .  The d e c o u p l i n g  r e s u l t s  

a l s o  showed t h e  C-3 s i g n a l  a t  74.9 ppm ( d l  and t h e  C-7 a t  37.2  ppm( t ) .  

The r e l a t i v e l y  h i g h  f i e l d  s h i f t  o f  t h e  C-6 ca rbons  a t  23.3  ppm 

i n d i c a t e d  an endo - o r i e n t a t i o n  a t  t h e  C-2 o r  C-3 p o s i t i o n s  (145) .  If 

t h e  ( c H ~ ) ~ - N  groups  were endo,  t h e  s h i f t  a t  C-5 would be i n  t h e  

o r d e r  of 20 ppm ( 1451, h i g h e r  than  t h a t  obse rved .  Thus,  t h e  l i n k a g e  

a t  C-2 must b e  endo-endo and t h e  (CH3)2-N groups exo.  T h i s  i s  i n  - 
genera  1 agreement w i t h  t h e  f a c t  t h a t  a  dimethylaminiurn r a d i c a l  

(103,106,146,147)  and o t h e r  bulky r a d i c a l s  (148)  a t t a c k  norbornene 

p r e f e r e n t i a l l y  f rom t h e  e s  f a c e .  







i d  

TABLE 11-9: 13c N .M. R.  Chemical  Shifts for Ei&-Norbornanes 
k 

f 11-27,  11-28, and 11-36. 

f 
I . \ 

L 11-27 11-28 11-36 





2 - w - ( 3  I -es -d imethy laminob icyc  l o  [2 .2 .1  Ihept-2 1-e3-y1)-3-w- 

d imethy laminob icyc lo [2 .  2 .1  lhep tane  (11-28) was a l s o  o b t a i n e d  from 

column chromatography a s  w h i t e  need les  (mp 67-72' subl im.  ) s o l u b l e  

i n  methanol bu t  i n s o l u b l e  i n  hexane .  A n a l y s i s  and m.s. ag reed  wi th  

t h e  molecu la r  formula  o f  C18H32N2. AS i n  11-26 and 11-27, i . r .  

and m . s .  o f  11-28 i n d i c a t e d  t h e  p r e s e n c e  of (CH3)2-~  and 

1  norbornane m o i e t i e s .  The H n .m.r .  spec t rum of 11-28 showed 3 

downf ie ld  p r o t o n s  a t  ~ 7 . 4 3  (my W1/2=11Hz), 7 .55 (dd ,  J=8 .5 ,  1.4Hz),  

and 7.72(m),  a  s i n g l e t  f o r  t h e  (CH3I2-N a t  ~ 7 . 7 6 ( 1 2 8 ) ,  and a n  

unreso lved  ml t  i p l e t  f o r  t h e  c y c l o a l k a n e  p o r t  i o n .  When 100% 

"Eu-Resolve" s h i f t  r e a g e n t  was added,  the  (CH3I2-N s i g n a l s  were 

s p l i t  ( 3 8 ~ )  i n t o  2  s i n g l e t s .  The 13c n .m.r .  spec t rum ( F i g u r e  11-14 

and Tab le  11-91 showed 15 peaks ,  3  of t h e s e  a t  44.8 ,  43 .0 ,  and 35.0  

ppm were about  t w i c e  a s  h igh  a s  t h e  r e s t ,  i n d i c a t i n g  a  

b is -d imethylaminodinorbornane l a c k i n g  t h e  symmetry o f  11-27. - 

Pro ton  o f f  c e n t r e  d e c o u p l i n g  i n d i c a t e d  i )  two d i f f e r e n t  ca rbons  

a t  35.0  ppm, a  t r i p l e t  f o r  C-7 and a  doub le t  f o r  a n o t h e r  carbon 

i i )  a n o t h e r  C-7 ca rbon  a t  37.2 ppm( t ) ,  and i i i )  two d i f f e r e n t  

( c H ~ ) ~ - N  groups  a t  4 4 . 8 ( q )  and 43 .0  ppm ( q )  p robab ly  jo ined  t o  

c a r b o n s  a t  7 6 . 6 ( d )  and 71.9  ppm ( d )  (145) .  The ass ignment  o f  t h e  

p r o t o n  spec t rum and v e r i f i c a t i o n  o f  t h e  assignment o f  t h e  13c 

spec t rum was accomplished by s i n g l e  f requency i r r a d i a t i o n  o f  p r o t o n  

s i g n a l s  and o b s e r v a t i o n  o f  t h e  r e s u l t i n g  13c s p e c t r a .  The 13c 

s i g n a l  of  a  carbon d i r e c t l y  bound t o  t h e  p a r t i c u l a r  i r r a d i a t e d  p r o t o n  



would c o l l a p s e  t o  a  s i n g l e t  due t o  s p i n  d e c o u p l i n g  and i n c r e a s e  due t o  

a  r e s u l t i n g  Nuc l e a r  Overhauser E f f e c t  (145) .  The p r o t o n  chemical  

s h i f t s  and cor respond ing  d e c o u p l e r  f r e q u e n c i e s  were i n i t i a l l y  

de te rmined  by a  g r a p h i c a l  method o u t  l i n e d  by Var ian  (149)  and 

d e s c r i b e d  by B i r d s a l l  e t  a 1  (150) .  The r e s u l t  o f  t h i s  decoup l ing  work 

r e l a t e d  t h e  3 ' -p ro ton  a t  77.56 (dd,  J=8 .5 ,  1.4Hz) t o  t h e  3 ' -carbon a t  

71.9 pprn ( d l ,  t h e  2 ' -p ro ton  a t  ~ 7 . 7 2 ( m )  t o  t h e  2 ' - ca rbon  a t  39 .0  pprn 

( d ) ,  and the  2-proton a t  77.42 (my W1/2=11Hz) t o  t h e  2-carbon a t  

40.0  ppm ( d l .  The decoup l ing  f u r t h e r  confirmed 2  comple te ly  d i f f e r e n t  

c a r b o n s  p r e s e n t  a t  35.0 pprn ( t ,  C - 7 ' ;  and d ,  C-4), t h u s  making 

ass ignment  o f  each much more r e l i a b l e .  

The l a c k  of  a  13c s i g n a l  a t  about 20 pprn i n d i c a t e d  bo th  

( c H ~ ) ~ - N  groups  must be z o - o r i e n t e d  (145) .  The h i g h e s t  s i g n a l  a t  

pprn 2 3 . 9 ( t )  i s  a s s i g n e d  t o  a  C-6 carbon i n  one norbornane r i n g  and 

i n d i c a t e d  t h i s  r i n g  t o  have a n  &o-2-alkyl s u b s t i t u e n t  ( 1 4 5 ) .  One 

h a l f  of 11-28 was t h e r e f o r e  a s s i g n e d  t o  a  geometry s i m i l a r  t o  11-27 

( ~ i ~ u r e  11-13 and Tab le  11-91. On t h e  b a s i s  of  t h e  13c s i g n a l  a t  

35.0 ppm ( t ;  C-7')  and t h e  r e l a t i v e l y  low f i e l d  ca rbons  a t  30 .3  ( t ;  

C-5 ' )  and 29.2 pprn ( t ;  C - 6 ' ) ,  t h e  o t h e r  h a l f  of 11-28 was a s s i g n e d  t o  

a n  -- exo-exo-2',3'-substituted norbornane (1451, i n  agreement w i t h  t h e  

c o u p l i n g  c o n s t a n t s  o f  t h e  3'-e&0-~roton o f  J 3 ~ n , 2 1 n = 8 . 5  and 

J 3 ' n , 7 ' a  =1.4Hz ( 1 4 0 ) .  The remaining ca rbons  a t  71.9  (d ;  C-3 ' ) ,  34.2 

( d ;  C-1 '), 44.8  [ q ;  ( C H ~ ) ~ - N ' ] ,  39 .0  (d ;  C-2') ,  and 53.2 pprn ( d ,  

C-4 ' )  were a s s i g n e d  by comparison w i t h  11-27 (Tab le  11-9) and r e p o r t e d  

13c chemical  s h i f t s  f o r  s u b s t i t u t e d  norbornanes  (145) .  



$ A m i x t u r e  o f  a t  l e a s t  3  o t h e r  compounds, showing one major  and 

p 
two minor s p o t s  on a  t .  1 . c .  p l a t e ,  was a l s o  o b t a i n e d  by column i- 

chromatography o f  t h e  f i r s t  b a s i c  f r a c t i o n .  T h i s  m i x t u r e  showed i . r .  

a t  2 8 7 5 ( s ) ,  2 8 2 2 ( s ) ,  2 7 7 0 ( s ) ,  1052 and 1020(s )  cm-' and n.m.r .  a t  

r 7 . 7 0 ( s )  and 7.6-9.3(bm) c h a r a c t e r i s t i c  of  dimethylamino and 

norbornane m o i e t i e s .  It  a l s o  showed m.s.  peaks a t  m/e(%) 290(2) ,  

276(9) ,  261(100) ,  192(45) ,  182(30) ,  and 58(55)  i n d i c a t i v e  o f  t h e  p r e s e n c e  

o f  a n o t h e r  d i m r  analogous  t o  11-27 and 11-28 (m/e 276 f o r  M'), a  

compound h a v i n g  t h e  M+ a t  m/e 290 and a n o t h e r  a t  m/e 182 f o r  M'. 

N e i t h e r  of t h e  l a t t e r  two m.s. peaks were observed i n  t h e  m.s. of  

11-27 o r  11-28. T h i s  m i x t u r e  proved d i f f i c u l t  t o  s e p a r a t e  by column 

chromatography and was no t  analyzed f u r t h e r .  

About 30% o f  t h e  f i r s t  b a s i c  f r a c t i o n  was e l u t e d  a s  a  d a r k  

v i s c o u s  o i l .  T h i s  o i l  was b e l i e v e d  t o  c o n s i s t  o f  r e a c t i o n  p roduc t s  o f  t h e  

d imers  w i t h  C H 2 C 1 2  s i n c e  i t  was no t  o b t a i n e d  when e t h e r  was used 

i n  t h e  work up.  The i . r .  a b s o r p t i o n s  a t  3420, 3350, 2795, 1640 and 

1012 cm-' a r e  i n d i c a t i v e  o f  an ammonium s a l t  and t h e  s t r o n g  

a b o r p t i o n  a t  732 cm-' cou ld  be  due t o  t h e  p r e s e n c e  o f  a  C-C1 bond 

(138 ,139) .  The N-CH3 s i g n a l  s h i f t e d  from 77.7  t o  77.1 and 7 . 3  

c l e a r l y  i n d i c a t i n g  ammonium s a l t  fo rmat ion  (140 ,141) .  The r e l a t i v e l y  

s i m p l e  m.s. f r a g m e n t a t i o n  p a t t e r n  o f  m/e(%) 2 7 6 ( l ) ,  261(31) ,  1 9 2 ( 5 ) ,  

58(10)  i s  a l s o  i n d i c a t i v e  o f  an ammonium s a l t  (103,141)  of a  d imer  

ana logous  t o  11-27 o r  11-28. T h i s  m a t e r i a l  was no t  ana lyzed  f u r t h e r .  



A n a l y s i s  o f  t h e  f i r s t  b a s i c  f r a c t i o n  by g . c .  showed a  peak f o r  

t h e  monomer 11-26 a t  25 min. and f o u r  peaks i n  t h e  135-160 min. 

r e g i o n  i n  a  r a t i o  o f  1:4.  The l a t t e r  four  peaks were i n  a  r a t i o  o f  

43: l l : 3 l :  16 i n  which t h e  f i r s t  and t h i r d  peaks were i d e n t i f i e d  a s  

d imers  11-28 and 11-27 by g . c .  peak matching.  

When t h e  p h o t o l y s i s  was r e p e a t e d  under s i m i l a r  c o n d i t i o n s ,  u s i n g  

e t h e r  a s  t h e  s o l v e n t  i n  t h e  work u p ,  t h e  f i r s t  b a s i c  f r a c t i o n  showed 

g . c .  peaks  a t  25 min.  (11-26, 5%)  and f o u r  peaks i n  t h e  135-160 min. 

r e g i o n  i n  a  r a t i o  1 :  10. The l a t t e r  four  g . c .  peaks  were i n  a  r a t i o  

of 40 (11-28, 22%):10:30 (11-27, 16%):10. 

b )  I n  CF3COOH under Oxygen: P h o t o l y s i s  of IMT under  oxygen, 

conducted i n  t h e  p r e s e n c e  o f  norbornene i n  a c e t n n i t r i l e  s o l u t i o n  

c o n t a i n i n g  CF3COOH a t  0' through a  Vycor produced a  deep ye l low 

c o l o r  which faded over  two h o u r s .  The p h o t o l y s a t e  gave a  s t r o n g  

p o s i t i v e  t e s t  t o  KI - s t a rch  p a p e r ,  i n d i c a t i n g  t h e  p r e s e n c e  o f  o x i d i z i n g  

a g e n t s .  It was immediate ly  e v a p o r a t e d  t o  15 m l ,  b a s i f i e d ,  and 

e x t r a c t e d  w i t h  e t h e r  w i t h o u t  i s o l a t i o n  of  any a c i d i c  o r  n e u t r a l  

p r o d u c t s .  The e t h e r  e x t r a c t  was immediately reduced wi th  NaBH4. 

The t e m p e r a t u r e  was kep t  a t  o r  below 0' throughout  t h e  e n t i r e  above 

work up.  

A f t e r  a c i d i f i c a t i o n  of t h e  NaBH4 m i x t u r e ,  a  s m a l l  amount (2 .2%)  

of  2,7-dihydroxybicyclo~2.2.1]heptane (11-31) was o b t a i n e d  a s  an o i l  



and conver ted  t o  t h e  b i s - p - n i t r o b e n z o a t e  (11-3 l a )  : mp 164-165'; - - 
m.s. M+ m/e 426. An a u t h e n t i c  sample o f  t h e  d i o l  11-31 was 

p r e p a r e d  by t h e  known h y d r o l y s i s  o f  exo-2,3-epoxynorbornane (11-32) 

(151 ,152) .  The i . r .  o f  t h e  a u t h e n t i c  b i s - p - n i t r o b e n z o a t e  (mp - - 
159-162') was super imposab le  on t h e  one o b t a i n e d  from t h e  o x i d a t i v e  

p h o t o l y s i s .  No 1 ,3-&-hydroxymethylcyc lopentane  (11-33) ( l i t .  

b i s - p - n i t r o b e n z o a t e :  mp 117-118'; m.s. M+ m/e 428 ( 1 0 3 ) )  was - - 
d e t e c t e d .  11-33 had been o b t a i n e d  i n  l a r g e  amounts i n  t h e  o x i d a t i v e  

p h o t o l y t  i c  a d d i t i o n  of  n i t r o s a m i n e s  t o  norbornene (103) .  

The a c i d i f i e d  NaBH4 r e d u c t i o n  mix tu re  was 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  p rov ide  a n  o i l .  Ana lys i s  of  t h i s  o i l  by g . c .  

and g.c.-m.s. showed 3-exo-dimethylamino-2-endo-bicyclo[2.2.1]- - 

h e p t a n o l  (11-34) a s  t h e  major  p roduc t  i n  57% y i e l d  compr i s ing  75% of 

a l l  g . c .  peaks .  One of t h e  minor peaks was 5% o f  t h e  major  and was 

shown t o  b e  due t o  3-exo-dimethy l amino-2-es -b icyc  l o  [ 2 . 2 . 1  ] h e p t a n o l  

(11-35). These g . c .  peaks  were matched wi th  t h o s e  o f  a  1:  1  m i x t u r e  

o f  a u t h e n t i c  11-34 and 11-35 (153) .  

The amino a l c o h o l  11-34 was o b t a i n e d  a s  an  o i l  by column 

chromatography o f  t h i s  b a s i c  e x t r a c t  and was sublimed t o  g i v e  

t r a n s l u c e n t  pr isms : mp 67-68'. 11-34 had t h e  c o r r e c t  molecu la r  i o n  

a t  m/e 155 and 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  t h e  molecu la r  formula 

1  CgH17N0. The H n.m.r .  showed t h e  (cH3I2N s i g n a l  a t  ~ 7 . 7 4 ,  



F i g u r e  11-15: a )  60 MHz a n d  b) 103 MHz 'H NMR of 3-ex0- - 
dimethylamino-2-endo-bicycle L2.2. a heptanol  

01-34 



Table 11-10: 3-KO-dimethylamino-2-eo-bicyc ioi2.2.1 heptanol (11-34) 

N.M.R. Data. 

'~(r> Coupling constants(~z) 

8.45 

6.13 J2x,3nZ4.0 

7.75 



t h e  0-H a t  ~ 5 . 8 5 ,  and t h e  2-proton s i g n a l  a t  r 6 . 1 3  (ddd,  J=4 .0 ,  2 .9 ,  

0.8Hz).  The coup l ing  c o n s t a n t s  of  J2x ,2n=4 .0 ,  J2x,1=2.9 ,  and 

J2x ,6x  =0.8Hz were de te rmined  by s p i n  d e c o u p l i n g  ( s e e  Tab le  11-10, 

F i g u r e  11-1 5 )  and were i n  good agreement wi th  r e p o r t e d  c o u p l i n g  

c o n s t a n t s  f o r  a  2-exo-proton i n  norbornanes  hav ing  a  

t - - -  rans-3-exo-2-endo-confieurat i o n  ( 103,140,148) .  The 13c ass ignments  

(Tab le  11-10) were made on t h e  b a s i s  of  t h e  above s t r u c t u r e  i n  good 

agreement w i t h  those  o f  d imers  11-27-28 and o t h e r  r e p o r t e d  v a l u e s  f o r  

s u b s t i t u t e d  norbornanes  (145) .  

A c r y s t a l l i n e  compound o b t a i n e d  by column chromatography of t h e  

reduced e x t r a c t  was b e l i e v e d  t o  b e  2-&0-(3'-endo-hydroxy b i c y c l o -  

[2.2.1~-hept-2'-exo-yl)-3-exo-dimethylaminobicyclo[2.2.l]-heptane - - 

(11-36) on t h e  b a s i s  o f  t h e  f o l l o w i n g  ev idence .  The molecu la r  i o n  a t  

m/e 249 and a n a l y s i s  a g r e e  wi th  t h e  molecu la r  formula  C16H27N0. 

1 The H n .m.r .  i n d i c a t e d  t h e  ( c H ~ ) ~ N  s i g n a l  a t  r 7 . 7 6  ( s ,6H) ;  t h e  

3 ' -exo-proton - a t  75.54 (ddd,  J=4 .5 ,  2 . 0 ,  0.5Hz) had c o u p l i n g  c o n s t a n t s  

s i m i l a r  t o  t h e  2-KO-proton o f  11-34 ( s e e  Tab le  11-10).  The 13c 

n .m. r .  i n d i c a t e d  a  b i snorbornane  s k e l e t o n  analogous  t o  dimer 11-28 

( s e e  F i g u r e  11-14) w i t h  a  2,2'-endo-exo -- dimer l i n k a g e  a s  i n d i c a t e d  by 

t h e  s i g n a l  a t  22.70 ppm f o r  a  C-6 carbon.  S i n c e  a dimethylaminiurn 

r a d i c a l  a t t a c k  on norbornene i s  e x c l u s i v e l y  (103 ,106 ,146 ,147) ,  t h e  

(CH3)2N group s h o u l d  be  z o - o r i e n t e d  a t  t h e  C-3 p o s i t i o n .  The 

C-5' a t  20.52 ppm s h o u l d ,  t h e r e f o r e ,  be  due t o  an endo-hydroxy group 

a t  t h e  C-3' p o s i t i o n  (145) .  The s t r u c t u r e  o f  11-36, a l o n g  wi th  'H 

and 13c r e s u l t s ,  i s  g i v e n  i n  F i g u r e  11-16 and Table  11-9. 



Figure 11-16: a) I3c and b) IH NMR of 2-endo-(3'-endo- - 
hydroxybicyclo [2.2.1] hept-2 - 9 - y 1 ) - 3 - e x o -  - 
dimethylaminobicyclo L2.2. l] heptane (11-36) 



Another compound o b t a i n e d  a s  an o i l  from t h e  reduced e x t r a c t  was 

t e n t a t i v e l y  a s s i g n e d  t o  3 -c i s -  (1  '-dimethylamino-2 '-hydroxye t h y l ) -  

c y c l o p e n t a n o l  (11-37).  It showed i . r .  c h a r a c t e r i s t i c s  o f  a  

( C H 3 l 2 ~  moiety  a t  2868, 2834, and 2786 m (138)  and o f  an 

a l c o h o l  a t  3340 ( s b )  and 1035(sb)  cm-I (138 ,139) .  The n .m. r .  

i n d i c a t e d  t h e  ( C H 3 l 2 ~  s i g n a l  a t  77.70 ( s ;  6 ~ )  and two D20 

exchangeab le  p r o t o n s  a t  76.30.  High r e s o l u t i o n  m .  s . prov ided  t h e  

m o l e c u l a r  i o n  a t  m/e 173.1  

CgH19N02.  The p o s s i b l e  m .  

Scheme 11-1 was i n d i c a t e d  

413 i n  agreement wi th  t h e  m o l e c u l a r  formula 

s .  f r a g m e n t a t i o n  p a t t e r n  shown i n  

by t h e  peaks a t  m/e(%) 173(6 ,  

- HO* 

m/e Il't 

Scheme 11-1: M . s .  f r a g m e n t a t i o n  o f  11-37. 
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The r e s u l t s  o f  t h i s  f i r s t  p h o t o l y s i s  a r e  summarized i n  Tab le  

11-1 1. 

I n  a  s e p a r a t e  p h o t o l y s i s  a  s o l u t i o n  o f  TMT (0.069 m o l e s ) ,  

norbornene and CF3COOH i n  a c e t o n i t r i l e  was i r r a d i a t e d  under  oxygen 

a t  0' through Vycor f o r  5  h o u r s .  A f t e r  4  h o u r s  a  new a b s o r p t i o n  a t  

ha, 270 nm was obse rved .  Iodometry i n d i c a t e d  0 .045  e q u i v a l e n t s  o f  

o x i d i z i n g  a g e n t s  p r e s e n t  i n  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 e v a p o r a t e d  and e x t r a c t e d  wi th  e t h e r  t o  g i v e  a  

brown s e m i - s o l i d  (505mg). T h i s  e x t r a c t  d i d  not  c o n t a i n  any expoxide  

11-32 a t  7 6 0 ( s )  cm-' when t h e  i . r .  was compared wi th  t h a t  o f  

a u t h e n t i c  11-32. However, t h e  i . r .  o f  t h i s  a c i d i c  and n e u t r a l  

f r a c t i o n  showed a b s o r p t i o n s  a t  l i ' i ' g ( s ) ,  1219, and 1170 cm-I 

i n d i c a t i v e  o f  t r i f l u o r o a c e t a t e s  (154)  and a t  3350(sb)  and 1065(b)  

cm-' c h a r a c t e r i s t i c  o f  a l c o h o l s .  G . c .  showed one major  peak about  

80% i n  a r e a  o f  a l l  peaks .  Th i s  was t e n t a t i v e l y  a s s i g n e d  t o  

7-hydroxylbicyc l o [ 2 . 2 . l  Ihept-2-yltrifluoroacetate 1 1 - 3 8 )  The 

g.c.-m.s. of 11-38 l a c k s  t h e  M+ peak a t  m/e 224, which i s  n o t  

unusual  f o r  e s t e r s  (1351,  b u t  shows a s t r o n g  peak a t  M+-CF~COOH = 

+ 
m/e 110 and weak ones  a t  M -OH = m/e 207 and M + - H ~ O  . m/e 206. 

It is  p o s s i b l e  t h a t  11-31, observed i n  t h e  p r e v i o u s  p h o t o l y s i s ,  was 

formed by NaBH4 r e d u c t i o n  o f  11-38. The y i e l d  o f  11-38, based on 

one mole TMT, was e s t i m a t e d  from g .c .  peak a r e a s  t o  b e  2.5%. 



An a u t h e n t i c  sample o f  t h e  t r i f l u o r o a c e t a t e  11-38 was p repared  by 

s t i r r i n g  t h e  epox ide  11-32 i n  a  1M CF3COOH s o l u t i o n  i n  CH2C12 t o  

give t h e  rea r ranged  p roduc t  ana logous  t o  t h a t  o b t a i n e d  i n  t h e  r e a c t i o n  

o f  11-32 and formic a c i d  ( 1 5 2 ) .  T h i s  gave a n  o i l  which showed 

-1 i . r .  3400(sb) ,  1 7 7 7 ( s ) ,  1 3 5 2 ( s ) ,  1220, 1 1 6 5 ( s b ) ,  and 1080(b)  cm . 
When t h e  t r i f l u o r o a c e t a t e  11-38 was s t i r r e d  o v e r n i g h t  i n  40% aqueous 

dimethylamine s o l u t i o n ,  some =-alcohol  11-35 was d e t e c t e d  by g . c .  ; 

however,  no e o - a l c o h o l  11-34 was obse rved .  

The remainder  of t h e  p h o t o l y s a t e  was b a s i f i e d  and e x t r a c t e d  w i t h  

e t h e r  a t  room t e m p e r a t u r e .  T h i s  e x t r a c t  showed one major  g . c .  peak 

a t  6 .9  min. and two minor ones  a t  7 . 5  and 8 . 1  min. i n  a  r a t i o  o f  

6 : 1 . 5 : 1  on an SE-30 column. The peaks a t  7 .5  and 8 .1  min. were 

matched w i t h  11-34 and 11-35> r e s p e c t i v e l y  ( 1 5 3 ) .  The major  g - c .  

peak was i d e n t i f i e d  a s  m - 3 - d i m e t h y l a m i n ~ b i c ~ c  l o  [ 2 .2 .1  Iheptan-2-one 

(11-39, 40%) by g . c .  peak matching wi th  an a u t h e n t i c  sample  (155) .  

The aminoketone 11-39 was o b t a i n e d  a s  an  o i l  by p r e p a r a t i v e  g . c .  

and showed i . r .  a b s o r p t i o n s  a t  2822, 2 7 7 8 ( s ) ,  1746(s )  and 1040(s )  

cm-' ( l i t .  i . r .  2815, 2770, 1742 and 1045 cm-' ( 1 0 6 ) ) .  The m.s. 

o f  11-39 showed M+ a t  m/e 153 and a  base  peak a t  m/e 58. LAH 

r e d u c t i o n  of  t h e  ke tone  11-39 gave t h e  z o - a l c o h o l  11-35 and t h e  

endo-alcohol  - 11-34 i n  a  90: lO r a t i o .  NaBH4 r e d u c t i o n  o f  11-39 gave 

11-35 and 11-34 i n  e q u a l  r a t i o s .  Both 11-35 and 11-34 were o b t a i n e d  

by p r e p a r a t i v e  g . c .  from t h e  NaBH4 r e d u c t i o n  and t h e i r  i . r . ,  n .m.r ,  



F i g u r e  11-17: 60 MHz I H  NMR of ~ - e x o - d i r n e t h y l a r n i n 0 - 2 ~ ~ ~ -  - - 
bicycle r2.2.11 h e p t a n o l  (11-35) 



Figure 11-18: Mass spectra of amino alcohols 11-31! and 11-35 



and m . s .  s p e c t r a  were super imposab le  on t h o s e  o f  t h e  a u t h e n t i c  

compounds (103,153) .  

F u r t h e r  e x t r a c t i o n  o f  t h e  b a s i f i e d  p h o t o l y s a t e  p rov ided  a  second 

b a s i c  f r a c t i o n  main ly  c o n s i s t i n g  o f  t h e  t r i m e r  1-30 i n  a  55% y i e l d .  

The m . s .  o f  aminoa lcoho l s  11-34 and 11-35 a r e  g i v e n  i n  F i g u r e  11-18 

f o r  comparison.  

c )  N e u t r a l  c o n d i t i o n s  under Oxygen: When an a c e t o n i t r i l e  

s o l u t i o n  o f  RIT (0.069 moles )  and norbornene was i r r a d i a t e d  th rough  

Vycor a t  0' under  oxygen, i t  took 6  hours  f o r  t h e  TMT a b s o r p t i o n  and 

Amax 280 nm t o  d i s a p p e a r .  The p h o t o l y s a t e  gave a  n e g a t i v e  t e s t  t o  a  

KI-starch-CHgCOOH s o l u t i o n .  No ye l low c o l o r  was obse rved  i n  t h e  

p h o t o l y s a t e  a s  had been seen i n  a c i d i c  s c l u t i c n s .  

A d d i t i o n  o f  CF3COOH t o  t h e  p h o t o l y s a t e  and e v a p o r a t i o n  o f  t h e  

s o l v e n t  provided 354 mg o f  a n e u t r a l  f r a c t i o n .  T h i s  f r a c t i o n  showed 

a t  l e a s t  8  g . c .  peaks  of a lmost  e q u a l  a r e a s .  One o f  t h e  peaks  was 

matched w i t h  t h e  t r i f l u o r o a c e t a t e  11-38 b u t  t h e  o t h e r s  c o u l d  n o t  b e  

i d e n t i f i e d .  Only a  t r a c e  amount o f  t h e  epox ide  11-32 was d e t e c t e d  by 

g . c .  and t . 1 . c .  

The b a s i c  f r a c t i o n  c o n s i s t e d  mainly of t h e  t r i m e r  1-30 (90% 

y i e 1 d ) w i t h o u t  a  t r a c e  of  a d d i t i o n  p r o d u c t s  by g . c .  o r  n.m.r .  

e x a m i n a t i o n s ;  however,  some ?MH ( 4 % )  was a l s o  i d e n t i f i e d .  



3 )  1 , 5 - C y c l o o c t a d i e n e  (COD) 

a )  I n  CF3COOH under  Ni t rogen:  The p h o t o l y s i s  o f  RZT i n  t h e  

p resence  o f  COD and CF3COOH i n  a c e t o n i t r i l e  under  n i t r o g e n  a t  0' 

produced a  ye l low c o l o r  which d i s a p p e a r e d  w i t h i n  2  h o u r s .  No p r o d u c t s  

c o u l d  b e  o b t a i n e d  from t h e  n e u t r a l  and a c i d i c  e x t r a c t .  

Two compounds, 5-dimethylaminocyclooctene  (11-40, 32%)  and 

6-exo-dimethylaminomethy - 1 - 2 - e e i m e  thylamino-c>-bicyc l o  [3 .3 .O]octane 

(11-41,  1 2 % ) ,  were 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  by column 

chromatography. These two compounds were i n  a  1 . 9 : l  r a t i o  a s  obse rved  

by g a s  chromatography. No change i n  y i e l d  o r  product  d i s t r i b u t i o n  was 

observed when a  p o r t i o n  of  t h e  p h o t o l y s a t e  was t r e a t e d  w i t h  NaBH4 

b e f o r e  b e i n g  made b a s i c  ( s e e  E x p e r i m e n t a l ) .  

The aminooctene 11-40 was i d e n t i f i e d  on t h e  b a s i s  of  i t s  s p e c t r a .  

The i . r .  a b s o r p t i o n s  a t  3020 and 727 cm-' i n d i c a t e d  t h e  p r e s e n c e  o f  

a  - c i s - o l e f i n  (138)  and a t  2862, 2828, 2779, and 1035 cm-I s u g g e s t e d  

a  dimethylamino moiety .  P r o t o n  n.m.r .  of 11-40 showed t h e  o l e f i n i c  

p r o t o n s  a t  r4 .48  (m, W1/2=35Hz; 2 ~ )  and t h e  (CH3)2-N group  a t  

77.92 ( s ;  6H). The m o l e c u l a r  i o n  a t  m/e 153 and a n a l y s i s  a g r e e d  w i t h  

t h e  molecu la r  formula  C l O H I 9 N .  The p i c r a t e ,  mp 153-167O, gave 

t h e  c o r r e c t  a n a l y s i s  f o r  C16H22N407. 



The b i c y c l o o c t a n e  11-41 was o b t a i n e d  by column chromatography a s  

a n  o i l .  I t s  i . r .  i n d i c a t e d  t h e  p r e s e n c e  o f  a  d imethylamino g roup  a t  

2863, 2818, 2770, and 1040 cm-' b u t  no o l e f i n  a t  c a .  3020 and 720 

cm-l. The p r o t o n  n.m.r .  showed t h e  p r e s e n c e  o f  two d i f f e r e n t  

(CH3l2N s i g n a l s  a t  77.74 and 7.78,  bu t  no p r o t o n s  downfie ld  from 

17.72. The s i g n a l  o f  t h e  r i n g  p r o t o n s  was no t  r e s o l v e d ,  showing a  

b road  n u l t i p l e t  77.7 t o  9 . 0 .  The molecu la r  i o n  a t  m/e 210 and 

a n a l y s i s  ag reed  w i t h  t h e  molecu la r  formula C l 3 H Z 6 N 2 .  The 

i n t e n s e  m . s .  f ragment a t  m/e 58 sugges ted  t h e  p r e s e n c e  o f  a  

dimethylaminomethyl moiety .  Ana lys i s  of  i t s  d i p i c r a t e  11-41a, mp 

217-221' (decomp. ) ,  agreed wi th  t h e  formula C25H32N8014 and 

showed h.r .m.s.  peaks  a t  m/e 228.9971 ( c a l c d .  f o r  C6ki3N3O7, 

p i c r i c  a c i d :  228.9971) and 210.2090 ( c a l c d .  f o r  C13H26N2, 

11-41: 210.2096). The d i -meth iod ide  11-41b, mp 155-190' (decomp. ), 

had a  molecu la r  formula  C 1 5 H 3 2 N 2 1 2  by a n a l y s i s  and had i n t e n s e  

m.8 .  f ragments  a t  m/e 210, 142,  127, and 58. The s t r u c t u r e  o f  11-41b 

was conf i rmed by p r o t o n  n .m.r .  decoup l ing  ( F i g u r e  11-19 and T a b l e  11-13). 

The a n a l y t i c a l  and s p e c t r a l  d a t a  i n d i c a t e d  11-41 t o  be  a  

b i c y c  looc t a n e  d e r i v a t i v e  h a v i n g  dime t h y  lamino and dime t h y  laminomethyl 

s u b s t i t u e n t s .  Both b i c y c  l o  [4 .2 .  Oloctane and 

trans-bicyclo[3.3.0]octane sys tems have h i g h e r  s t r a i n  e n e r g i e s  than 

cis-bicyclo[3.3.0]octanes (156) .  The l a t t e r  is  formed e x c l u s i v e l y  i n  

t r a n s a n n u l a r  f r e e  r a d i c a l  c y c l i z a t i o n  o f  COD (156 ,157) .  Fur the rmore ,  



Figure 11-19! 'H NMR decoupling of 6-exo-dimethylaminomethyl- 
2-exo-dimethylamino-cis-bicyclo[3.3,0] - octane 

dimethiodide (11-hlb) 



T a b l e  11-13: Chemical s h i f t s  and coup l ing  c o n s t a n t s  f o r  11-41b. 

Chemical s h i f t  ( T )  
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6.99 and 7.04 

'H-~H c o u p l i n g  c o n s t a n t s  (HZ) 



t h e  i n i t i a l  r a d i c a l  a t t a c k  on COD o c c u r s  i n  such a  manner a s  

t o  o r i e n t  t h e  incoming r a d i c a l  i n t o  t h e  exo-2-pos i t ion  o f  t h e  

cis-bicyclo[3.3.0]octane r i n g  sys tem (157) .  T h e r e f o r e ,  a  

dimethylaminiurn r a d i c a l  was expec ted  t o  a t t a c k  COD i n  a  s i m i l a r  

manner t o  g e n e r a t e  an i n t e r m e d i a t e  2-~o-dimethylamino-*- 

b icyc lo [3 .3 .0 ]oc t -6 -y l  r a d i c a l  (11-42).  11-42 might combine w i t h  a  

dimethylaminomethyl moie ty  from t h e  l e s s  crowded ( 1 5 6 )  exo  - s i d e  t o  

produce t h e  observed p roduc t  11-41. 

An examina t ion  of  Dre id ing  molecu la r  models of  11-4b s u g g e s t e d  a  

W ( enve lope)  conformat ion t o  l ead  t o  t h e  l e a s t  amount o f  i n t e r a c t i o n s  

( s e e  r e f e r e n c e  158) .  Newman p r o j e c t i o n s  f o r  t h i s  model o f  C-2 on C-1 

o r  C-3 ( F i g u r e  11-20] showed t h e  fo l lowing  d i h e d r a l  a n g l e s :  

01-2=137O, ~ 2 - 3 ~ = 1 4 3 ~ ,  and ~ 2 - 3 ~ = 2 3 ' .  Us i n p  t h e  r e  spec t i v e  

obse rved  c o u p l i n g  c o n s t a n t s  (Tab le  11-13] and t h e  above a n g l e s ,  

v a l u e s  o f  J o = l O .  O H Z ,  ~ ' ~ ~ = 1 1 .  ~ H Z ,  were c a l c u l a t e d  f o r  t h e  Karp lus  

r e l a t i o n s h i p  (140) .  The magnitude o f  5180 i s  i n  t h e  range f o r  

p r o t o n a t e d  o r  a c y l a t e d  cyc lohexylamines  ( J a a = l  1-12Hz ( 1 5 9 ) ) .  On 

examina t ion  o f  o t h e r  molecu la r  models,  t h e  observed c o u p l i n g  c o n s t a n t s  

( T a b l e  11-13) could  n o t  b e  made t o  f i t  e i t h e r  an  endo-2-subs t i tu ted  - 

c i s - b i c y c l o [ 3 . 3 .  Oloctane o r  a  r e a r r a n g e d  b i c y c  l o [ 3 . 2 .  l l o c t a n e  system. - 



C-2 on C-1 C-2 on C-3 

F i g u r e  11-20: D i h e d r a l  a n g l e s  i n  11-41b. 

b )  I n  CF3COOH under  Oxygen: The p h o t o l y s i s  o f  RIT (4g)  under  

oxygen,  i n  t h e  p r e s e n c e  of  COD i n  a c e t o n i t r i l e  c o n t a i n i n g  CF3COOH, 

developed a  deep yel low c o l o r  which d i s a p p e a r e d  w i t h i n  two h o u r s .  The 

p h o t o l y s a t e  gave a s t r o n g  p o s i t i v e  t e s t  t o  KI - s t a rch  paper  i n d i c a t i n g  

t h e  p resence  o f  o x i d i z i n g  a g e n t s .  The s o l v e n t  was e v a p o r a t e d  and t h e  

r e s i d u e  immediate ly  t r e a t e d  wi th  NaBH4. The b a s i c  e x t r a c t  ( 3 g )  from 

t h e  NaBH4 m i x t u r e  was found t o  c o n t a i n  t h e  f o l l o w i n g  compounds. 

Trans-2-dimethylaminocyclooct-5-en-1-01 (11-44, 27%) was o b t a i n e d  

a s  a  c o l o r l e s s  o i l  b y  p r e p a r a t i v e  g . c . ,  and was i d e n t i f i e d  by peak 

matching w i t h  an a u t h e n t i c  sample (160) :  i . r . ,  n .m. r . ,  and m . s .  were 

i d e n t i c a l  t o  t h a t  o f  an a u t h e n t i c  sample o f  11-44 p r e p a r e d  by D r .  

K.S. P i l l a y  (103,  161) .  The n.m.r .  ( ~ i g u r e  11-21) and m.s. ( F i g u r e  

11-22) a r e  i n c l u d e d  a s  a  compar ison wi th  t h e  cis i somer  11-45. 



Cis-2-dime t h y  laminocyc looct-5-en-1-01 (11-45, 46%) was o b t a i n e d  

by p r e p a r a t i v e  g . c .  a s  whi te  p r i sms ,  mp 72-76'. I t  had t h e  c o r r e c t  

m o l e c u l a r  i o n  a t  m/e 169. The i . r .  o f  11-45  i n d i c a t e d  t h e  p r e s e n c e  

o f  a  + - o l e f i n  a t  3020, 721 cm-l, a  hydroxy group a t  3130(sb) ,  

1120(sb)  an-', and a  dimethylamino moiety  a t  2 8 7 4 ( s ) ,  2 8 4 0 ( s ) ,  

2 7 9 4 ( s ) ,  and 1 0 2 3 ( s )  an-'. The assignment o f  t h e  s t r u c t u r e  t o  11-45  

was conf i rmed by n.m. r .  decoup l ing  exper iments  ( F i g u r e  11-23 and 

T a b l e  11-14). 

A D r e i d i n g  molecu la r  model o f  amino a l c o h o l  11-45 i n d i c a t e d  t h a t  

t h e  l e a s t  i n t e r a c t i o n s  o c c u r r e d  i f  t h e  ( C H 3 ) 2 ~  moiety  was i n  a  

pseudo-equa to r i a l  o r i e n t a t i o n .  The H-1 would t h e n  b e  o r i e n t e d  a t  c a .  

90' t o  H-2, i n  accordance wi th  t h e  low c o u p l i n g  c o n s t a n t  obse rved  

( J 1 , 2 = 1 . 2 ~ z ) ,  and abou t  i n  t h e  middle  of  H-8c and H-8t 

(J1,8c'J1-8t=4.0Hz). The pseudo-equa to r i a l  p o s i t i o n  o f  H-1 was 

i n d i c a t e d  by t h e  two W-Plan c o u p l i n g s  between t h i s  p r o t o n  and H-3c and 

H-7t (J1,3c=0.8;  J 1 - 7 t = l . 0 H ~ ) .  These W-Plan c o u p l i n g s  c o u l d  n o t  

be measured d i r e c t l y  b u t  were approximated t o  account  f o r  t h e  

b roaden ing  observed i n  t h e  H-1 s i g n a l .  The pseudo-ax ia l  o r i e n t a t i o n  

o f  H-2 was i n d i c a t e d  by a  l a r g e  a x i a l - a x i a l  c o u p l i n g  w i t h  H-3t 

(J2-3t=10.7Hz). The conformat ion  o f  11-45 was i d e n t i c a l  t o  t h a t  

s p e c u l a t e d  f o r  i t s  n i t r a t e  e s t e r  (103) .  The oxygen o f  11-45 was i n  

c l o s e  p rox imi ty  t o  t h e  d o u b l e  bond and might c a u s e  t h e  downf ie ld  s h i f t  

( c a .  0 .3  P P ~ )  observed f o r  H-5 and H-6 r e l a t i v e  t o  11-44 ( s e e  F i g u r e  



Figu re  11-21: IH NMR of a.) trans-(11-44) and b) - cis- 
(11-45)-2-dime~hylarninocyclooct-5-en-1-01s 



Figure  11-22: Mass s p e c t r a  of' a.mino a l coho l s  1 1 - 4 4  a n d  11-45 



Figu re  11-23; 'H NMR decoupling of amino a lcohol  TI.-45 



Table 11-14: Cis-2-dimethylaminocyclooct-5-en-1-01 (11-45) - 

'H chemical shift ( 7 )  

H 7 

I H - ~ H  coup1 i n g  

J 

1,2 

1,3c 

1,7t 

1,8c 

1,8t 

2,3c 

2,3t 

constants (Hz) 

Hz 

1.2 

ca. 0.8 

ca. 1.0 

4.0 

4.0 

4.2 

10.7 



I n  a d d i t i o n  t o  amino a l c o h o l s  21-44 and 11-45,  a  s m a l l  amount o f  

aminooctene 11-40 was d e t e c t e d  by g . c .  peak matching.  

F u r t h e r  e x t r a c t i o n  o f  t h e  b a s i f i e d  NaBH4 m i x t u r e  provided a 

h i g h l y  p o l a r  t a r  which cou ld  not  be s e p a r a t e d  by t . 1 . c .  bu t  

showed a t  l e a s t  3 g . c .  peaks  a t  lone  r e t e n t i o n  t imes  (over  1 h o u r ) .  

The n .m.r .  of t h i s  t a r  e x h i b i t e d  f o u r  s t r o n g  s i n g l e t s  i n  t h e  

(CH3)*N r e g i o n  (77.6-7.81,  a  broad cyc loa lkane  a b s o r p t i o n  i n  t h e  

r e g i o n  77.8-8.7, and s i g n a l s  probably  a r i s i n g  from a-hydroxy p r o t o n s  

i n  t h e  reg ion  r6 .0-6 .5 .  The o l e f i n i c  p ro ton  s i g n a l s  a t  r4 .0-4 .5  were 

v e r y  weak. The i . r .  o f  t h i s  t a r  i n d i c a t e d  t h e  p r e s e n c e  o f  a  hydroxy 

g roup  a t  3300(sb)  and 105U(sb) cm-I and a  dimethylamino moie ty  a t  

2830 and 2785 cm-l. The ve ry  weak n .m.r .  o l e f i n i c  p r o t o n  s i g n a l s  

i n d i c a t e d  t h e  p o s s i b l e  p resence  of  a  b i c y c l i c  compound which c o u l d  no t  

be i s o l a t e d .  



DISCUSSION 

CHAPTER 111 



A) THERMAL TMT DECOMPOSITION 

The p r e s e n t  r e s u l t s  a l l o w  a  d i f f e r e n t i a t i o n  on t h e  mode o f  TMT 

decompos i t ion  under a c i d i c  c o n d i t i o n s .  Other workers  h a v e  found t h a t ,  

i n  d i l u t e  aqueous a c i d i c  s o l u t i o n s  up t o  Ho=-3, TMT decomposi t ion 

may t a k e  p lace  from t h e  f i r s t  c o n j u g a t e  a c i d  o f  TMT ( 1 3 , 1 4 , 1 6 )  v i a  

i o n i c  i n t e r m e d i a t e s  (4 ,14 ,58 ,5Y ) ;  however,  i n  c o n c e n t r a t e d  H2S04 

i t  has  been proposed t h a t  2 - t e t r a z e n e s  may l o s e  n i t r o g e n  from t h e  

second c o n j u g a t e  a c i d  t o  form two a m i n i m  r a d i c a l s  ( 1 4 , 5 9 ) .  Thus ,  we 

have found i t  c o n v e n i e n t  t o  s t u d y  TMT decomposi t ion i n  CF3COOH and 

i n  H2S04 which have -Ho=3.03 and 11,  r e s p e c t i v e l y  (128 ) .  It  h a s  

been proposed t h a t  RIT decomposi t ion through mono-protonation i n  

CF3COOH o r  d i - p r o t o n a t i o n  i n  H2S04 might g e n e r a t e  a  

dimethylaminiurn r a d i c a l  (1-341, a  d i m e t h y l n i t r e n i u m  ion  ( I - 2 7 ) ,  o r  

e l i m i n a t i o n  p roduc t s  a s  shown i n  Scheme 111-1. 

( c H 3 1 2 ~ +  (1-27) + (CH 3 ) 2 NH ( a )  

( c H ~ ) ~ $ H  (1-34) + ( c H ~ ) ~ N *  (b) 

TMT ( C H ~  ) 2 ~ ~ ;  + CH2=NCH3 ( c 1 

z ( c H ~ ) ~ ; H  (1-34) ( d )  

Scheme 111-1 



1 )  I n  H2S04: I f  the  decomposi t ion o f  t e t r a p h e n y l t e t r a z e n e  

(TPT) i n  H2S04, where t h e  decomposi t ion i s  proposed t o  o c c u r  

through TPT-2~'  t o  g e n e r a t e  diphenylaminium r a d i c a l s  ( 5 9 ) ,  can b e  

t a k e n  a s  an  ana logy ,  TMT i n  H2S04 may decompose t o  g i v e  two 

dime t h y l a m i n i m  r a d i c a l s  v i a  ~ T - Z H +  ( 1 4 ) .  From s t u d i e s  o n  aminium 

r a d i c a l s  g e n e r a t e d  from t h e  ch lo ramine  decompos i t ions  i n  H2S04, 

I n g o l d  ( 1 2 8 )  h a s  sugges ted  t h a t  t h e  b i m o l e c u l a r  s e l f  r e a c t i o n  o f  

d i m e t h y l a m i n i m  r a d i c a l s  may proceed through combinat ion and 

d i s p r o p o r t i o n a t i o n  a s  shown i n  r e a c t i o n s  1  and 2. For  a m i n i m  

r a d i c a l s  such a s  t h e  2 , 2 , 6 , 6 - t e t r a m e t h y l -  p i p e r  id in ium r a d i c a l ,  where 

1 and 2  cannot  o p e r a t e ,  Ingo ld  (128)  h a s  f u r t h e r  c o n s i d e r e d  t h e  

fo rmat ion  o f  a  n i t r e n i u m  ion  a s  shown i n  r e a c t i o n  3 .  

R e a c t i o n s  1 and 2  appear  t o  occur  s i n c e  t h e  c o r r e s p o n d i n g  

p r o d u c t s  a r e  observed by n .m. r .  i n  H2S04 ( ~ i g u r e  11-1 ). However, 

no  e . s . r .  s i g n a l  f o r  t h e  d i m e t h y l a m i n i m  r a d i c a l  cou ld  b e  d e t e c t e d  a t  

-20' o r  h i g h e r  i n  t h e s e  s o l u t i o n s .  S ince  v igorous  g a s  e v o l u t i o n  

o c c u r s  o n  mixing i n  H2S04, i t  a p p e a r s  t h a t  M T - 2 ~ '  decomposi t ion 

i s  t o o  r a p i d  t o  b e  d e t e c t e d .  N e v e r t h e l e s s ,  t h e  fo rmat ion  o f  

t o l u i d i n e s  11-3 i n  the  TMT decomposi t ion i n  H2S04 i n  t h e  p r e s e n c e  

o f  t o l u e n e  s u g g e s t s  t h e  in te rmediacy  o f  t h e  dime thylaminium r a d i c a l  i n  

ana logy  t o  t h e  p o s t u l a t e d  chloramine decomposi t ion ( 1 1 5 ) .  



The amina t ion  of  t o l u e n e  by dimethylaminium r a d i c a l s  h a s  been 

reviewed i n  t h e  I n t r o d u c t i o n  s e c t i o n .  The fo rmat ion  o f  a  p r imary  

c h a r g e  t r a n s f e r  (cT) complex (1-35) between a  dimethylaminium r a d i c a l  

and t o l u e n e ,  a s  proposed by M i n i s c i  (1151, i s  a t t r a c t i v e  i n  view o f  

t h e  t o l u i d i n e  11-3 isomer r a t i o s  o b t a i n e d  i n  t h e  p r e s e n t  work (Tab le  

11-2). The n - e l e c t r o n  s p i n  d e n s i t i e s  o f  t h e  t o l u e n e  c a t i o n  r a d i c a l  

have been r e p o r t e d  t o  b e  y 0 . 0 8 1 ,  m=0.035, and p=0.335 (124,162)  

hav ing  t h e  - o:m:p - r a t i o  o f  18: 7 :  75. T h i s  r a t i o  is r e a s o n a b l y  c l o s e  t o  

t h e  t o l u i d i n e  11-3 isomer r a t i o  o b t a i n e d .  

Although the  mechanism l e a d i n g  t o  h igh y i e l d s  of - meta t o l u i d i n e  

11-3 i s  proposed by Kovacic (114)  t o  invo lve  i o n i c  a d d i t i o n  o f  t h e  

ch lo ramine  t o  t o l u e n e  fol lowed by H C l  e l i m i n a t i o n ,  M i n i s c i  and 

coworkers (115)  have t a k e n  s p e c i a l  c a r e  t o  a v o i d  s u c h  an i o n i c  

mechanism i n  t h e i r  amina t ion  of  t o l u e n e  i n  t h e  d imethy lch lo ramine  

decomposi t ion.  However, t h e i r  t o l u i d i n e  11-3 o:m:p r a t i o  o f  7:22:71 - - -  

s u g g e s t s  concur rence  o f  an i o n i c  r e a c t i o n  l e a d i n g  t o  t h e  - meta isomer 

w i t h  t h a t  o f  an aminium r a d i c a l  r e a c t i o n  l e a d i n g  t o  t h e  p a r a  isomer.  - 
S i n c e  such an i o n i c  mechanism canno t  occur  d u r i n g  TMT decompos i t ion  i n  

H2S04, t h e  p r e s e n t  t o l u i d i n e  11-3 r a t i o  o f  15:10:75 (No.6, T a b l e  

11-2) p robab ly  r e p r e s e n t s  more a c c u r a t e l y  t h e  isomer r a t i o s  r e s u l t i n g  

from a  dimethylaminium r a d i c a l  a t t a c k  on the  t o l u e n e  n u c l e u s .  The 

r e a c t i o n  of  t h e  dimethylaminium r a d i c a l  with t o l u e n e  under  t h e s e  

c o n d i t i o n s  a r e  proposed i n  Scheme 111-2. 
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The CT complex 1-35 may r a p i d l y  c o l l a p s e  t o  a  6-complex (1-36, 

Scheme 1-10) (115)  w i t h  an o r t h o ,  meta ,  and p a r a  d i s t r i b u t i o n  a s  -- - 
r e p r e s e n t e d  i n  t h e  observed t o l u i d i n e  11-3 r a t i o s .  A l t e r n a t i v e l y ,  t h e  

CT complex 1-35 may d i s s o c i a t e  a s  shown i n  5  t o  g i v e  t h e  t o l u e n e  

c a t i o n  r a d i c a l .  T h e  Loiuene c a t i o n  r a d i c a l  may e l i m i n a t e  a  p r o t o n  t o  

g e n e r a t e  a  benzy l  r a d i c a l  by r e a c t i o n  6 (163-165). A benzy l  r a d i c a l  

may a l s o  b e  formed by hydrogen atom a b s t r a c t i o n  from t o l u e n e  by a  

dimethylaminium (127)  o r  o t h e r  r a d i c a l  s p e c i e s  p r e s e n t  i n  s o l u t i o n .  

The b e n z y l  r a d i c a l  may combine wi th  a  dimethylaminium r a d i c a l  t o  g i v e  

t h e  observed N,N-dime thy  lbenzy lamine i n  t r a c e  amounts. Trace  amounts 

of  b i b e n z y l  a r e  a l s o  o b t a i n e d  from most r e a c t i o n s  i n  H2S04 

s u p p o r t i n g  t h e  p resence  o f  benzy l  r a d i c a l s .  

Scheme 111-2 

Although no precedence is known, a  benzy l  r a d i c a l  a t t a c k  on t h e  

p r o t o n a t e d  imine ( I - 2 9 a )  would r e s u l t  i n  t h e  f o r m a t i o n  o f  an 



N-methylphenethylaminium r a d i c a l  ( I  11-1, Scheme 111-3 ). The 

c y c l i z a t i o n  t o  N-methy l indo l ine  (11-8) ,  and H atom a b s t r a c t i o n  t o  

N-methylphenethylamine (11-6) a r e  r e p o r t e d  (102 ,109) .  

" Ye 
~ I ; l ~ C H ~  H Q) 

@- 6, Scheme I I 1-3 
LH, (n-0) 

The i n t e r v e n t i o n  o f  a  benzy l  carbonium ion  i s  r e q u i r e d  t o  accoun t  

f o r  t h e  fo rmat ion  o f  - o- and p -benzy l to luenes  i n  a  4 : 6  r a t i o .  The 

l a t t e r  a r e  c l e a r l y  d e r i v e d  from an i o n i c  b e n z y l a t i o n  r e a c t i o n  on 

t o l u e n e .  Such a  r e a c t i o n  h a s  been shown t o  g i v e  an  - o : ~  r a t i o  o f  4 : 5  

w i t h  o n l y  a t r a c e  o f  t h e  9 isomer (76 ,168) .  The - meta isomer is  

formed a s  t h e  major  p roduc t  i n  t h e  p resence  o f  Lewis a c i d  c a t a l y s t s  

where i s o m e r i z a t i o n  c a n n o t  b e  avoided (168,169) .  It may b e  

s i g n i f i c a n t  t h a t  a  4 : 5  r a t i o  o f  - o- and E-benzyl to luenes  i s  o b t a i n e d  

whether t h e  N-chloramine (No. 1 ,  Tab le  11-21 o r  TMT (Nos. 2-12, Tab le  

11-2) i s  decomposed i n  H2S04. Bock and Kompa (120 ,121)  d i d  n o t  

r e p o r t  t h i s  product  i n  t h e i r  d imethylchloramine decompos i t ion  i n  

H2S04 and t o l u e n e .  Although t h e  mechanism l e a d i n g  t o  t h e  

fo rmat ion  o f  t h e  benzy l  carbonium i o n  i s  u n c e r t a i n ,  a p o s s i b l e  



o x i d a t i o n  o f  t h e  benzy i  r a d i c a l  may occur  (164,165)  a s  shown i n  

r e a c t i o n  9. 

The p o s s i b i l i t y  e x i s t s  t h a t  t h e  benzyl  carbonium ion i s  genera ted  

from t o l u e n e  by a  d i z e  t h y l n i t r e n i i m ;  ion h y d r i d e  a b s t r a c t i o n .  Edwards 

( 6 6 )  h a s  c o n s i d e r e d  such a  mechanism f o r  n i t r e n i u m  i o n s .  Although 

Ingold  (128)  s u g g e s t s  t h a t  dime thylaminiurn r a d i c a l s  d i s p r o p o r t i o n a t e  

through r e a c t i o n  2 ,  h e  does  n o t  d i s c o u n t  t h e  fo rmat ion  o f  a  n i t r e n i m  

i o n  through r e a c t i o n  3. The format ion o f  n i t r e n i u m  ions  i n  TMT 

decomposi t ion i n  H2S04 cannot be unequ ivoca l ly  d i s c o u n t e d .  

However, a s  w i l l  be d i s c u s s e d  below, a n i t r e n i u m  a t t a c k  on t h e  t o l u e n e  

n u c l e u s  may r e s u l t  i n  a  d i f f e r e n t  t o l u i d i n e  isomer r a t i o  t h a n  observed 

i n  H2S04. 

S ince  t h e  n.m.r.  r e s u l t s  show t h a t  TMT i s  decomposed w i t h i n  30 

minutes  a t  -20" i n  c o n c e n t r a t e d  H2S04, t h e  extended t i m e s  

r e q u i r e d  t o  o b t a i n  an optimum y i e l d  o f  t o l u i d i n e s  11-3 (Tab le  11-2, 

Nos. 3 and 6 )  s u g g e s t  t h a t  t h e r e  i s  a n o t h e r  s o u r c e ,  probably  

d i p r o t o n a t e d  TMH, f o r  t h e  dime thylaminiurn r a d i c a l s .  A s  demonstra ted 

i n  t h e  n.m.r.  i n v e s t i g a t i o n ,  R~H-2H+ is  formed when TMT i s  

d i s s o l v e d  i n  H2S04 and decomposes s l i g h t l y  i n  t h i s  s o l u t i o n  d u r i n g  

one day a t  room temperature*.  In  analogy t o  t h e  ready d i s s o c i a t i o n  o f  

*An a u t h e n t i c  sample o f  RIH i n  H2S04 showed no d e c r e a s e  o f  t h e  

TMH-2H+ n.m.r.  s i g n a l  a t  ~ 6 . 4 0  a f t e r  s t a n d i n g  a t  20•‹ f o r  two weeks. 

Th is  s i g n a l  however d i sappeared  w i t h i n  one hour when t h e  s o l u t i o n  was 

h e a t e d  a t  110' t o  be  r e p l a c e d  by t h e  n.m.r.  s i g n a l s  o f  t h e  p r o t o n a t e d  

imine I-29a and ( c H ~ ) ~ N H * +  i n  about  an equimolar r a t i o .  



d i p r o t o n a t e d  t e t r a p h e n y l h y d r a z i n e  i n  H2S04 t o  g e n e r a t e  

+ diphenylaminiun?. r a d i c a l s  ( 5 9 , 8 3 ) ,  TtlH-2H nay decompose s l o w l y  t o  

r e l e a s e  diemthylaminium r a d i c a l s ,  t h e  r e v e r s e  p r o c e s s  o f  r e a c t i o n  1. 

T h i s  s low r e l e a s e  cou ld  accoun t  f o r  t h e  s low fo rmat ion  o f  t o l u i d i n e  

11-3. Thus,  t h e  measure o f  N 2  gas e v o l u t i o n  canno t  b e  used t o  

i n d i c a t e  t h e  r a t e  o f  t o l u i d i n e  fo rmat ion .  

It i s  n o t  s u r p r i s i n g  t h a t  no TMH" e . s . r .  s i g n a l  i s  d e t e c t e d  

when IWT i s  d i s s o l v e d  i n  H2S04 s i n c e  T N H - 2 ~ '  is  r e s i s t a n t  t o  

o x i d a t i o n .  However, i t  i s  n o t  c l e a r  how TMT" i s  formed i n  

H2S04. The l a t t e r  could  have been p r e s e n t  i n  t h e  s t a r t i n g  TMT 

+ s i n c e  n e a t  TMT i s  seen t o  d i s p l a y  a  weak TMT' e . s . r .  s i g n a l .  

Thermal decompos i t ion  of  TMT" can be d i s c o u n t e d  a s  a  s o u r c e  f o r  t h e  

dimethylaminiurn r a d i c a l  because  of i t s  h igh s t a b i l i t y  ( 2 5 )  a s  observed 

o v e r  s e v e r a l  days  i n  H2S04 a t  room t e m p e r a t u r e ,  i t s  low 

c o n c e n t r a t i o n  W O - ~ M ) ,  and i t s  f a i l u r e  t o  r e a c t  w i t h  cyclohexene.  

2 )  I n  CF3COOH: The the rmal  decomposi t ion o f  TMT i n  CF3COOH 

t a k e s  a  somewhat d i f f e r e n t  c o u r s e  from t h a t  i n  H2S04 a s  r e v e a l e d  

+ i n  n.m.r .  and p roduc t  p a t t e r n s .  Although a  weak TMT' e . s . r .  

s i g n a l  i s  a l s o  observed i n  CF3COOH, t h e  p roduc t  p a t t e r n  from t h e  TMT 

decomposi t ion i n  CF3COOH a t  -15 t o  30' s t r o n g l y  s u g g e s t s  t h a t  



i o n i c  r e a c t i o n s  a r e  t he  major decomposition rou t e .  In agreement with 

t h e  s t r u c t u r e  of t h e  p rev ious ly  reported TMT-HC1 s a l t  (341, TMT i n  

CF3COOH a t  -15' e x h i b i t s  t h r e e  s t rong  s i n g l e t s  a t  76.62, 6.82, and 

6.92 i n  a r a t i o  o f  1 :  1 :  2 corresponding t o  TMT-H+ i n  t he  

t r ans -con f igu ra t i on .  This  spec i e s  shows no evidence of decomposition 

a t  t h i s  temperature ,  bu t  a t  30•‹, i t  decomposes with f i r s t  o rde r  

k i n e t i c s  where k = 6 . 5 + 1 ~ 1 0 - ~ s e c - ~  can be es t imated  from a h a l f  l i f e  

o f  about 20 minutes ( ~ i g u r e  11-21, McBri.de and Thun (14)  have 

observed a l a rge  temperature  dependence of TMT-H+ decomposition 

r a t e ,  having found k = l x l ~ - ~ s e c - '  i n  pe rch lo r i c  ac id  s o l u t i o n s  of  

Ho=-3 a t  25'. They have proposed an i on i c  mechanism t o  account 

f o r  t h e  c lean  formation of N-methylmethyleneimine and dimethylamine i n  an 

equinmlar r a t i o  ( 1 4 ) .  The ion i c  process  f o r  t he  decomposition of  

TMT-H+ has  a l s o  been favored by o the r  workers (4 ,58 ,59 ) .  

In the p re sen t  s tudy of TMT decomposition i n  CF3COOH-toluene 

so lven t  sys terns, the  observed r e s u l t s  a r e  con t r a ry  t o  t he  intermediacy 

of t h e  dimethylaminiurn r a d i c a l  bu t  a r e  more compatible with t h a t  o f  

t h e  dimethylni t renium ion .  Aminium r a d i c a l s  genera ted  from 

chloramines in CF3COOH o r  i n  a c i d i c  s o l u t i o n s  o f  a  s i m i l a r  -Ho 

range o f  2-4 (128) exc lus ive ly  a b s t r a c t  benzy l i c  hydrogens (116,127) 

without  a t t a c k i n g  t h e  toluene nucleus (116) but add e f f i c i e n t l y  t o  

o l e f i n s  (88) .  In thermal TMT-H+ decomposition i n  CF3COOH, t h e  

absence of add i t i on  products  t o  o l e f i n s ,  t h e  l ack  of benzy l i c  

a b s t r a c t i o n  products  such a s  bibenzyl  except t h e  t r a c e  of 



N,N-dimethylbenzylamine, t h e  s m a l l  y i e l d  o f  aminat ion p roduc t  

t o l u i d i n e  11-3, and the  l a c k  of  RIH f o r m a t i o n ,  a l l  t h e s e  p r e c l u d e  t h e  

i n t e r m e d i a c y  o f  dime t h y  laminium r a d i c a l s .  Fur thermore  , t h e  t o l u i d i n e  

11-3 o : p  r a t i o  of  2:  1  w i t h  o n l y  a  t r a c e  of  t h e  meta isomer o b t a i n e d  i n  - - - 
t h i s  decomposi t ion  able 11-41 i s  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  

r a t i o  o b t a i n e d  i n  H2S04 (Tab le  11-21 and s u g g e s t s  t h a t  an 

a m i n a t i n g  s p e c i e s  d i f f e r e n t  from t h e  dimethylaminium r a d i c a l  i s  

invo lved .  Aminium r a d i c a l s  have been shown t o  g i v e  a  low t o l u i d i n e  

11-3 o:p  r a t i o  ( 1 1 5 ) .  The observed h i g h  t o l u i d i n e  11-3 o:p r a t i o  i n  - - - - 
CF3COOH s u g g e s t s  a  s p e c i e s  such a s  the  dime t h y l n i t r e n i u m  ion 

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

s p e c i e s  such  a s  n i t r o n i u m  ions  o r  i s o p r o p y l  c a t i o n s ,  h a v i n g  

approx imate ly  t h e  same s i z e  a s  the  proposed n i t r e n i u m  i o n ,  g i v e  

n i t r o t o l u e n e s  in  an o : p  r a t i o  o f  2 : l  w i t h  o n l y  a  t r a c e  o f  meta ( 7 6 )  - - - 
and i s o p r o p y l t o l u e n e s  i n  an o:m:p r a t i o  of  3 :  1 : 2  (80, Tab le  2 ,  No.63). - - -  

The n i t r e n i u m  ion in te rmediacy  i n  CF3COOH i s  f u r t h e r  suppor ted  

by t h e  fo rmat ion  of  t r a c e  amounts of  N,N-dime thy lbenzy lamine .  T h i s  

compound may, i n  p r i n c i p l e  , have been formed by t h e  combinat ion o f  

benzy l  and dimethylaminium r a d i c a l s .  However, no o t h e r  product  

s u g g e s t s  t h e  p r e s e n c e  o f  t h e s e  r a d i c a l s  under  t h e  c o n d i t i o n s .  Because 

o f  t h e  h i g h  y i e l d  o f  imine t r i m e r  

undoubtedly  undergo r e a c t i o n s ,  a s  

above i n  Scheme 111-3, l e a d i n g  t o  

N-me thylphenethylamine . S i n c e  no 

1-30, a  benzyl  r a d i c a l  would 

observed i n  H2S04 and shown 

a  f a i r  amount o f  

t r a c e  of t h e  l a t t e r  i s  



d e t e c t e d  i n  t h e  CF3COOH decompos i t ion ,  a  benzy l  r a d i c a l  i s  n o t  

l i k e l y .  The fo rmat ion  o f  N,N-dimethylbenzylamine might  be  

c o n s i d e r e d  t o  occur  through bond i n s e r t i o n  i n t o  a  t o l u e n e  b e n z y l i c  

p o s i t i o n  by t h e  s i n g l e t  e l e c t r o n i c  s t a t e  of  t h e  n i t r e n i u m  ion ( 6 1 , 6 5 ) .  

Attempts t o  g e t  a  h i g h  y i e l d  o f  aminat ion by s t a b i l i z i n g  t h e  

n i t r e n i m  ion o r  u s i n g  a more r e a c t i v e  a r o m a t i c  s u b s t r a t e  were n o t  

v e r y  s u c c e s s f u l .  A y i e l d  o f  5-10% aminat ion o f  a n i s o l e  d i d  occur i n  

TMT decomposi t ion i n  CF3COOH (Appendix B )  g i v i n g  a  2 : l  o:p r a t i o  - - 
of  a n i s i d i n e s .  Th i s  compares w i t h  on ly  2% y i e l d  o f  t o l u e n e  amina t ion  

under  t h e  same c o n d i t i o n s  b u t  t h e  y i e l d  o f  a n i s i d i n e s  a r e  n e v e r t h e l e s s  

d i s a p p o i n t i n g l y  low. In a  hoped-for s t a b i l i z a t i o n  o f  t h e  n i t r e n i u m  ion 

by non-bonding e l e c t r o n s  , CH3CN, C H B r 3 ,  and pe r f luoroa lkane-70  a r e  

used a s  s o l v e n t  (Nos. 16-18, Tab le  11-41, bu t  t h e  expec ted  

s t a b i l i z a t i o n  is  n o t  obse rved .  The presence of bromine may f a c i l i t a t e  

t h e  n i t r e n i u m  ion s i n g l e t - t r i p l e t  i n t e r s y s t e m  c r o s s i n g  (61 ,651 ;  

however,  t h e r e  i s  n o  ev idence  f o r  t h e  t r i p l e t  r e a c t i n g  wi th  t o l u e n e  i n  

CHBr3. Trapping of  t h e  proposed n i t r en ium ion wi th  CO (170) h a s  

a l s o  been u n s u c c e s s f u l .  I t  i s  l i k e l y  t h a t  t h e  d i m e t h y l n i t r e n i m  ion  

+ r a p i d l y  decomposes t o  t h e  imine CHZZNHCH3 t o  accoun t  f o r  the 

h i g h  y i e l d  o f  imine t r i m e r  1-30 and low y i e l d  o f  amina t ion  found i n  

RIT decomposi t ion i n  CF3COOH. Such a r e a c t i o n  might f i n d  a n a l o g i e s  

i n  t h e  r a p i d  rearrangement  o f  me t h y l n i t r e n e  (82)  and i s o p r o p y l  c a t i o n  

( 8 1 ) .  



The n i t r e n i u m  ion d e r i v e d  from p i p e r i d i n e  i s  b e l i e v e d  t o  r e a c t  

e x c l u s i v e l y  through t h e  t r i p l e t  s t a t e  ( 6 2 , 7 1 1 .  No t o l u e n e  amina t ion  

p r o d u c t s  a r e  d e t e c t e d  i n  t h e  decomposi t ion o f  

l ,4-bis-pentame - thylene-2- t e t r a z e n e  (BPMT)  i n  CF3COOH a t  50O (31 

and Appendix A ) .  However, a  3% y i e l d  of b e n z y l t o l u e n e s  i s  o b t a i n e d  

i n  t h e  n e u t r a l  f r a c t i o n  i n d i c a t i n g  t h e  fo rmat ion  o f  a  benzy l  carbonium 

i o n .  S i n c e  no p r o d u c t s  d e r i v e d  from t o l u e n e  have been o b t a i n e d  i n  t h e  

b a s i c  f r a c t i o n ,  a  benzy l  r a d i c a l  i s  probaby no t  formed. Unl ike  TMT 

decomposi t ion i n  CF3COOH, where no b e n z y l t o l u e n e s  a r e  d e t e c t e d ,  i t  

a p p e a r s  t h a t  i f  a  n i t r e n i u m  ion i s  formed from BPMT decompos i t ion ,  i t  

can r e a c t  w i t h  t o l u e n e  e x c l u s i v e l y  by h y d r i d e  a b s t r a c t i o n .  Such a  

r e a c t i o n  pathway f o r  n i t r e n i u m  ions  h a s  been proposed by Edwards ( 66 ) ;  

however,  t h i s  i s  n o t  compat ib le  wi th  t h e  t r i p l e t  s t a t e  o f  t h e  

n i t r e n i u m  ion s t r u c t u r e .  

The fo rmat ion  of  t h e  N ,  N,N1-trime thyldiaminomethyl  r a d i c a l  11-2 

i n  t h e  benzene o r  cyclohexene l a y e r  t h e n  TMT i s  d i s s o l v e d  i n  

CF3COOH-C6H6 o r  CF3COOH-cyclohexene may be  d e r i v e d  from a  

r e a c t i o n  sequence o u t l i n e d  i n  Scheme 111-4. A t t a c k  of  a  

dimethylaminiurn r a d i c a l  on t h e  imine fol lowed by a  r ea r rangement  i n  

t h e  hydrocarbon s o l v e n t  may e x p l a i n  i t s  fo rmat ion .  A l t e r n a t i v e l y ,  

11-2 may b e  formed by a  hydrogen a b s t r a c t i o n  from a  molecule  such a s  

N,N,N1-trimethylmethylenediamine. The l a t t e r  i s  p a r t i c u l a r l y  

a t t r a c t i v e  s i n c e  it cou ld  l e a d  t o  a  dimethylaminomethyl m o i e t y  found 

when TMT i s  photolyzed i n  CF3COOH-CH3CN s o l u t i o n s  c o n t a i n i n g  

o l e f i n s  . 



Scheme 111-4 

Although t h e  fo rmat ion  o f  r a d i c a l s  under t h e s e  c o n d i t i o n s  

c o n t r a d i c t s  p rev ious  o b s e r v a t i o n s  i n  CF3COOH, a  photoinduced 

decomposi t ion o f  RIT by  t h e  f l u o r e s c e n t  l i g h t i n g  may o p e r a t e .  A s  w i l l  

b e  d i s c u s s e d  below, when s o l u t i o n s  o f  ?MT, CF3COOH-CH3CN, and 

o l e f i n s  a r e  l e f t  t o  decompose i n  t h e  d a r k ,  aminium r a d i c a l s  a r e  n o t  

formed. However, when t h e s e  s o l u t i o n s  a r e  i r r a d i a t e d ,  p r o d u c t s  o f  

dime t h y l a m i n i m  r a d i c a l  a d d i t i o n  t o  o l e f i n s  a r e  formed i n  abundance,  

S i n c e  a-aminoalkyl  r a d i c a l s  a r e  p r o t o n a t e d  i n  s o l u t i o n s  o f  pH<6 (93 ), 

i t  i s  n o t  c l e a r  why t h e  11-2 r a d i c a l  i s  n o t  p r o t o n a t e d  i n  t h e  benzene 

o r  cyclohexene l a y e r  c o n t a i n i n g  CF3COOH. 

Nelsen ( 1 6 )  h a s  obse rved  r a d i c a l  fo rmat ion  i n  t h e  m e t h y l a t i o n  o r  

a c y l a t i o n  o f  RIT and h a s  s t a t e d  t h a t  i n  non-polar s o l v e n t s  such a s  

CC14 o r  C6H6, a c e t i c  o r  formic  a c i d  decomposi t ion o f  'IMT 

produces  a  6% y i e l d  o f  r a d i c a l  s p e c i e s .  In  a d d i t i o n  t o  TMT" and 

'IMH", one o f  t h e  r a d i c a l s  observed by Nelsen ( 1 6 )  h a s  a  ( ~ ) = 1 2 . 6 ,  a 

( 3 H ) = l l .  75, a  ( 2 ~ ) = 6 . 3 G  and a  g - f a c t o r  o f  2.0059. Although t h e  

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



s u g g e s t s  a  n i t r o x y l  r a d i c a l  (131) .  The c o u p l i n g  wi th  f i v e  a d j a c e n t  

hydrogens  f u r t h e r  suggest- t h a t  t h i s  s p e c i e s  may be d e r i v e d  from one o f  

t h e  r a d i c a l s  shown i n  Scheme 111-4 r e a c t i n g  wi th  oxygen.  

B) PHOTOLYTIC TKC nECOMPOSITION 

The r e s u l t s  show t h a t  d i s t i n c t i o n  can be made between t h e  

p h o t o l y t i c  and the rmal  modes o f  B~T-H' decomposi t ion under d i l u t e  

a c i d i c  c o n d i t i o n s  (pH=0-2). S i n c e  a t  oO,  the  i r r a d i a t e d  s o l u t i o n s  

show TMT-H+ decomposi t ion complete w i t h i n  a  few hours  whereas those  

k e p t  i n  t h e  d a r k  show l i t t l e  o r  no decomposi t ion d u r i n g  t h i s  t i m e ,  the  

p r imary  mechanisms f o r  t h e s e  decompos i t ions  shou ld  b e  d i f f e r e n t .  A s  

demons t ra ted  above ,  t h e  thermal  decomposi t ion ( 0-60•‹) p roceeds  by a  

h e t e r o l y t i c  pathway 3 o r  shown i n  Scheme 111-1. However, i t  w i l l  be 

shown below t h a t  i r r a d i a t i o n  of t h e s e  TMT-H+ s o l u t i o n s  can d i v e r t  

t h e  decompos i t ion  t o  a  homolyt ic  p a t h  - b .  T h i s  i s  c l e a r l y  e x e m p l i f i e d  

by t h e  p r o d u c t s  o b t a i n e d  when e i t h e r  decomposi t ion i s  conducted i n  t h e  

p resence  o f  o l e f i n s .  Although t h e r e  i s  no  ev idence  f o r  a 

dimethylamino group i n c o r p o r a t i o n  i n t o  t h e  o l e f i n  i n  t h e  thermal  

decompos i t ion ,  i t  i s  judged from t h e  p r o d u c t s  c o n t a i n i n g  t h i s  group 

when t h e s e  TMT-olefin s o l u t i o n s  a r e  i r r a d i a t e d  under a c i d i c  c o n d i t i o n s  

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

The d e t e c t i o n  of  t h e  n.m. r .  s i g n a l  f o r  TMH-H+ and t h e  e  .s. r .  

sign.1 f o r  TMH'* a f t e r  p h o t o l y s i s  of  ?MT-H' i n  n e a t  CF3COOH o r  



i n  CF3COOH-CH3CN g i v e s  f u r t h e r  suppor t  t o  the  homolyt ic  pathway b 

shown i n  Scheme 111-1. The fo rmat ion  s f  ?MH-H+ can b e s t  b e  

e x p l a i n e d  by a  combinat ion o f  dimethylamino and d i m e t h y l a m i n i m  

r a d i c a l s .  S i n c e ,  dime thylamino r a d i c a l s  a r e  p r o t o n a t e d  i n  s o l u t i o n s  

o f  pH<6 ( 9 4 , 9 5 ) ,  t h e  fo rmat ion  o f  RIH-H+ can a l s o  occur  through a  

combinat ion o f  aminium r a d i c a l s ,  a s  shown above i n  r e a c t i o n  1, 

fol lowed by l o s s  o f  a  p r o t o n .  The o x i d a t i o n  o f  RIH-H+, presumably 

by a  dimethylaminiurn r a d i c a l  ( l a ) ,  can account  f o r  t h e  fo rmat ion  o f  

RIH ' + . 

S i n c e  t h e  o r i g i n a l  weak RIT" e . s . r .  s i g n a l  d e c r e a s e s  d u r i n g  

i r r a d i a t i o n  a t  -45O, 'IMT.' i s  p robab ly  undergoing p h o t o l y s i s .  It 

i s  p o s s i b l e  t h a t  RIH" i s  a l s o  undergoing a  photochemical  r e a c t i o n  

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

The s t e a d y  b u i l d  up o f  b o t h  t h e s e  s i g n a l s  t o  a  maximum i n  abou t  10 

minu tes  a f t e r  t h e  i r r a d i a t i o n  is  s topped s u g g e s t s  t h e  p r e s e n c e  o f  a  

s p e c i e s  c a p a b l e  o f  a b s t r a c t i n g  a  hydrogen atom from TMT-H+ and 

RIH-H', Although t h i s  s p e c i e s  i s  most l i k e l y  t h e  d i m e t h y l a m i n i m  

r a d i c a l ,  i t s  e . s . r .  s i g n a l  canno t  b e  s e e n .  It may be  t h a t  a  low 

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

t h e  d a r k  from a  t h e r m a l l y  u n s t a b l e  i n t e r m e d i a t e  which h a s  been formed 

d u r i n g  t h e  PIT-H+ p h o t o l y s i s .  Ingold  ( 2 9 )  h a s  proposed t h a t  a  

n e u t r a l  2 - t e t r a z e n e  i n  t h e  s t a r t i n g  t r a n s  c o n f i g u r a t i o n  may b e  

t r ans fo rmed  p h o t o l y t i c a l l y  t o  a  t h e r m a l l y  u n s t a b l e  c i s - t e t r a z e n e  which 

t h e n  may decompose t o  g e n e r a t e  amino r a d i c a l s .  A s i m i l a r  p r o c e s s  i n  



t h e  p h o t o l y s i s  o f  trans-TMT-H+, where t h e  thermal decompos i t ion  o f  

a n  i n t e r m e d i a t e  cis-TMT-H+ may g e n e r a t e  aminium r a d i c a l s ,  can be  

invoked t o  e x p l a i n  t h e  i n c r e a s e  of  'IMT" and RIH" s i g n a l s  i n  t h e  

d a r k  a f t e r  i r r a d i a t i o n .  

Although thermal  trans-TMT-H+ decomposi t ion i n  CF3COOH shows 

a  c l e a n  fo rmat ion  o f  d imethylamine and t h e  imine 1-29 w i t h o u t  any s i g n  

o f  e i t h e r  RIH-H+ o r  TMH", t h e  n .m. r .  r e s u l t s  o f  t h e  i r r a d i a t e d  

s o l u t i o n s  show t h a t ,  a l o n g  wi th  t h e  fo rmat ion  o f  RIH-H+, 

dimethylamine i s  formed i n  g r e a t e r  amounts t o  t h e  imine 1-29 and t h a t  

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

aminium r a d i c a l s  i n  a d d i t i o n  t o  combinat ion and d i s p r o p o r t i o n a t i o n  

r e a c t i o n s  1  and 2 ,  may a l s o  r e a c t  w i t h  t h e  imine through a  sequence 

s i m i l a r  t o  t h a t  i n  Scheme 111-4. The i s o l a t i o n  o f  compounds h a v i n g  a 

dimethylaminomethyl group i n  RIH-H+ pho to lyses  i n  t h e  p r e s e n c e  o f  

o l e f i n s  i s  a  f u t h e r  i n d i c a t i o n  o f  such a  p o s s i b l e  r e a c t i o n .  

Judging from t h e  a d d i t i o n  p roduc t s  c o n t a i n i n g  dimethylamino 

g r o u p s ,  a n  aminium r a d i c a l  a d d i t i o n  h a s  o c c u r r e d  t o  t h e  o l e f i n s  

d e s c r i b e d  below. The a d d i t i o n s  o f  aminium r a d i c a l s  t o  o l e f i n s  have 

been w e l l  documented and a r e  reviewed e l sewhere  (85 ,99 ,113 ,114) .  The 

subsequen t  p r o d u c t s  o f  t h e  P-ammoniumalkyl r a d i c a l s  (111-2) formed by 

t h i s  a d d i t i o n  a l l o w  such a  mechanism t o  b e  i n f e r r e d  which i n  t u r n  

i n d i c a t e s  t h a t  t h e  p h o t o l y s i s  o f  ?MT-H+ i n  d i l u t e  a c i d i c  s o l u t i o n s  

( p ~ = 0 - 2  ) g e n e r a t e s  d i m e t h y l a m i n i m  r a d i c a l s .  



+ S i n c e  TMT-H appears  n o t  t o  b e  a  good r a d i c a l  d o n o r ,  t h e  a l k y l  

r a d i c a l  111-2 must seek  o t h e r  compounds i n  t h e  r e a c t i o n  sys tem d u r i n g  

i t s  l i f e t i m e .  S i n c e  t h e r e  a r e  no good r a d i c a l  donors  o r  s c a v e n g e r s  

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

compounds i s  formed. However, under  oxygen, the  r e a c t i o n s  o f  111-2 

a r e  c l e a n l y  d i v e r t e d  t o  t h e  format ion o f  a l k y l  hydroperox ides .  I h e  

r e a c t i o n  pathways o f  a l k y l  r a d i c a l s  111-2 formed by  dimethylaminium 

r a d i c a l  a d d i t i o n  t o  cyc lohexene , norbornene ,  o r  1,5-cyc l o o c t a d i e n e  

(COD) a r e  d i s c u s s e d  below. 

1 ) Cyc lohexene : The i n t e r m e d i a t e  /3-dime thylammoniumcyclohexyl 

r a d i c a l  (111-3), formed by dimethylaminium r a d i c a l  a d d i t i o n  t o  

cyc lohexene ,  undergoes f u r t h e r  r e a c t i o n s  which a r e  summarized i n  

Scheme 111-5. Chances o f  combinat ion w i t h  a n o t h e r  aminium r a d i c a l  t o  

g i v e  t h e  diaminocyc lohexane 11-2 1  a r e  r a t h e r  low because  the  

c o n c e n t r a t i o n  o f  aminimum r a d i c a l s  i s  low a t  any g i v e n  t ime d u r i n g  

p h o t o l y s i s .  In t h i s  sys tem t h e  hydrogen donor i s  p robab ly  cyclohexene 

i t s e l f  which may l e a d  t o  t h e  fo rmat ion  o f  t h e  cyclohexylamine 11-20 

and a  cyclohexenyl  r a d i c a l .  Var ious  pathways f o r  t h e  fo rmat ion  o f  t h e  

cyclohexene 11-19 a r e  c o n c e i v a b l e ,  among them, hydrogen e l i m i n a t i o n  

from t h e  i n t e r m e d i a t e  111-3 i s  t h e  s i m p l e s t  one .  



A combinat ion o f  two 111-3 r a d i c a l s  could  l e a d  t o  t h e  dimer 

11-1 5. S i n c e  n e i t h e r  b i c y c l o h e x y l  d e r i v a t i v e s  hav ing  a  s i n g l e  

dime thylamino subs  t i t u e n t  n o r  any having a dime thylaminomethyl 

s u b s t i t u e n t  a r e  o b t a i n e d ,  a  s t e p w i s e  a d d i t i o n  o f  111-3 t o  cyclohexene 

followed by f u r t h e r  r a d i c a l  r e a c t i o n s  is u n l i k e l y .  The fo rmat ion  o f  

t h e  aminomethylcyclohexylamines 11-22 and 11-23 i s  t e n t a t i v e l y  

+ e x p l a i n e d  a s  a  r a d i c a l  a t t a c k  o f  111-3 on C H ~ = N ( C H ~ ) ~  s i n c e  

no reasonab le  i o n i c  r o u t e  t o  i n t r o d u c e  the  dimethylaminomethyl moie ty  

i n  11-22 and 11-23 can be  formulated ( s e e  Discuss ion  on COD). 

An o x i d a t i o n  o f  a  c h l o r i d e  ion ( e l e c t r o n  a f f i n i t y  o f  C 1 '  = 3.72 

eV (171 ) )  by a  dimethylaminiurn r a d i c a l  ( i o n i z a t i o n  p o t e n t i a l  o f  

dimethylamine = 8 . 2 7  eV ( 1 2 6 ) )  may g i v e  a  c h l o r i n e  atom which can b e  



scavenged by 111-3 r a d i c a l s  t o  g i v e  t h e  /3-chloramines 11-16 and 11-18. 

It is i n t e r e s t i n g  t o  n o t e  t h a t  i n  n i t r o s a m i n e  p h o t o l y t i c  a d d i t i o n  t o  

cyclohexene i n  t h e  p r e s e n c e  of H C 1 ,  some /3-chloramines 11-16 and 11-18 

have been d e t e c t e d  (141 ,172) .  Dimethylni t ramine p h o t o l y s i s  i n  t h e  

p resence  of  COD,  u s i n g  H C 1  a s  a c i d ,  has  g iven  a  s m a l l  y i e l d  o f  

5-dime thy lamino-6-chlorocyc looc t ene  ( 1 7 2 ) .  

The a l t e r n a t e  mechanism l e a d i n g  t o  t h e  0-chloramines  11-16 and 

11-18 by a n  i o n i c  r o u t e  i n v o l v i n g  t h e  n i t r e n i u m  ion can be  d i s c o u n t e d  

s i n c e  such a  pathway i s  l i k e l y  t o  s t e r e o s p e c i f i c a l l y  y i e l d  o n l y  t r a n s  

11-16 (173)  v i a  t h e  a z i r i d i n i u m  i n t e r m e d i a t e  ( 9 ) .  The l a c k  of  t h e  

amino a l c o h o l  11-24 fo rmat ion  i n  TMT-H+ p h o t o l y s i s  i n  t h e  p r e s e n c e  

o f  cy lcohexene ,  u s i n g  CF3COOH a s  a c i d ,  a l s o  s u p p o r t s  t h a t  t h e  

a z i r i d i n i u m  i n t e r m e d i a t e  i s  n o t  invo lved .  

Under oxygen,  111-3 r a d i c a l s  a r e  e f f i c i e n t l y  scavenged by oxygen 

t o  g i v e  j.3-peroxyamino r a d i c a l s  and e v e n t u a l l y  hydroperox ides  ( s e e  

be low) .  The l a t t e r  a r e  e a s i l y  reduced t o  t h e  c o r r e s p o n d i n g  cis- and 

trans-amino a l c o h o l s  11-24a, b .  

2 )  Norbornene: A t t a c k  of a  dimethylaminiurn r a d i c a l  on norbornene 

o c c u r s  e x c l u s i v e l y  from t h e  - exo  s i d e  (103,106,146,147)  t o  form t h e  

i n t e r m e d i a t e  exo-3-dimethylammonium-2-norborbornyl r a d i c a l  (111-4). The 

subsequen t  r e a c t i o n s  o f  t h i s  n o r b o r n y l  111-4 r a d i c a l  formed when 

TMT-H+ i s  photolyzed i n  t h e  p r e s e n c e  of norbornene a r e  summarized i n  



"T*c 

@, Scheme 111-6. F o r  t h e  most p a r t ,  111-4 a p p e a r s  t o  undergo hydrogen 
'1 

a b s t r a c t i o n  o r  d i r n e r i z a t i o n  under n i t r o g e n  o r  fo rmat ion  o f  an 

g - exo-3-dimethylammoniumnorbornyl-2- peroxy r a d i c a l  (111-5) under  

oxygen.  

Under n i t r o g e n ,  t h e  major  p r o d u c t s  o f  d imers  11-27 and 11-28 may 

b e  formed by combinat ion o f  norborny l  111-4 r a d i c a l s  r a t h e r  than  

through a  s t e p w i s e  a d d i t i o n  o f  111-4 t o  norbornene fol lowed by r a d i c a l  

combinat ion w i t h  a  d i m e t h y l a m i n i m  r a d i c a l .  F i r s t  o f  a l l ,  t he  

s t e p w i s e  mechanism would i n c o r p o r a t e  a  dimethylaminomethyl g roup ,  a s  

found i n  a d d i t i o n s  t o  cyclohexene and COD,  r a t h e r  than a  dimethylamino 

group.  Secondly ,  f o r  t h e  s t e r i c  r easons  d e s c r i b e d  by Osborn and 

coworkers  ( 1 4 8 ) ,  t h e  major  dimer 11-28 would have t h e  second 

( c H ~ ) ~ N  group i n  t h e  e o - o r i e n t a t i o n  i n  t h e  s t e p w i s e  p r o c e s s  

r a t h e r  than  t h e  observed - exo.  ' r h i r d l y ,  t h e  dimer 11-27, h a v i n g  a n  

endo-endo dimer l i n k a g e  cou ld  n o t  p o s s i b l y  be formed through a 

s t e p w i s e  mechanism s i n c e  a  bu lky  r a d i c a l  such a s  111-4 would a t t a c k  

norbornene e x c l u s i v e l y  from t h e  - exo s i d e  (148,176,177) .  P roduc t s  from 

such a  s t e p w i s e  pathway under  n i t r o g e n  have n o t  been i s o l a t e d  b u t  may 

b e  p r e s e n t  i n  t r a c e  amounts. Th i s  may account  f o r  s e v e r a l  

u n i d e n t i f i e d  minor p r o d u c t s .  The combinat ion o f  n o r b o r n y l  111-4 

r a d i c a l s  means t h a t  t h e y  must have s i z a b l e  c o n c e n t r a t i o n  i n  t h e  

r e a c t i o n  sys tem.  T h i s ,  i n  t u r n ,  means t h a t  111-4 h a s  some s t a b i l i t y ,  

p robab ly  due t o  t h e  b i c y c l i c  s t r u c t u r e .  The dime t h y l a m i n i m  r a d i c a l  

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

norbornene t o  g i v e  t h i s  h igh c o n c e n t r a t i o n  o f  111-4 r a d i c a l s .  



Scheme 111-6 

Scheme 111-7 



The fo rmat ion  of  11-27 and 11-28 a s  t h e  major dimer p r o d u c t s  

r e p r e s e n t s  s t e r i c  c o n t r o l  d u r i n g  t h e  combinat ion o f  n o r b o r n y l  111-4 

r a d i c a l s .  Although two o t h e r  dirners o f  undetermined s t e r e o c h e m i s t r y  

a r e  a l s o  obse rved ,  they  a r e  formed i n  l e s s e r  amounts. S ince  a  

11 racemic"  m i x t u r e  o f  111-4 r a d i c a l s  i s  formed, d i m e r i z a t i o n  o f  111-4 

c a n ,  i n  p r i n c i p l e ,  occur  i n  8 d i f f e r e n t  endo/exo -- combina t ions  t o  g i v e  

a  t o t a l  o f  6  d i n o r b o r n y l  d i a s t e r e o m e r s .  However, an  examina t ion  o f  

Dre id ing  m o l e c u l a r  models shows t h a t  t h e  l e a s t  i n t e r a c t i o n s  occur  i n  

t h e  approach o f  two d i f f e r e n t  111-4 r a d i c a l  "enant iomers"  d u r i n g  t h e  

fo rmat ion  o f  an endo-endo dimer l inkage  ( i . e .  11-27]. S i m i l a r l y ,  t h e  

l e a s t  h i n d e r e d  combinat i o n  o f  1 i k e  111-4 "enant iomers" l e a d s  t o  t h e  

d imer  11-28. The two minor d imers  a r e  p robab ly  formed through more 

s t e r i c a l l y  h i n d e r e d  combinat ions  o f  111-4. 

Under oxygen,  the  n o r b o r n y l  111-4 r a d i c a l  i s  e x p e c t e d  t o  b e  

t r a p p e d  by oxygen t o  g i v e  t h e  peroxy r a d i c a l  111-5 which shou ld  l e a d  

t o  t h e  norborny lhydroperox ide  111-6. ?he subsequen t  r e a c t i o n s  o f  

111-6 a r e  summarized i n  Scheme 111-7. That  a pe rox ide  h a s  been formed 

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

i n d i c a t e d  by t h e  p r e s e n c e  of  a  s i z a b l e  amount o f  o x i d i z i n g  p roduc t  and 

t h e  i s o l a t i o n  of  t h e  amino d i o l  11-37. An a c i d  c a t a l y z e d  

rearrangement  o f  hydroperox ide  111-6 t o  111-7 h a s  p r e c e d e n t  examples 

i n  o t h e r  cyc l o a l k y l h y d r o p e r o x i d e s  (174,175) ; NaBH4 r e d u c t i o n  o f  

111-7 g i v e s  amino d i o l  11-37. Fur thermore ,  t h e  i s o l a t i o n  o f  ketone 

11-39 a s  t h e  major  p roduc t  i n  t h e  room tempera tu re  work up of  t h e  



o x i d a t i v e  p h o t o l y s a t e  a l s o  s u g g e s t s  t h e  p r e c u r s o r  t o  be  hydroperoxide  

111-6 s i n c e  such a  decomposi t ion pathway is  w e l l  known t o  

a l k y l h y d r o p e r o x i d e s  (174 ,175) .  Moreover, the  l a t t e r  o b s e r v a t i o n  a l s o  

i n d i c a t e s  t h a t  t h e  peroxy 111-5 r a d i c a l  h a s  n o t  d imer ized  t o  a  

t e t r o x i d e  a s  t e t r o x i d e s  a r e  expec ted  t o  decompose t h e r m a l l y  t o  t h e  

c o r r e s p o n d i n g  ke tones  and a l c o h o l s  i n  equimolar r a t i o s  (179) .  

A s t epwise  r e a c t i o n  o f  an a t t a c k  of t h e  norbornv l  111-4 r a d i c a l  

on norbornene fol lowed by oxygen i n c o r p o r a t i o n  i s  i n d i c a t e d  a s  

o c c u r r i n g  t o  a  s m a l l  e x t e n t  by t h e  i s o l a t i n  of  2 .5% o f  t h e  amino 

a l c o h o l  11-36, As d i s c u s s e d  above i n  t h e  p h o t o l y s i s  under  n i t r o g e n ,  

t h i s  s t e p w i s e  mechanism p l a y s  a  minor r o l e  i n  111-4 r e a c t i o n .  

Although it a p p e a r s  t h a t  under  n i t r o g e n ,  111-4 r a d i c a l s  do  n o t  

a b s t r a c t  hydrogens  t o  any g r e a t  e x t e n t ,  t h e  proposed fo rmat ion  o f  

hydroperox ide  111-6 from a  peroxy 111-5 r a d i c a l  r e q u i r e s  a  hydrogen 

donor .  I t  is  u n c e r t a i n  t h a t  norbornene i s  t h e  hydrogen donor ;  

however,  by ana logy  t o  t h e  proposed induced decomposi t ion o f  TMT under  

n e u t r a l  c o n d i t i o n s  ( 5 3 ) ,  TMT-H+ may provide  a  hydrogen atom and 

i t s e l f  undergo decomposi t ion a s  i n d i c a t e d .  I f  such a  pathway i s  



a v a i l a b l e  t o  t h e  peroxy 111-5 r a d i c a l  under oxygen, i t  a g a i n  i n d i c a t e s  

t h e  s t a b i l i t y  o f  t h e  norborny l  111-4 r a d i c a l  under n i t r o g e n  s i n c e  t h e  

. \ 
l a t t e r  y i e l d s  combinat ion p roduc t s  a s  the  major and hydrogen 

a b s t r a c t  ion  p roduc t  111-26 a s  the mi nor 

+\  J,,cH~% - 6 0 - R  
(CH ) 7 N=N N, + - ( c H ~ ) ~ N H '  + N? + CH =NCH3 + HOOR 

2~ CH3 2 

The i n t e r e s t i n g  q u e s t i o n  about  t h e  hydroperoxide  111-6 i s  i t s  

s t e r e o c h e m i s t r y ,  namely,  t h e  s t e reochemica l  course  of  r a d i c a l  a d d i t i o n  

t o  norbornene.  The b u l k y  dimethylaminiurn r a d i c a l  approaches  

norbornene from t h e  50 f a c e ,  a s  h a s  been observed i n  n i t r o s a m i n e  

p h o t o a d d i t i o n  (103 ,106 ,146 ,147) ,  t o  form t h e  n o r b o r n y l  111-4 r a d i c a l .  

The subsequen t  approach o f  an oxygen molecule may come from t h e  exo o r  

endo - f a c e  o f  111-4 i n  which t h e  l a t t e r  approach g e n e r a l l y  predominates  

i n  v a r i o u s  o t h e r  r a d i c a l  a d d i t i o n s  t o  norbornene (148 ,176 ,177) .  The 

9 : l  r a t i o  of e&o- and - exo-amino a l c o h o l s  11-34 and 11-35 o b t a i n e d  

when t h e  o x i d a t i v e  p h o t o l y s a t e  i s  worked up and reduced a t  0' is 

r e g a r d e d ,  on t h e  b a s i s  of  t h e  fo l lowing  arguments ,  t o  approximate  t h e  

r a t i o  o f  &o- and =-peroxide 111-6; i n  o t h e r  words, t h e  approach o f  

oxygen t o  t h e  n o r b o r n y l  11-4 r a d i c a l  occurs  p redominan t ly  from t h e  

endo f a c e .  F i r s t l y ,  t h e  c rude  product  shows o n l y  a  weak c a r b o n y l  



mz 

;: 
E'r, a b s o r p t i o n  a t  1746 cm-l; hence ,  t h i s  o i l  i s  n o t  decomposed t o  t h e  

ke tone  11-39 under t h e  i s o l a t i o n  c o n d i t i o n s .  Secondly ,  i n  suppor t  o f  

our  c l a i m ,  i t  i s  shown t h a t  r e d u c t i o n  of  ketone 11-39 g i v e s  endo- - and 

exo-amino a l c o h o l s  i n  a  1 : l  r a t i o  wi th  NaBH4 and i n  a  1 : 9  r a t i o  wi th  - 
LAH. The low y i e l d  o f  t h e  exo-amino a l c o h o l  11-35 i n  t h e  low - 
t e m p e r a t u r e  i s o l a t i o n  means t h a t  t h e  ketone 11-39 is  r e s p o n s i b l e  f o r  

v e r y  l i t t l e  i f  any of  t h e  amino a l c o h o l s .  

I n  v i e w  o f  Miche jda ' s  (130)  c la im t h a t  an epoxide  i s  t h e  

p r e c u r s o r  t o  amino a l c o h o l s  i n  h i s  ZnC12-TMT-O2 decomposi t ion 

sys tem i n  the  p r e s e n c e  o f  an o l e f i n ,  the  p o s s i b l e  r o l e  p layed  by t h e  

epoxide  11-32 should  b e  d i s c u s s e d .  That  11-32 i s  n o t  t h e  p r e c u r s o r  t o  

amino a l c o h o l s  11-34 and 11-35 i s  e s t a b l i s h e d  by t h e  f a c t  t h a t  

t r e a t m e n t  o f  t h i s  epox ide  w i t h  1M CF3COOH i n  CH3C12  r e a d i l y  

forms t h e  rea r ranged  t r i f  luoroace  t a t e  11-38; t h u s ,  i t  i s  u n l i k e l y  

t h a t  any epoxide  would s u r v i v e  under our a c i d i c  p h o t o l y s i s  c o n d i t i o n s .  

The epoxide  11-32 i s  p robab ly  formed i n  s m a l l  amounts a s  judged by t h e  

i s o l a t i o n  of  t h e  t r i f l u o r o a c e t a t e  11-38 o r  t h e  d i o l  11-31 i n  2-3%; t h e  

l a t t e r  i s  d e r i v e d  from t h e  NaBH4 r e d u c t i o n  of  11-38. The 

t r i f l u o r o a c e t a t e  11-38 i s  n o t  t h e  p r e c u r s o r  t o  t h e  amino a l c o h o l s  

s i n c e  t r ea tment  o f  11-38 w i t h  aqueous dimethylamine gave a  

n o r b o r n y l d i o l  a s  t h e  major  p roduc t  and a  t r a c e  of  t h e  =-amino 

a l c o h o l  11-35 b u t  no &-11-34. Even i n  TMT p h o t o l y s i s  under  n e u t r a l  

c o n d i t i o n s  and oxygen, where no amino a l c o h o l s  were d e t e c t e d ,  l e s s  

than  2% o f  epoxide  11-32 o r  epoxide  d e r i v e d  p r o d u c t s  a r e  found.  It is  



s p e c u l a t e d  t h a t  t h e  hydroperox ide  111-6 may a c t  a s  t h e  o x i d i z i n g  a g e n t  

on norbornene t o  g i v e  11-32 ( 1 6 3 ) .  I f  t h e  amine d ioxy  r a d i c a l ,  a s  

proposed by Michejda (1301,  i s  formed i n  our  sys tem,  i t  may p l a y  a  

v e r y  minor  r o l e  i n  t h e  r e a c t i o n .  

3 )  1,5-Cyclooctadiene (COD):  The 

6-dime t h y l a m n i u m - 5 - c y c  looc teny  1 r a d i c a l  

a c t  i o n s  o f  t h e  i n t e r m e d i a t e  

(111-8),  formed by a d d i t i o n  

o f  t h e  dirnethylaminium r a d i c a l  t o  COD, a r e  summarized i n  Scheme 111-8. 

Under n i t r o g e n ,  t h e  i n t e r m e d i a t e  111-8 r a d i c a l  undergoes  two major 

pathways,  i . e . ,  the  a b s t r a c t i o n  from a  hydrogen atom donor t o  g i v e  t h e  

aminocyclooctene 11-40 and a r a d i c a l  t r a n s a n n u l a r  c y c l i z a t i o n  fol lowed 

by a  t e r m i n a t i o n  t o  g i v e  t h e  b i c y c l o o c t a n e  11-41. In v iew o f  t h e  

e x t e n s i v e  t r a n s a n n u l a r  r e a c t i o n s  r e p o r t e d  (156,157)  i n  r a d i c a l  

a d d i t i o n  t o  COD, i t  i s  s u r p r i z i n g  t h a t  t h e  t r a n s a n n u l a r  fo rmat ion  o f  

11-41 o p e r a t e s  t o  a  l e s s e r  e x t e n t  than  t h e  a b s t r a c t i o n  pathway 

l e a d i n g  t o  11-40. It i s  a l s o  s u r p r i z i n g  t h a t  no b i c y c l i c  p roduc t  o f  

hydrogen atom a b s t r a c t  ion  by t h e  i n t e r m e d i a t e  b i c y c l o o c t y l  11-42 

r a d i c a l  cou ld  b e  found.  The hydrogen donor i n  t h i s  r e a c t i o n  may b e  

COD i t s e l f .  A l t e r n a t i v e l y ,  a s  d i s c u s s e d  above ,  TMT-H+ may p rov ide  a  

hydrogen a t  om. 



Scheme 111-8 

A major ques t ion  a r i s i n g  from the add i t i on  under n i t rogen  i s  

t h e  source of t h e  dimethylaminomethyl moiety i n  11-41 o r  i n  11-22 and 

11-23 obta ined  when e i t h e r  COD o r  cyclohexene a r e  used a s  o l e f i n s .  A t  

t h e  p r e s e n t ,  t he  most l i k e l y  candidates  t o  donate t h i s  moiety during 

t + 
t he  r e a c t  ion a r e  ( C H ~  ) 2NHCH2NHCH3 and ( C H ~ )  2 ~ = ~ ~ 2 ,  both of 

which could be der ived  from the imine 1-29. In the former ca se ,  a  

r a d i c a l  s u b s t i t u t i o n  and i n  t he  l a t t e r  case add i t i on  i s  involved. 

There a r e  c e r t a i n l y  o ther  compounds containing t h i s  moiety t h a t  have 

n o t  been i s o l a t e d  from the  r eac t ion  systems. The dimethylaminomethyl 



r a d i c a l ,  i f  found i n  r e a s o n a b l y  h i g h  c o n c e n t r a t i o n  i n  our  r e a c t i o n  
$63 

r+ sys tems ,  may a l s o  s e r v e  a s  a  source  t o  y i e l d  11-41. The combinat ion o f  
> ,> 

,?a 

% A  t h i s  r a d i c a l  and a  dimethylamino r a d i c a l  h a s  been proposed t o  acount  

f o r  t h e  fo rmat ion  o f  N , N , N 1  ,Nt-tetramethylmethylenediamine i n  

p h o t o l y s i s  o f  RIT i n  t h e  g a s  phase o r  i n  n e a t  l i q u i d  ( 1 2 ) .  

The a d d i t i o n  under oxygen i s  c o n s i d e r a b l y  s i m p l i f i e d  s i n c e  t h e  

i n t e r m e d i a t e  111-8 r a d i c a l  i s  e f f i c i e n t l y  scavenged by oxygen fol lowed 

by hydrogen atom t r a n s f e r  t o  y i e l d  a  hydroperoxide  111-9. The 

t r a p p i n g  of  t h e  111-8 r a d i c a l  a p p e a r s  t o  be  e f f i c i e n t  s o  t h a t  t h e  

amino a l c o h o l s  11-45 and 11-44 a r e  o b t a i n e d  i n  h i g h  y i e l d s  a f t e r  

r e d u c t i o n  w i t h  v e r y  l i t t l e  con tamina t ion  by s i d e  p r o d u c t s .  S ince  t h e  

r a t i o  o f  t h e  - c i s -  and t rans-amino a l c o h o l s  11-45 and 11-44 i s o l a t e d  

a f t e r  a low tempera tu re  work u p  i s  6 3 : 3 7 ,  t h i s  r a t i o  may r e p r e s e n t  t h e  

s t e r e o c h e m i s t r y  o f  t h e  hydroperox ide  111-9 and i n  t u r n  t h a t  o f  oxygen 

i n c o r p o r a t i o n  i n t o  111-8. I f  t h e  i n t e r m e d i a t e  hydroperox ide  111-9 is  

formed, t h e  one c o r r e s p o n d i n g  t o  t h e  - c i s  a l c o h o l  11-45 may undergo an 

i o n i c  c a t a l y s e d  c y c l i z a t i o n  a s  i n d i c a t e d .  Such a  mechanism would be  

s i m i l a r  t o  t h a t  observed i n  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  o f  

n i t r o s a m i n e s  t o  COD (103) .  
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A )  CONCLUSIONS 

Acid c a t a l y z e d  the rmal  (0-60') decomposi t ion o f  RIT i n  

CF3COOH i s  proposed,  on t h e  b a s i s  o f  t h e  r e s u l t s  d e s c r i b e d  above ,  t o  

go through a n  i o n i c  pathway v i a  TMT-H+ t o  g e n e r a t e  a  s h o r t - l i v e d  

d i m e t h y l n i t r e n i u m  ion i n t e r m e d i a t e .  The l a t t e r  can b e  i n t e r c e p t e d  by 

t o l u e n e  t o  g i v e  low y i e l d s  ( 2 % )  of - o- and E-N,N-dimethyltoulidines i n  a  

2: 1 r a t i o  through r i n g  amina t ion  and a  t r a c e  of 

N,N-dimethylbenzylamine through an i n s e r t i o n  r e a c t i o n .  The major 

r e a c t i o n  pathway o f  t h e  proposed n i t r e n i u m  ion i n  t h e  p r e s e n c e  of  

t o l u e n e  a p p e a r s  t o  be  a  r a p i d  rearrangement t o  t h e  imine 1-29 which i s  

o b t a i n e d  a s  t h e  t r i m e r  1-30 i n  an 85% y i e l d .  I n  t h e  absence o f  

t o l u e n e ,  t h e  y i e l d  o f  t h e  imine 1-29 i s  q u a n t i t a t i v e .  The y i e l d s  of  

amina t ion  a r e  s l i g h t l y  b e t t e r  i n  t h e  p resence  of  a n i s o l e  ( 5 - l o % ) ,  b u t  

no amina t ion  of  cyclohexene o r  norbornene i s  observed i n  CF3COOH. 

The the rmal  (0-80') decomposi t ion of  RIT i n  c o n c e n t r a t e d  

H2S04 i s . f o u n d  t o  produce dimethylaminium r a d i c a l s  which can  

combine t o  form TMH-2~' o r  d i s p r o p o r t i o n a t e  t o  t h e  imine I-29a and 

( c H ~ ) ~ N H ~ + .  The g e n e r a t i o n  o f  aminium r a d i c a l s  p robab ly  

o c c u r s  through TMT-ZH' by a n a l o g y  t o  t h e  decomposi t ion o f  TPT-2~' 

i n  H2S04 ( 5 9 ) .  When t h e  TMT-2~' decomposi t ion i s  c a r r i e d  o u t  i n  

t h e  p r e s e n c e  of t o l u e n e ,  amina t ion  by dimethylaminium r a d i c a l s  g i v e s  a  

15:10:75 r a t i o  of o:m:p t o l u i d i n e s  11-3 i n  5-25% y i e l d s .  A - - -  
c o n s i d e r a b l e  amount o f  s i d e  r e a c t i o n  p roduc t s  i s  a l s o  o b t a i n e d .  The 



N-me thy lphene thy lamine  (2-30%) and N-me t h y l i n d o l i n e  (1-3%) a r e  

p robab ly  formed by a  benzyl  r a d i c a l  a t t a c k  on t h e  p r o t o n a t e d  imine 

I-29a. The o- and p -benzy l to luenes  (10%)  i n  a  4 :6  r a t i o  a r e  formed - - 

through a  benzy l  carbonium ion a t t a c k  on t o l u e n e .  

Although r e l a t i v e  r a t e  s t u d i e s  of  aminium r a d i c a l  amina t ion  have 

n o t  been c a r r i e d  ou t  i n  t h i s  work, t h e  r e s u l t s  o b t a i n e d  by M i n i s c i  

(115,  and I n t r o d u c t i o n  s e c t i o n ) ,  u s i n g  t h e  N-chloramine decomposi t ion 

i n  H2S04, have a l lowed him t o  propose  a  CT complex between an 

aminium r a d i c a l  and t h e  a r o m a t i c  s u b s t r a t e  a s  t h e  s low s t e p  i n  t h e  

a m i n a t i o n .  The p r e s e n t  work s u p p o r t s  such a  CT complex between a  

dimethylaminium r a d i c a l  and t o l u e n e  s i n c e  the  t o l u i d i n e s  11-3 isomer 

r a t i o s  o b t a i n e d  when TMT i s  decomposed i n  H2S04 approximate  t h e  

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

I 
b e l i e v e d  t h a t  i n  a d d i t i o n  t o  TMT-2H+, TMH-2H+, which i s  formed 

d u r i n g  MT-2~ '  decomposi t ion i n  H2S04, may a c t  a s  a  secondary  

s o u r c e  f o r  dime thylaminiurn r a d i c a l s  by analogy t o  t h e  ready 

I decomposi t ion o f  TPH i n  H2S04 ( 5 9 ) .  

P h o t o l y s i s  of  TMT under  n e u t r a l  c o n d i t i o n s  h a s  been shown b y  

o t h e r  workers  t o  produce dimethylamino r a d i c a l s  (12,29,47-55) ;  

however,  t h e s e  amino r a d i c a l s  do n o t  g e n e r a l l y  add t o  o l e f i n s  below 

100' (96). In  t h e  p r e s e n t  work, p h o t o l y s i s  of  RIT i n  d i l u t e  a c i d i c  

s o l u t i o n s  (pH 0-2) i s  a  c l e a n  s o u r c e  of  dimethylaminium r a d i c a l s  which 



form /j-dime thylammoniumalkyl r a d i c a l s  (111-2). These 111-2 r a d i c a l s  

a r e  e f f i c i e n t l y  scavenged by oxygen t o  lead t o  hydroperox ides  which 

are reduced t o  t h e  cor respond  i n g  /3-amino a l c o h o l s  11-24, 11-34, 11-35, 

11-44 and 11-45 (45-742) o r  a r e  t h e r m a l l y  decomposed t o  t h e  

c o r r e s p o n d i n g  k e t o n e s  such a s  11-39 ( 4 0 % ) .  

Under n i t r o g e n ,  the  i n t e r m e d i a t e  111-2 r a d i c a l  must s e e k  o t h e r  

r e a c t i o n  pathways s i n c e  t h e r e  a r e  no r a d i c a l  s c a v e n g e r s  o r  good 

r a d i c a l s  donors  i n  t h i s  sys tem.  As a  r e s u l t ,  a  v a r i e t y  o f  compounds 

i s  formed. Combination o f  t h e  111-2 r a d i c a l  wi th  ano the r  

dimethylaminium r a d i c a l  t o  g ive  diamines such a s  11-21 ( 2 % )  i s  

u n l i k e l y  because  the  c o n c e n t r a t i o n  o f  aminium r a d i c a l s  is  low a t  any 

g i v e n  time d u r i n g  t h e  p h o t o l y s i s .  P roduc t s  such a s  aminoalkanes  

11-20, 11-26 and 11-40 (5-32%) a r e  formed by t h e  i n t e r m e d i a t e  111-2 

r a d i c a l  hydrogen a b s t r a c t i o n .  Conceivably ,  TMT-H+ may a c t  a s  t h e  

hydrogen atom donor through a  111-2 r a d i c a l  induced decomposi t ion 

pathway, r e g e n e r a t i n g  a n  aminium r a d i c a l .  However, t h e  hydrogen atom 

a b s t r a c t  ion  pathway i s  n o t  t o o  e f f i c i e n t  s i n c e  t h e  i n t e r m e d i a t e  111-2 

r a d i c a l  forms p roduc t s  by o t h e r  r o u t e s  i n  h i g h e r  y i e l d s .  The 111-2 

r a d i c a l s  d e r i v e d  from norbornene (111-4) ma in ly  undergo a b i m o l e c u l a r  

combinat ion t o  form dimers such  a s  11-27 and 11-28 (53%) .  S i n c e  o n l y  

a  t r a c e  o f  d imer  11-15 ( 0 . 2 % )  i s  o b t a i n e d  when cyclohexene i s  used a s  

t h e  o l e f i n  and no d imers  a r e  observed i n  t h e  c a s e  o f  COD, t h e  h i g h  

y i e l d  o f  K s - n o r b o r n a n e s  11-27 and 11-28 s u g g e s t s  t h a t  t h e  n o r b o r n y l  

111-4 r a d i c a l  h a s  some s t a b i l i t y ,  p o s s i b l y  because  of  i t s  b i c y c l i c  

s t r u c t u r e .  



With cyclohexene a s  the  o l e f  i n  and H C l  a s  t h e  a c i d ,  a  combinat ion 

o f  t h e  i n t e r m e d i a t e  13-dimethylammoniumcyclohexyl r a d i c a l  (111-3) w i t h  

C1' l e a d s  t o  t h e  fo rmat ion  of  / j-chloramines 11-16 and 11-18 (14%).  

The fo rmat ion  of  C l '  i n  t h i s  sys tem i s  c o n s i d e r e d  t o  t a k e  p lace  by 

t h e  ( c H ~ ) ~ N x ' +  o x i d a t i o n  of  ~ 1 - .  The fo rmat ion  of  compounds 

11-22 and 11-23 ( l 4 - 2 0 % ) ,  c o n t a i n i n g  an unexpected methylene group,  i s  

u n c l e a r  b u t  an a t t a c k  of t h e  i n t e r m e d i a t e  111-3 r a d i c a l  on 

( C H ~ ) ~ N = C H ~ +  i s  proposed.  I n  t h e  c a s e  of COD, t he  

i n t e r m e d i a t e  c y c l o o c t e n y l  111-8 r a d i c a l  undergoes t r a n s a n n u l a r  

c y c l i z a t i o n  t o  a  b i c y c l o [ 3 . 3 .  O l o c t y l  r a d i c a l  11-42 b e f o r e  

i n c o r p o r a t i o n  of  t h e  dime thylaminome thy1 moie ty  t o  g i v e  t h e  b i c y c l i c  

11-41 ( 1 2 % ) .  In v iew of t h e  e x t e n s i v e  r e p o r t e d  t r a n s a n n u l a r  r a d i c a l  

c y c l i z a t i o n s  o f  COD (156,1571,  i t  i s  n o t  c l e a r  why such l a r g e  y i e l d  o f  

t h e  u n c y c l i z e d  111-8 r a d i c a l  hydrogen a b s t r a c t i o n  p roduc t  11-40 (32%)  

i s  o b t a i n e d  b u t  p roduc t s  of  hydrogen atom a b s t r a c t i o n  by t h e  b i c y c l i c  

11-42 r a d i c a l  a r e  n o t  obse rved .  

B) RESEARCH PROPOSALS 

It i s  hoped t h a t  t h i s  work can  be  extended i n t o  s e v e r a l  a r e a s  a s  

d e s c r i b e d  below. 

1 )  Decomposit ion o f  2-Tetrazenes  under  Ac id ic  Condi t ions  



o t h e r  2 - t e t r a z e n e s  in  d i l u t e  a c i d i c  s o l u t i o n s  (PH 0-2) is  expec ted  t o  

b e  a  good source  f o r  aminium r a d i c a l s .  S ince  a d d i t i o n s  o f  aminium 

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

ch lo ramines  ( 8 5 )  o r  n i t r o s a m i n e s  (991, t h e  s y n t h e t i c  use  o f  

2 - t e t r a z e n e s  would have l i m i t e d  a p p e a l ,  e s p e c i a l l y  i n  p h o t o a d d i t i o n s  

u n d e r  n i t r o g e n  where a  v a r i e t y  o f  compounds may be produced.  However, 

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

2 - t e t r a z e n e s  under a c i d i c  c o n d i t i o n s ,  may be s y n t h e t i c a l l y  u s e f u l  when 

r a d i c a l  s c a v e n g e r s  a r e  in t roduced  t o  t h e  r e a c t i o n  sys tem.  As 

demons t ra ted  i n  t h i s  work, i f  t h e  p h o t o a d d i t i o n  i s  performed under  

oxygen,  good y i e l d s  of hydroperox ides  a r e  produced. The c h e m i s t r y  o f  

t h e  l a t t e r  (174) a l lows  f o r  t h e  s e l e c t i v e  format ion o f  a l c o h o l s ,  

k e t o n e s ,  o r  r ea r ranged  p r o d u c t s  depending upon t h e  chosen exper imenta l  

c o n d i t i o n s  . 

A s  shown i n  F i g u r e  11-2, t h e  p h o t o l y s i s  of  RIT i n  CF3COOH 

a p p a r e n t l y  produces  p roduc t s  o t h e r  than C H ~ = N H C H ~ '  and 

(cH3)*NH2+ observed i n  t h e  thermal  decomposi t ion.  It would b e  

u s e f u l  to  i n v e s t i g a t e  t h e  fo rmat ion  o f  t h e s e  pho toproduc t s  i n  t h e  

absence  of  s u b s t r a t e s  s i n c e  they  may p l a y  a  r o l e  i n  t h e  r e a c t i o n  

sys tem.  One o f  t h e s e  p r o d u c t s  is b e l i e v e d  t o  be  ( c H ~ ) ~ N = c H ~ +  

which could  b e  r e s p o n s i b l e  f o r  t h e  dime thylaminomethyl m o i e t i e s  found 

i n  p h o t o a d d i t i o n s  t o  COD and cyclohexene.  Th i s  p r o p o s a l  cou ld  b e  

e a s i . 1 ~  t e s t e d  by i n t r o d u c i n g  ( C H ~ ) ~ N H  and CH20 forming 

( c H ~ ) ~ N = c H ~ +  (183) i n  t h e  TMT-acid-olef i n  s y s  tem b e f o r e  



i r r a d i a t i o n  under  n i t r o g e n .  I f  such a  p rocedure  i n c r e a s e s  t h e  y i e l d  

o f  compounds c o n t a i n i n g  t h e  (CH3l2NCH2 moie ty ,  t h i s  p h o t o a d d i t i o n  

may p r o v i d e  a  conven ien t  r o u t e  t o  compounds h a v i n g  l-dimethylamino- 

methyl-2-dimethylamino s u b s t i t u e n t s .  The l a t t e r  c l a s s  of  compounds 

a r e  p o t e n t i a l  a l k a l i  m e t a l  c h e l a t e s  (190) .  

It would b e  u s e f u l  to  i n v e s t i g a t e  t h e  p h o t o l y s i s  o f  TMT and o t h e r  

2 - t e t r a z e n e s  in  t h e  p r e s e n c e  of  o l e f i n s  in  b u f f e r e d  s o l u t i o n s  o f  pH 

3-5 where t h e  c o n c e n t r a t i o n s  o f  t h e  2 - t e t r a z e n e s  and t h e i r  c o n j u g a t e  

a c i d s  a r e  about  e q u a l  (7,14,31). Besides t h e  advantage o f  a  m i l d e r  

a c i d i t y  r ange  o v e r  t h a t  used i n  t h i s  work ( p ~  0-2 ) ,  t h e  i r r a d i a t i o n  o f  

t h e  u n p r o t o n a t e d  2 - t e t r a z e n e  band a t  Amax c a .  280nm a s  compared 

w i t h  t h e  f i r s t  c o n j u g a t e  a c i d  band a t  c a .  235nm ( 1 4 )  may p r o t e c t  

p h o t o l a b i l e  o l e f i n  s u b s t r a t e s  by u s e  of an a p p r o p r i a t e  f i l t e r .  

I r r a d i a t i o n  o f  a  2 - t e t r a z e n e  band a t  c a .  280nm produces a  h igh  y i e l d  

o f  amino r a d i c a l s  (29 ,53 ,56)  which g e n e r a l l y  do n o t  add t o  o l e f i n s  

(96); however,  amino r a d i c a l s  a r e  r a p i d l y  p r o t o n a t e d  i n  s o l u t i o n s  o f  

pH<6 t o  t h e  c o r r e s p o n d i n g  aminium r a d i c a l s  (94 ,95)  which add 

e f f i c i e n t l y  t o  o l e f i n s  ( 9 9 ) .  

A p r e l i m i n a r y  i n v e s t i g a t i o n  o f  t h e  above h a s  been c a r r i e d  o u t  i n  

t h i s  work ( ~ ~ ~ e n d i x  

cyc lohexene through 

me than01 c o n t a i n i n g  

C) . I % o t o l y s i s  o f  TMT i n  t h e  p r e s e n c e  o f  

a  Corex f i l t r  (u .v .  c u t  o f f  a t  270 run) i n  

CH3COOH-CH3COONa ( p ~ 5 )  gave a  l a r g e  amount o f  
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b a s i c  m a t e r i a l .  The l a t t e r  showed n.m.r .  s i g n a l s  f o r  c y c l o a l k y l  r i n g  
%- 
bi i 

p" p r o t o n s  and a b o u t  seven (CH3)2N groups .  No a t t e m p t  however h a s  
4 1 

been made t o  i s o l a t e  and i d e n t i f y  t h e  compounds i n  t h i s  m i x t u r e .  

b )  Decomposit ion of mono-protonated 2 - t e t r a z e n e s :  On t h e  b a s i s  

of  t h i s  work, t h e  fo rmat ion  of  ( c H ~ ) * N +  i s  proposed t o  o c c u r  

through TMT-H+ decornpos i t i o n  i n  CF3CCOH. However, ( c H ~ ) ~ N +  

a p p e a r s  t o  b e  s h o r t  l i v e d  s p e c i e s  probably  because  of  a r a p i d  

+ 
rea r rangement  t o  t h e  imine CHZzNHCH3 analogous  t o  t h a t  observed 

i n  C H ~ N :  t o  g i v e  CH2=NH ( 8 2 )  and i n  ( c H ~ ) ~ c H +  t o  g i v e  

+ CH3CH2CH2 ( 8 1 ) .  I f  a s t a r t i n g  2 - t e t r a z e n e  can be chosen t o  

y i e l d  a n i t r e n i u m  ion where such a  rearrangement  i s  r e t a r d e d  o r  where 

t h e  p o s i t i v e  charge  i s  s t a b i l i z e d ,  n i t r e n i u m  ions  w i t h  longer  

l i f e t i m e s  than ( c H ? ) ~ N +  could  be g e n e r a t e d  i n  h i e h  

c o n c e n t r a t  i o n .  

Acid c a t a l y z e d  decomposi t ion o f  t h e  a p p r o p r i a t e  2 - t e t r a z e n e s  

through mono-protonation i n  t h e  p resence  of  s u b s t r a t e s  such  a s  

a r o m a t i c s  o r  o l e f i n s  may g i v e  h i g h e r  y i e l d s  of aminat ion t h a n  observed 

d u r i n g  TMT decomposi t ion i n  CF3COOH. S ince  n i t r e n i u m  i o n s  have a  

t r i p l e t  ground s t a t e  ( 7 1 , 7 2 ) ,  t h e  ones wi th  s u f f i c i e n t  s t a b i l i t y  t o  be  

g e n e r a t e d  i n  h igh  c o n c e n t r a t i o n  may b e  observed by e . s .  r .  o r  o t h e r  

s p e c t r o s c o p i c  means. 2-Tetrazenes  such a s  t e t r a - t - b u t y l  o r  t e t r a k i s -  

t r i f l u o r o m e t h y l  may b e  a conven ien t  r o u t e  t o  s t a b l e  n i t r e n i u m  i o n s .  

The fo rmat ion  o f  n i t r e n i u m  i o n s  [ ( c H ~ ) ~ c I ~ N +  i n  t h e  former  and 



(cF,)?N+ i n  t h e  l a t t e r  would b o t h  r e t a r d  t h e  r a t e  o f  

rearrangement  t o  t h e  cor responding  imines r e l a t i v e  t o  (cH~)*N+ 

and s t a b i l i z e  t h e  p o s i t i v e  charge because of an i n d u c t i v e  e f f e c t .  

c )  Decomposition of d i - p r o t o n a t e d  2 - t e t r a z e n e s :  Aminium r a d i c a l  

fo rmat ion  d u r i n g  t h e  decomposi t ion o f  2 - t e t r a z e n e s  in  H2S04 

through d i - p r o t o n a t i o n  ( 5 9 )  may be used t o  f u r t h e r  conf i rm t h e  

i n t e r m e d i a t e  CT complex d u r i n g  aminium r a d i c a l  amina t ion  of a romat ic  

hydrocarbons  proposed by Min i sc i  (115) .  A s  d e s c r i b e d  i n  t h e  

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

amina t ion  v e r s u s  t h e  i o n i z a t i o n  p o t e n t i a l  of v a r i o u s  a romat ic  

s u b s t r a t e s  s h o u l d  be l i n e a r  i f  t h e  CT complex i s  t h e  r a t e  d e t e r m i n i n g  

s t e p  (124-125). The r e l a t i v e  r a t e s  can be d e r i v e d  from a  c o m p e t i t i v e  

r e a c t i o n  where mix tures  o f  a romat ic  s u b s t r a t e s  a r e  used ( 1 1 5 ) .  

Fur thermore,  i f  a  CT complex format ion i s  t h e  s low s t e p  i n  amina t ion ,  

t h e  iscmrer d i s t r i b u t i o n  o b t a i n e d  shou ld  approximate t h e  unpa i red  s p i n  

d e n s i t y  o f  t h e  a romat ic  c a t i o n  r a d i c a l s  (124) .  Such a  s t u d y  would 

a l l o w  one t o  p r e d i c t  t h e  r a t e s  and p roduc t s  i n  a romat ic  amina t ion  by 

aminium r a d i c a l s .  Although t h i s  g e n e r a l i z a t i o n  cannot  b e  made on t h e  

b a s i s  o f  t h i s  work, t h e  amina t ion  o f  t o l u e n e  d u r i n g  t h e  a c i d  c a t a l y z e d  

TMT decomposit ion i n  H2S04 d i d  g ive  a  t o l u i d i n e  11-3 isomer r a t i o  

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

d i s t r i b u t i o n .  



2 )  S y n t h e s i s  of Phcilsthy-la~ltines and  I r ldoi ines  

The observed s i d e  r e a c t i o n  i n  H2S04 of  a  benzyl  r a d i c a l  

+ 
a t t a c k  on CH2=NHCH3 t o  g lve  N-methylphenethylamine and 

N-methy l indo l ine  might be extended t o  p rov ide  a  conven ien t  r o u t e  t o  

compounds of t h i s  c l a s s .  Such compounds have p o t e n t i a l  medical  

u t i l i t y .  A s  an  example, 13-phenyl i sopropylamines  a r e  f i n d i n g  

a p p l i c a t i o n s  in psychotherapy ( 166) ; however, t h e i r  s y n t h e s e s  from t h e  

s t a r t i n g  t o l u e n e s  a r e  o f t e n  l a b o r i o u s  (166 ,167) .  New p o s s i b l e  r o u t e s  

t o  t h e  s i m p l e s t  homolopue , amphetamine, a r e  d e s c r i b e d  below. 

A s o l u t i o n  o f  e thy lamine  i n  CH3COOH when o x i d i z e d  by c o b a l t  

+ (111) a c e t a t e  would form t h e  imine CH3CHzNH2 (178) .  I f  t o l u e n e  

i s  then  added t o  t h i s  m i x t u r e ,  the  benzyl  r a d i c a l  formed by Co( I I1 )  

o x i d a t i o n  (163)  shou ld  f o l l o w  the  r e a c t i o n  sequence o u t l i n e d  i n  

r e a c t  ions  1-5 t o  g i v e  amphetamine and 2-methylindol i n e  . 
A l t e r n a t i v e l y ,  C H ~ C H = N H ~ +  may be formed by a  condensa t ion  o f  

CHgCHO and N H ~ + C L -  (178) .  I n t r o d u c t i o n  of  t o l u e n e  and a  

r a d i c a l  i n i t i a t o r  such a s  benzoy lperox ide  o r  - t - b u t y l p e r o x i d e  (131)  

i n t o  t h i s  sys tem would a g a i n  l e a d  t o  r e a c t i o n s  3-5. An i n t e r e s t i n g  

sys tem which c o u l d  b e  i n v e s t i g a t e d  might be the  i r r a d i a t i o n  o f  t o l u e n e  

and e thy lamine  i n  t h e  p r e s e n c e  o f  a  ke tone  such a s  a c e t o n e  o r  

benzophenone. T r i p l e t  k e t o n e s  b o t h  o x i d i z e  amines t o  imines  (125)  and 

a b s t r a c t  b e n z y l i c  p o s i t i o n s  ( 1 3 1 ) ;  t h u s ,  r e a c t i o n s  3-5 may be a t t a i n e d  

u s i n g  a  t r i p l e t  ke tone  a s  the  i n i t i a t o r .  



3 )  React  i o n s  o f  RIH and TMH" 

It h a s  been proposed i n  

might l e a d  t o  ( c H ~ ) ~ N H ' +  rad 

decomposi t ion i n  H2S04 (59) .  

i s  h e a t e d  t o  l l o O ,  D I H - ~ H +  d 

H2S04, d e c r e a s e s  s l i g h t l y  a f t e r  one day a t  20' (F 

decomposi t ion is  observed i n  a  s t a n d a r d  sample o f  

room t e m p e r a t u r e ,  even i n  t h e  p r e s e n c e  o f  t o l u e n e  

t h i s  work t h a t  TMH-2H+ decomposi t ion 

i c a l s  by analogy t o  TPH 

When a  s o l u t i o n  o f  WH i n  H2S04 

+ 
ecornposes t o  ( c H ~ ) ~ N H ~  acd 

C H ~ = N H C H ~ + .  The l a t t e r  p roduc t s  cou ld  b e  d e r i v e d  from a  

d i s p r o p o r t i o n a t i o n  of ( C H ~ ) ~ N H . +  r a d i c a l s  (128).  Although t h e  

n.m.r. s i g n a l  o f  RIH-~H', formed i n  t h e  decomposi t ion o f  RIT i n  

i g u r e  11-1 1, no 

RIH i n  H2S04 a t  

. It would 

n e v e r t h e l e s s  be o f  i n t e r e s t  t o  s t u d y  t e t r a s u b s t i t u t e d  h y d r a z i n e  

decomposi t ions  i n  H2S04 a t  v a r i o u s  t empera tu res  i n  o r d e r  t o  

conf i rm t h e  p o s s i b l e  fo rmat ion  o f  aminium r a d i c a l s .  



r"". + 
*a The TMH" e . s  . r .  s i g n a l ,  b u t  n o t  t h a t  o f  TMT' , i s  quenched 
8! 
PI' by cyclohexene.  It  i s  u n c l e a r  whether cyclohexene i s  r e a c t i n g  wi th  

RIH" o r  i t s  p r e c u r s o r s .  RIH may be r e a d i l y  o x i d i z e d  

+ 
e l e c t r o c h e m i c a l l y  t o  e e n e r a t e  TMH' ( 1  5) w h i c h  then may r e a c t  with 

o l e f  i n s .  



CHAPTER V 

EXPERIMENTAL 



Unless  o t h e r w i s e  s p e c i f i e d ,  t h e  f o l l o w i n g  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 recorded 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 n e a t  l i q u i d  f i l m  o r  

The a b s o r p t i o n  bands (ern-') a r e  d e s i g n a t e d  a s  

( b r o a d ) ;  undes igna ted  bands a r e  c o n s i d e r e d  t o  

(u.v.1 s p e c t r a  were recorded on e i t h e r  a  Cary 

a  n u j o l  mul l  o f  t h e  samples .  

s  ( s t r o n g ) ,  w (weak),  and b  

be medium. U l t r a v i o l e t  

14  o r  a  Unicam SP8000 

s p e c t r o p h o t o m e t e r .  Nuclear  magnet ic  resonance (n .m. r . )  s p e c t r a  were 

recorded  on a  Var ian  A 56/60 o r  on a  Var ian  XL-100 equipped wi th  a  N i c o l e t  

1080 I n s t r u m e n t  computer u s i n g  c a r b o n t e t r a c h l o r i d e  (CC14) o r  

d e u t e r o c h l o r o f o r m  ( c D c ~ ~ )  a s  s o l v e n t s  wi th  t e t r a m e t h y l s i l a n e  (TMS) a s  t h e  

i n t e r n a l  s t a n d a r d .  The chemical  s h i f t s  a r e  r e p o r t e d  i n  o r  ppm from TMS, 

c o u p l i n g  c o n s t a n t s  (J) i n  h e r t z  ( H Z ) .  The s p l i t t i n g  p a t t e r n s  a r e  d e s i g n a t e d  

a s  s ( s i n g l e t ) ,  d  ( d o u b l e t ) ,  dd (double  d o u b l e t ) ,  ddd (double  d d ) ,  t 

( t r i p l e t ) ,  d t  (doub le  t r i p l e t ) ,  q  ( q u a r t e t ) ,  m ( m u l t i p l e t ) ,  and b  ( b r o a d ) .  

The h a l f - h e i g h t  w i d t h  of  a  s i g n a l  i s  g iven  i n  h e r t z  a s  WlI2' D20 

exchangeab le  p r o t o n s  a r e  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  a r e  g iven  by m u l t i p l e s  o f  H. The 

d e c o u p l i n g  exper iments  were performed by M r .  Ar thur  Brooke o r  by t h e  

a u t h o r  on t h e  XL-100 s p e c t r o m e t e r .  

E l e c t r o n  s p i n  resonance ( e . s . r . )  s p e c t r a  were t aken  on a  Var ian  E-4EPR 

s p e c t r o m e t e r  u s i n g  a  f l a t  q u a r t z  Var ian  E-248 o r  E-248-1 aqueous s o l u t i o n  

sample c e l l .  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  gauss  ( G )  and t h e  



g-fac tor  was c a l c u l a t e d  u s ing  d iphenylp ic ry lhydrazyl  r a d i c a l  (DPPH) a s  

e x t e r n a l  s t anda rd .  Simulat ions of t he  e . s . r .  s p e c t r a  were done on a  

Nico le t  1080 computer us ing  a  Nicolet  User ' s  Soc ie ty  420 "EPRCAL" program 

k ind ly  suppl ied  by D r .  R . J .  Cushley. Mass s p e c t r a  (m.s.)  and gas 

chromatographic-mass s p e c t r a  (g . c . -m . s . )  were obtained on a  

Hitachi-Perkin-Elmer RMU-6E mass spectrometer  by M r .  Gregory Owen. High 

r e s o l u t i o n  mass s p e c t r a  (h . r .m . s . )  were performed a t  t he  Univers i ty  of 

B r i t i s h  Columbia Mass Spectrometr ic  Serv ices .  Elemental ana lyses  were 

performed a t  Simon Fraser  Univers i ty  by Mr. M.K.  Yang us ing  a  

Perkin-Elmer 240 Microanalyzer.  

The gas chromatographic ( g . c . 1  ana lyses  were obtained on an F&M Model 

810-19 Dual Flame Analy t ica l  Gas Chromatograph us ing  a  Varian Aerograph 

Model 20 s t r i p  c h a r t  recorder  equipped with a  Model 224 d i s c  c h a r t  

i n t e g r a t o r  or on a  Varian Aerograph S e r i e s  1700 Thermal Conduct ivi ty  

P repa ra t i ve  Gas Chromatograph. Retent ion times ( r . t . 1  a r e  given i n  minutes 

(min.).  Column chromatographic s e p a r a t i o n s  were performed on n e u t r a l  o r  

b a s i c  alumina (Brockmann A c t i v i t y  I ,  F isher  S c i e n t i f i c  Co., 80-200 mesh), 

s i l i c a  g e l  (Baker o r  F isher  S c i e n t i f i c ,  60-200 mesh), o r  s i l i c a  a c i d  

(Mall inckrodt  a n a l y t i c a l  reagent ,  100 mesh). 

The s o l v e n t s  ( reagent  grade)  were d i s t i l l e d  before  use.  E ther  was 

d i s t i l l e d  from l i th ium aluminum hydride (LAH, 972, Wi lsh i re  Chemical Co.) 

and no t  used a f t e r  one week owing t o  r ap id  peroxide formation. Benzene and 

to luene  were s t o r e d  over sodium, anhydrous methanol over  molecular s i e v e  



3A. A c e t o n i t r i l e  (A.C.S. c e r t i f i e d ,  F i s h e r  S c i e n t i f i c  Co . ) ,  bromoform 

(Eastman Organ ic  c h e m i c a l s ) ,  and Per f luoroa lkane-70  ( P i e r c e  Chemical Co.) 

were passed  through a lumina immediate ly  b e f o r e  use .  The commercia l ly  

a v a i l a b l e  o l e f i n s  (norbornene and 1 ,5 -cyc looc tad iene  were s u p p l i e d  by 

A l d r i c h  Chemical Co.,  cyclohexene by F i s h e r  S c i e n t i f i c  Co.) were o f  

s u f f i c i e n t  p u r i t y ,  b e t t e r  than  982,  t o  be used d i r e c t l y  w i t h o u t  f u r t h e r  

p u r i f i c i a t i o n .  Concen t ra ted  s u l f u r i c  (H2S04, 98%) 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 F i s h e r  S c i e n t i f i c  Co.,  t r i f l u o r o a c e t i c  

a c i d  (CF3COOH) by Matheson Coleman and B e l l ,  and a c e t i c  a c i d  (CH3C00~, 

g l a c i a l )  by t h e  McArthur Chemical Company. 

Oxygen ( i n d u s t r i a l  g r a d e )  and hydrogen were s u p p l i e d  by L iqu id  

Carbonic ,  n i t r o g e n  and he l ium were s u p p l i e d  by Union Carbide  ( L i n d e ) ,  and 

t h e  gaseous  r e a g e n t s  (monome thy lamine ,  dime thy lamine ,  n i t r o s y l c h l o r i d e  , 

carbonmonoxide, and ca rbond iox ide )  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 s c r u b b i n g  through a  F i e s e r  s o l u t i o n  

(188)  fo l lowed by c o n c e n t r a t e d  H2S04 and t h e n  through po tass ium 

hydrox ide  p e l l e t s  (KoH, F i s h e r  S c i e n t i f i c  Co . ) .  

The p h o t o l y s e s  were c a r r i e d  o u t  i n  a  p r e v i o u s l y  d e s c r i b e d  (100-108) 

Pyrex p h o t o l y s i s  v e s s e l  u s i n g  a  q u a r t z  c o l d  f i n g e r  and a n  a p p r o p r i a t e  

f i l t e r  ( F i g u r e  V-1). The p h o t o l y s a t e  was bubbled wi th  t h e  a p p r o p r i a t e  gas  

whi le  b e i n g  i r r a d i a t e d  wi th  a  200W medium p r e s s u r e  Hanovia mercury lamp. 

The p h o t o l y s e s  i n  an e . s . r .  c a v i t y  were performed w i t h  a  HBO 200W mercury 

lamp, Wild Heerbrugg L imi ted .  



(nm) 

F i g u r e  V-1: F i l t e r s  

Sodium borohydr ide  ( N ~ B H ~ ,  98%), mercur ic  o x i d e  (HgO, red  powder),  

po tass ium permanganate (KMn04), po tass ium c a r b o n a t e  (K2c03, 

anhydrous ) ,  and magnesium s u l f a t e  (MgSOL, anhydrous)  were s u p p l i e d  by 

F i s h e r  S c i e n t i f i c .  C a t a l y t i c  r e d u c t  i o n s  u s i n g  p l a t i n u m  o x i d e  (Matheson, 

Coleman and B e l l )  were performed i n  a  P a r r  hydrogena t ion  a p p a r a t u s .  

R e a c t i o n s  above room t e m p e r a t u r e  were c a r r i e d  o u t  i n  a  Lauda w a t e r  b a t h  

(+0. l o ) .  D i s t i l l a t i o n  o f  p r o d u c t s  were performed on a  N e s t e r I F a u s t  

s p i n n i n g  band column and f l a s h  e v a p o r a t i o n s  on a  Buchi Rotovapor.  M e l t i n g  

p o i n t s  (mp, u n c o r r e c t e d )  were de te rmined  e i t h e r  on a F i she r - Johns  h o t  s t a g e  

o r  a  Gallenkamp h e a t i n g  b lock  a p p a r a t u s .  A l l  t e m p e r a t u r e s  a r e  r e p o r t e d  i n  

d e g r e e s  C e l c i u s  (O). 



B )  PREPARATION OF TMT AND TMH 

1 )  HgO Oxida t ion  of DMH 

The p rocedure  o f  Watson (12)  was s l i g h t l y  modi f i ed  t o  g i v e  b e t t e r  

y i e l d s .  HgO (158.86g,  0 . 7 4  moles )  was added s l o w l y  o v e r  two h o u r s  t o  a 

s t i r r e d  s o l u t i o n  o f  DMH (50 .4  m l ,  40g,  0 .66  moles ,  F i s h e r  S c i .  Co.)  i n  

e t h e r  (400 ml )  a t  -5O. S o l i d  K2C03 (10 g )  was then  added and t h e  

m i x t u r e  s t i r r e d  f o r  two more h o u r s  a t  -5O, then  two h o u r s  a t  room 

t e m p e r a t u r e .  The m i x t u r e  was f i l t e r e d ,  t h e  r e s i d u e  washed wi th  s a t u r a t e d  

K2C03 s o l u t i o n  (30  ml)  fo l lowed by e t h e r  (200 ml) . The e t h e r  phases 

were combined, d r i e d  over  K 2 C 0 3 ,  and e v a p o r a t e d  (20~/40mm HE) t o  

y i e l d  a  ye l low l i q u i d  (34 .14g) .  T h i s  l i q u i d  was d i s t i l l e d  t o  g i v e  TMT a s  a 

p a l e  ye l low l i q u i d  (29 .3Sg ,  32.01111, 77%) : bp 42-460/28-32mm Hg; i . r .  

3OOO(w), 2 9 6 2 ( s ) ,  2 8 5 8 ( s ) ,  2780, 1 4 6 9 ( s ) ,  1 2 7 6 ,  1241, 1141,  1037, 1 0 0 2 ( s ) ,  

E t O H  3  
879,  and 822 ern-'; n . m . r .  r 7 . 1 9 ( s ) ;  u .v .  h mgx=277nm (€=8.0x10 1, 

( l i t .  ~",'::=277nm, €=8.3x103 ( 7 ) ) .  The mercury was c o l l e c t e d ,  washed 

w i t h  wa te r  (lOxlOOrnl), t h e n  ace tone  (2x5Oml), and d r i e d  ( lO6.86g,  

0.536moles,  81%) .  

2 )  KMn04 O x i d a t i o n  of DMH 

A s o l u t i o n  o f  KMn04 (160g,  1 . 0 8  moles)  i n  d i l u t e  KOH (2% aqueous ,  

31)  was added s l o w l y  o v e r  one hour  w i t h  r a p i d  s t i r r i n g  t o  a s o l u t i o n  o f  DMH 

(120g,  2.0moles) i n  ice-water  ( 1 1 )  and KOH s o l u t i o n  (40% aqueous ,  200ml). 



~ u r i n g  t h e  a d d i t i o n  of t h e  KMn04 s o l u t i o n ,  i c e  (2kg)  was added t o  keep  

t h e  t empera tu re  below 5'. There  was no s i g n  o f  g a s  e v o l u t i o n .  The 

r e a c t i o n  was a l lowed t o  r e a c h  room t e m p e r a t u r e ,  benzene (0 .51)  was added 

and t h e  m i x t u r e  s t i r r e d  r a p i d l y  f o r  22 hours .  The benzene phase  was 

removed i n t o  a  41 s u c t i o n  f l a s k  and t h e  aqueous phase e x t r a c t e d  wi th  more 

benzene ( 2 ~ 0 . 5 1 ) .  The benzene l a y e r  was s e p a r a t e d ,  d r i e d  over  K2C03, 

and e v a p o r a t e d  t o  80ml (15•‹/40mm Hg) T h i s  r e s i d u e  was d i s t i l l e d  and t h e  

f r a c t i o n  b o i l i n g  a t  42-44•‹/30mm Hg c o l l e c t e d  (TMT, 17.5g,  19%) .  The 

s p e c t r a  were i d e n t i c a l  t o  t h e  above TMT prepared  by HgO o x i d a t i o n .  

3 )  TMH from TMT 

TMH was p r e p a r e d  from TMT by t h e  procedure  of  Watson ( 1 2 ) .  TMT ( I g )  

was i r r a d i a t e d  wi th  a  low p r e s s u r e  PCQ immersion lamp ( u l t r a  V i o l e t  

P r o d u c t s ,  I n c . )  i n  a  d i s t i l l a t i o n  a p p a r a t u s  f o r  20 hours  a t  110'. The 

v o l a t i l e  components (300mg) were c o l l e c t e d  i n t o  a  cooled f l a s k .  A p o r t i o n  

o f  t h i s  c o l o r l e s s  d i s t i l l a t e  c o n t a i n i n g  TMH ( l i t .  bp=730 ( 1 2 ) ) ,  

d imethylamine and some t r a c e  i m p u r i t i e s ,  was d i s s o l v e d  i n  CF3COOH: 

n.m.r .  ( s e e  F i g u r e  11-2g) r 7 . 1 0  (t, J-6Hz; ( c H ~ ) ~ N H ~ * )  and 7 .14 

( 8 ;  TNH-HI). Another p o r t i o n  of  t h e  d i s t i l l a t e  was d i s s o l v e d  i n  H2S04: 

n .m.r .  ( ~ i g u r e  11-Id) 77.10 ( t ,  J=6Hz; ( c H ~ ) ~ N H ~ * )  and 6 .40 

( s ;  TMH-2~'). TMH may a l s o  b e  o b t i n e d  i n  good y i e l d s  by a n o t h e r  r o u t e  

d e s c r i b e d  i n  r e f e r e n c e  189. 



C) N . M . R .  STUDY OF TMT. DECOMPOSITION 

TMT (0 .5ml)  was dropped s l o w l y  i n t o  c o n c e n t r a t e d  H2S04 (5ml) w i t h  

r a p i d  s t i r r i n g  i n  a  25ml f l a s k  a t  0  t o  - lo0.  There  was much gas  

e v o l u t i o n  and t h e  s o l u t i o n  t u r n e d  a  b r i g h t  ye l low.  A f t e r  t h e  a d d i t i o n  was 

comple te ,  t h i s  s o l u t i o n  was t r a n s f e r r e d  wi th  a  c o l d  p i p e t  i n t o  an n.m.r .  

t u b e  cooled i n  d r y  i c e l a c e t o n e .  The n .m.r .  s p e c t r a  were recorded  w i t h i n  

1 5  minu tes  a t  -20 and t h e n  w i t h i n  30 minutes  a t  20•‹, keep ing  a l l  o t h e r  

machine pa ramete r s  c o n s t a n t ,  and a r e  shown i n  F i g u r e  11-2 ( s e e  R e s u l t s ) .  

The m l a r  r a t i o  o f  t h e  p r o t o n a t e d  imine ( I -29a)  a t  7 1 . 9 3  (m,2H), 6 .53  

(m,3H) t o  p r o t o n a t e d  dimethylamine a t  ~ 7 . 1 0  ( t , 6 H )  was e q u a l  a t  

-20' and 20'. The weak s i g n a l  a t  r 6 . 2 7  d i s a p p e a r e d  when t h e  

t e m p e r a t u r e  was r a i s e d ,  b u t  t h e  s i n g l e t  a t  r 6 . 4 0  i n c r e a s e d .  There  was no 

change i n  t h e  n.m.r. when t h e  t empera tu re  was r a i s e d  t o  40' from 20'. 

However, t h e  s i g n a l  a t r 6 . 4 0  dec reased  s l i g h t l y  a f t e r  one day a t  room 

t e m p e r a t u r e .  T h i s  s i g n a l  was i d e n t i f i e d  a s  TMH-2~' by comparison w i t h  a n  

a u t h e n t i c  sample ( s e e  above) .  When TMH (100 mg) was d i s s o l v e d  i n  H2S04 

(3ml)  and h e a t e d  a t  110' f o r  one h o u r ,  t h e  n.m. r .  showed t h a t  t h e  

s t a r t i n g  TMH-2~' s i g n a l  a t  7 6 . 4 0  decayed c l e a n l y  t o  form t h e  immonium 

I-29a a t  7 1 . 9 3  ( m , 2 ~ )  and 6.53(m,3H) and dimethylammonium i o n  a t  

~ 7 . 1 0 ( t , 6 H )  i n  about  an  equimolar  r a t i o .  No change o f  t h e  TMH-2~' 

s i g n a l  was observed when t h i s  H2S04 s o l u t i o n  was k e p t  a t  20' f o r  two 

weeks. The dimethylammonium ion was i d e n t i f i e d  by d i s s o l v i n g  t h e  

h y d r o c h l o r i d e  i n  H2S04. The immonium ion I-29a was i d e n t i f i e d  by 

d i s s o l v i n g  t h e  t r i m e r  1-30 i n  H2s04 (see below).  



CF3COOH (0 .5ml ) ,  cooled t o  oO, was added dropwise  o v e r  2 minu tes  

t o  TMT (100mg) i n  a  25ml f l a s k  wi th  r a p i d  s w i r l i n g  a t  - lo0 .  The s o l u t i o n  

was t r a n s f e r r e d  i n t o  an n .m.r .  tube  k e p t  i n  a  d r y  i c e l a c e t o n e  b a t h .  The 

n .m.r .  was recorded  from one t o  t h r e e  h o u r s  a t  -15, 10  and 30•‹ and i s  

shown i n  F i g u r e  11-2. T h i s  s o l u t i o n  was p a l e  ye l low throughout  t h e  t h r e e  

h o u r s .  A t  30•‹, a  p l o t  of  t h e  l o g  o f  t h e  i n v e r s e  of TMT-H+ n.m.r. 

s i g n a l  a r e a  a t  r 6 . 7 8 ( s )  v s .  t ime was l i n e a r  i n d i c a t i n g  decomposi t ion by 

f i r s t  o r d e r  k i n e t i c s .  The k = 6 . 5 + 1 ~ 1 0 - ~  was c a l c u l a t e d  from t h e  - 
h a l f  l i f e  of  t h i s  s i g n a l  of  about  20 m i n u t e s .  

I n  a s e p a r a t e  exper iment  i d e n t i c a l  amounts were used b u t  t h e  s o l u t i o n  

was i r r a d i a t e d  i n  a  q u a r t z  n .m. r .  tube  wi th  a  2U0W Hanovia lamp through a  

Vycor f i l t e r  under  con t inuous  bubb l ing  o f  n i t r o g e n .  A f t e r  two h o u r s ,  t h e  

n.m.r .  of t h e  deep  yel low p h o t o l y s a t e  was recorded  a t  30' and i s  shown 

i n  F i g u r e  11-2f. 

CF3COOH (100mg), cooled t o  oO,  was added dropwise  t o  a  s o l u t i o n  o f  

TMT (50mg) i n  CD3CN (0.5ml) a t  - lo0. The n .m.r .  of h a l f  t h i s  s o l u t i o n  

was t a k e n  a t  -45' immediate ly  a f t e r  mixing and a t  30•‹ a f t e r  3  hours  a t  

40•‹. The o t h e r  h a l f  was i r r a d i a t e d ,  a s  above a t  0' and t h e  n.m. r .  

recorded  a t  30' a f t e r  3 h o u r s .  The p h o t o l y s a t e  was a  d e e p e r  yel low than 

t h a t  k e p t  i n  t h e  d a r k  a t  40'. The n.m. r .  s p e c t r a  a r e  shown i n  F i g u r e  

11-3. 



D) E.S.R. STUDY OF TMT. DECOMPOSITION 

When TMT (0.5ml) was added s lowly t o  concent ra ted  H2S04 (3ml) wi th  

r a p i d  s t i r r i n g  i n  a  l O m l  f l a s k  a t  oO, there  was much gas evo lu t ion  and a  

deep yellow co lo r  was observed. The H2S04 was used d i r e c t l y  as 

suppl ied  without f u t h e r  p u r i f i c a t i o n  s i n c e  it showed no e . s . r .  s i g n a l .  

The s o l u t i o n  was t r a n s f e r r e d  t o  a  f l a t  e . s . r .  c e l l ,  purged with n i t rogen  

f o r  2  minutes and t h e  e . s . r .  spectrum recorded a t  room temperature  (Figure 

11-41, Th i s  s i g n a l  i s  be l ieved  t o  be t ha t  of  RIT" (34,36):  13 broad 

bands, peak to  peak sepa ra t i on  (AG )=10G, g=2.004+0.0005. This  s i g n a l  
PP - 

decayed over  two days without showing any new s i g n a l s .  The i n i t i a l  s i g n a l  

was s t r o n g  r e l a t i v e  t o  the  Varian weak p i t ch  sample No.904450-02. 

a ) I n  A c e t o n i t r i l e :  A s o l u t i o n  of TMT i n  a c e t o n i t r i l e  ( O ~ M ,  2ml) was 

slowly dropped t o  a  s t i r r e d  s o l u t i o n  of CF3COOH i n  a c e t o n i t r i l e  ( 1 . 3 ~ ~  

2ml) i n  a  l O m l  f l a s k  a t  0'. A s teady  evolu t ion  of gas was observed a s  

the  s o l u t i o n  became yellow-orange. This s o l u t i o n  was placed i n  a  f l a t  

e . s . r .  c e l l ,  purged with n i t rogen  f o r  two minutes ,  and t h e  e .s . r .  

spectrum of TMT.+ recorded a t  room temperature:  a N ( 2 , 3 ~ ) = 1 .  15, 

aN(1,4N)=10.85, aH(6H)=10.40, aH(6H)=l1.60G, g=2.0040+0.0005, - ( l i t .  

aN(2,3N)=l .  20, a N ( 1 , 4 ~ ) = 1 0 . 9 6 ~ ,  aH(6H)=10.40, aH(6H)=11.52~,  
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g02.0036 (34,361) (F igure  11-51. This  s i g n a l  decayed s lowly over  s e v e r a l  

hours  and was not  replaced by a  new s i g n a l .  The i n i t i a l  s i g n a l  was s t r o n g  

r e l a t i v e  t o  t he  Varian weak p i t ch  sample No.904450-02. 

This  s o l u t i o n  was photolyzed i n  t h e  e . s . r .  c a v i t y  a t  room temperature  

?.*la. -. with  a  200W u n f i l t e r e d  Wild mercury lamp f o r  5  minutes.  When t h e  e . s . r .  
*-" - 

spectrum was recorded 5  minutes a f t e r  pho to lys i s ,  a  new s t ronge r  s i g n a l  of 

TMH.+ was obta ined:  a N ( 2 ~ ) = 1 3 .  5 ,  a H ( 1 2 ~ ) = 1 2 .  7G, g=2.0034+0.0004 - 
(F igure  11- l la ) ;  ( l i t .  a N ( 2 ~ ) = 1 3 . 5 ,  aH(12H)=12.7G, g=2.0035 (15 ) ) .  

This  s i g n a l  decayed over one hour bu t  was s t rong  i n i t i a l l y  r e l a t i v e  t o  t h e  

Varian s t r o n g  p i t c h  sample No.904450.01. This  s i g n a l  was s imulated by the  

EPRCAL program us ing  the  observed coupl ing cons tan ts  (F igure  XI- l lb ) .  

I n  a  s e p a r a t e  experiment (F igure  11-8),  a  s o l u t i o n  of 0.17M TMT, 1.1M 

CF3COOH i n  a c e t o n i t r i l e  showed an e . s . r .  s i g n a l  of IMT" a t  -45' 

(F igure  XI-8a). During pho to lys i s  a t  -45' with a  200W Wild lamp, t h e  

on ly  e . s .  r .  s i g n a l  observed was t h a t  of RIT'+ (F igure  XI-8c). The 

r e c e i v e r  ga in  of t h e  e .  s .  r .  machine was turned down and when t h e  

pho to lys i s  was s topped,  t he re  was an immediate b u i l d  up of TMH" (F igure  

11-8b). The TMH" s i g n a l  a t  -45' reached a  maximum wi th in  10 

minutes [F igure  I I -8dY aN(2N)=13.2, a H ( 1 2 ~ ) = 1 2 . 7 ~ ,  g=2.0039+0.0006]. - 
The TMH" s i g n a l  decayed s lowly over  s e v e r a l  hours  a t  -45' o r  w i t h i n  30 

minutes on warming t o  room temperature  t o  be replaced by t h a t  o f  TMT". 

When t h i s  s o l u t i o n  con ta in ing  TMT" was recooled t o  -45' and 

cyc'lohexene added, t he re  was no change i n  t h e  TMT" s i g n a l  (Figure 



11-10). When t h e  s o l u t i o n  a t  -45' c o n t a i n i n g  TMH" was t r e a t e d  wi th  

cyclohexene ( c a .  0 .2ml) ,  t h e  TMH'+ s i g n a l  d e c r e a s e d  ( F i g u r e  11-9) 

immediate ly .  

b )  I n  Benzene: A s o l u t i o n  of  RIT ( 0 . 1 ~ )  and CF3COOH (1.3M) i n  

benzene showed s t e a d y  gas  e v o l u t i o n  and a  deep yel low c o l o r  a t  room 

t e m p e r a t u r e .  

phase was p u t  

minutes  a f t e r  

i d e n t i f i e d  by 

A f t e r  30 more 

Two phases  appeared about  one minute  a f t e r  mixing.  The t o p  

i n t o  a  f l a t  e . s . r .  c e l l  and t h e  e . s . r .  spect rum recorded  30 

mixing ( F i g u r e  11-6b).  The spec t rum showed TMT", 

t h e  s e r i e s  of  o u t e r  bands ,  and a n o t h e r  s i g n a l  superimposed.  

m i n u t e s ,  t h i s  was r e p l a c e d  by a  weak s i g n a l  showing 17 major  

bands  4.2G a p a r t  i n  a n  i n t e n s i t y  r a t i o  ( o u t e r  t o  c e n t r e )  of  

12:23:25:35:60:65:73:90:100 a t  g=2.002+0.001 ( F i g u r e  11-6b). T h i s  s i g n a l  - 
i s  b e l i e v e d  t o  b e  due t o  an N,N,N1-trimethyldiaminomethyl r a d i c a l  11-2. 

The s i g n a l  f o r  11-2 was s i m u l a t e d  (EPRCAL) u s i n g  aN(N)=8,  aN(N1)=6,  

aH(N-Hh8, a H b H ) = 1 5 . 5 ,  aH(9H)=4G w i t h  a  g a u s s i a n  l i n e  b roaden ing  o f  

1.5G. ( ~ i g u r e  11-6c) .  T h i s  s i g n a l  d i s a p p e a r e d  w i t h i n  30 minu tes .  

c )  I n  1 : l  Cyclohexene-Acetoni t r i le :  A m i x t u r e  o f  TMT (0.25M) and 

CF3COOH (0.65M) i n  1 : l  ace ton i t r i l e -cyc lohexene  was made up by d ropp ing  a  

s o l u t i o n  o f  TMT (0.5M, 2ml) i n  cyclohexenene t o  a  s o l u t i o n  o f  CF3COOH 

( 1 . 3 ~ ,  2ml) i n  a c e t o n i t r i l e  a t  20'. The mix tu re  ( 2  p h a s e s )  showed s low 

g a s  e v o l u t i o n  and a  yel low c o l o r .  The t o p  phase of  t h i s  m i x t u r e  was p l a c e d  

i n  a  f l a t  e . s . r .  c e l l  and t h e  spec t rum recorded .  The b road  s i g n a l  of  

TMT" ( F i g u r e  I-7a) d i sappeared  w i t h i n  45 minu tes  t o  be r e p l a c e d  by a  
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weak s i g n a l  s i m i l a r  t o  t h a t  i n  Figure 11-6b showing a t  l e a s t  17 bands 4.2G 

a p a r t  i n  a  r a t i o  ( o u t e r  t o  c e n t r e )  of 7:12:20:25:50:60:63:75:100, 

g=2.0024+0.0004 - (Figure 11-7b). This  s i g n a l  disappeared wi th in  t h i r t y  

minutes .  

E) DECOMPOSITION OF TMT I N  H2S04 I N  THE PRESENCE OF TOLUENE 

1) General Procedure 

The decomposition of TMT was c a r r i e d  out  a t  var ious  temperatures i n  

t h e  range o f  -10 t o  80' i n  a  mixture of to luene  and concentrated 

H2S04. A s o l u t i o n  of TMT (1-3~i)  i n  toluene (4-201111) was added dropwise 

ove r  a  per iod of 15 minutes t o  a  v igorous ly  s t i r r e d  mixture of concentrated 

H2S04 (1.5-91111) and to luene  (4-20011) a t  a  p a r t i c u l a r  temperature.  the  

r e a c t i o n  mixture  was s t i r r e d  a  minimum of  15 minutes a f t e r  gas evolu t ion  

had ceased. During the  a d d i t i o n ,  the r e a c t  ion u sua l ly  turned t o  a deep 

purple  co lo r .  A t  h ighe r  temperatures  (50 and 80'1, t he  r e a c t i o n  mixture 

became brown or  yellow. I c e  (ca .  20g) was added and t h e  r eac t ion  mixture 

was e x t r a c t e d  with e t h e r  (25ml). The e t h e r  e x t r a c t  was washed with d i l u t e  

a c i d  (1N HC1,  2xl5ml),  followed by water (2xl5ml) ,  and d r i ed  over 

K2C03. The so lven t  was removed (20~/3Omm Hg) and t h e  res idue  

d i s t i l l e d  t o  remove to luene  ( t o  110'). The res idue  was then analyzed by 

g . c . ,  i . r . ,  n .m.r . ,  m.s . ,  and g.c.-m.s. f o r  non-basic products .  



A d d i t i o n  of  i c e  u s u a l l y  produced a  p r e c i p i t a t e  of  d a r k  t a r r y  m a t e r i a l .  

A f t e r  t h e  non-basic p r o d u c t s  were e x t r a c t e d  wi th  e t h e r ,  t h i s  m a t e r i a l  was 

c o l l e c t e d  by s c r a p i n g  i t  o f  t h e  s i d e s  o f  t h e  f l a s k .  I t  was washed wi th  10% 

aqueous KOH s o l u t i o n  fol lowed by w a t e r  and t h e n  e t h e r ,  d r i e d  and ana lyzed  

f o r  p r o d u c t s  by i . r . ,  n . m . r . ,  and mass s p e c t r a .  I t  u s u a l l y  c o n s t i t u t e d  a  

l a r g e  amount o f  t h e  p r o d u c t s  (100-600mg/g s t a r t i n g  TMT). 

The aqueous washings  from above were combined wi th  t h e  major aqueous 

p o r t  ion .  T h i s  was b a s i f i e d  wi th  40% aqueous KOH a t  0-5' and e x t r a c t e d  

w i t h  e t h e r  (2x25ml).  The e t h e r  s o l u t i o n  was washed wi th  s a t u r a t e d  aqueous 

NaCl ( lx15ml1,  d r i e d  o v e r  K2C03 and e v a p o r a t e d  (20~/30mm Hg) t o  g i v e  

a  p a l e  ye l low o i l .  T h i s  o i l  was ana lyzed  by n .m.r . ,  i . r . ,  g . c . ,  m . s . ,  and 

g.c.-m.s. f o r  p r o d u c t s ,  some o f  which were i s o l a t e d  by colunm 

chromatography. The c o n d i t i o n s  and r e s u l t s  a r e  summarized i n  Tab le  11-2 

( s e e  R e s u l t s ) .  

2 )  I s o l a t i o n  and I d e n t i f i c a t i o n  of  P roduc t s  

A s o l u t i o n  o f  TMT (0 .9g ,  0.0077 moles )  i n  t o l u e n e  ( 4 . l m l )  was added 

dropwise o v e r  30 minu tes  t o  a  r a p i d l y  s t i r r e d  mix tu re  of t o l u e n e  (4.0m1, 

t o t a l  0.077 moles )  and c o n c e n t r a t e d  H2S04 (2.5m1, 4 . 3 g ,  0.045moles) a t  

-5'. I t  i s  n e c e s s a r y  t o  s p e c i f y  t h e  m l a r  r a t i o  ( i n  t h i s  c a s e  

RIT:toluene:H2S04 = 1:10 :6 ,  Reac t ion  9 ,  Tab le  11-21 s i n c e  t h e  r e a c t i o n  

c o n s i s t e d  o f  two l i q u i d  p h a s e s .  Half way through t h e  a d d i t i o n ,  much gas  



a s  
temperatures  above 20•‹, no temperature increase  was observed) ,  and the  

I* ' 

t 5  * .  mixture became deep purp le .  The temperature  dropped quick ly  i n  f i v e  

minutes t o  below 0'. The r e a c t i o n  was kept  a t  -5 t o  0' f o r  20 hours ,  

a t  which time t h e  r eac t ion  mixture became a  deep brown c o l o r ,  and was 

worked up as descr ibed  above. 

The ac id  and n e u t r a l  f r a c t i o n  was obtained a s  a  pa le  yellow o i l  

(142mg): i . r .  3028(s ) ,  2920, 1604, 1516, 1497(s ) ,  1456(s ) ,  1031, 791(w), 

, 769(w), 746, 729 ( s ) ,  6 9 8 ( s ) ,  and 600(w) cm-l. The n.m.r.  showed the o i l  

t o  con ta in  to luene  and benzyl toluenes (11-4) ( i d e n t i f i e d  a s  o r t h o  and 

para  by comparison of t he  i . r .  and n.m.r .  s p e c t r a  with those of the  - 
a u t h e n t i c  (134))  i n  a  6:94 r a t i o :  7 2 . 8 1 ( s )  and 7 .71(s )  ( t o l u e n e ) ;  

72.75-3.00 (rn,9H); 6 .05  ( s ;  0-11-4, - CH2) and 6.10 ( s ,  p-11-4, CH2) (2H, - 
r a t i o  37:63); 7.15 (weak s i n g l e t  ass igned t o  bibenzyl  (134) ) ;  7.71 ( s ;  

p-11-4, CH3) and 7.79 ( s ;  0-11-4, CH3) ( 3 ~ ,  r a t i o  63:37 a f t e r  to luene  - - 
s i g n a l  a t  77.71 s u b t r a c t e d ) .  The benzyl toluenes amounted t o  a  

9.4% y i e l d  based on s t a r t i n g  TMT b u t  could n o t  be s epa ra t ed  by 

p repa ra t i ve  g .c .  ( r . t .=2Omin. ,  25% SE-30 on Chromasorb W 60180, 12'x1/4" 

aluminum column, 180•‹, He i n l e t  p r e s s .  20ps i ) :  m.s. m/e(%) ,  182 (M+, 

921, 167(100),  165(38) ,  152(15) ,  141(4) ,  128(6) ,  115(6) ,  104(36) ,  91(19),  

77(10) ,  65(8) ,  and 51(6) .  
- 

*Note: I n  two s e p a r a t e  experiments ,  the  condi t ions  were kept  cons tan t  

and t h e  temperature monitored i n  each c a s e ,  the temperature rose 

r a p i d l y  from -5' t o  above 20' when t h e  purp le  co lor  appeared and 

gas evo lu t ion  s t a r t e d ,  bu t  qu ick ly  dropped t o  below 0'. 



The polymeric m a t e r i a l  i s o l a t e d  ( ca .  400mg) was completely s o l u b l e  i n  

concen t r a t ed  H2S04; s l i g h t l y  so lub le  i n  C H 2 C 1 2 ,  CHC13 o r  

CH3COOH; and i n s o l u b l e  i n  C C 1 4 ,  e t h e r ,  ace tone ,  methanol, water ,  o r  40% 

aqueous KOH: i . r .  3500-2000(b), 3420(bs) ,  2408(w), 1600(s ) ,  1510, 1494, 

1220(8) ,  1170(s ) ,  1033(s ) ,  1011(s ) ,  817, 739(s ) ,  and 701(s)  cm-l; n.m.r. 

( C D C ~ ~  a f t e r  f i l t r a t i o n )  ~ 2 . 8 0 ( s ) ,  2.70-3.60(bm), 5.9-6.3(bm), 

6.9-7.8(bm), and 7 .63 ( s ) ;  n.m.r.  ( H ~ s O ~ ,  poor r e s o l u t i o n )  

~2.0-3.0(bm),  and 6.5-7.6(bm); e . s . r .  ( H ~ s O ~ )  s i n g l e t  9 A G ~ ~ ~ ~ G ,  

g=2.0036+0.0004, s t r o n g  s i g n a l  r e l a t i v e  t o  Varian weak p i t c h  sample; m . s .  - 
(280') peaks m/e)600, major peaks: m/e(%) ,  229(2) ,  224(2) ,  172(26) ,  

and 44(100).  

The b a s i c  f r a c t i o n  was obtained a s  a yellow o i l  (238mg) and showed: 

r .  3100-3000(w), 2940(s) ,  2800(s ) ,  1605, 1040(s ) ,  808, 748(s ) ,  and 

700(s)  an-'; n.m. r. ~ 2 . 8 1 ( s ) ,  2.75-3.66(bm), 6.30-7.lO(bm), 

7.10-7.35(m), and 7.50-7.80(m). Chlorobenzene (V-1) (O.lml, 0 . 1 9 7 ~ )  was 

added t o  t he  bas i c  f r a c t i o n  and d i l u t e d  with CC14  t o  5ml. This  was 

analyzed on a 10% Carbowax 20M on Chromasorb W 100/120, 10'x1/16" s t a i n l e s s  

s t e e l  column, from 100 t o  200' a t  2O/min., N 2  c a r r i e r  gas i n l e t  

p r e s su re  30ps i ,  and a H2 flame d e t e c t o r  a t  23psi ,  250'. Yields  were 

c a l c u l a t e d  by the  fol lowing formula ( s ee  r e f e r ence  53):  



M is  t h e  c o n c e n t r a t i o n  o f  V-1, AII-3 and AV-l a r e  t h e  g . c .  peak 
F ' 
6%. a r e a s  o f  - p-11-3 and V-1 (determined wi th  a  d i s c  i n t e g r a t o r ,  c o r r e c t e d  

f o r  b a s e l i n e  d r i f t ) ,  1.19 i s  a  predetermined r a t i o  o f  t h e  g . c .  peak a r e a s  

of one mole p-11-3 t o  one mole V-1 , V i s  t h e  volume (5ml) ,  and TMT i s  t h e  - 
s t a r t i n g  amount o f  TMT i n  moles.  The y i e l d s  of t h e  o t h e r  p roduc t s  were 

c a l c u l a t e d  assuming t h e  r a t i o  1.19 t o  be c o n s t a n t .  t h e  g.c .  peak a r e a s  

were checked f o r  a  l i n e a r  response t o  v a r i o u s  c o n c e n t r a t i o n s  of s t a n d a r d  

V-1 s o l u t i o n s  ( 0 . 1  t o  0.3M) and v a r i o u s  range ( 1  t o  100) and a t t e n u a t i o n  

(32 t o  256) s e t t i n g s  on t h e  F&M gas  chromatograph. The response was 

l i n e a r ,  excep t  f o r  a  s e t t i n g  of range = 1  and a t t e n u a t i o n  = 64 ,  128, o r  256. 

A s  a  r e s u l t ,  t h e  l a t t e r  s e t t i n g s  were n o t  used.  

Table  V-1 : Gae Chromatographic Analvs i s  o f  t h e  Basic  F r a c t i o n  from 

React ion 9 (Table  11-2).  

Compound 

1-30 

v- 1 

11-7 

0-11-3 - 
11-10 

11-6 

p-11-3 - 

r . t .  (min. )  Area 

4 .6  - 
6.0 2624 

9 .2  12 0  

10.2 9  2  

15 .o 9 4  

18.6 250 

19.4  1900 

% Yield  

Standard 

m-11-3 - 20.2 26 0  1.2 

11-8 23.0 708 3 .1  

11-9 26.0 70 0 .3  

Others  >35 - c a .  5 



This  procedure showed the o i l  t o  con ta in  t h e  compound given i n  Table 

V-1. A l l  major peaks,  except  f o r  11-10 the s t r u c t u r e  of which was deduced 

from i t s  m . s .  fragmentation p a t t e r n ,  were i d e n t i f i e d  by g .c .  peak 

matching with t h e  a u t h e n t i c  compounds (133) and were f u r t h e r  confirmed by 

g.c.-m.s. (5% Carbowax 20M on Chromasorb W 60180, 6'x1/4" g l a s s  column, 

1 5 0 ~ ) .  The g.c.-m.s. r e s u l t s  a r e  given i n  Table 11-3 ( ~ e s u l t s ) .  Traces  

of o the r  amines were de t ec t ed  by g.c.-m.s. : m . s .  m/e(%) ,  2 2 5 ( ~ + , 1 ) ,  

134(90),  91(100),  77 (1 ) ;  m.s. m /e (%) ,  1 7 8 ( ~ + , 1 ) ,  134(100); m.s. 

m/e(%) ,  1 9 2 ( ~ + , 3 ) ,  l 4 8 ( 2 ) ,  134(15) ,  58(100) ,  44(12) .  The s t r u c t u r e  of 

these  could no t  be determined a c c u r a t e l y .  

Chromatography on a s i l i c i c  ac id  column of the  b a s i c  e x t r a c t s  from 

r e a c t i o n s  2 and 3 ( s ee  Resu l t s ,  Table 11-2) a f fo rded :  ( i )  a mixture  of 

t o l u i d i n e s  0-11-3 and m-11-3 with a t r a c e  of p-11-3 showing one spo t  on - - - 
a t . 1 . c .  p l a t e  ( s i l i c i c  a c i d / e t h e r ) :  i . r .  3010(w), 2965(s) ,  2930, 

2875, 1491(s ) ,  1260, 8 0 9 ( s ) ,  750(s)  and 7.30 cm-l; n.m.r. 

t2.9-3.6(bm), 7 .15 ( s ) ,  7 . 3 5 ( s ) ,  and 7 .70 (bs ) ;  ( i i )  - p-11-3 a s  t he  major 

isomer: i . r .  3005(w), 2920( s ) ,  2855, 2800, 1610, 1518(s ) ,  1341(s ) ,  

946 ( s ) ,  8 0 5 ( s ) ,  and 744 ern-'; n.rn.r. ~ 2 . 9 - 3 . 6 ( b m , 4 ~ ) ,  7 .13(9,68) ,  and 

7.78(s,3H); and ( i i i )  a 2 : l  mixture  of 11-8 and p-11-3 showing one spo t  - 
on a t .  1 . c .  p l a t e :  i . r .  3030(w), 2950(s ) ,  2920(s) ,  2855(s ) ,  2805(s ) ,  

1607(s) ,  1540, 14YO(s), 1378, 1340(b) ,  1274(s ) ,  1219, 1163, 1115, 1021, 

990, 948, 868, 8 0 7 ( s ) ,  748(s ) ,  and 718 cm-l; n.m.r.  r2.95-3.80(bm), 

6.60-7.10(bm; 11-8, CH2CH2), 7 .13(s ;  2-11-3, N ( c H ~ ) ~ ) ,  7 .30(s ;  

11-8, N G H ~ ) ,  and 7 .78 ( s ;  - p-11-3, (P-CH~)  r a t i o  of  s i n g l e t  r 7 .30  t o  

s i n g l e t  7-7.7812 : 1. The above compounds were i d e n t i f i e d  by comparison of 

t h e  i . r .  and n.m.r. s p e c t r a  t o  t he  au then t i c  m a t e r i a l s  (134,136).  
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F) DECOMPOSITION OF TMT 1N CF3COOH I N  THE PRESENCE OF TOLUENE 

1 )  Neat 

The gene ra l  procedure was s i m i l a r  t o  t h e  above TMT decomposition i n  

H2S04. The r e s u l t s  a r e  presented i n  Table 11-4 ( s ee  R e s u l t s ) .  A 

s o l u t i o n  of TMT (0 .9g,  0.0077moles) i n  to luene  (4.0ml) was added dropwise 

ove r  15 minutes a t  a  p a r t i c u l a r  temperature with r ap id  s t i r r i n g  t o  a  

s o l u t i o n  of  CF3COOH (5.25g, 0.0462moles) i n  toluene (4.lm1, t o t a l  

0.077moles). During t h e  course of a d d i t i o n ,  a  gas was evolved and two 

l i q u i d  phases appeared, the lower be ing  yellow. The r e a c t i o n s  were 

te rmina ted  by add i t i on  of i ce  (25g) and worked up and analyzed a s  descr ibed  

above. Nei ther  purp le  co lo r  nor polymeric m a t e r i a l  was observed, except 

where noted i n  Table  12-4 

0-11-3 was i s o l a t e d  by p repa ra t i ve  g.c .  (25% Carbowax 20 PTAT) a s  t he  - 
major isomer i n  r e a c t i o n  15 (Table 11-4): i . r .  2940(s) ,  2870, 2835(s) ,  

2780, 1600(s ) ,  1494(s ) ,  945 ( s ) ,  805, 762 ( s ) ,  and 725(s)  cm-l. The t r i m e r  

1-30 was sepa ra t ed  from t h e  mixture  by subl imat ion (30~/20mm Hg): i . r .  

3400(wb), 2946(s) ,  2790(s ) ,  1660(wb), 1470, 1449, 1389, 1263, 1238, 1160, 

1125(s ) ,  1003, 915 ( s ) ,  and 860cm-l; n.m.r. T 6.80(sY6H) and 7.80 ( s , 9 ~ ) .  

2 )  I n  Solvent 

A s o l u t i o n  of CF3COOH (5.25g, 0.0462moles) i n  20ml of a  so lven t  



( a c e t o n i t r i l e ,  per f luoroa lkane-70  o r  brornoform) was added a l l  a t  once t o  a  

s o l u t i o n  of TMT (0 .9gY 0.0077moles) i n  to luene  (8.lm1, 7.2g, 0.0077moles) 

wi th  r ap id  s t i r r i n g  a t  40'. The mixture became yellow and slow gas 

evo lu t ion  was observed. Two l i q u i d  phases were observed i n  t h e  case  of 

perf luoroalkane-70 and bromoform, but only one i n  t h e  case  of a c e t o n i t r i l e .  

Af te r  2  hours ,  t h e  mixture  was evaporated t o  l O m l  (15•‹/30mm Hg) and 

d i l u t e  H C l  (3N, 10m1, 0.03moles) added. The r e a c t i o n s  were then worked up 

and analyzed a s  above. Nei ther  purple c o l o r ,  polymeric m a t e r i a l ,  nor any 

r i s e  in  temperature  was observed. 

G) PHOTOLYSIS OF TMT I N  THE PRESENCE OF HC1 AND CYCLOHEXENE 

A s o l u t i o n  TMT (3g, 0.025moles, 0.125M), cyclohexene (20m1, 16.5g, 

0.2moles, l ~ ) ,  and concent ra ted  H C 1  (15m1, 0.2moles, 1M) i n  a c e t o n i t r i l e  

(2001111) was placed i n  a  photo lys i s  v e s s e l  and purged with n i t rogen  f o r  10 

minutes a t  -5 t o  o0 ( i c e l s a l t  ba th ) .  The s o l u t i o n  was then i r r a d i a t e d  

f o r  69 hours  with a  medium pressure  200W Hanovia lamp a t  o0 under 

n i t r o g e n  through a  Pyrex* f i l t e r  u n t i l  a l i q u o t s  (5A1 disso lved  i n  5ml 

methanol) showed no U . V .  absorp t ion  maximum a t  239mm. 

The photo lysa te  was evaporated t o  20ml (20~/30mm Hg) and e x t r a c t e d  

wi th  e t h e r  (2x30ml). The e t h e r  phase was washed with water  (20ml), d r i ed  

ove r  K2C03, and evaporated (2o0/30rnm Hg) t o  y i e l d  an  o i l y  res idue  

(22.5mg). The n.m.r. of t h i s  res idue  showed no N-CH3 s i g n a l  and t . 1 . c .  

( a l u m i n a / ~ ~ ~ ~ l ~ )  showed a t  l e a s t  four spo t s .  
- 

*Note: I t  was o r i g i n a l l y  planned t o  use a  Vycor f i l t e r .  This f i l t e r  

was e r roneous ly  l a b e l l e d  Vycor"  bu t  found l a t e r  t o  be  Pyrex. 



The aqueous s o l u t i o n  was b a s i f i e d  with NaOH s o l u t i o n  (20% aqueous, 

120ml) a t  0-5' and cont inuously ex t r ac t ed  with e t h e r  (200m1, ove rn igh t ) .  

The e t h e r  s o l u t i o n  was d r i e d  over MgS04 and evaporated (20•‹/30mm Hg) t o  

give a pa le  yellow o i l  (2 .52g) :  n.m.r.  ~ 4 . 3 0 ( m ) ,  5.45(m), 6.35(m), 

6 .75(s ) ,  7.60-7.90 ( ca .  7 s i n g l e t s ) ,  and 7.90-8.10(bm). 

This  crude bas i c  f r a c t i o n  showed seven s p o t s  on a t . 1 . c .  p l a t e  

(a lumina /e ther ) .  This  mixture (2 .50g)  was chromatographed on a s i l i c a  g e l  

column (70g) and gave, on e l u t i o n  with e t h e r ,  a f r a c t i o n  (lOmg, 0 .2%)  which 

showed one spot  on a t . 1 . c .  p l a t e  and was t e n t a t i v e l y  i d e n t i f i e d  a s  a 

bis-dimethylaminobicyclohexane (11-15): i . r .  2930(s) ,  2860, 2780, 1450, - 
1261, 1185(w), 1153, 1042(sb) ,  872, and 805(b)  cm-l; h.r .m.s.  (90') 

m/e(%),  252.2541 (M', 8 ;  ca l cd .  fo r  C16H32NZ: 252.2565), 237.2307 

(12; ca lcd .  f o r  C l 5 H Z 9 N 2 :  237.2330), 208.2044 (14; ca lcd .  f o r  

C14H26N: 208.2065), 207.1966 ( 2 2 ;  ca l cd .  fo r  Cl4HZ5N:  207.1987), 

192.1724 (12; ca lcd .  f o r  C13H22N: l92.1752) ,  167.0839 (20; ca lcd .  

f o r  C13H11: 167.0861), 149.1061 (24;  ca l cd .  f o r  C9H13N2: 

149.1079), 140.1415 (24; ca lcd .  f o r  C9H18N: 140.1439), 125.1201 (36; 

ca l cd .  f o r  C8H15N: 125.1206), 84(100) ,  71(46) ,  and 58(54). 

Continued e l u t i o n  with e t h e r  gave a pa le  yellow o i l  

(285mg, 7.1%) i d e n t i f i e d  by i ts  s p e c t r a l  c h a r a c t e r i s t i c s  as 

trans-2-chloro-N,N-dimethylcyclohexylamine 1 - 1 6 ) :  n.m.r. ~ 6 . 1 1  - 
( d t ;  5 4  and 10Hz; lH) ,  7.65(m,lH), 7.67(s,6H), and 8.0-9.0(mY8H). The 

g . c  .-m. s .  (10% SE-30, 100-200•‹ a t  loO/min) i nd i ca t ed  11-16 t o  be 



95% pure showing two peaks a t  1.9min., m/e(%),  l 6 3 ( ~ + ,  l 4 ) ,  

1 6 1 ( ~ + , 3 3 ) ,  126(313, 118(11j ,  84(100) ,  71(36) ,  586141, 44(14) ,  and 

42(17);  and 1.3min., m/e(%) ,  1 7 7 ( ~ + , 3 ) ,  1 7 5 ( ~ + , 8 ) ,  140(2) ,  96 (4 ) ,  

95(3) ,  84 (6 ) ,  and 58(100).  The r a t i o  of t he  peak a t  1.9 min. t o  t h a t  

a t  1 .3  min. was 95:5. The impuri ty  i n  11-16 is  be l ieved  t o  be a  

dirnethylaminomethylchlorocyc lohexane (11-17) on the  b a s i s  of i t s  m. s .  

f ragmentat ion p a t t e r n .  This  o i l  s lowly decomposed on s t and ing ,  

t u rn ing  t o  a  brown t a r  wi th in  s e v e r a l  days.  I t  was sublimed 

(40~/0.05mm Hg) t o  give ca .  l0mg of a  yellow l i q u i d  which was 

immediately s e n t  ou t  f o r  h . r .m.s .  : m/e, 163.1011 (ca lcd .  f o r  

3  5 163-0942),  161.0944 ( ca l cd .  f o r  C8H16N C 1 :  

161.09721, 126.1280 (ca lcd .  f o r  C8H16N: 126.1282). 

E lu t ion  with 10% CH2C12 i n  e t h e r  gave a  yellow o i l  (59mg, 1.5%) 

i d e n t i f i e d  from s p e c t r a l  d a t a  a s  &-2-chloro-N,N-dime thylcyc lohexylamine 

(11-18). I t  was shown t o  be over 95% pure by g . c .  a n a l y s i s  (10% SE-30); 

n.m.r. T 5.43(m, W112=7Hz, I H ) ,  7.67(s,6H), 7.75(m,lH), and 

8.0-9.O(m,8H). The g .  c  . - m . s .  (10% SE-30, 100-200' a t  loO/min) showed 

the  major peak a t  2.4min. ( t h e  m . s .  p a t t e r n  i d e n t i c a l  t o  t h e  trans-isomer 

. 11-16], and an  u n i d e n t i f i e d  peak a t  1 . 3  min. i n  a  r a t i o  o f  98:2. This  o i l  

qu i ck ly  decomposed a t  room temperature  t o  give a  dark brown t a r .  

E lu t ion  wi th  20% methanol i n  CH2C12 gave a  pa le  yellow l i q u i d  

which cons i s t ed  mainly of imine t r imer  1-30 (292mg, 28%): i . r .  

2946(s) ,  2790(s) ,  1660(wb), 1470, 1449, 1389, 1263, 1238, 1160, 



1115(s ) ,  1003, 9 1 5 ( s ) ,  and 860cm-I; n .m.r .  y 6 . 8 3 ( s , 6 ~ )  and 

7.84(s ,  9 ~ ) .  

The crude b a s i c  e x t r a c t  was analyzed by g . c .  peak matching (10% 

Carbowax 20M, 100-200" a t  2'/min. 1. This  showed the t r imer  1-30 a s  t h e  

major c o n s t i t u t e n t  a t  1 .1  min. along wi th :  3-dimethylaminocyclohexene 

(11-19, 2.2min. 1, dime thylaminocyclohexane (11-20, 6. lmin. 1, 11-16 

(8.0min.),  and 11-18(9.0min.) i n  equal  g . c .  peak a r e a s .  11-20 was 

ob ta ined  from methylat ion of cyclohexylamine and 11-19 from a r e a c t i o n  of 

3-bromocyc lohexene and dime thy lamine. 

The s i l i c a  g e l  column was washed with d i l u t e  H C 1  ( I N ,  500ml methanol).  

The major i ty  of t h e  so lven t  was evaporated a f t e r  f i l t r a t i o n ,  the res idue  

was b a s i f i e d  and e x t r a c t e d  with CH2C12.  The CH2C12 phase was d r i e d  

over  MgS04 and evaporated t o  y i e l d  a c o l o r l e s s  o i l  (725mg): i . r .  

2920(s) ,  2860(s) ,  2822(s ) ,  2772(s ) ,  1450( s ) ,  1373, 1270, 1260, 1194, 1154, 

1036(s ) ,  868, 848, and 812(w) cm-l; n.m.r. 7 7 . 4 5  ( p a r t  of d t ,  

5-12 and 3 ~ ~ 1 ,  7 .75 ( s ) ,  7 .79 ( s ) ,  7 . 8 1 ( s ) ,  and 7 .9-9 .0(bm) .  This  r e s idue  

showed t h r e e  components on a p repa ra t i ve  g . c .  c o l u m  (20% Dowfax 9N9, 10% 

TEP on Chromasorb P 60180, 8 'x1/4" copper ,  150-200' a t  2•‹/min., He 

i n l e t  p r e s su re  a t  18ps i ,  and a thermal conduc t iv i t y  d e t e c t i o n ) .  The 

fol lowing compounds were i d e n t i f i e d  by peak matching with t h e  a u t h e n t i c  

( s e e  syntheses  below) and the  y i e l d s  a r e  approximated from g.c .  peak a r e a s  

a s  no o the r  compounds were observed. The g . ~ .  showed t h i s  r e s idue  t o  

con ta in :  trans-1,2-&- dimethylaminocycl~hexane (11-21, 26min., 2 .4%) ,  



trans-2-dimethylaminomethyl-1- dimethylaminocyclohexane (11-22, 28min., 

13%), and - cis-2-dimethylaminomethyl-1- dimethylaminocyclohexane (11-23, 

33min., 1%) in a g . c .  peak area ratio of 15:80:5, respectively. 

The major component was isolated by preparative g.c .  and shown to be 

pure 11-22: it had identical i.r., n.m.r., and m.s. to the authentic 

material synthesized by another route (see below). The dipicrate (ca. 

lOmg) was recrystallized from ethanol as yellow needles, mp 176-177O, 

authentic dipicrate of 11-22 mp 176-179' (see below), mixed mp 176-177'. 

h.r.m.8. M+ n/e calcd. for CllHZ4N2: 184.1939 

M+ m/e found : 184.1941. 

H) SYNTHESIS OF Trans-1,2-BisDIMETHYLAMINOCYCLOHEXANE (11-21) - 

1) Preparation of Trans-1,2-cyclohexanediamine (V-4) 

V-4 was prepared by the method of G. Swift (173) as outlined in 

Scheme V-1. 

a,:~ W A / h -  C HrO 

2o0/50& 
3) OH- (Y- 2 )  (P- 3) z l a p  (a- 21) 

Scheme V-1 



7-Azobicyclo[4.1.0]heptane (V-2) was ob ta ined  crude from a  r e a c t i o n  of 

cyc lohexene (8.2g,  0.  lmoles) , iod ine  (25.4g, 0. lmoles) and f r e s h l y  prepared 

s i l v e r  cyanate (180) (15g, 0 . lmoles)  i n  dry e t h e r .  The e t h e r  phase was 

evaporated a f t e r  f i l t r a t i o n ,  dry methanol (150ml) was added t o  t h e  res idue  

and t h e  s o l u t i o n  re f luxed  f o r  5  hours .  To t h i s  was then added a  s o l u t i o n  

o f  KOH (30g i n  601111 H20) and re f luxed  an a d d i t i o n a l  5  hours .  V-2 was 

obtained a s  a  crude o i l  (7.63g, 79%):  i . r .  3280(b),  3001, 2938(s) ,  2862, 

1645, 1443, 1252, 962, 879, 8 3 6 ( s ) ,  and 775(s)  cm-l; n.m.r.  r 7 .21 (bs ,  

D20 exch. , lH) ,  7.78-7.85(m, 2 ~ 1 ,  8.03-8.37(bm, 4H), and 8.42-8.92(bm,4H). 

The az ide  V-3 was prepared from crude V-2 by a  r e a c t i o n  with NaN3 

(19.58, 0.3moles) and NH4C1 (16.0g, 0.3moles) i n  ethanol-water (3:1,  

400ml). Th i s  gave crude V-3 a s  an o i l  (3.39g, 31%, 24% o v e r a l l ) :  i . r .  

3300(sb),  l59O(s) ,  209O(s), and l258 ( s )  cm-l. 

V-4 was ob ta ined  by c a t a l y t i c  reduc t ion  of crude V-3 over  Adam's 

c a t a l y s t  (P t02 ,  200mg) f o r  2  days a t  20' and 800psi  hydrogen. V-4 was 

obtained a s  a  c o l o r l e s s  o i l  (2.63g, 96%, 23% o v e r a l l ) :  i . r .  

3280(b),  1578(b),  1450(s ) ,  1377, 1085, 1052(s ) ,  and 960-840(b) cm-l; 

n.m.r. 77 .60 -7 .90 (bm,2~) ,  8 . 0 6 ( b s , ~ ~ O  exch. ,  4 ~ ) ,  and 8.0-8.9(brn,8~) .  

2 )  P repa ra t i on  of 11-21 

11-21 was prepared from V-4 by an  Eschweiler-Clark methylat ion a s  

o u t l i n e d  by F. Wintern i tz  e t  a l .  (181) f o r  t h e  methylat ion of a  mixture 



of  V-4 and t h e  c i s  isomer. V-4 (2 .5g ,  c rude)  was r e f luxed  f o r  12 hours  i n  - 
a s o l u t i o n  of formic ac id  (90% aqueous, F isher  S c i e n t i f i c  Co., 301111, 

0.6moles) and formaldehyde (37% aqueous, Mal l inckrodt ;  601111, 0.75moles) 

t o  g ive  11-21 a s  a  pa le  yellow o i l  (2.59g, 66%, 15% o v e r a l l  from 

cyclohexene) .  This  o i l  showed one major component ( ca .  90% of a l l  g .c .  

peaks) on a  p repa ra t i ve  g - c .  c o l u m  a t  22 min. (20% Dowfax 9N9, 10% TEP 

on Chromabsorb P 60/80, 8 'x1/4" copper ,  180') and s e v e r a l  o the r  g .c .  

peaks a t  h igher  r e t e n t i o n  t imes .  11-21 was i s o l a t e d  by p repa ra t i ve  

g .c . :  i . r .  2928(s ) ,  2862(s ) ,  2830(s) ,  2781(s ) ,  1452(s ) ,  1172(s ) ,  

1065, 1047(s ) ,  1026( s ) ,  950, and 878 cm-l; n.m. r .  t 7.71(s912H), 

7.45-7.75(bm,2H), 8.00-8.45(bm,4H), and 8.6-9.l(bm, 4 ~ ) ;  m . s .  (80') 

m/e(%),  1 7 0 ( ~ + , 1 0 0 ) ,  155(6) ,  125(27) ,  124(29) ,  110(25) ,  97(53) ,  

84(100),  71(84) ,  and 58(65) .  The d i p i c r a t e  of 11-21 was 

r e c r y s t a l l i z e d  from e thano l  a s  yellow p l a t e s  mp 209-211' ( l i t .  mp 

204O (181)) .  

Anal. Calcd. f o r  C22H28N8014: C ,  42.04; H, 4.49;  N, 17.83 

found : C ,  42.16; H ,  4.47; N ,  17.97 
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1 )  P repa ra t i on  of Cis- and Trans-2-dimethylaminomethyl- 

I )  SYNTHESIS OF - C i s -  and Trans-2-DIMETHYLAMINOMETHYL-1-DIMETHYLAMINO- 

CYCLOHEXANE, 11-23 and 11-22. 

cyc lohexylamine (V-6) 

V-6 was prepared by a  method o u t l i n e d  by J .  Hine and W.-S. L i  (182) 

and given in  Scheme V-2. 

Scheme V-2 

2-Dimethylaminomethylcyc lohexanone oxime V-5 was prepared by a  Mannich 

r e a c t i o n  (183).  Cyclohexanone (50g, 0.5moles),  dimethylamine hydrochlor ide  

(9g, 0.  l lmoles )  and formaldehyde (37% aqueous, 10m1, 0.12moles) were warmed 

t o  r e f l u x  f o r  30 minutes .  The mixture was cooled,  water  (501111) was added, 

t he  unreac ted  cyclohexanone was s epa ra t ed ,  and t h e  aqueous po r t i on  

evaporated t o  a  p a s t e .  This  p a s t e  was d i sso lved  i n  d i l u t e  NaOH (20% 

aqueous, 20m1, O.lmoles),  hydroxylamine hydrochlor ide ( l l g ,  0.15moles) was 

added, and t h e  s o l u t i o n  hea t ed  a t  80•‹ f o r  15 minutes.  Cooling and 

a d d i t i o n  of cold NaOH s o l u t i o n  (50% aqueous, 30ml) produced an immediate 

p r e c i p i t a t e  (19.33g) : mp 105-111'. This  p r e c i p i t a t e  was r e c r y s t a l l i z e d  

from aqueous e thano l  t o  y i e l d  V-5 a s  white  needles  (8.28gY 49%): mp 



113-116•‹, ( l i t .  mp 110-120' (184) ) ;  i . r .  3300-2500(b), 1642, 1174, 

1023, 1002, 9 3 8 ( s ) ,  8 9 i ,  871, 850, 822, 797, and 660cm-l; n.m.r. 

~ 0 . 0 9 ( b s ,  D20 exch . ,  IH), 7.30-7.65(bmY5H), 7.75(s,6H), and 

8. 2-8.5(bmY6li). 

The r e c r y s t a l l i z e d  oxime V-5 (4.34g, 0.025rnoles) was reduced with LAH 

(4g, 0.105moles) i n  r e f lux ing  dry e t h e r  f o r  seven hours .  The usual  work up 

provided crude V-6 a s  a c o l o r l e s s  o i l  (2.32g, 60%):  i . r .  3350(b),  

2930(s),  2860(s) ,  2820(s) ,  2770(s) ,  1595(b) ,  1450(s ) ,  1381, 1261, 1185, 

1156, 1041, and 849(b)cm-l; n.m.r.  7 7.40-7.80(m,2H), 7.83 and 7.87 (two 

s i n g l e t s  i n  a r a t i o  1 :3 ,  6H), 8 .08 ( s ,  D20 exch . ,  ZH), and 8.1-9.l(bm,8H). 

2 )  P repa ra t i on  and Separa t ion  of 11-22 and 11-23. 

The above crude V-6 (2.15gY 0.0137moles) was re f luxed  with formic a c i d  

(90% aqueous, 301111, 0.6moles) and formaldehyde (37% aqueous, 40m1, 

O.Smoles) f o r  20hours. D i lu t e  H C 1  (1NY20ml) was added and the s o l u t i o n  

evapora t ion  t o  201111 (35•‹/10rnm Hg). This  r e s idue  was b a s i f i e d  with KOH 

s o l u t i o n  (40% aqueous, 100ml) a t  oO, and e x t r a c t e d  with e t h e r  (2x50~11). 

The e t h e r  phase was d r i e d  over a c o l o r l e s s  o i l  con ta in ing  crude 11-22 and 

11-23 (2.32g, 94%, 28% o v e r a l l  from cyclohexanone): i . r .  2928(s) ,  

2860(s) ,  2820(s) ,  2770(s ) ,  l46O(s) ,  1453(s ) ,  1374, 1261, 1194, 1184, 1153, 

1037(s ) ,  887, 870, and 849 cm-l; n.m.r. T 7.82-7.88 (4 s i n g l e t s y 1 2 ~ ) ,  and 

7.46-9.10(bm,12H). 



11-22 and 11-23 were s epa ra t ed  by p repa ra t i ve  g.c .  (20% Dowfax 9N9, 

10%TEP on Chromasorb P 60180, 8 'x1/4" copper ,  170•‹, He i n l e t  p r e s su re  a t  

20ps i ) .  11-23 was ob ta ined  a s  an o i l :  r . t .=4 lmin . ;  r 2925(s) ,  

2855(e),  2818(s ) ,  2763(s ) ,  1451( s ) ,  1372, 1270, 1260, 1193, 1152, 1061, 

1036(s ) ,  1018, 870, 849 and 813cm-l; 'H n .m.r .  y 7 . 5 8 ( d t ,  

~ = 3 , 1 2 ~ z , l H ) ,  7 . 8 l ( s , 8 ~ ) ,  7 .87(sY6H) ,  and 7 .9-9 .2(bm,9~) ;  13c n.m.r. 

ppm 17.3,  21.3, 21.7, 30.6,  37.9 (c-2),  39.9 ( c H - N - ( c H ~ ) ~ )  46.0 

( - c H ~ - N - ( c H ~ ) ~ ) ,  62.8 ( c H ~ - N ) ,  and 66.2 (C-1); m.s. (80') m/e(%),  

1 8 4 ( ~ + , 2 7 ) ,  140(34) ,  139(66) ,  138(21) ,  126(14) ,  124(34) ,  111(36),  

110(51) ,  84(59) ,  71(48) ,  58(100),  44(36) ,  42(36) .  

Anal. Calcd. f o r  C l l H 2 4 N 2 :  C ,  71.68; H ,  13.12; N ,  15.20 

found : C ,  71.34; H ,  13.22; N ,  15.35 

The d i p i c r a t e  of 11-23 was r e c r y s t a l l i z e d  from e thano l :  mp 176-179' 

(decomp. 1. 

Anal. Calcd. f o r  C23H30N8014: C ,  42.99; H ,  4 .71;  N, 17.44 

found : C ,  42.80; H ,  4.71; N ,  17.34 

The c i s  isomer 11-22 was i s o l a t e d  a s  an o i l :  r . t .=5 lmin . ;  i . r .  - 

293O(s), 2860, 2818, 2764(s) ,  l 4 6 5 ( s ) ,  l 4 5 2 ( s ) ,  1374, 1261, 1183, l 035 ( s ) ,  

887, and 85612111-l; n.m. r .  ~ 7 . 8 0 ( m ,  W ~ , ~ = ~ H Z , ~ H ) ,  7.85(bs,  1 4 ~ 1 ,  and 

7.90-9.00(m,9H) ; t he  m.  s  . was i d e n t i c a l  t o  the  above t r a n s  isomer 11-23. 

The g.c .  peak a r ea  r a t i o  of  11-23 t o  11-22 was 6:4,  r e spec t ive ly .  



J )  DECOMPOSITION OF TMT I N  H C 1  I N  THE PRESENCE OF CYCLOHEXENE 

A s o l u t i o n  of TMT (3g, 0.026moles), cyclohexene (20m1, 16.4g, 

F 0.2moles), and concent ra ted  HC1 (15m1, 0.2moles) i n  methanol (2001111) was 

.c 
P s t i r r e d  i n  t he  da rk  a t  4' f o r  120 hours .  A t  t h i s  t ime, t he  r e a c t i o n  had 
: 
t 

reached one t h i r d  completion a s  i nd i ca t ed  by the  decrease  of t h e  237 nm 

U . V .  absorp t ion .  The s o l u t i o n  was then s t i r r e d  f o r  24 hours a t  room 

temperature ,  a t  which time no absorp t ion  maximum was observed a t  237 run. 

The s o l u t i o n  was evaporated t o  20ml (20•‹/10mm Hg) and t h e  r e s idue  

e x t r a c t e d  with e t h e r .  No products  were obtained on evaporat ion of  t h e  

e t h e r .  The aqueous methanol s o l u t i o n  was b a s i f i e d  with NaOH s o l u t i o n  (20% 

aqueous, 100ml) a t  0-5O and e x t r a c t e d  with C H 2 C 1 2  (2x501111). The 

CH2C12  phase was washed with s a t u r a t e d  NaCl s o l u t i o n  (20ml), d r i ed  over  

MgS04, and evaporated (steam ba th )  t o  y i e l d  a pa le  yellow l i q u i d  (1.76g) 

c o n s i s t i n g  of CH2C12 and the  imine t r imer  1-30 i n  a 5:6 molar r a t i o ,  

r e s p e c t i v e l y ,  a s  approximated by n.m.r.: ?4.60(s;CH2C12), 6 .83(s ;  

1-30, CH2), and 7.84(s;I-30,  CH3); t h e  r a t i o  o f  t h e  s i n g l e t s  a t  74.60 

and t 6 . 8 3  was 1:4.  The y i e l d  of 1-30 was q u a n t i t a t i v e .  

The above yellow l i q u i d  was f u r t h e r  evaporated t o  remove CH2C12: 

i . r .  2945(s) ,  2780(s) ,  2638, 1675(w), 1470, 1445, 1388, 1263(s ) ,  1236(s ) ,  

1160, 1115(s ) ,  1004, 915 ( s ) ,  and 860cm-I; n.m.r.  ( H ~ s o ~ )  ppm (from 

H SO ) -7.57(dt,  ~ = 6 , 1 . 5 H z , 3 ~ ) ,  -3.38(m,lH), -3.15(m,lH), and 2 4 



K) DECOMPOSITION OF TMT I N  CF3COOH I N  THE PRESENCE OF CYCLOHEXENE 

AND CARBON MONOXIDE 

A s o l u t i o n  o f  TMT ( l g ,  0.0088moles) and cyclohexene (7 .253,  

0.088moles) was added dropwise  o v e r  two minutes  t o  CF3COOH (8g ,  

0 .07 lmoles )  w i t h  r a p i d  s t i r r i n g  under  a  con t inuous  s t r eam of carbon 

monoxide (CO) a t  room tempera tu re .  A r e d d i s h  p u r p l e  c o l o r  developed 

immediate ly  i n  t h e  lower o f  t h e  two l i q u i d  phases  which were formed. A f t e r  

15  m i n u t e s ,  t h e  CO f low was momentari ly i n t e r r u p t e d  and gas e v o l u t i o n  was 

observed t o  come from t h e  lower p u r p l e  phase.  A f t e r  30 minu tes ,  t h e  p u r p l e  

c o l o r  had d i s a p p e a r e d ,  t h e  lower phase became p a l e  yel low,  and no gas  

e v o l u t i o n  was obse rved .  An a l i q u o t  ( 5 ~ 1  i n  25ml methanol)  showed no U.V.  

a b s o r p t i o n  a t  ha, 237 o r  277 nm, b u t  a  s t r o n g  a b s o r p t i o n  a t  260nm. The 

r e a c t i o n  was s t i r r e d  a n  a d d i t i o n a l  90 minu tes .  Water (50ml) was added and 

t h e  m i x t u r e  c o n t i n u o u s l y  e x t r a c t e d  wi th  1 : l  e the r -pen tane  (100m1, 

o v e r n i g h t )  t o  a v o i d  e x t r a c t i o n  of  CF3COOH ( i . r .  1823 and 1203cm" 

( 1 5 4 ) ) .  The e the r -pen tane  ~ h a s e  was washed wi th  d i l u t e  a c i d  (3N H C 1 ,  

l h l ) ,  d r i e d  o v e r  MgS04 and e v a p o r a t e d  (25•‹/30mm Hg) t o  g i v e  a  l i q u i d  

(283mg): i . r .  1 7 8 2 ( s ) ,  1640, 1 2 2 0 ( s ) ,  1 1 7 0 ( s ) ,  and 700cm-l; n.m.r. 

7 -1 .40(s ) ,  l . O l ( b s ) ,  and 7.20-9.00(bm), no N-CH3 s i g n a l  was seen .  When 

t h i s  l i q u i d  was d i s s o l v e d  i n  w a t e r  (5ml)  and s l o w l y  b a s i f i e d  wi th  K2C03 

s o l u t i o n ,  g a s  was evo lved .  The e t h e r  e x t r a c t s  from t h i s  b a s i c  s o l u t i o n  

gave no  p r o d u c t s .  



b The aqueous po r t i ons  were combined and s lowly b a s i f i e d  with d i l u t e  
e - 

I 
k 

K2C03 (10% aqueous) t o  pH"3.5-4 and cont inuous ly  e x t r a c t e d  with 4 : l  

e ther-pentane (100m1, 70 hours ) .  The ether-pentane phase was d r i e d  over 

MgS04 and evapora ted  (0•‹/50mm Hg) t o  g ive  a l i q u i d  res idue  (160mg): 

i . r .  1780(s ) ,  1640( s ) ,  1215(s ) ,  1170(s ) ,  and 700cm-l; n.m.r. I -1 .40(s ) ,  

-0.55(bs 1, 2.90(m,W1/2=8Hz), 6 . 9 0 ( s ) ,  7 . 0 2 ( s ) ,  7.40 (bm,Wl12=18Hz), and 

8.0(bm, WlI2=35Hz), no N-CH3 s i g n a l  was seen.  

The aqueous p o r t i o n s  were combined, b a s i f i e d  with KOH (40% aqueous, 

5Oml), and were cont inuous ly  e x t r a c t e d  with e t h e r  (100m1, 50hours) .  The 

e t h e r  phase was d r i e d  over MgS04 and evaporated (15•‹/30mm ~ g )  t o  y i e l d  

a l i q u i d  c o n s i s t i n g  mainly of t h e  imine t r imer  1-30 (180mg, 47% y i e l d )  

i . r .  2945(s) ,  2780(s ) ,  2638(w), 147U, 1447, 1388, 1262(s ) ,  1236(s ) ,  1 

1114(s ) ,  916 ( s ) ,  and 860cm-l; n.m.r. T6.91(s,6H) and 7.78(s ,9H),  no 

cyclohexane s i g n a l  was seen.  

The two a c i d  f r a c t i o n s  from above were no t  analyzed f a r t h e r  s i n c e  

(CH3I2~  moiety was observed i n  t h e i r  s p e c t r a .  

L) PHOTOLYSIS OF TMT I N  THE PRESENCE OF CF3COOH AND CYCLOHEXENE 

A s o l u t i o n  of TMT (6g, 0.05moles),  cyclohexene (25m1, 20.2g, 

0.25moles),  and CF3COOH (26m1, 40g, 0.35moles) i n  a c e t o n i t r i l e  (400ml) 

was made up a t  0'. Most of t h i s  s o l u t i o n  (325m1, 81%) was placed i n  a 

pho to lys i s  v e s s e l ,  purged with n i t rogen  f o r  loutin., and i r r a d i a t e d  with a 



low p r e s s u r e  mercury lamp ( U l t r a  V i o l e t  P r o d u c t s ,  I n c . ,  lOOW PCQ lamp) 

under  n i t r o g e n  through a  Vycor f i l t e r  a t  0' f o r  6  hours  u n t i l  t h e  U . V .  

a b s o r p t i o n  a t  236 nm o f  an  a l i q u o t  ( 5 ~ 1  i n  l O m l  methanol)  d i s a p p e a r e d .  

A f t e r  one h o u r ,  t h e  n i t r o g e n  f low was i n t e r r u p t e d  and gas e v o l u t i o n  was 

observed i n  t h e  p h o t o l y s a t e .  A f t e r  two h o u r s ,  t h e  p h o t o l y s a t e  became 

yel low.  The remainder  of t h e  o r i g i n a l  s o l u t i o n  (75m1, 19%) was k e p t  i n  t h e  

d a r k  under  n i t r o g e n  a t  0'. I t  showed no s i g n  o f  gas  e v o l u t i o n ,  l i t t l e  

decay  ( c a .  10%) o f  t h e  236 nm a b s o r p t i o n ,  and remainded c o l o r l e s s  

th roughout  t h e  6  hours .  The p h o t o l y s a t e  was d i s t i l l e d  t o  20ml on a  

w a t e r  b a t h ,  t h e  s o l u t i o n  t u r n i n g  brown. Th i s  r e s i d u e  was coo led  t o  

oO, t aken  up i n  d i l u t e  H C l  (lN, 50ml),  and t h e  aqueous s o l u t i o n  

e x t r a c t e d  wi th  e t h e r  (2x501111). No p roduc t s  were o b t a i n e d  when t h e  

e t h e r  was evapora ted .  

The aqueous p o r t i o n  was b a s i f i e d  t o  pH=lO wi th  s a t u r a t e d  NaC03 

s o l u t i o n  and h e a t e d  on a  s team ba th  f o r  two hours  i n  an a t t e m p t  t o  

h y d r o l y z e  any e s t e r  p roduc t s .  It was c o n t i n u o u s l y  e x t r a c t e d  wi th  e t h e r  

(150rn1, o v e r n i g h t ) ,  t h e  e t h e r  phase was d r i e d  over  MgS04 and e v a p o r a t e d  

o v e r  a  wa te r  b a t h  t o  y i e l d  a  t h i c k  brown o i l y  r e s i d u e  (2 .87g) :  i . r .  

3300(wb), 2925(s ) ,  286O(s),  2 8 2 5 ( s ) ,  2 7 7 5 ( s ) ,  1670, l45O(s ) ,  1268, l O 3 8 ( s ) ,  

868,  and 848cm-l; n .m.r .  r 4 . 2 8 ( m ) ,  7.75-7.82(6 s t r o n g  s i n g l e t s ) ,  

8.0-9.l(bm).  

Th i s  b a s i c  r e s i d u e  showed f i v e  major s p o t s  on a  t . 1 . c .  p l a t e  

( a lumina ,  20% methanol i n  e t h e r ) ,  of which t h r e e  matched wi th  a u t h e n t i c  



9 compounds: 11-19, r e f .  ( r e t e n t i o n  f ac to r )=0 .63 ;  11-20, r .f .zO.50; and an 

unresolved mixture of  11-22 and 11-23, r . f .=0 .21 .  The fol lowing compounds 

were i d e n t i f i e d  by g . c .  peak matching with t h e  au then t i c  compounds on a 

20% Dowfax 9N9, 10% TEP on Chromasorb P 60/80, 8 'x1/4" copper column, 

150-200' a t  2O/min., He i n l e t  p r e s su re  a t  18ps i ,  and a thermal 

conduc t iv i t y  d e t e c t o r .  They were descr ibed  i n  t he  o rde r  of t he  e l u t i o n ,  

r . t . ,  r e l a t i v e  a r e a ,  and % y i e l d  approximated from g.c .  a r ea s :  11-20, 

13min., 30, 16.9%; 11-19, 14.5min., 15,  8 .4%;  11-21, 26min., 2, 1 .2%; 

11-22, 29min., 40, 15.6%; 11-23, 32 min.,  8 ,  4 .1%;  and a peak be l ieved  t o  

be  11-15, 40 min. ,  5 ,  1.4%. 

The four  major components were i s o l a t e d  by p r e p a r a t i v e  g.c .  (20% 

Dowfax 9N9, 10% TEP; a s  above).  11-20 had i . r .  and n.m.r.  i d e n t i c a l  t o  

t h a t  of  t h e  a u t h e n t i c  (134) ;  11-19 had i d e n t i c a l  i . r .  t o  t h a t  o f  t h e  

a u t h e n t i c  (134) and showed a poorly resolved n.m. r .  r 4.3(m,2H), 6.9(m, lH),  

7 .7(sY6H) ,  and 7.9-9.0(bm,6H); 11-22 had i d e n t i c a l  i . r . ,  n.m.r., and m.s. 

t o  t h e  m a t e r i a l  syn thes ized  above; and 11-15: i . r .  2930(s) ,  2860, 2780, 

1450(s ) ,  1260(s ) ,  1185, 1154, 1044(sb) ,  874, and 805cm-l; m . s .  (20') 

m/e(X), 2 5 2 ( ~ + , 6 ) ,  237(13),  208(13),  207(10),  192(9) ,  167(44) ,  125(49) ,  

110(34),  84(84) ,  and 58(10U). Compound 11-22 gave a d i p i c r a t e  which was 

r e c r y s t a l l i z e d  from e thano l  a s  yellow needles :  mp 167-175O (decamp.), 

a u t h e n t i c  11-22 d i p i c r a t e  mp 176-179' (decamp. ). 

The remainder of t h e  o r i g i n a l  s o l u t i o n  (75m1, 19%) was kept  i n  t h e  

r e f r i g e r a t o r  i n  t h e  dark a t  0-4O f o r  one month, a t  which time i t  had 



become yellow and showed no U . V .  absorp t ion  maximum a t  236 nm. It w a s  

worked up in  a  s i m i l a r  manner t o  t he  photo lysa te  y i e l d i n g  a  semi-solid 

(0.31g) bas i c  f r a c t i o n :  i . r .  3400(sb) ,  3260, 2950, 2860(w), 2795, 

2450(v),  1680(sb) ,  1635(b),  1470(b),  1200, 1175, and 1130(b) c ;  n.m.r. 

~ 6 . 7 7 ( s ) ,  7.30(m), 7 . 6 9 ( s ) ,  and 7 .99 ( s ) ;  r a t i o  of s i n g l e t s  a t  76.77 t o  7.69 

was 1:3,  r e s p e c t i v e l y ;  no cyclohexane s i g n a l  was observed i n  t h e  n.m.r. 

The s i g n a l s  a t  76.77 and 7.69 and i . r .  a t  2860, 2795, 1175, and 1130 

cm" a r e  due t o  imine t r imer  1-30; the  s i g n a l  a t  r7 .79 and i . r .  3400, 

3260, 1680 and 1635 cm-' a r e  due t o  acetamide probably formed by 

hydro lys i s  of a c e t o n i t r i l e .  

I n  a  s e p a r a t e  p h o t o l y s i s ,  t he  same cond i t i ons  were adopted but  

hyd ro lys i s  was omi t ted ,  i . e .  t h e  aqueous phase was b a s i f i e d  a t  0-5' and 

e x t r a c t e d  immediately with e t h e r .  The n.m.r .  of t he  crude b a s i c  f r a c t i o n  

showed s i g n a l s  a t  r 6 . 8 0 ( s ) ,  7 .80 ( s ) ,  ca .7 .75  ( a  number of weak s i n g l e t s ) ,  

and 7.9-9.1(m, weak cyclohexyl  group) .  Comparison with t h e  imine t r imer  

1-30 n.m.r. showed t h e  presence of t h i s  compound i n  about 60% y i e l d .  

The crude b a s i c  e x t r a c t  was analyzed by g . c .  (20% Dowfax, a s  above) 

and g.c.-m.s. (28% Penwalt 223 on Gas Chrom R 80/100, 6'x1/4I1 g l a s s ,  

140-190' a t  2O/min. ). This  showed the  fol lowing peaks which were 

descr ibed  i n  t he  o rde r  of e l u t i o n  (M+, m/e),  r . t . ,  a r e a ,  % y i e l d  

approximated from g . c .  peak a r ea s :  11-20 (M', 127) ,  13 min.,  3 .1 ,  13%; 

11-19 ( ~ + , 1 2 5 ) ,  14.5min.,  1 .6 ,  6%; 1-30 ( ~ + , 4 3 ) ,  19min., 9 ,  50%; 

11 -21 (~+ ,170) ,  42min., 0 .2 ,  0 .6%;  11-22 ( ~ + , 1 8 4 ) ,  44min. , 3.8,  10%; 



11-23(~+,184) ,  49min., 0 .3 ,  1%. Owing t o  t he  l a r g e  amount of  column 

b l eed ing ,  only M+ m/e l s  a r e  given. Compounds 11-20 11-19, 1-30, 11-22, 

and 11-21 were i d e n t i f i e d  by peak matching with t h e  au then t i c  samples.  

M )  PHOTOLYSIS OF TMT I N  THE PRESENCE OF CF3COOH AND 

CYCLOHEXENE UNDER OXYGEN 

A s o l u t i o n  of TMT (2g,  0.0172 moles, conta in ing  some benzene impur i ty )  

and cyclohexene (2g, 0.025 moles) i n  a c e t o n i t r i l e  (50ml) was added t o  a  

s o l u t i o n  of CF3COOH (10.4g, 0.9 moles) i n  a c e t o n i t r i l e  (50ml) i n  a  l O O m l  

q u a r t z  photovessel  a t  0' and was purged with oxygen f o r  10 minutes.  This 

s o l u t i o n  was i r r a d i a t e d  with a  200W Hanovia lamp through a  Vycor f i l t e r  a t  

0' under oxygen f o r  90 minutes ,  a t  which time an a l i q u o t  ( 5 ~ 1  i n  l O m l  

a c e t o n i t r i l e )  showed no U . V .  absorp t ion  maximum a t  235nm. The pho to lysa t e  

d id  show a U . V .  absorp t ion  a t  Amax 255nm (be l ieved  t o  be benzene 

impur i ty )  and a  weak band a t  325nm. The photo lysa te  had turned  t o  a  b r i g h t  

yellow c o l o r .  An a l i q u o t  (511111 of t he  photo lysa te  was t r e a t e d  with 

KI/CH3COOH s o l u t i o n  and the  l i b e r a t e d  iod ine  t i t r a t e d  with t h i o s u l f a t e  

( 9 . 2 7 ~ 1 0 - ~ ~ ,  2.6ml) i n d i c a t i n g  0.005 equ iva l en t s  of  an ox id i z ing  agent  

p r e sen t  i n  t h e  photo lysa te .  

The remainder of t h e  photo lysa te  was evaporated t o  l O m l  (10~/10mm 

Hg), b a s i f i e d  with KOH (40% aqueous) t o  pH)14 ( i c e - s a l t  b a t h ) ,  and 

e x t r a c t e d  with e t h e r  (4x25ml). The e t h e r  phase was d r i e d  over K2C03; 

i t  gave a  nega t ive  t e s t  t o  KI /s ta rch  paper.  No at tempt  was made t o  i s o l a t e  



Half t he  e t h e r  phase was evaporated t o  y i e l d  a pa le  yellow o i l  

(677mg): i . r .  3360(sb) ,  276O(sj,  i 7 1 0 ( s ) ,  1665(b) ,  l45O(s j ,  1268(s ) ,  

1060, 1036(s ) ,  946, 874, and 847cm-l. Analysis of t h i s  o i l  by g.c.  (20% 

Dowfax 9N9, lOXTEP on Chromasorb P 60/80, 8'x1/4" copper ,  210•‹, He a t  

20psi ,  and a thermal  conduc t iv i t y  d e t e c t o r )  showed one major and two minor 

g .c .  peaks: 3.7min. f o r  an u n i d e n t i f i e d  compund; 5.4min. f o r  11-19; 

9.4min. f o r  a mixture  of &- and trans-2-dimethylaminocyclohexanols 

(11-24a and 11-24b). The g . c .  peak a r e a  r a t i o  was 15:2:80. The 

l a t t e r  two peaks were i d e n t i f i e d  by peak matching with au then t i c  

samples (142) .  

This  o i l  was t r e a t e d  with hydroxylamine hydrochlor ide (1 .5 s )  i n  

py r id ine  (201111) a t  100' f o r  10 minutes.  Addition of ice-water (30g) 

produced no p r e c i p i t a t e .  The s o l u t i o n  was b a s i f i e d  with s o l i d  

K2C03 (5g) and e x t r a c t e d  with e t h e r  (4x25ml). The e t h e r  phase was 

d r i e d  over  K2C03 and evaporated t o  y i e l d  an o i l  ( c a . l g )  con ta in ing  

about 30% pyr id ine  a s  i nd i ca t ed  by n.m.r .  (134):  ~ 1 . 4 0 ( m )  and 

2.55(m) f o r  p y r i d i n e ,  4.22(m), 4 .83(bs ,  D20 exch . ) ,  5.93(m, 

WlI2=8Hz), 6.70(m, W1/2=30HZ), 7 .71 ( s ) ,  7 .75(s ,  s t r o n g ) ,  and 

7.50-9.00(bm); i . r .  3300(sb) ,  2780(s) ,  1645(b) ,  1580(w), 1440(s ) ,  

1268, 1058, 1033, 935, 872, 846, 748, and 704cm-l. The a r e a  o f  

m u l t i p l e t s  a t  74.22,  5 .93,  6.70 was i n  a 1:6:12 r a t i o .  Analysis  of  

t h i s  o i l  by g . c .  showed the  peak a t  3.7min. t o  have disappeared and 

a new peak of  t h e  py r id ine  impuri ty  (2.8min.l .  The major g . c .  peak 

a f t e r  t reatment  with hydroxylamine hydrochlor ide a t  r .  t .  9.4min. was 



i s o l a t e d  on t h e  above column and shown t o  be  a  11-24a and b  mix ture  by 

comparison of t h e  i . r .  w i t h  an  a u t h e n t i c  sample (142) :  3420(sb) ,  

e 
IT 1058, 1 0 3 2 ( ~ ) ,  946,  8 7 3 ( s ) ,  and 847cm-l. 
B 

The remaining h a l f  of t h e  e t h e r  phase was added t o  a  mix ture  o f  LAH 

( l g )  i n  e t h e r  (50ml) and r e f l u x e d  wi th  s t i r r i n g  f o r  f o u r  hours .  The 

m i x t u r e  was t r e a t e d  wi th  KOH (40% aqueous,  3ml) and wate r  (5ml) a t  oO, 

r e f l u x e d  a n  a d d i t i o n a l  10 minu tes ,  cooled and f i l t e r e d .  The remaining 

w h i t e  s o l i d  was washed wi th  a  1: l  m e t h a n o l l e t h e r  s o l u t i o n  (4x25ml) i n  a n  

a t t e m p t  t o  r e c o v e r  any more p roduc t .  This  m e t h a n o l / e t h e r  s o l u t i o n  was 

e v a p o r a t e d  t o  l h l  on a  wa te r  b a t h ,  b a s i f i e d  wi th  KOH (40% aqueous,  20ml) 

and e x t r a c t e d  wi th  e t h e r  (4x25ml). The e t h e r  phases  were combined, d r i e d  

o v e r  K2C03, and evapora ted  on a  wa te r  b a t h  t o  y i e l d  a  p a l e  ye l low o i l  

(700mg): n .m.r .  t 4 . 2 6 ( m ,  WlI2=35Hz), 6.OO(m, Wl/2=9Hz), 6 . l l ( b s ,  

D20 e x c h . ) ,  6 . 6 9 ( d t ,  J=4.5,10Hz), 7 . 6 9 ( s ,  s t r o n g  N-CH3), and 

7.60-9.00(bm), t h e  a r e a  r a t i o  o f  t h e  m u l t i p l e t s  a t  74 .26 ,  6 .00,  

and 6.69 w a s  1:2.5:5.2.  

Ana lys i s  by g . c .  (20% Dowfax, a s  above,  210') showed one major and 

one minor peak; 11-19 a t  5.3min. was e s t i m a t e d  t o  be  3.5% y i e l d ;  t h e  

mix ture  o f  XI-24a and b  a t  9.5min. was e s t i m a t e d  t o  be  55%. The 

g. c .  peak a r e a  r a t i o  o f  t h e  two was 1 : 18. The two peaks were 

i d e n t i f i e d  by peak matching wi th  t h e  a u t h e n t i c  m a t e r i a l s  (142) .  No 

g . c .  peak a t  3.7min. was observed i n  t h i s  reduced f r a c t i o n .  



N )  PHOTOLYSIS OF TMT I N  THE PRESENCE OF CF3COOH AND NODORNENE 

A s o l u t i o n  of TMT (3g, 0.025moles) i n  a c e t o n i t r i l e  (100ml) was 

t o  a  s o l u t i o n  of norbornene (6.85g,  0.073moles) and CF3COOH (22.8g, 

added 

0.2moles) i n  a c e t o n i t r i l e  (100ml) a t  o0 in  a  200ml pho to lys i s  v e s s e l  and purged 

with n i t r o g e n  f o r  10 minutes.  This s o l u t i o n  was i r r a d i a t e d  with a  200W 

Hanovia lamp through a  Vycor f i l t e r  under n i t rogen  a t  0' f o r  2  hours  

u n t i l  t he  U . V .  absorp t ion  a t  Ama,=235nm of  an a l i q u o t  (511 i n  l O m l  

methanol) disappeared.  The photo lysa te  turned t o  a  deep yellow c o l o r  a f t e r  

15 minutes o f  i r r a d i a t i o n  bu t  faded t o  pa l e  yellow a f t e r  2  hours .  An 

a l i q u o t  of  t h e  o r i g i n a l  s o l u t i o n  (2ml),  which was s t o r e d  i n  t h e  dark  a t  

oO, showed no decrease  i n  t h e  absorp t ion  a t  235nm and remained c o l o r l e s s  

dur ing  the  2  hours .  

The pho to lysa t e  was evaporated t o  5ml (15•‹/35mm Hg) and t h e  res idue  

b a s i f i e d  with 10% aqueous KOH s o l u t i o n  (50ml) a t  0-5' without 

e x t r a c t i o n  of any n e u t r a l  or a c i d i c  m a t e r i a l .  This  mixture  was 

cont inuous ly  e x t r a c t e d  with CH2C12 (200m1, 35hours) .  The 

CH2C12 phase was d r i e d  over K2C03 and evaporated ( 1 5 • ‹ / 2 h  

Hg) t o  give a  pa le  yellow semi-solid (2.68g):  i . r .  2940(s) ,  2872(s) ,  

2820, 2775(s) ,  and 1040(sb)cm-l; n.m.r.  r 7.60-7.90(7 s i n g l e t s )  and 

8.20-9.20(bm). 

Fu r the r  continuous e x t r a c t i o n  of t h e  aqueous s o l u t i o n  with 

CH2C12 (200m1, 35hours) provided a  second bas i c  f r a c t i o n  on 



evaporation of most of the solvent as a yellow liquid (740mg). This 

liquid consisted of CH2C12 (n.m.r 74.65) and trimer 1-30 (n.m.r. 

~6.78 and 7.79) in a molar ratio of 2:l. The yield of 1-30 was 

approximately 40%. 

The first basic fraction showed five major spots on a 

(alumina, 5% methanol in CH2C12) and five g.c. peaks (20% 

10% TEP on Chromasorb P 60180, 8'x1/4" copper, 120-200' at 

shown in the order of r.t. and relative area: 25min., 22 

143min., 9; 150min., 25; and 158min., 13. The latter four 

t.1.c. plate 

Dowfax 9N9, 

2O/min) as 

134min., 35; 

peaks were in a 

ratio of 43:11:31:16. The first g.c. peak (25min.) was isolated as 

an oil and is 2-exo-dimethylaminobicyclo[2.2.l]heptane (11-26) on the - 
basis of its m.s. and i.r. (see below) spectra: m.s. m/e(%), 

139(~+,38), 124(8), 110(46), 98(38), 84(29), 7 1  ( 3 3 ) ,  and 58(100?. 

This first basic fraction (2.58g) was chromatographed on a basic 

alumina column (160g) and gave, on elution with CH2C12, a white solid 

(440mg, 7%) showing one spot on a t.1.c. plate (r.f.=0.9, alumina, 

petroleum ether). It was sublimed (50~10.05mm Hg) to give 

2-endo-(3'-exo-dimethylaminobicyclo[2.2.l]hept-2'-endo-yl~-3-~- - - 
dimethylaminobicyclo[2.2.1]hetpane (11-27) as white prisms: mp 165-171' 

(sublim.); r .  2870(s), 2822, 2775(s), 1290, 1268, 1179, 1169, 1060, 

1042, 1013, 850, and 764cm-I ; 'H n.m. r. r 7.75(s, 1 2 ~ ) ~  7.7-7.9(m,2H), 

8.06(m, WlI2=4Hz, 2~), and 8.2-9.2(bm,l6~); 13c n.m.r. ppm (off centre 

decoupling) 74.9(d), 46.9(d), 42.4(q, N-CH3), 40.0(d), 37.3(t), 35.3(d), 



2 8 . 5 ( t ) ,  and 2 3 . 2 ( t ) ;  h . r .m.s .  (80') m/e(%) 276 .2561(~+ ,  10 ;  ca l cd .  

f o r  C18H32N2: 276.2565), 261.2322(100; ca lcd .  fo r  C17H29N2: 

261.23311, 232.2063(10; ca lcd .  f o r  C16H26N: 232.2065), 218.1908(10; 

ca lcd .  f o r  C15H25N: 218.1908), 192.1749(51; ca lcd .  f o r  C13H22N: 

192.1753), 150.1267(9; ca l cd .  f o r  C10H16N: 150.1282), 138.1279(9; 

ca l cd .  f o r  C9H16N: 138.1282), 137.1197(9; ca lcd .  f o r  CgH15N: 

137.12051, 124.1126(7; ca l cd .  f o r  C8H14N: 124.1127), 98.0968(10; 

ca l cd .  f o r  C6H12N: 98.0970) ,  84(45)  and 58(39) .  

Anal. Calcd. f o r  C18H32N2: C ,  78.20; H ,  11.67; N ,  10.13 

Found : C ,  78.25; H ,  11.58; N ,  10.13 

E lu t ion  wi th  1% methanol i n  CH2C12 gave a c o l o r l e s s  o i l  (282mg) 

which showed one major and two minor spo t s  on a t . 1 . c .  p l a t e :  i . r .  

2875(s) ,  2822(s ) ,  2770(s ) ,  1750(w), 1460( s ) ,  1294, 1261, 1175, 1145, 1052, 

1037, 1020(s ) ,  948, 886, 859, 841, and 759cm-l; n.m. r .  r 7.20(m, 

WlI2=6Hz, ca .  lH),  7.43(m, WlI2=11Hz, ca . lH) ,  7 .70(s ,  ca.l2H), 

7.6-8.l(bm, ca.  2H), and 8.2-9.3(bm, ca .  l6H); m.s. (80') m/e(%) 

2 9 0 ( ~ + , 2 ;  impur i t y? ) ,  276(9) ,  261(100),  192(45) ,  182(30) ,  and 58(55).  

This  m a t e r i a l  s o l i d i f i e d  t o  a pa le  yellow semi-solid on s tanding ,  bu t  was 

no t  analyzed any f a r t h e r .  

E lu t ion  with 2% methanol i n  CH2C12  gave a pa le  yellow s o l i d  

(798mg, 12%) which showed one spot  on a t . 1 . c .  p l a t e  and was sublimed 

( 20•‹/0. 05mm ~ g )  t o  give 2-endo-(3 - '-exo-dime - thylaminobicyclo [2.2.1 ]hept-  
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2'-exo-yl)-3-~o-dimethylan~inobicyclo~2. 2 . 1  h e p t a n e  (11-28) a s  whi te  

need le s :  mp 67-72' (sublim. ) ;  i .  r .  2878(s ) ,  2824, 2777(s) ,  1680(wb), 

1292, 1270, 1260, 1174, 1091, 1056, 1025( s ) ,  1012, 942, 888, 848, and 

760cm-I ; 'H n.m.r. ( IOOMHZ) r7.42(m, WlI2=1OHz, l ~ ) ,  7.56(d, 

J = ~ H z , ~ H ) ,  7 . 7 6 ( 9 , 1 2 ~ ) ,  7.7-7.9(rnyca.2H), and 8.16-9.22(bmY16H); 

F" 
l 3  r .  ppm ( o f f  c e n t r e  decoupl ing)  76 .6 (d ) ,  71 .9(d) ,  53 .2 (d ) ,  

L 

45.5(d) ,  44.8(qYN-CH3), 43.0(q,  N-CH3), 40 .0(d) ,  39 .0(d) ,  3 7 - 2 ( t ) ,  

i, 35.0(d and t ) ,  34 .2 (d ) ,  3 0 . 3 ( t ) ,  2 9 . 2 ( t ) ,  2 8 . 4 ( t ) ,  and 23 .0 ( t ) ;  m . s .  

98(22) ,  84(53) ,  and 58(43) .  When 20% Europium s h i f t  reagent  ("Eu-Resolve", 

Europium(III)-2,2,6,6,-tetramethylheptanedionate; suppl ied  by Alfa  

Products ,  Ventron Corp.) was added, two low f i e l d  protons could be  seen 

c l e a r l y  i n  t h e  'H n .m.r .  a t  r7.43(m3 W ~ / ~ = ~ ~ H Z )  and 7.55(dd, 5-8.5, 

1 . 4 ~ ~ ) .  When 100% of t he  s h i f t  reagent  was added, two s i n g l e t s ,  3Hz a p a r t ,  

appeared f o  t he  N-CH3 p ro tons .  S ingle  frequency i r r a d i a t i o n  (bandwidth 

<lOHz) of t he  pro ton  spectrum and observa t ion  of t h e  13c n.m.r. gave t he  

fo l lowing  s i n g l e t s  i n  ppm with t h e  corresponding proton chemical s h i f t s  i n  

T va lues  and decoupler  of • ’ s e t  frequency i n  Hz i n  b racke t s :  40.0 (7.42, 

45065); 71.9(7.56,  45055); 39.0(7.72, 45045); 44.8 and 43.0(7.76, 45034); 

34.2(7.85, 45034); 76.6 and 35.0(ca.  8 .10,  45001); 45.5(ca.  8.25, 44985); 

53.2(ca.  8 .50,  44961); 30.3,  29.2,  28.4,  and 23.0(ca.  8.80, 44931); and 

37.2 and 35.0(ca.  9 .20,  44891). 

Anal. Calcd. f o r  C18H32N2: C ,  78.20; H ,  11.67; N, 10.13 

Found : C ,  77.54; H ,  11.72; N ,  10.65 



F u r t h e r  e l u t i o n  w i t h  25% methanol i n  CH2C12  gave a  v i s c o u s  o i l  

(1 .06g) :  i . r .  3 4 2 0 ( s ) ,  3350, 3260, 2 9 6 0 ( s ) ,  2880, 2795(w), 1640, 1 4 6 8 ( s ) ,  

1 0 3 7 ( s ) ,  1 0 1 2 ( s b ) ,  and 732(s)cm-l;  n .m.r .  t 4 . 4 8 ( s ) ,  6.60-6.75(bm), 

7.10-7.30(2 s t r o n g  s i n g l e t s ) ,  and 7.40-8.90(bm); m.s. (100') m/e(%) 

2 7 6 ( 1 ) ,  261(31) ,  1 9 2 ( 5 ) ,  8 7 ( 1 1 ) ,  8 b ( 4 7 ) ,  8 5 ( 6 1 ) ,  8 4 ( 7 5 ) ,  8 3 ( 1 0 0 ) ,  and 

58(10) .  T h i s  m a t e r i a l  was n o t  ana lyzed  f a r t h e r .  

The d imers  11-27 and 11-28 were found t o  match w i t h  t h e  g . c .  peaks 

( s e e  above)  a t  150 and 134 min . ,  r e s p e c t i v e l y .  

I n  a  s e p a r a t e  p h o t o l y s i s ,  i d e n t i c a l  c o n d i t i o n s  and amounts of  r e a g e n t s  

were used .  Again, t h e  yel low c o l o r  appeared  w i t h i n  15 minutes  o f  

i r r a d i a t i o n  and t h e  235 nm a b s o r p t i o n  d i s a p p e a r e d  a f t e r  2  h o u r s .  

The p h o t o l y s a t e  was e v a p o r a t e d  t o  5  m l  (15•‹/30mm Hg), d i s s o l v e d  

i n  d i l u t e  a c i d  ( 3 ~  H C 1 ,  20ml),  and e x t r a c t e d  wi th  e t h e r  (Zx25ml). The 

e t h e r  phase was washed wi th  d i l u t e  a c i d  (IN H C 1 ,  lOml), s a t u r a t e d  NaCl 

s o l u t i o n  ( 1 0 ~ 1 1 ) ~  t h e n  KOH s o l u t i o n  (10% aqueous ,  lOml), d r i e d  o v e r  

K2C03  and e v a p o r a t e d  (wa te r  b a t h )  t o  g i v e  a  ye l low semi - so l id  

(1 .04g) :  i . r .  3300(wb),  2 9 3 5 ( s ) ,  2 8 6 0 ( s ) ,  2805, 2758(s ) ,  1 6 5 5 ( b ) ,  

1 4 5 0 ( s ) ,  1290, 1258,  1143, 1050, 1 0 3 3 ( s b ) ,  935,  880,  838,  and 

760cm-l; n .m. r .  7 7.7-7.8 (4  s i n g l e t s ) ,  and 7.8-9.l(bm).  A n a l y s i s  

by g . c .  (20% Dowfax, a s  above)  showed 11-26 a t  25 min. and f o u r  

o t h e r  peaks  a t  134-158 minu tes  i n  t h e  r e g i o n  f o r  d imers  11-27 and 

11-28 and two o t h e r s .  The r a t i o  o f  11-26 t o  t h e  d imers  a t  134-158 



minutes was 8 :  100. The r a t i o  o f  t he  l a t t e r  f a i r  peaks was 

40: lO:28: 15, s i m i l a r  t o  t h e  above r e a c t i o n .  

The aqueous phase was b a s i f i e d  with aqueous KOH (40%,100ml) and 

e x t r a c t e d  with e t h e r  (4x50ml). The e t h e r  phase was d r i e d  over 

K2C03 and evaporated t o  give a  b a s i c  f r a c t i o n  (2.46g) which had 

i d e n t i c a l  i . r ,  and n.m.r.  t o  the  f i r s t  b a s i c  f r a c t i o n  above. 

Analysis  by g , c .  showed the  monomer t o  dimer r a t i o  of  1  : 10 and t h e  

four  dimers in a  r a t i o  of  40:10:30:10. The monomer 11-26 was 

separa ted  by p repa ra t i ve  g . c .  (25min.,  20% Dowfax a s  above): i 

2862(s) ,  2809, 2759(s ) ,  1454( s ) ,  1357, 1159, 1147(b) ,  1072(s ) ,  

1040(s ) ,  1021(s ) ,  930, 897, and 819cm-I ( l i t .  i . r .  1022(s)  and 

820cm-I f o r  - exo 11-26; 795(s)cm-l f o r  endo - 11-26 (143) ) .  

0 )  PHOTOLYSIS OF TMT UNDER OXYGEN I N  THE PRESENCE OF NORBORNENE 

a )  Workup below 0': A cold s o l u t i o n  of TMT (3.0g,  0.025moles) i n  

a c e t o n i t r i l e  (100ml) was added t o  a  s o l u t i o n  of norbornene (7.5g, 0.08moles) 

and t r i f u o r o a c e t i c  a c i d  (22.8g, 0.2moles) i n  a c e t o n i t r i l e  (100ml) a t  0' i n  

a  pho to lys i s  v e s s e l .  The s o l u t i o n  was purged with oxygen f o r  10 minutes and 

was i r r a d i a t e d  with a  200W Hanovia lamp through a  Vycor f i l t e r  under oxygen 

a t '  0' f o r  two hours  u n t i l  t he  U . V .  peak of  an a l i q u o t  ( 5  1 i n  101111 

methanol) a t  Am, 235nm disappeared.  The photo lysa te  turned t o  a  b r i g h t  



ye l low c o l o r  w i t h i n  10 minu tes  and gave a  s t r o n g  p o s i t i v e  t e s t  t 
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a r c h  

paper .  No change o c c u r r e d  i n  an a l i q u o t  (2ml) s t o r e d  i n  t h e  d a r k  a t  0' 

under  oxygen. 

The p h o t o l y s a t e  was evapora ted  t o  15ml (0~/10mm Hg) and 

immediate ly  b a s i f i e d  a t  0' t o  pH 14 (40% aqueous KOH),  t h e  b a s i c  

aqueous phase t u r n i n g  brown. The l a t t e r  was e x t r a c t e d  w i t h  e t h e r  

(4x50ml) and t h e  m a j o r i t y  of  t h e  e t h e r  was e v a p o r a t e d  (0•‹/20nrm Hg, 

no  d r y i n g ) .  The r e s i d u e  was d i s s o l v e d  i n  e t h a n o l  (50ml) a t  0' and a  

s o l u t i o n  of  Na2BH4 ( 2 g ,  0.05moles) i n  w a t e r  (50ml) was added 

s lowly .  A f t e r  s t i r r i n g  f o r  24 h r s  a t  20•‹, the  NaBH4 s o l u t i o n  was 

a c i d i f i e d  ( 3 ~  H C 1 ,  50ml),  and e v a p o r a t e d  t o  l O O m l  (30~/10mm ~ g ) .  

The a c i d i f i e d  aqueous p o r t i o n  o f  t h e  NaRH4 s o l u t i o n  was 

e x t r a c t e d  w i t h  e t h e r  (3x25ml).  The e t h e r  phase  was washed wi th  d i l u t e  

H C l  (IN, 3x25~111, t h e n  w i t h  w a t e r  (2x25ml1, d r i e d  o v e r  K2C03, and 

e v a p o r a t e d  on a  wa te r  b a t h  t o  g ive  a  brown o i l  (71mg): i . r .  

3320(sb) ,  2 9 4 0 ( s ) ,  2880, 1658,  1626,  1 4 4 6 ( s ) ,  1279,  1168,  1126(b) ,  

1 0 4 5 ( s b ) ,  857,  842 ,  and 802cm-l; n .m. r .  ~ 5 . 9 0 - 6 . 5 0 ( b m )  and 

7.7-8.9(bm). T h i s  o i l  was t r e a t e d  wi th  p -n i t robenzoy l  c h l o r i d e  - 
(200mg) i n  p y r i d i n e  ( l m l )  a t  100' f o r  30 m i n u t e s .  Addi t ion  o f  i c e  

( l o g )  l i b e r a t e d  a  brown p a s t e  (ca.100mg). T h i s  p a s t e  was washed wi th  

s a t u r a t e d  Na2C03 s o l u t i o n  (5xlOml) and r e c r y s t a l l i z e d  4  t imes  from 

h o t  e t h a n o l  (3ml) t o  g i v e  t h e  - -  b i s - p - n i t r o b e n z o a t e  of  

2,7-dihydroxylbicyclo[2.2.1]heptane (11-31) a s  p a l e  ye l low n e e d l e s  

(ca.2Omg): mp 164-165' (decamp.); i . r .  was i d e n t i c a l  t o  a  sample 



prepared by another  rou t e  ( s ee  below); n.m.r. (acetone-D6) 

72.05-2.58(bm,8~),  5.00(m, W1/2=20Hz,2H), and 7.15-8.80(bm,8H); m . s .  

(210') m/e(%) 4 2 6 ( ~ + ,  I ) ,  4 l O ( l ) ,  3 9 6 ( l ) ,  300(2) ,  276(4) ,  259(16), 

213(5),  150(100),  134(20) ,  120(17) ,  l lO(37 ) ,  104(52),  92(64) ,  76(30),  

and 66(35).  

Treatment of norbornene with m-chloroperbenzoic ac id  provided 

2 ,3 -z -epoxyb icyc lo [2 .  2. l l hep t ane  (11-32) (152).  The epoxide 11-32 

was r e f luxed  with formic ac id  f o r  2 hours ,  the formic ac id  s o l u t i o n  

was then b a s i f i e d  with aqueous KOH and re f luxed  f o r  5 h r s  t o  give t h e  

crude 1 ,7-d io l  11-31 (151) as  an o i l .  This crude product was t r e a t e d  

w i th  p-nitrobenzoyl ch lo r ide  t o  give a s o l i d  which was r e c r y s t a l l i z e d  - 
2 t imes from propanol t o  give t h e  bis-p-ni t robenzoate  of 11-31 as pa l e  - -  
yellow needles :  mp 159-163 i . r .  3120(w), 3060(w), 1720( s ) ,  1605, 

1522(s ) ,  1458, 1353, 1320, 1302, 1286(s ) ,  1122, 1105, 1019, and 

721(s)cm-~.  

The a c i d i f i e d  aqueous po r t i on  of t h e  NaBH4 s o l u t i o n  was b a s i f i e d  

wi th  aqueous KOH (40%) a t  0-5' t o  pH)14 and e x t r a c t e d  with e t h e r  

(4x75ml). The e t h e r  phase was d r i e d  over K2C03 and evaporated on a 

water ba th  t o  g ive  a brown v iscous  o i l  (2.91g):  i . r .  3330(sb) ,  2879, 

2835, 2787, 1648, 1455( s ) ,  1155, 1048(sb) ,  and 876cm-l; n.m.r. 7 5 . 3 0 ( s ,  

D20 exch . ) ,  5.70-6.15(bm), 6.3-6.7(bm), 7.55-7.85 ( a t  l e a s t  2 s t r o n g  

s i n g l e t s ) ,  and 8.0-8.9(bm). 



This crude basic fraction showed one major and three minor spots on a 

t.1.c. plate (alumina, 5% methanol in ether) and one major g . c .  peak at 

5.8 minutes (10% SE-30 on Chromasorb S 80/100, 6'x1/8" stainless steel 

column, 120-250' at loO/min., N2 at topsi, and a hydrogen flame 

detector). The g.c. peak at 5.8 min. was matched with that of 

3-exo-dimethylamino-2-endo-bicyclo[2.2.1]heptanol - - (11-34); the 

authentic sample was a 1:l mixture of endo (11-34, r.t.=5.8min.) and - 
exo (11-35, r.t.=6.2mn. alcohols (153). - 

The basic fraction was analyzed by g.c.-m.s. (10% SE-30, 120-250' 

at loO/min.) to give the following peaks that were described in the order 

of r.t., relative area, % yield based on g.c. peak area: 5.2min., 3, 

3%; 5.6min., 90, 57%; 6.5min., 5, 4%; 7.8min., 10, 6%; ll.lmin., 10, 

6%; 13.2min., 6, 5%. These peaks showed the corresponding m.s. peaks 

at the following m/e(% intensity): 5.2min., 110(~+, 50)) 95(2l), 

92(28), 81(86), 79(76), 67(72), 66(84), and 58(100); 5.6min., 12-34, 

155(~+,65), 140(20), 138(12), 126(28), 98(100), 84(84), 71(91), and 

58(95); 6.5rnin., 11-35, 155(~+,17), 138(20), 126(9), 100(21), 

98(22), 84(40), 71(64), and 58(100); 7.8min., 173(~+,6), 88(40), and 

58(100); ll.lmin., 169(~+,9), 151(14), 126(9), 110(29), 92(60), 

86(66), 6O(lOO), and 43(86); 13.2min., 247(~+?, l6), 232(2), 218(19), 

206(14), l24(3l), 98(45), 84(lOO), 71(28), and 58(38). Both 11-34 and 

11-35 were identified by g.c. peak matching with the authentic 

samples ( 153). 
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This crude b a s i c  fraction !2.2g) was chromatographed an a n e u t r a l  

a lumina c o l u m  (150g) and gave on e l u t i o n  wi th  1% methanol i n  e t h e r  a 

ye l low l i q u i d  (114mg, 2 .5%) which showed one s p o t  on a t . 1 . c .  p l a t e  and 

one major g . c .  peak a t  l3.5min. and a minor one a t  5.6min. (10% SE-30, 

a s  above) .  T h i s  l i q u i d  was sublimed (20~/0.05mm Hg) t o  g ive  

2-endo-(3 '-&o-hydroxybicyc l o  [ 2.2.1 Ihept-2 I-exo-Y - 1)-3-=-dime thy 1ami;obi- 

cycle-[2.2. l l h e p t a n e  (11-36) a s  a w h i t e  s o l i d :  mp 73-75'; i. r .  3400(wb), 

2780, 1650(wb), 1380, 1042, 1016, 9 9 3 ( s ) ,  9 7 2 ( s ) ,  947, and 919cm-l; 'H 

n.m.r. ~ 5 . 5 4 ( d d d ,  5 4 . 5 ,  2 . 5 ,  0.5Hz; l H ) ,  7.35(m, WlI2=7Hz; l ~ ) ,  

7.50(bd,  J=9.5Hz, W l I 2  of one of t h e  s i g n a l s  = 5Hz; l ~ ) ,  7 . 5 6 ( s ,  D20 

e x c h . ;  l ~ ) ,  7 . 7 6 ( ~ , 6 ~ ) ,  7 . 6 5 - 7 . 9 5 ( b m , 3 ~ ) ,  and 8 .00-9 .25(bm,14~) ;  13c 

n.m.r. ppm ( o f f  c e n t r e  d e c o u p l i n g )  8 2 . 7 2 ( d ) ,  7 7 . 0 5 ( d ) ,  52 .96(d) ,  47 .59(d) ,  

44.00(q;  N - C H ~ ) ,  3 9 . 9 4 ( d ) ,  3 7 . 3 5 ( d ) ,  3 4 . 3 1 ( t ) ,  33 .41(d) ,  2 9 . 2 0 ( t ) ,  

2 7 . 1 3 ( t ) ,  2 2 . 7 0 ( t ) ,  and 2 0 . 5 2 ( t ) ;  m.s. (90') m / e ( % )  2 4 9 ( ~ + , 1 ) ,  

248(18) ,  247(71) ,  218(18) ,  206(62) ,  202(13) ,  193(13) ,  192(10) ,  180(10) ,  

152(16) ,  1 5 0 ( 1 5 ) ,  136(16) ,  124(66) ,  9 8 ( 7 0 ) ,  84(100) ,  71(43) ,  and 58(36) .  

Anal. Calcd.  f o r  C16H27NO: C ,  77.06; H ,  10.91; N ,  5 .62  

Found : C ,  76.72; H,  10.36; N ,  5 .78 

E l u t i o n  wi th  3% methanol i n  e t h e r  provided a ye l low l i q u i d  (712mg, 

26%) which showed one s p o t  on a t . 1 . c .  p l a t e  and one g .c .  peak a t  5.6min. 

(10% SE-30, a s  above) .  It was sublimed (20~/0.05mm Hg) t o  g i v e  11-34 a s  

t r a n s l u c e n t  pr isms : mp 67-68'; i. r .  ( m e l t )  3360(b) ,  2956(s ) ,  2878, 

2832, 2785, 1660(wb), 1 4 6 4 ( s ) ,  1156, 1075, 1 0 5 0 ( s ) ,  1022, 942(w), 867,  



769(w), and 741(w) a"; 'H n . 3 . r .  7 5 . 8 5 ( s ,  D2C exch. ;  l ~ ! ,  

6.13(ddd, J=4.0,2.9,0.8Hz; lH),  7 . 7 4 ( ~ ; 6 8 ) ,  7.66-7.82(bm;2H), and 

8.10-8.92(bm;7~);  13c n.m.r. ( o f f  c e n t r e  decoupl ing)  i n  ppm 78 .6(d) ,  

78.2(d) ,  43 .6(q ;  N - C H ~ ) ,  42 .5 (d ) ,  39 .0(d) ,  3 4 . 3 ( t ) ,  2 9 . 4 ( t ) ,  and 

1 9 . 4 ( t ) ;  m . s .  (go0) m/e(%) 1 5 5 ( ~ + , 6 5 ) ,  140(14) ,  138(14),  l26(12) ,  

124(12) ,  112(14) ,  110(17) ,  98(100) ,  84(72) ,  71(86) ,  and 58(89) .  

I r r a d i a t i o n  of the  s i g n a l  ( s e e  Figure 11-15 and Table 11-10) a t  27.75 

co l lapsed  t h e  double t  of double double t s  a t  76.13 t o  a  double doublet  

(J=2.9,0.8Hz); i r r a d i a t i o n  a t  78.45 co l lapsed  t h e  same s i g n a l  t o  a  

doublet  ( J 4 .  OHZ) . 

Anal. Calcd. f o r  C9H17NO: C ,  69.63; H ,  11.04; N ,  9.02 

Found : C ,  69.90; H ,  11.10; N ,  9.00 

E lu t ion  with increased methanol (up t o  50%) i n  e t h e r  gave a  brown 

v iscous  o i l  (1.01g) which showed t h r e e  s p o t s  on a  t . 1 . c .  p l a t e  and one 

major (5.6min.l  and two minor (7 .6  and 10.8 min.)  g . c .  peaks (10% SE-30, 

a s  above): i . r .  3280(sb) ,  2940(s) ,  2880, 2790, 1632(s ) ,  1547, 1448(s ) ,  

1345, 1160, 1048(sb) ,  and 840(w) cm-I ; n.m. r .  16.00-6.65(bm), 7.70 and 

7.80 (2 s t rong  s i n g l e t s ) ,  and 8.0-9.l(bm). 11-34 (g .c .  peak a t  5.6min.) 

was removed by subl imat ion (20~/0.05mm Hg) f o r  one week. 

Fur ther  subl imat ion (70~/0.05mm ~ g )  provided a  pa le  yellow o i l  (ca .  

100mg) which showed one spot  on a  t . 1 . c .  p l a t e  and one major (7.5min.l and 

one minor (10.9min.) g .c .  peaks (10% SE-30, a s  above) i n  a  r a t i o  of  18 : l .  



This  o i l  showed: i . r .  3340(sb) ,  2950(s) ,  2868, 2834, 2786, 1640(b) ,  

l 458 ( s ) ,  1340(b) ,  1262, 1035(sb) ,  and 858cm-I ; n.m. r .  75.65-6.00 

( m ; c a . l ~ ) ,  6 .20 -6 .60 (m;ca .2~) ,  6 .30(s ,  D20 exch. ;  c a . 2 ~ ) ,  7 .70(s ,  

ca.6H), 7.55-7.85(bmY poor r e s o l u t i o n ) ,  and 7.90-8.85(bmY poor 

r e s o l u t i o n ) ;  h.r .rn.s.  (80') m/e(%) l 7 3 . 1 4 1 3 ( ~ + , 6 ;  ca lcd .  f o r  

C9H19N02: 173.1415), 159.1268 ( 3 ;  ca l cd .  f o r  C8Hl7No2:  

159.12591, 156.1384(2; ca l cd .  f o r  C9H18NO: 156.13891, 142.1251(13; 

ca l cd .  f o r  C8H16NO: 142.12611, 128.1076(3; ca l cd .  f o r  C7H14NO: 

128.1075), 124.1132(3; ca l cd .  f o r  C8H14N: 124.1126), 110.0975(3; 

ca lcd .  f o r  C7H12N: 110.0970), 110.0732(4; ca l cd .  f o r  C7H100: 

110.0732), 100.0752(8; ca l cd .  f o r  C5H10NO: 100.0762), 98.0980(10; 

ca lcd .  f o r  C6H12N: 98.0470), 88 (26 ) ,  84(16) ,  71(11) ,  67(14) ,  and 

58(100). No e s t e r  could be obtained when t h i s  o i l  was t r e a t e d  with 

p n i t r o b e n z o y l  ch lor ide  i n  t e t r ahydro fu ran  by the method of  Ikegami e t  a l .  

f o r  fl-amino a l coho l s  (185) .  This  m a t e r i a l  has  been t e n t a t i v e l y  assigned 

3-cia-(1 'dime thy lamino-2 '-hydroxye thy 1 ) c c  lopentanol  (11-37) on t h e  bas is  

of i ts  mass spectrum. 

b )  Workup a t  25': I n  a  s e p a r a t e  pho to lys i s  a  s o l u t i o n  of TMT 

(8g, 0.069 moles) ,  norbornene ( l l g ,  0 . l lmo le s )  and CF3COOH (25g, 

0.245 moles) i n  a c e t o n i t r i l e  (200ml) was i r r a d i a t e d  with a 200W Hanovia 

lamp through a  Vycor f i l t e r  a t  o0 under oxygen f o r  5  hours u n t i l  t h e  

abso rp t ion  a t  Amax 237nm of  an a l i q u o t  (1:4000 d i l u t i o n  in  methanol) 

disappeared.  The photo lysa te  became deep yellow a f t e r  10 minutes .  Af t e r  

4  hours ,  a  new abso rp t ion ,  about 1/10 of t he  s t a r t i n g  one a t  237nm, appeared 

a t  A,, 270nm with a  weak t a i l  a t  hmax ca.310nm. An a l i q u o t  of t he  



photo lysa te  (511111 was t r e a t e d  with K I  ( l g )  i n  water  (5ml) and CH3COOH 

( h l )  and t h e  l i b e r a t e d  iod ine  was t i t r a t e d  with t h i o s u l f a t e  s o l u t i o n  

(1.2m1, 9 . 2 7 ~ 1 0 - ~ ~ )  i n d i c a t i n g  the  presence of 0.045 equ iva l en t s  of 

ox id i z ing  agents  presen t  i n  t h e  pho to lysa t e .  

The photo lysa te  was evaporated t o  5 m l  (15•‹/10mm ~ g )  and t h e  res idue  

d i l u t e d  wi th  H C l  (0 .  l N ,  50ml) a t  oO. This  aqueous s o l u t i o n  was e x t r a c t e d  

with e t h e r  (5x201111). The e t h e r  was washed with s a t u r a t e d  s a l t  s o l u t i o n  

(3x20ml), then wi th  s a t u r a t e d  Na2C03 s o l u t i o n  ( lx20ml) ,  d r i ed  over 

MgS04, and evaporated on a  water bath t o  give a brown semi-solid (505mg) : 

i . r .  3350(sb),  2950(s ) ,  2875, 1779( s ) ,  1672(b) ,  1447(b) ,  1392(w), 1350(s ) ,  

1219, 1202, 1170(sb) ,  1065(b) ,  869(w), 84O(w), and 721cm-l; n.m.r. 

Y5.7-6.3(bm) and 7.6-9.0(bm). 

Analysis of t h i s  a c i d i c  and n e u t r a l  f r a c t i o n  by g . c .  (10% SE-30 on 

Chromasorb S  801100, 6 'x1/8" s t a i n l e s s  s t e e l ,  100-250' a t  6O/min., He 

a t  18ps i ,  and a  H2 flame d e t e c t o r )  showed one major peak a t  9.0 min, and 

a t  l e a s t  14 minor ones.  This major peak a t  9 .0  min. showed t h e  

fol lowing g.c.-m.s. m/e% 207(1) ,  206(2) ,  169(6) ,  153(6) ,  125(5) ,  

115(10),  110(94),  95(76) ,  92(88) ,  81(100) ,  79(92) ,  69(78) ,  67(86) ,  

66(78) ,  and 57(78).  This  major g . c .  peak i s  be l i eved  t o  be due t o  

7-hydroxybicyclo[2.2.1]hept-2-yl t r i f l u o r o a c e t a t e  (11-38). 11-38 was 

prepared ( s ee  r e f e r ence  152) by s t i r r i n g  t h e  expoxide 11-32 (100mg) i n  

a  CH2C12 (2ml) s o l u t i o n  con ta in ing  CF3COOH ( 1 0 h g )  f o r  5  minutes 

a t  20'. The CH2C12 phase was washed with d i l u t e  K2C03 



s o l u t i o n  a t  oO, d r i e d  by p a s s i n g  through an  alumina column ( 2 g ) ,  and 

evapora ted  t o  y i e l d  a  c o l o r l e s s  o i l  (ca.150mg): i . r .  3400(sb) ,  

2 9 5 6 ( s ) ,  2879, 1 7 7 7 ( s ) ,  1445(b) ,  1393, 1 3 5 2 ( s ) ,  1220, 1165(sb) ,  

lO8O(b), 865(w),  848(w),  720cm-l. Th i s  o i l  showed a major g . c .  

peak a t  8 . 5  min. (SE-30, a s  above)  and a t  l e a s t  10 minor g .c .  peaks 

a t  h i g h e r  r e t e n t i o n  t i m e s .  The major peak a t  8 . 5  min. was matched wi th  

t h e  major  g . c .  peak observed i n  t h e  above a c i d i c  and n e u t r a l  f r a c t i o n .  

The y i e l d  o f  t h e  t r i f l u o r o a c e t a t e  11-38 from t h e  p h o t o l y s a t e  was 

approximated from t h e  g . c .  peak a r e a s  a s  2.5%. No epoxide 11-32 could  

be  d e t e c t e d  i n  t h e  above a c i d i c  and n e u t r a l  f r a c t i o n  by e i t h e r  g . c . ,  

t . l . c . ,  o r  i , r .  

The a c i d i c  aqueous s o l u t i o n  from t h i s  second p h o t o l y s i s  was b a s i f i e d  

w i t h  s o l i d  K2C03 t o  pH 12 and e x t r a c t e d  wi th  e t h e r  (5x401111). The e t h e r  

phase was d r i e d  over  K 2 C 0 3  and evpora ted  t o  y i e l d  a brown o i l  (4 .6g) :  

i . r .  3400(wb), 2 8 7 5 ( s ) ,  2825, 2 7 8 0 ( s ) ,  1 7 4 7 ( s ) ,  1716(wb), 1 4 5 3 ( s ) ,  1177, 

1155, and 1042(sb)  cm-'; n .m.r .  7 6.02(bm), 6.50(bm),  7.20(1n), 

7 . 6 7 ( s t r o n g  s i n g l e t ) ,  7 . 7 1 ( s ) ,  7 . 7 9 ( s ) ,  and 7.5-9.0(bm). The r a t i o  o f  t h e  

s i n g l e t s  a t  77.67,  7.71,  and 7.79 was i n  t h e  o r d e r  o f  3 : l : l .  

Th i s  b a s i c  f r a c t i o n  showed t h r e e  major g . c .  peaks (10% SE-30 on 

Chromasorb S 80/100, 6 'x1/8" s t a i n l e s s  s t e e l ,  100-250' a t  6O/min., He 

i n l e t  p r e s s u r e  1 8 p s i ,  and a hydrogen flame d e t e c t o r )  a t  6 .9 ,  7 .5 ,  and 

8 . 1  min. i n  a  g . c .  peak a r e a  r a t i o  o f  6 :1 .5 :1  and a  minor peak a t  3.9 

minu tes .  The t h r e e  major peaks were matched w i t h  t h e  f o l l o w i n g  a u t h e n t i c  



compounds (153,155): 6.9min., 3-exo-dimethylamino-2-bicyclo[2.2.1]- - 
t ' 

heptanone (11-39); 7.5min., exo-alcohol 11-35; and 8. lmin. ,  endo-alcohol - - 
11-34. G.c.-m.s. showed t h e  minor peak a t  3.9 min. t o  be 11-26: m.s. 

was i d e n t i c a l  t o  t h a t  of  11-26 obtained above i n  t h e  pho to lys i s  under 

n i t r o g e n ,  and the  major peak a t  6.9min. 1 - 3 9 :  m.s. m/e(%) 

153(8) ,  152(3) ,  139 (3 ) ,  135(3) ,  125(3) ,  124(3) ,  122(3) ,  94(6) ,  8 4 ( 3 ) ,  

79(5) ,  70(10) ,  67(12) ,  and 58(100).  Separa t ion  of t h i s  major peak by 

p r e p a r a t i v e  g . c .  (20% Dowfax 9N9, 10% TEP,  on Chromasorb P 60180, 

8'x1/4" copper ,  220•‹, He i n l e t  p ressure  a t  20ps i )  provided 11-39 a s  

a  c o l o r l e s s  o i l :  r . t .  7.2mi.n.; i . r .  2820, 2778(s) ,  1746(s ) ,  and 

1440(sb)  cm-' ( l i t .  i . r .  2815, 2770. 1742, and 1045~111'~ (106) ) .  

Fu r the r  e x t r a c t i o n  of t h e  b a s i f i e d  aqueous phase with e t h e r  (2001111, 

14h r . l  provided a  yellow o i l  (1.63g) which c o n s i s t e d  mainly of t h e  t r imer  

1-30 (55% y i e l d ) :  n .m.r .  r 6 .77 ( s ;6H)  and 7.80(s;9H). 

c )  Reduction of Ketone 12-39: A po r t i on  of t h e  above bas i c  

f r a c t i o n  (1.42g) conta in ing  mainly ketone 11-39 was re f luxed  with LAH 

(0.75g) i n  e t h e r  (150ml) f o r  4 hours .  The usua l  work up provided a  

pa l e  yel low o i l  (1.20g) which showed 2  g . c .  peaks i n  a  r a t i o  o f  5 : l  

a t  7.9min. (11-35) and 11.0 min. (11-34), t h a t  were matched with t h e  

a u t h e n t i c  compounds on a  20% Dowfax column ( a s  above).  Using the  

r a t i o  o f  ketone 11-39 t o  the  two a l coho l s  11-34 and 11-35 of 6:1.5:1 

observed before  r educ t ion ,  i t  was c a l c u l a t e d  t h a t  reduc t ion  of  t h e  

ketone 12-39 by LAH gave the  5 0 - a l c o h o l  11-35 a s  the  major product 



and the  endo-alcohol 11-34 as  the  minor product i n  a 90:10 r a t i o .  - 

Another po r t i on  of t h i s  b a s i c  e x t r a c t  (500mg) was s t i r r e d  

wi th  a s o l u t i o n  of NaBH4 (800mg) i n  1 : l  ethanol-water (8ml) a t  

0-5' f o r  8 hours .  The usua l  work up provided a pale  yellow o i l  

(ca.400mg) which was analyzed by g .c .  as  above and showed 11-35 (7.9min.) 

and 11-34 (1l.Omin.) i n  a r a t i o  of 1 . 4 : l .  I t  was c a l c u l a t e d ,  as  above, 

t h a t  r educ t ion  of  t h e  ketone 11-39 by NaBH4 gave the  exo-alcohol 11-35 - 
and the  endo-alcohol 11-34 i n  equal  r a t i o s .  - 

The two peaks were i s o l a t e d  by p repa ra t i ve  g.c .  ( a s  above) from t h e  

NaBH4 reduc t ion .  11-35 was obtained a s  a c o l o r l e s s  o i l :  r . t .  7.9min., 

i . r .  3300(b),  2870(s ) ,  2830, 2780(s) ,  1462, 1450, 1396(b) ,  1139, 1078, 

1050(s ) ,  1035(s ) ,  899, 822(w), and 768(s)  cm-' ( l i t .  i . r .  3300(m), 

2785, 105O(s), and 1035(s )  crn-' (103) ) ;  n.m.r.  r 5.30(bsY D20 exch. ;  

l ~ ) ,  6 .47 (d tY  5 ~ 6 . 6 ,  1 .3 ,  1.3Hz; lH), 7.70(s;6HIy 7.75-8.05(bm;3H), and 

8.2-9.2(bm;6H); m.s. (80') m/e(%) 1 5 5 ( ~ + , 2 0 ) ,  140(14),  126(16),  

98(62) ,  84(37) ,  71(55) ,  and 58(100). 11-34 was obtained a s  a semi-sol id:  

r . t .  11.0min.; i . r . ,  n .m.r . ,  and m.s. were i d e n t i c a l  t o  t h a t  o f  11-34 

obta ined  above i n  t h e  f i r s t  pho to lys i s .  

d )  Reaction o f  11-38 with dimethylamine: the  t r i f l u o r o a c e t a t e  11-38 

( c a . 1 5 h g )  obtained above from the  epoxy r i n g  opening of 11-32 by CF3COOH 

was s t i r r e d  overnight  with a 40% aqueous dimethylamine s o l u t i o n  (5ml) a t  

20': This  mixture  was t r e a t e d  with s o l i d  K2C03 (1g) and e x t r a c t e d  



i 
t- with e t h e r  ( lx5ml) .  The e t h e r  phase was passed through alumina (2g)  and 
i 
F evaporated t o  give a  c o l o r l e s s  o i l  (ca.100mg). This  o i l  showed one peak a t  

7.9min. on a  p repa ra t i ve  g .c .  column (20% Dowfax, a s  above) which was 
I 

matched with t h e  exo-alcohol 11-35 and a  l a r g e  peak a t  40min. which was - 
no t  i d e n t i f i e d .  The peak a t  7.9min. was i s o l a t e d  and shown t o  be  11-35: 

i . r .  i d e n t i c a l  t o  t h a t  of 11-35 i s o l a t e d  above. 

e )  Attempted p repa ra t i on  of  t h e  ketone 11-39: The - endo-alcohol 11-34 

(130mg) obtained from the  above f i r s t  pho to lys i s  was t r e a t e d  with a c e t i c  

anhydride (2ml) i n  dimethylsulfoxide (F i she r  S c i e n t i f i c  Co., DMSO; 5ml) f o r  

36 hours  according t o  a  procedure of Albr igh t  and Goldman f o r  ox ida t ion  of 

h indered  secondary a l coho l s  i n  a l k a l o i d s  (186).  I c e  (20g) was added and 

the  mix ture  was e x t r a c t e d  with e t h e r  (2x10ml). The e t h e r  s o l u t i o n  was 

washed with d i l u t e  K2C03 (20% aqueous, IOxIOml), and d r i ed  by pas s ing  

through an alumina column (2g) .  The e t h e r  was evaporated t o  y i e l d  a  

c o l o r l e s s  o i l  (ca.300mg) which showed 2 g . c .  peaks a t  6 .0  and 9.0min. i n  

equal  r a t i o s  on a  p repa ra t i ve  g . c .  column (20% Dowfax, a s  above).  The 

g .c .  peak a t  6.0min. was matched with au then t i c  DMSO and the  one a t  

9.0min. was i s o l a t e d  t o  give t h e  - endo 11-34 a c e t a t e  a s  a  v i scous  c o l o r l e s s  

o i l :  i . r .  2875(s) ,  2820, 2770(s) ,  1733(s ) ,  1445, 1373(s ) ,  1240(sb) ,  1152, 

1037(s ) ,  and 860( s )  cm-l; n.m.r.  r 5.15 (ddd, J=4.4,4.OY1.2Hz; lH), 

7.62(m;lH), 7.77(s;6HIy 7 . 9 3 ( s ; 3 ~ ) ,  7.7-8.0(bm;lH), and 8 .0-9 .0(bm;7~) .  

Only a  t r a c e  amount of the  expected ketone 11-39 was observed a t  7.2 min. 

and none of t he  s t a r t i n g  endo a lcohol  11-34 was observed a t  11.0 minutes .  - 



Another ox ida t ion  of 11-34 was at tempted by a  method of  Wuonola and 

Woodward (187) us ing  chromic anhydride (2.5g)  i n  a  s o l u t i o n  of py r id ine  

(301111) and water  (4ml). The work up gave a  brown t a r  which showed no 

s t a r t i n g  a l coho l  11-34 a t  1l.Omin. and only  a  t r a c e  of ketone 11-39 a t  

7.2min. on t h e  20% Dowfax 9N9 g . c .  column. This  t a r  was no t  analyzed 

f a r t h e r .  

2)  Neutra l  

The same cond i t i ons  and amounts were used a s  ( l b )  b u t  CF3COOH was 

omit ted.  I t  took 6 hours f o r  t he  TMT absorp t ion  a t  Amax 280nm t o  

d i sappear .  A t  t h i s  time t h e  photo lysa te  gave a  nega t ive  t e s t  t o  KI-starch 

paper.  No yellow co lo r  was observed throughout t h e  6  hours .  A t  t h i s  

p o i n t ,  CF3COOH (25g) was added and t h e  photo lysa te  was worked up a s  i n  

( l b ) .  

The n e u t r a l  f r a c t i o n  was obtained a s  a  semi s o l i d  (354mg): i . r . .  

3380(sb) ,  1670(sb) ,  1204(s ) ,  1180, 1135(sb) ,  and 1080(b) cm-l; n.m.r. 

r 4 . 9 ( b s S  D20 exch.)  and 7.5-9.l(bm). The g .c .  of t h i s  f r a c t i o n  ( s ee  

above f o r  cond i t i ons )  showed 8  peaks, of which t h e  one a t  7.6min. was 

i d e n t i f i e d  a s  11-38 by g .c .  peak matching with an au then t i c  sample. The 

epoxide 11-32 was i d e n t i f i e d  by t . 1 . c .  as  a  small  spo t  matching with t h a t  

of  an a u t h e n t i c  sample. The y i e l d  o f  11-38 was es t imated  t o  be below 1%. 



The f i r s t  b a s i c  e t h e r  e x t r a c t  c o n s i s t e d  of a pa l e  yellow l i q u i d  

(2.5g):  i . r .  was i d e n t i c a l  t o  t h a t  of  t h e  imine t r imer  1-30; n.m.r. 

showed e t h e r  a t  r 6 . 5 ( q )  and 8 . 8 ( t ) ,  1-30 a t  6 . 8 ( s )  and 7 . 7 ( s ) ,  and a smal l  

s i n g l e t  a t  77.78 which was i d e n t i f i e d  a s  TMH by comparison with t h a t  o f  an 

a u t h e n t i c  sample. The r a t i o  of  ether:I-30:TMH was 4:  5: 1. 

Continuous e t h e r  e x t r a c t i o n  provided a second b a s i c  f r a c t i o n  a s  a pa l e  

yellow l i q u i d  (1.3g):  i . r .  was i d e n t i c a l  t o  t h a t  of  1-30; n.m.r. showed 

e t h e r  an 1-30 i n  a 3:7 r a t i o .  From t h e  above n .m. r . ' s  t h e  y i e l d  of 1-30 

was approximated t o  be  90% and t h a t  of R1H about 4%. No bas i c  add i t i on  

products  t o  norbornene were observed by g .c .  o r  i n  t h e  above spec t r a .  

P) DECOMPOSITION OF TMT I N  THE PRESENCE OF CF3COOH AND NORBORNENE 

A s o l u t i o n  of TMT ( l g ,  0.0088moles) and norbornene (8.3g, 0.088moles) 

i n  a c e t o n i t r i l e  (10ml) was added dropwise with s t i r r i n g  over 2 minutes t o  

nea t  CF3COOH (8g, 0.07lmoles) a t  room temperature.  The s o l u t i o n  tu rned  a 

pa l e  brown c o l o r  and slow gas evolu t ion  was observed. The absorp t ion  a t  

235nm disappeared i n  5 hours .  The usua l  work up provided 250mg of a b a s i c  

e x t r a c t :  i . r .  3290(s ) ,  2780(s) ,  1648(s ) ,  1545, 1262(s ) ,  1111(s) ,  and 

925(s)  cm-l; n.m.r. ~ 6 . 7 8 ( s )  and 7 .70(s )  (2 :3 ;  imine trimer 1-30), 

6.15(m, Wlj2=15Hz), ca.7.7 (6  weak s i n g l e t s ) ,  and 8.0-9.l(bm). This  

f r a c t i o n  showed a t  l e a s t  7 spo t s  on a t .  1 . c .  p l a t e  and was no t  analyzed 

f a r t h e r .  The y i e l d  o f  1-30 was es t imated  from t h e  n.m.r.  t o  be 30%. 



Q) PHOTOLYSIS OF TMT I N  THE PRESENCE OF COD AND CF3COOH 

A s o l u t i o n  of  TMT (4g, 0.0345moles) and COD (4g, 0.037moles) i n  

e 
t a c e t o n i t r i l e  (100ml) was added t o  a  s o l u t i o n  of CF3COOH (25g, 0.245moles) 
b 

i n  a c e t o n i t r i l e  (100ml) a t  0' in  a  photovessel  and was purged with 

n i t r o g e n  f o r  10 minutes .  This s o l u t i o n  was i r r a d i a t e d  with a  200W Hanovia 

lamp through a  Vycor f i l t e r  under n i t rogen  a t  0' f o r  2  hours u n t i l  an 

a l i q u o t  ( h 1  i n  l O m l  methanol) showed no U . V .  maximum a t  237nm. The 

photo lysa te  turned b r i g h t  yellow wi th in  10 minutes of i r r a d i a t i o n  and gas 

evo lu t ion  was observed when the  n i t rogen  flow was i n t e r rup t ed .  

One q u a r t e r  of t h i s  photo lysa te  was evaporated t o  5ml (20~/10mm Hg) 

and 12ml 3N HC1 was added. The res idue  was washed with e t h e r  (2x25ml). 

The e t h e r  phase was s epa ra t ed ,  washed with d i l u t e  HCI (0,1N, 2xlOml), and 

d iscarded .  The aqueous phases were combined, evaporated t o  a  semi s o l i d  

(20~/10mm H ~ ) ,  and t r e a t e d  with 2,4-dinitrophenyldhyrazine hydrochlor ide 

(2g)  i n  e thanol  (50ml). No p r e c i p i t a t e  was formed when t h i s  s o l u t i o n  was 

d i l u t e d  with water  (50ml). No p r e c i p i t a t e  was de t ec t ed  when t h i s  aqueous 

e thano l  s o l u t i o n  was n e u t r a l i z e d  with aqueous K2C03. This q u a r t e r  of 

t h e  pho to lysa t e  was not analyzed f a r t h e r .  

Another q u a r t e r  of t h e  pho to lysa t e  was evaporated t o  a semi s o l i d  a s  

descr ibed  above. This  res idue  was taken up i n  water (10ml) and s lowly 

n e u t r a l i z e d  with a  d i l u t e  K2C03 s o l u t i o n .  A NaBH4 s o l u t i o n  i n  

e thanol  (2g i n  50011) was added s lowly t o  t he  above mixture and s t i r r e d  f o r  



3 hours  a t  20'. This  mixture  was a c i d i f i e d  and evaporated t o  a  p a s t e  

(30~110ml Hg). Th i s  pas t e  was b a s i f i e d  t o  pH 14 (40% aqueous KOH) and 

e x t r a c t e d  wi th  e t h e r  (4x25ml). The e t h e r  phase was d r i e d  over MgS04 and 

evapora te  (steam ba th )  t o  y i e l d  a  pale brown o i l  (695mg): i . r .  3370(wb), 

3015(w), 2820, 277O(s), 1675(b) ,  1353, 1264, 1040(s ) ,  and 726(s)  cm-l; 

n.m.r. t 4 .45 (m) ,  7.8-7.9 ( 3  s t rong  s i n g l e t s ) ,  and 8.1-9.0(bm). 

This crude bas i c  e x t r a c t  showed two spo t s  on t . 1 . c .  p l a t e  and two 

g .c .  peaks a t  r . t .  6 .8  and 14.3min. i n  a  r a t i o  of  1 . 7 : l  (25% Carbowax 20 

PTAT on Chromasorb A 60180, lO'x114" s t a i n l e s s  s t e e l ,  240•‹, He 

press .=20ps i ,  thermal conduc t iv i t y  d e t e c t o r ) .  The two peaks were s epa ra t ed  

by p r e p a r a t i v e  g .c . :  6.8min. 1 1 - 4 0 ;  r 3020, 2828, 2779(s) ,  1688(w), 

1458(s ) ,  1264, 1177, 1154, 1043, 1032, 994, and 727(s)  cm-l; m . s .  

m/e(%), 1 5 3 ( ~ + , 2 5 ) ,  138(5) ,  136(5) ,  125(18) ,  124(18) ,  110(251 . , 8h(66) ,  

and 71(100); 14.3min. 1 - 4 1 ;  r 2818, 2770(s) ,  1458(s ) ,  1351, 1259, 

1040(s ) ,  866, and 844 cm-'; m . s .  m/e(X), 2 1 0 ( ~ + , 3 0 ) ,  195(2) ,  166(22) ,  

165(15),  152(10),  150(6) ,  137(7) ,  136(6) ,  126(23) ,  124(18),  110(11) ,  

84(49) ,  71(32) ,  and 58(100). 

The remaining h a l f  of t h e  photo lysa te  was worked up t o  give a semi 

s o l i d  as  descr ibed  above. This  res idue  was b a s i f i e d  with 40% aqueous KOH 

t o  pH 14 and e x t r a c t e d  with e t h e r  (4x25ml). The e t h e r  phase was d r i e d  over 

MgS04 and evaporated (steam ba th )  t o  y i e l d  a  pa le  brown o i l  ( l . 64g ) .  The 

i . r .  and n.m.r. were i d e n t i c a l  t o  t h e  crude bas i c  e x t r a c t  obtained above. 

This  bas i c  e x t r a c t  showed two spo t s  on a  t . 1 . c .  p l a t e  and two g .c .  peaks 

(25% Carbowax, a s  above) a t  6.8 and 14.3min. i n  a  1 .9 : l  r a t i o .  



This  o i l  (1.48g) was chromatographed on a n e u t r a l  alumina column 

(75g). E l u t i o n  wi th  50% petroleum e t h e r  (30/60) i n  e t h e r  gave a c o l o r l e s s  

o i l  (565mg) which showed one spot  on a t . 1 . c .  p l a t e  and one g.c .  peak a t  

6.6min. (25% Carbowax, a s  above). I t  was sublimed (10~/0.05mm Hg) t o  

y i e l d  a c o l o r l e s s  o i l  i d e n t i f i e d  a s  5-dimethylaminocyclooctene (11-40): 

i . r .  and m . s .  were i d e n t i c a l  t o  the  above m a t e r i a l  obtained by 

p repa ra t i ve  g . c .  a t  6.8 min.; n.m.r. r 4 . 4 8  (m, WlI2=35Hz, 2H), 

7 .92(s;  NCH3) and 7 . 8 - 8 . l ( m , l l ~ ) ,  and 8.15-9.05(bmY6H). 

Anal. Calcd. f o r  C10H19N: C ,  78.37; H ,  12.50; N, 9.14 

Found : C ,  78.15; H ,  12.36; N ,  9.49 

The p i c r a t e  was r e c r y s t a l l i z e d  from e thano l  : mp 153-167' 

(decomp. 1. 

Anal. Calcd. f o r  C16H2*N407: C ,  50.26; H ,  5.80; N ,  14.65 

Found : C ,  50.76; H ,  5.97; N ,  14.70 

Fu r the r  e l u t i o n  gave an o i l  (122mg) which showed 2 g .c .  peaks a t  6.6 

and 14.2min. (25% Carbowax, a s  above).  

E lu t ion  with 100% e t h e r  gave a c o l o r l e s s  o i l  (266mg) which showed one 

spo t  on a t . 1 . c .  p l a t e  and one g . c .  peak a t  14.2min. (25% Carbowax, a s  

above).  I t  was sublimed (20~/0.05mm Hg) t o  give a c o l o r l e s s  o i l  of  



(11-41 ): i.r. and m.s. were identical to the material obtained 

previouly by preparative g.c. at 14.3min.; n.m.r. (100MHz) r7.74(s; 
I 

N-(cH3l2), 7.78 (s ;  N-(CH~)~) and 7.72-7.82(bm) (18~), and 

Anal. Calcd. for C13H26N2: C, 74.23; H, 12.46; N, 13.36 

Found : C, 74.18; H, 12.43; N, 13.42 

The dipicrate of 11-41 was recrystallized three times from ethanol: 

mp 217-221' (decomp. 1; h. r.m.s. m/e(%) 228.9971 (2, calcd. for 

C6H3N3O7: 228.99711, 210.2090 (2, calcd. for C13H26N2: 

210.2096), 166.1588 (4, calcd. for C11H20N: 166.1595), 165.1518 (4, 

calcd. for C11H19N: 165.1518), 126.1282 (5, calcd. for C8H16N: 

126.1282), 124.1124 (3, calcd. for C8H1&H: 124.1126), 110.0969 (2, 

calcd. for C7H12N: 110.09691, 84.0817 (11, calcd. for C5H10N: 

84.08131, and 58(100). 

Anal. Calcd. for C25H32N8014: C, 44.91; H, 4.82; N, 16.76 

Found : C, 44.78; H, 4.84; N, 16.60 

The bis-methiodide of 11-41 was recrystallized twice from ethanol: - 
mp 155-190' (decomp. 1; m.s. m/e(%), 210(4), 142(59), 127(18), 84(17), 

and 58(100); n.m.r. (~OMHZ, ~ ~ 0 )  r6.39(m, WlI2=22Hz, lH), 6.68(m, 

WlI2=18Hz,2H), 6.97(s,9H), 7.02(s,9H), 7.48(m, WlI2=30~z,lH), and 

7.7-8.8 (bm,lOH); n,m. r. (100MHz, ~ ~ 0 )  76.40 (ddd, J=8.5,6.5,6.0Hz, l~), 



6.63 and 6.76 ( t h e  AB of an ABX, JAB=13.5, JAX=8.9, JBXx3.9Hz, 2H), 

6 . 9 9 ( ~ , 9 ~ ) ,  7 .04(s ,9H),  7.32(bm, W ~ / ~ = ~ O H ~ , ~ H ) ,  7 .75-8.25(bm,7~),  and 

8.30-8.83(bm,3~).  I r r a d i a t i o n  ( see  Figure 11-19) a t  77.90 co l l apsed  t h e  

ABX a t  ca.6.70 t o  an AB q u a r t e t  ( ~ 6 = 0 . 1 3 3 ~ ~ r n ,  JAB=13.5Hz). 

I r r a d i a t i o n  a t  77 .40  co l lapsed  the  s i g n a l  a t  16.40 t o  a  double doublet  

(J=8.5,6.0Hz) ; i r r a d i a t i o n  a t  78.05 co l l apsed  t h i s  s i g n a l  t o  a  double 

double t  (J=6.5,6.OHz); and i r r a d i a t i o n  a t  77.90 co l lapsed  t h i s  s i g n a l  

t o  a  double t  (J=6.OHz). 

Anal. Calcd. f o r  C15H32N212: C ,  36.45; H ,  6 .53;  N ,  5.67 

Found : C ,  36.48; H ,  6.64; N ,  5.58 

R) PHOTOLYSIS OF TMT I N  THE PRESENCE OF COD AND CF3COOH UNDER OXYGEN 

A s o l u t i o n  of TMT (3g,  0.025moles) and COD (4g,  0.037moles) i n  

a c e t o n i t r i l e  (100ml) was added t o  a  s o l u t i o n  of CF3COOH (23g, 0.2moles) 

i n  a c e t o n i t r i l e  (100ml) i n  a  photovessel  a t  0'. This  s o l u t i o n  was purged 

wi th  oxygen f o r  10 minutes and was i r r a d i a t e d  f o r  2  hours a t  which 

time an a l i q u o t  showed no U . V .  maximum a t  235nm. Af t e r  5 minutes o f  

i r r a d i a t i o n  t h e  pho to lysa t e  turned t o  b r i g h t  yellow but  s lowly  became 

l i g h t  brown over  2  hours .  A drop of t h e  photo lysa te  showed a  ve ry  

s t r o n g  p o s i t i v e  t e s t  t o  KI-starch paper.  An a l i q u o t  (2ml) of t h e  

s o l u t i o n , s t o r e d  i n  t he  dark  under oxygen a t  0' showed no change i n  

t h e  absorp t ion  a t  Amax 235nm. 



The pho to lysa t e  was evaporated t o  15ml (10~/10mm Hg). Without 

washing wi th  e t h e r ,  the res idue  was cooled t o  -30' (d ry- ice lace tone)  and 

d isso lved  i n  e thano l  (50ml). A cold  KOH s o l u t i o n  (151111 40% aqueous KOH i n  

50ml e thano l )  was slowly added followed by slow add i t i on  of  a NaBH4 

s o l u t i o n  (4g,  0 .  lmoles,  i n  501111 50% aqueous e thano l )  a t  -30'. The l i g h t  

brown mixture was allowed t o  come t o  room temperature  and was s t i r r e d  f o r  

12 hours.  The mixture was a c i d i f i e d  with d i l u t e  ac id  (3N H C l ,  75ml) a t  

0' and t h e  volume was reduced t o  501111 (20•‹/15mm Hg). 

This  res idue  was b a s i f i e d  with 40% aqueous KOH u n t i l  pH 14 and 

e x t r a c t e d  with e t h e r  (4x75ml). The e t h e r  phase was d r i e d  over MgS04 and 

evaporated (steam ba th )  t o  give a l i g h t  yellow o i l  (3.08g):  i . r .  

3360(sb),  3010, 2875, 2780(s ) ,  1650(wb), 1460(s ) ,  1262, 1165(b),  1030(sb) ,  

and 723(s )  an-'; n.m.r.  r 4.1-4.7(bm), 6 .02(b t ,  W ~ , ~ - I ~ H Z ) ,  6 .30(bs,  

D20 exch . ) ,  6.60(bm, WlI2=20Hz), 7 .77 ( s )  and 7 .81(s )  ( s t rong ,  2:3) ,  and 

7.30-8.75(bm). 

This  bas i c  e x t r a c t  showed two spo t s  on a t . 1 . c .  p l a t e  (alumina, 2% 

methanol i n  e t h e r ) .  One wi th  r . f .  of 0.72 superimposed on au then t i c  

trans-2-dimethylaminocyclooct-5-en-1-01 (11-44) (160,1611, and t h e  o t h e r  - 
with  r . f .  0.40 was the  l a r g e r  of t h e  two spo t s .  This  o i l  showed one g . c .  peak 

a t  r . t .  5.0min. (10% SE-30 on Chromasorb S 60180, 6'x1/8" s t a i n l e s s  s t e e l ,  

150-300' a t  5•‹/min., N2 i n l e t  p ressure  a t  l a p s i ,  and a H2 flame d e t e c t o r )  

which was superimposable on au then t i c  11-44. But t h e  o i l  showed two 

g.c .  peaks a t  37 and 48min. i n  a r a t i o  of  1:1.7 and a minor peak 



(ca . lX of  t h e  o t h e r  two) a t  12min. on a d i f f e r e n t  column (20% Dowfax 

9N9/10X TEP on Chromasorb P 60180, 8 ' x l I "  copper ,  210•‹, He 

press .618psi ,  and a thermal conduc t iv i t y  d e t e c t o r ) .  By the  peak 

matching t echn ique ,  the  minor peak a t  12min. was shown t o  be  

5-dimethylaminocyclooctene (11-40) and the  peak a t  37min. t o  be the  

t r a n s  a l coho l  11-44. The two major peaks were separa ted  and i s o l a t e d  - 
by p r e p a r a t i v e  g .c .  on t h e  Dowfax column and t h e  y i e l d s  were 

e s t ima ted  from t h e  g . c .  peak a r e a s .  11-44 was obtained a s  a 

c o l o r l e s s  o i l  (27%);  i . r . ,  n.m.r. ,  and m . s .  were superimposable with 

those  of  t h e  a u t h e n t i c  sample (160) .  

Cis-2-dimethylaminocyclooct-5-en-1-01 (11-45) was obtained a s  - 
white  prisms (46%):  mp 72-76'; r . t .  48min.; i . r .  (mel t )  3130(sb),  

3020, 2794, 1635(wb), 1456(s ) ,  1370, 1290, 1260, 1173(s ) ,  1120(sb) ,  

1023(s ) ,  982, 874, 831, 822, 775, and 721(s)  cm-l; n.m.r. (100MHz) 

74.0-4.5(mY2H), 5 .93(bdt ,  J=1.2,4.OHz,lH), 6 .90(bs,  D20 exch. ,  l ~ ) ,  

7.25(ddd, Jx10.7, 4 .2 ,  and lHz, l ~ ) ,  7 . 6 8 ( ~ , 6 ~ ) ,  and 7.40-8.55(bm,8~);  

m.8.  m/e(%) ,  1 6 9 ( ~ + , 1 9 ) ,  154(3) ,  140(17) ,  124(5) ,  110(19),  87(13) ,  

84(17) ,  71(100). I r r a d i a t i o n  ( see  Figure 11-23 and Table 11-14) a t  

r's 7.95 and 8 .35  co l lapsed  t h e  broad double t r i p l e t  a t  r 5 . 9 3  t o  broad 

s i n g l e t s  (WlI2=6.5Hz) and (WlI2=4.0Hz), i r r a d i a t i o n  a t  f 7 .25  

sharpened t h i s  s i g n a l  s l i g h t l y .  I r r a d i a t i o n  a t  ~ 5 . 9 3  co l lapsed  the  

double dd a t  77.25 t o  a double doublet ( 5 ~ 1 0 . 7  and 4.2Hz); i r r a d i a t i o n  

a t  r 8 .35  co l l apsed  t h i s  ddd to  a broad doublet  ( J ~ . ~ H z ,  W l I 2  of One 

peak =3Hz) . 
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The aqueous phase was f u r t h e r  e x t r a c t e d  with e t h e r  (100m1, 49 hours )  

t o  provide a second bas i c  f r a c t i o n  a s  a v i scous  brown o i l  (400mg): i . r .  

3600(sb) ,  2780, 1650(b),  1150(sb) ,  and 1040(sb) cm"; n.m.r. +5 .42 (bs ,  

D20 exch . ) ,  6.1-6.6(bm), 7.5-7.8(4 s t rong  s i n g l e t s ) ,  7.9-8.6(bm), and a 

very weak s i g n a l  i n  t he  74.1-4.7 reg ion .  This  t a r  showed a broad s t r e a k  on 

a t .  1 . c .  p l a t e  and 3 major g .c .  peaks with r e t e n t i o n  times h ighe r  than 

80min. on t he  Dowfax column. This second f r a c t i o n  was no t  analyzed 

f a r t h e r .  



APPENDICES 

APPENDIX A: CF3COOH Decomposition of 1,4-Bis-pentamethylene-2- 

t e t r a z e n e  (BPMT) i n  t he  Presence of Toluene 

1)  Resu l t s :  No products  der ived from to luene  were observed i n  

t h e  b a s i c  f r a c t i o n  s i n c e  the  n.m. r .  showed no s i g n a l  f o r  protons i n  

t h e  aromatic  region (r1.5-3) .  By comparison of then n.m.r.  with t h a t  

of  p r ev ious ly  i s o l a t e d  benzyl to luenes ,  t he  n e u t r a l  f r a c t i o n  showed 

o r t h o  ( r6 .05)  and para (76.10)  benzyl toluenes (3% i n  a  4:6 r a t i o ) .  

2)  Experimental:  BPMT (1 .5g ,  0.0077moles) i n  toluene (15m1, 

0.15moles) was added with s t i r r i n g  t o  CF3COOH ( h l ,  0.05moles) a t  

oO. 

The yellow mixture ,  showing gas evo lu t ion ,  was then warmed t o  

40' f o r  5  hours ,  a t  which time i c e  (25g) was added. The mixture was 

worked up as descr ibed  above f o r  TMT decomposition i n  H2S04. No 

polymeric m a t e r i a l  was observed. 

The a c i d i c  and n e u t r a l  products  were obtained a s  a  co lou r l e s s  

l i q u i d  (50mg) having a  c h a r a c t e r i s  t i c  odour of  benzyl toluenes : 

n.m.r. r2 .75-  3.00 (bm, 9 ~ ) ;  6 .05 ( s j  and 6.10 ( s )  (2H, r a t i o  4:6) ;  

7.71 ( s )  and 7.77 ( s )  ( 3 ~ ,  r a t i o  6 :4) .  The b a s i c  e x t r a c t  cons i s t ed  of 

a  v i scous  brown o i l  (270mg): n.m.r. ~ 6 . 5 0  (m), 7.20 (m), and 8.40 

(m) . 



APPENDIX B :  CF3COOH Decomposition of TMT i n  t h e  Presence 

o f  Anisole 

1 )  Resu l t s :  The bas i c  f r a c t i o n  from t h i s  r e a c t i o n  contained 

o r t h o  (r6.22 ( s )  and 7.30 ( s ) )  and para  (75.32 ( s )  and 7.21 ( s ) )  N , N -  

d imethylan is id ines  in a  2 :  1  r a t i o .  The y i e l d  of  these  a n i s i d i n e s  was 

approximated from t h e  n.m.r .  a s  7.4%. 

2)  Experimental:  TMT (1 .2g ,  0 .01  moles) i n  a n i s o l e  (10.8g, 0 . 1  

moles) was added t o  CF3COOH (7g,  0 .06 moles) a t  50'. The s o l u t i o n  

was s t i r r e d  a t  50' f o r  2  hours  and then  worked up as descr ibed  above 

f o r  t h e  decomposition of TMT i n  CF3COOH. The n e u t r a l  f r a c t i o n  was 

n o t  analyzed f o r  p roducts .  The b a s i c  f r a c t i o n  cons i s t ed  of a  brown 

o i l  (280mg): n.m.r. 7 2 . 5 - 3 . 5  (h), 6 , 2 2  (s!, 6 . 3 0  ( s ) ,  6.32 (s), 6.93 

( s ) ,  7.21 ( s ) ,  7.30 i s ) ,  and 7.81 ( s ) .  The s i n g l e t s  a t  r 6 . 9 3  and 

7.81 (2:3 r a t i o )  were assigned t o  t he  imine t r imer  1-30 (30%) by 

comparison wi th  t h a t  of p r ev ious ly  i s o l a t e d  1-30, t h e  s i n g l e t  a t  

76.30 was ass igned  t o  a n i s o l e  (134),  t h e  s i n g l e t s  a t  76 .22  and 7.30 

(1:2 r a t i o )  were ass igned  t o  2-N,N-dimethylanisidine, and t h e  s i n g l e t s  

a t  7-6.32 and 7.21 (1 :2  r a t i o )  were assigned to  

p-N,N-dimethylanisidine by comparison with those of t he  a u t h e n t i c  - 
(134) .  The n.m.r. i nd i ca t ed  t h a t  t h e  or tho-  and para-an is id ines  were 

i n  a  2 : l  r a t i o  and t h a t  t h e  a n i s i d i n e s ,  a n i s o l e ,  and t r i m e r  1-30 were 

i n  about e q u i m l a r  r a t i o s .  Thus t h e  y i e l d  o f  a n i s i d i n e s  was 

ca l cu l a t ed  t o  be 7.4% and t h a t  o f  1-30 t o  be about 30%. 



i APPENDIX C:  Photo lys i s  of RIT i n  t h e  Presence of  Cyclohexene 
; 

I a t  pH5 under Nitrogen 
b \ 

1 )  Resu l t s :  The bas i c  f r a c t i o n  from t h i s  photo lys i s  contained a  

l a rge  amount of  m a t e r i a l  showing cyc loa lkyl  r i n g  n.m.r .  s i g n a l s  a t  

~ 7 . 9  - 9.2 and a t  l e a s t  7  s t rong  s i n g l e t s  i n  t h e  N ( C H ~ )  region a t  

r7.6 - 7.8. No at tempt  was made t o  i s o l a t e  t h e  components of t h i s  

mixture .  

2 )  Experimental:  TMT (3g ,  0.026 moles) and cyclohexene (24g, 0 . 3  

moles) were d i s so lved  i n  a  s o l u t i o n  of methanol (150ml), a c e t i c  a c i d  

(30m1, 0.5 moles ) ,  and sodium a c e t a t e  (7 .3g,  0 .5  moles) a t  0'. The 

s o l u t i o n ,  when t e s t e d  with pH paper ,  was shown t o  be pH5. It was 

i r r a d i a t e d  a t  0' under n i t rogen  with a  200W Hanovia lamp through a  

Corex f i l t e r  f o r  2  hours  u n t i l  an a l i q u o t  showed no absorp t ion  a t  277 

m. 

The s o l u t i o n  was worked up in  t h e  usual  manner t o  provide a  b a s i c  

e x t r a c t  a s  a  v i scous  o i l  (2.38g):  n .m.r .  r 4 . 2  (bm), 6.2-6.7 (bm), 

7.6-7.8 (ca .  7 s t r o n g  s i n g l e t s )  and 7.9-9.2 (bm). 
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