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ICImTIC, TKEOR?ZTICAL AND STEREOCHEMICAL 

ASPECTS OF NITROGEN RADICAL REACTIONS 

This work can be p a r t i t i o n e d  i n t o  t h r e e  's.ections. 
I 1) Polar Ef fec t s  of Piperidinium Radical Addition t o  Subs t i tu ted  
- -- - A - - -  - ---a - - - - -- - - - -  - - -  

- A  S-enes 2--- - 

In  t h e  competit ive phutoaddi t ion of N-nitrosopiperidine t o  
\ 

a bina-ry .system of s ty renes ,  an electron-donating s u b s t i t u e n t  :a \ 
- 

f a c i l i t a t e s  the  piperidinium r a d i c a l  addi t ion .  A s e r i e s  of 

e i g h t  para- and meta-subst i tuted s tyrenes  were found t o  g ive  a  - 
b e t t e r  c o r r e l a t i o n  w i t h  Hammett o r a t h e r  than with G+ constants  

and t o  g ive  a  p value of -1.34 which was among t h e  l a r g e r  p 

values of various known r a d i c a l  add i t ion  react ions.  The polar  

e f f e c t s  observed were i n t e r p r e t e d  i n  terms of ground s t a t e  

e l e c t r o s t a t i c  a t t r a c t i o n  be'tween t h e  pos i t ive .  charge of t h e  

aminium r a d i c a l  and t h e  n e lec t rons  of t h e  s tyrenes  r a t h e r  than 

resonance s t a b i l i z a t i o n .  a t  t h e  t r a n s i t i o n  s t a t e .  The quantum 

yi%ld of t h e  N-nitrosopiperidine photoaddition was dependent on 
P 

t h e  nitrosamine concentrat ion but not  on t h e  s tyrene  concentrat ion 

thus suggesting t h e  occurrence of r a d i c a l  chain processes.  

2)  Calculat ions of the  Z-II E lec t ron ic  S t a t e s  of Amido Radicals 

. INDO SCF MO ca lcu la t ions  wereperformed-on sezectee - -  - - 

D 

conformers - -- - of a  number of various13 -- s u b ~ _ t F t u t ~ e ~ d ~ a m i , d ~ a n ~ ~ 1 - y - - -  -- - -- 

r e l a t e d  r a d i c a l s .  An N-methyl s u b s t i t u e n t  conferred II e l e c t r o n i c  
I 



hydrogen substituent conferred C electronic state characte?. - 

~bbstit%ents at the -carbony1 carbon had no effect upon the 

radical electPon$c state. Imido radiqals were all shown to be 
e p '  

C. On the basis of limited experiniental data from the 

literature and from the calculations done;it,is postulated 

- - -  
that those amido radicals possessing C elmtronic states undergo 

- - -- - - - - A - - - - - - - . A- - - - 2- - 

addition to olefins whereas thosbe radicals of II character 

abstract hydrogen preferentially. 

3) Transition State Geometry ii InInt-ramolecular Hydro$en 
- ' %  

Abstraction by Amido Radicals 
t 

Amido radicals generated from photolysis of N-bromamides 

can undergo either intra- or intermolecular hydrogen abstraction. 

The six atoms participating in the transition. state of intra- 

molecular hydrogen abstraction can asshe either a hexagonal or 

a pentagonal geometry, Calculations suggest that coplanarity 
\ 

of the six atomic centres favours the hydrogen tzansfer process. 

The requirements of coplanarity of the intramolecular hydrogen 

transfer were tested using carboxsmido radicals genercted from 

photolysi s of ~-bromo-trans-4-t-buty~-cis-2-methyl-~-t-butyl- - - - 
cy'clohexanecarboxamide and of the corresponding trans-trans 

h 
2, 

compoun6. The conformat ion' energy facilitates the attainment 

From experiment St was found that the . - cis radical gave the 

greater amount of in%ramoleculgr hydrogen abstraction p2oduct. 

1 

. . 
Vb 
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CHAPTER 1 

INTRODUCTION 

The photochemistry of nitrosamines i n  inex t r i cab ly  associa ted  

with t h e  r e a c t i v i t y  and reac t ions  ofiaminium r a d i c a l s .  In the  
- -- - --  - -  --PA --- - - A -  - --- -- 

presence of d i l u t e  ac id ,  N-nitrosamines r a p i d l y  undergo homolys i s  
,' 

p r i o r  t o  subsequent photoreactions (1,2) and generate  t h e  aminium ,+, 
.-. r a d i c a l  and NO. ,/' 
- 

- - 

The f l a s h  e x c i t a t i o n  techique has been 

i d e n t i t y  of t h e  spec ies  of t h e  primary 

f 

employed t o  e s t a b l i s h  t h e  

s i n c e  t h e  i n i t i a l  d e s c r i p t i o n  of nitrosamine photochemistry 

( 1 ,  much e f f o r t  has been expended t o  determine t h e  mechanism, ' 

t h e  scope and l i m i t a t i o n ,  and t h e  r e a c t i v i t y  of aminium r a d i c a l s  

( 5  ~ i n k c i  and co-workers ( 5 )  have generated aminium 

r a d i c a l s  by photolyzing N-chloramines concentrated su lphur ic  

ac id -ace t i c  aci5medium. Reaction species  l i k e l y  involving 

m i n i &  r a d i c a l s  can a l s q  be found metal ion  ( ~ e ' ~  o r , ~ i + ~ )  

o r  t e r t i a r y  amine >ides (10). 

The r e a c t i v i t y  of the  aminium r a d i c a l s  ressembles t h a t  of 



uncharged r a d i c a l s  i n  many ways. The aminium r a d i c a l  may u i d e r ~  

go a d d i t i o n  t o  o l e f i n s  (3) o r  add i t ion  t o  aromatic nuc le i  (.5,11). +. , 

Al te rna te ly  the aminium r a d i c a l  may a b s t r a c t  a hydrogen atom 

from s u b s t i t u t e d  toluenes (12) o r  from a hydrogen-donating 

solvent  ( 3 ) .  ' m e y  may a l s o  undergo disproporti"0nation ( 13 1 ,  
' ~ I 

i 
terminat ion (14T7snd chain propagation ( 1 5 ) s r e a c t i o n s .  ! 5 

$ 

In t h e  presence of  d i l u t e  ac id ,  N-nitrosodialkylamines i f 

\ _ - _  - LL I - L L L - L -  - - -- - -  -- --- --- - - - -  --pi 
r ap id ly  undergo photoaddition t o  o l 3 f i n s  (1). Experimental 4 

4 
evidence suggests t h a t  t h e  intermediate  of t h i s  r e a c t i o n  i s  the ,  i 

! 
1 

j p o s i t i v e l y  - - charged - - -  aminiym - r a d i c a l  (16). This r a d i c a l  and t h e  - - r 

concomitantly generated n i t r i c  oxide add t d  t h e  double bond of f i 
t 
i 

olef  ins  t o  form, a f t e r  tautomerizat ion,  the  & ~ ~ r o ~ r i a t e  a-amino- 4 

; 
i 

oxirne.- SCF ca lcu la t ions  on ground s t a t e  n i t r o s a m i n e d l 7 )  I 
> 

suggest t h a t  t h e r e  i s  a 48s con t r ibu t ion  of po la r  resonance form 
/ 

l a .  The proton coordinates  with t h e  more e l e c t r o n  r i c h  n i t roso-  - 
i 
9 

oxygen atom a s  i n  3 .  A t  low concentrat ions of ac id  ( pH > 1) - 
a s s o c i a t i o n  takes  place through hydrogen bonding while a t  higher  ' 

concentrat ions of a c i d  ( > 2 M  ~ $ 3 0 ~ )  t he  nitrosamine is proton- 



undergo photoaddition (19).  - 
Flash ph6tolysis  s t u d i e s  of a c i d i f i e d  N-nitrosopiperidine 

(16) have r e s u l t e d  in t h e  de tec t ion  of a t r a n s i e n t  having 

i d e n t i c a l  absorp t ion  c h a r a c t e r i s t i c s  t o  t h a t  generated from N- 

chloropiperidine.  k p e r i d i n i u m  r a d i c a l  has been e s t a b l i s h e d  (201' 
\ 

as t h e  intermediate  i n  t h e  photo lys is  of N-chloropiperidine. 

The piperidiniwn r a d i c a l  obtained from nitrosamine f l a s h  

photo lys is  w a s  unaffected by t h e  presence of oxygen o r  by t h e  
* * 

bang of i r r a d i a t i o n  ( h+ TL or -+ n e x c i h t i o n )  . The w . 

piperidinium r a d i c a l  decays with f i r s t  o rde r  r a t e  constant  of 
4 

1.85 x lo4 sec- '  (3) .  Based upon t h e  t r a n s i e n t  reac,don r a t e s  

i n  a c i d i f i e d  aqueous methanol and in 

undergoes photoaddition t o  

than  it a b s t r a c t s  a hydrogen atom from methanol (16).  

Since t h e  aminium radical c a r r i e s  a p o s i t i v e  charge (3',5,12), 

t h e r e  is  good reason t o  suspect  t h a t  it i s  an b l e c t r o p h i l i c  

species .  Neale and Gross (12) have s tudied  t h e  r e l a t i v e '  r eac t -  

i v i t i e s  of t h e  s u b s t i t u t e d  tolunes toward hydrogen a b s t r a c t i o n  

by piperidinium r a d i c a l  generated from N-chloropiperidine 
J' * 

photolys is  i n  2 M  HPSOl In a c e t i c  acid.  They concluded t h a t  i h e  

presence of a positive charge on t h e - p i p e r i d h i u r n  rad ica  d 
not lead  t o  an  unusual ly  enhanced po la r  e f f e c t  a t  t h e  t r a n s i t i o n  
- - - - - - -  - - -- - - -  - - - --  - - - - -- 

state- f o r  hydrogen abs t rac t ion .  In genera l  competit ive hydrogen 
-- 

- 

a b s t r a c t i o n s  Prom m-and p - subs t i tu ted  to luenes  have been widely - 
u t i l i z e d  snccessfu l ly  

However, In c o n t r a s t ,  

t o  ob ta in  Hammett c o r r e l a t i o n s  (21). 

t h e r e  a r e  only 'a few repbreed s t u d i e s  in  



t he  l i t e r a t u r e  of s i m i l a r  c o r r e l a t i o n  of r a d i c a l  add i t ion  t o  m- - 
and p s u b s t i t u t e d  s ty renes  and s t i l b e n e s  .(22,23,24). .All t h e  

repor ted  r a d i c a l s  s tud ied  in these  hydrogen a b s t r a c t i o n  and 

a d d i t i o n  reac t ions  gave negat ive r eac t ion  cons tants  ( -P  values ) 

of varying magnitude, Generally t h e  c o r r e l a t i o n  has been found 
- + t o  r e s u l t  i n  a b e t t e r  fit with a s u b s t i t u e n t  constants  than  with 

CI cons tants ,  fi 

- - a - 

- - -  
- - - I n t h i s  s e c t i o n  m e  a-ctc5tioKLof iphotochemically-genera~-ed 

aminium r a d i c a l s  t o  var ious ly  m- and p s u b s t i t u t e d  s tyrenes  w i l l  - 
4 

be discussed, The medium condit ions used were d i l u t e  ac id  and 
- - - - - 

methanol. The competit ive a d d i t i o n  r e s c t i v l t i e s  of t h e  piper-  

i d i n i ~  r a d i c a l  w i l l  be compared with those obtained from t h e  

r a d i c a l  generated under\ s t rongly  a c i d i c  condi t ions (5,12). 
4- I 

Under s teady s t a t e  i r r a d i a t i o n ,  N-nitrosopiperidine ( NNP) 

photo lys is  methanol and in t h e  presence of d i l u t e  hydrochloric 

a c i d  and s ty rene  i s  bel ieved t o  follow t h e  mechanfsm shown 



-p C5H1 oNHCH2CA~ 
II  

C1-71 > 

NOH f 

From fhash photolysis studies (16) it hes been shah that 

the observed decay rate of the piperidinium radical is propor- 
- 

tional- to the -concen€ratlon -07 the olefinLb<tL is independent of 

the concentration of NNP. In this experiment very high con- 

centrations of arninium radicals and NO are produced. As a result 
- - -  

under these conditions equation El-51 is probably rather un- 

important. However, under the regular photolytic conditions it 
-w 

is assumed that the propagation step of the above mechanistic 

scheme ( k )  is rate determining and is, hence, slower than the 

addition step (k,). EqutLtion [I-51 may in fact represent a 

sequence of events. ft is conceivabIe, that the adduct of 

equation El-81 formed analogously to amino radical addition to . 

2-nitrosoz2-methylpropane (27) is a short-lived intermediate. 

The chain length of the photoaddition process will be given by 

equation [l-g], 

The determined quantum yield of NNP disappearance represented the 



minimum chain l eng th  of t h e  photoaddition process. 
-- -- 

The r e a c t i v i t y  of s ty renes  i n  tentis of t h e i r  absolu te  - r a t e  

cons tants  toward t h e  piperidinium r a d i c a l  i s  estimated1 t o  be 

lo7 t o  lo8 M-I  see- ' .  Since t h e  r a t e  of combination of organic 

f r e e  radica l ;  is of t h e  order  l o 8  t o  los M-' sec-I (281, t h e  

d i f ferences  of t h e  f r e e  energies  of a c t i b a t r o n  of a d d i t i o n  of 
1 

t h e  s tyrenes  w i l l  be f a i r l y  small. The competit ive add i t ion  
- --- -- - 

to ho styrene=,  VKE substitutes afib theL o t k r  no t ,  i n  equi- 

molar i n i t i a l  concentrat ions is u t i l i z e d  t o  gb ta in  t h e  r e a c t i v i t y  

r a t i o  kx/kH. The kx and kE a r e  the  observed pseudo-f i r s t  o rde r  
- - Q 

- - 
" 

r a t e  cons tants  of t h e  piperidinium r a d i c a l  a d d i t i o n  t o  %-sub- ..- 

s t i t u t e d  and t o  s ty rene  respect ive ly .  This r a t i o  is a measure 

of t h e  p a r t i t i o n  of t h e  piperidinium r a d i c a l  r e a c t i o n  toward the  

s tyrenes  and i s  propor t ional  t o  t h e  two d i f f e r e n t  a c t i v a t i o n  

f r e e  energies  of t h e  a d d i t i o n  reac t ion .  

From f l a s h  photo lys is  of  NNP in t h e  presence of t r ans - l ,3 -  
pentadiene, it was shown t h a t  t h e  aminium r a d i c a l  reacted 
with t h e  diene with t h e  bimolecular r a t e  constant  of 6.25 x 

( A .  J. Cessna, unpublished r e s u l t s .  ) 



2-1 General 

2-1-1 Preparations of styrenes - 

All the styrenes except-5-3 and 5-7 used in this projeck - - 
Jhi synthesized .b way-of -dehydratioq of the -appropefat;e - - --- - 

/ *, 

carbinols which in) turn were forme4 from either Grignard 

condensation of CH3MgBr with the wropriate aldehyde or from 

NaBH, reductgon of the substituted acetophenone. The dehyd- 

ration step was achieved using IMSO4 and relatively high 

temperatures (approximately 200' C) . Even the presence of 
hydroquinone' in the flask was unablen to inhibit completely 

the polymerization of the formed styrenes which were isolated 

in 30 to 50% yield. The pmethoxystyrene 5-3 was formed by - 
thermal decarboxylation of E-methoxycinnami6 acid. The m- - 
acetamidostyrene - 5-7 was synthesized by the reductive'acet- 

ylation of m-nitrostyrene. . - 'n 

2-1-2 Photoaddition of NNP to.Styrenes 

In methanolic solution containing dilute hydrochloric 
J 

- 
3 
eL . 



'J 
R 

J - 8 
- -  - -- - - -  \ 

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

ac id ,  N-n i t rosop ipe r idhe  (NNP) pho to ly t i ca l ly  added t o  

s tyrene  t o  g'ive very high y i e l d s  of - syn- and a n t l a - p i p e r -  - 
d idinoacetophe ne oximes. In Table 2-1 a r e  l i s t& t h e  s tyrenes  

B 
used and the  y ie lds ,  of t h e  expected oximes along with some of 

L 

t h e i r  physical. p roper t i e s  . The t o t a l  percentage y i e l d  of 

and a n t i -  oximes i n  each photoaddition indica ted  t h a t '  these  
9 - 

gtyrenes r e a c t  very e f f i c i e n t l y  with t h e  piperidiniwn rad ica l .  
i 

d r a s t i c a l l y  reduced r e a c t i v i t y  of t h i s L b t y r e n e  was demonstrated 

by the  low y i e l d  o M h e  corresponding oxime and by t h e  i so la t ion-  
\ 

'of N-piperidinoformamide which i s  a photoreduction product of 
-7- 1 

piperidiniwn r a d i c a l  r e a c t i o n  with methanol (13). There was no 
i 

.L 

f 

e ~ p e r i ~ e n t a l  evidence t o  suggest t h a t  the  piperidinium r a d i c a l  

had added t o  any aromatic n u c l e i  of. t h e  s tyrenes  o r  t h a t  the re  

was any hydrogen a b s t r a c t i o n  from any of t h e  s u b s t i t u e n t s ,  
-EL. 

- - 

2-1 -3 Kinet ic  Monitoring of Photoaddition of NNP t o  Styrene 

For t h e  purpose of k i n e t i c  inves t iga t ion ,  t h e  i n i t i a l  

concentrat ions of hydrochloric a c i d ,  NNP and s tyrenes  were 

f ixed  a t  0.04 M each in methanol uniess  s p e c i f i e d  otherwise. 

The s u b s t i t u t e d  s tyrenes  possessed no absorpt ion g r e a t e r  than  

300 nm and, hence, were s t a b l e  under t h e  adopted photo lys is  

condi t ions.  The-eight chosen s tyrenes  of both meta- and para- 
- - 

f s u b s t i t u t i o n  had s u i t a b l y  different a constants ,  
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2-2 Quantum Yield Determinations 

Tlnequantunylel&ruf?Nnlvr dlsappea~ance (qN)-he 
* 

psed'do-first order  r a t e  cons tants  of t h e  s tyrene  disappearance _-- 
( k )  were determined under t h e  i d e n t i c a l  condi t ions used i n  

kineddc s t u d i e s  except t h a t  only one s ty rene  was present  i n  

t h e  photo lys is  s o l u t i o n .  As shown i n  Table 1-2, dN - var ied  

between 6 and 10 and i r r e g u l a r l y  with respect  t o  t h e  na ture  

of - t h e  - - substit>e_nt-L - - - - #&tee th&pr~du-cc._g&lys~s showed t h a t  ___ - - -- 

t h e  yAelds of t h e  oximes w e r e n e a r l y  q u a n t i t a t i v e ,  t h e  m N  
probably w i l l  r e p r e s e n o t h e  chain length  of t h e  add i t  ion 

r e a c t 2  on provided r a d t c a l  recomb-inatlrm i s  m i n i m a l :  In -thE 

photoaddition t o  t h e  much less r eac t ive  p-cyanostyrene, t h e  
w 

- .  
piperidinium r a d i c a l  a l s o  underwent r eac t ion  with methanol. 

Therefore,  ON represented tfie sum of the  quantum y i e l d s  of 

both add i t ion  and reduct ion grocesses  . . Under i d e n t i c a l  

i r r a d i a t i o n  condi t ipns,  t h e  obsbr:ed r a t e  cons tants  ( P )  
var ied  without a d i s c e r n i b l e  general  t r end .  The r a t e  

cons tants  were t h e  products' of -two va r i ab les ,  t h e  bimolecular 

r a t e  constant  (k,) and t h e  s teady-s ta te  concentrat ion of t h e  

piperidinium r ad i ca l .  To obta in  r e l a t i  r e a c t i v i t i e s  it was, Y 
theref ore,  necessary t o  perform t h e  compktitive add i t ion  

react ion  experiments. i. 

fl 

2-3 Effects of Altering Concentration of Reactants -- - - 

I n  order  t; examine the e f f e c t s  of the reac tan t  conc- 

e n t  rat ions on the. a d d i t  ioFmechanism, quantum y ie lds ,  gN, 

and t h e  pseudo-f i r s t  o rde r  r a t e  constant ,  %, under varying 
- * 



Table 2-2- 



concentration was used as well as a three-fold variation of 
-- 

n1:yrcnc concentration. The good linear relationship of the 
1 

,a 
plot of kH and $N against time verified that up to 100 minutes 

reaction time, the reaction pattern was not affected by the 

length of photolysis nor the concentration of the reactants. 

From Table 2-3 it can be seen the @ remained constant 
_ _ _  __ _ -_  . - _-- - -- - - - -VAL- N -- - - -- - -- 

as long as the NNP concentration was kep-b constant but increased 

when tbe NNP concentration was increased. The chain length 

however is inversely proportional- to the unknown NO cuncentratim. 

It is believed that the steady state concentration of the aminium 

qadical was increased concomitantly with flN. This in turn 

increased the magnitude of the observed rate constant for styrene. 

-t addition since kH = k Z [ ~ S ~ l O ~ ~ . ' J .  In the presence of higher 

concentrationp of styrene, the lower- of kH (Table 2-31 was 
+ 

to be expected since the sti.ady state concentration of C ~ H ~  C,NH. 1 

was reduced. These measurements ascertained that the analytical 

procedures were satisfactory and established the general 

ditions for the competitive reaction of the piperidinium 

radical with khe styrenes, 

2-4 Relative Reactivitfes - 

Styrene was chosen as the standard substrate in the 
- - - - - - -- - -- - 

- -  - 

con- 

determination of relative reactivities . The competitive 
-- pp -- 

-- - 

addition of the piperidhiurn radical was carried out in the 

presence of one of the para- or meta-substituted styrenes, - 



Table 2-3 

Variation of c on cent rat ions in the Photoaddit ion 

of NNP to Styrene 

Concentration (M) 

NNP Styrene 



I n  e a c h  run t h e  pseudo-f i rs t  order r a t e  c & - t s  qf th.. 
\ 

add i t ion  t o  s tyrene  ( $) and t h a t  of s u b s t i t u t e d  s ty rene  were 

ca lcu la ted .  - The r e s u l t s  a r e  given i n  Table 2-4. 
In the E; 

methoxystyrene - s ty rene  experiment, t h e  piperidinium r a d i c a l  

underwent a d d i t  ion exc lus ive ly  with th'e more e lec t ron-r ich  

olef  in ,  t h e  k-methoxystyrene . Conversely, i n  t h e  p c y a n o -  

s tyrene  - s ty rene  experiment, s tyrene  w a s  consumed exclus ive ly .  
- - - - L L >  - - - - - --- - A - - --- 

These r e s u l t s  unambiguously indica ted  t h a t  t h e  aminium r a d i c a l  

a t t a c k  was  e l e c t r o p h i l i c  in  na tu re  and t h e  r e l a t i v e  r e a c t  i v i t  i e s  % 

i n  t h e s e  couples- were too  far a p a r t  t o  be measured exper imenta l -  - - 

."' 
ly . The r e a c t i v i t y  of E-methoxystyrene w a s  subsequently 

determined r e l a t i v e  t o  pmethy l s ty rene  and normalized t o  
Q 

give t h e  kx / kH r e l a t i o n s h i p  shown i n  F i  2-i. The E- 

cyanost yrene was not  appreciably a t tacked piperidinium 

r a d i c a l  even i n  competit ion with m-bromostyrene. Estimating - 
t h a t  even 5% reac t ion 'of  2-cyanostyrene had occurred, kCN / kH 

i s  s t i l l  l e s s  than 0.085.- 
1 

!$he p l o t  of l o g  kx / % a g a i n s t  D constant  values is 

shown i n  Figure 2-1 . The r eac t ion  constant ( p. value)  w a s  

computed using a  l e a s t  squares method t o  give -1.34 with '  r 

( c o r r e l a t i o n  coeff i c 4 e n t )  of 0 . g 8 .  When o+ values 
Of- 

s u b s t  i t u e n t s  were used, t h e  r e l a t i v e  r e a c t i v i t y  of E-tnethoxyl 

s ty rene  and, t o  a  l e s s e r  ex ten t ,  t h a t  of E-methyMyrene 

- -- - - - - -- -- - - - - - - -- -s- - -- -- 

1 

--I= , -- - -- 

Rela t ive ly  wider s c a t t e r  of p o i n t s  occurred when o w a s  used, 1 

even when p-methoxystyrene w a s  excluded. The r e s u l t f n g  p 

value wa8 found t o  be -1.04 with r = 0.957. 



Table 2-4 

The Competitive Photoaddition of NNP t o  styrenesa 

a Concentration of NNP and hydrochloric acid were 0.04~.  

b Except f o r  the calculation of these r a t e  constants, the 
correlat ion coefficients (r) were be t te r  than 0.985. 

c This r a t i o  was estimated assuming 5% pcyanostyrene had 
reacted a f t e r  100 minutes. 

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

d The standard styrene used in the par t icular  experiments. 



Substitution constant scak k 

Figure 2-1 The r e l a t f v e  r e a c t i v i t i e s  of s u b s t i t u t e d  s tyrenes  

'Bee- + Punction of s u b s t i t u e n t  constant a ( e )  and a ( A ) .  



18 
- 

- - -- P A P  - P L  - -  - -  - -  - 

- 

2--7 Ct%plex - ~ o r G t i i %  Between p - ~ e t h o x y s t ~ r e n e  and KNP 
=n Pp-P-- 

-- ~ M ~ p e c t r o 5 c o p P y - w a ~  used t o  check for-the 

presence of any charge t r a n s f e r  complex format ion occurr ing 

i n  t h e  ground s t a t e  i n  a mixture of E-methoxystyrene and NNP, 

with and without t h e  presence  of d i l u t e  ac id .  Using s p e c i a l  

double-compartment corex cuvet tes ,  no new abgorpt ion  band was 6 

detec ted .  

2-6 Some ~ r e l k r n i n a r ~  Ground S t a t e  INDO ~ a l c u i a t i o n s  

~ s s u m i n ~  t h a t  t h e  chemical p roper t i e s  of N-nitrosodimethyl- 

ambe (NWD) and NNP are similar; some IMX) SCF MO ca lcu la t ions  
- 

were performed on t h e  aminium radic ,al  generated from NND. In  

Table 2-5 a r e  shown some represen ta t ive  ca lcu la t ion  r e s u l t s .  

The r e s u l t s  a r e  prel iminary i n  t h a t  no attempt was made t o  

f i n d  t h e  energy minimum w i t h  respect  t o  changes of a l l  t h e  

geometrical  v a r i a b l e s .  The r e s u l t s  indica ted  t h a t  t h e  p lana r  

h form.of t h e  a m i  Pum r a d i c a l  with t h e  bond angle  between t h e  4 

9 methyl groups of 120•‹ w a s  t h e  s t  s t a b l e .  This p r e d i c t i o n  , 
4 

has been re inforced  i n  a  r ecen t ly  appearing c o ~ u n i c a t i o n  (29) .  
I 

The ca lcu la ted  n i t rogen hyperf ine coupling constant  (16.44) 

compared reasonably well  w i t h  t h e  observed value of 19.28 (29). 

" 'F 2-6 a r e  l i s t e d  some INDO closed s h e l l  ca lcu la t ions  , ' 
I 

I ' 

of p roper t i e s  of NWD and protonated NND. St ruc tu re  B has depicted 

f u l l y  protonated s l k y l  n i t rogen while i n  stryctu.~. _C the - - 
PP 

- - 7 -  - - 
- 

I 
- - -  - - - -  - 

? 
--- I 

i 
n i t r o s o  oxygen is shown t o  be f u l l y  protonated. S t ruc tu re  C I 

is  shown by ca lcu la t ion  t o  be. more s t a b l e  by about 16 kcal/mol . 



Table 2-5 

INDO Open She l l  Calculat ions of Se lec ted  Geometries 

of Dimethylaminiurn Radical 
S 

$ = CNC bond. angle 

Calculated Nitrogen r Calculated Energy 
s t r i c t u r e  (atomic u n i t s  ) Hyperfine Coupling 

Constant 

a = 71" -29.886 
* g = l o g O  

( t e t r a h e d r a l )  

a = 55" -29.907 
@ = l o g 0  



INDO Clos@d Shell Calculations %'of Various 

Forms of N-Mitroso-N,N-Dimethylamine 

Structure Calculated Energy Calculated 



2-7 Competition Between Diazenium S a l t .  and NND a s  Subs t ra tes  

I n  order  t o  a s c e r t a i n  whether a fully oxygen pratannted 

nitrosamine such as s t r u c t u r e  C bf Table 2-6 151 inyolved i n  the  

photoaddit  ion mechanism, a model e t h e r ,  2-ethoxy-1,1 -penta- 

methylene 8iazenium te t r a f luorobora te ,  6, was prepared. I n  the  - 
competit ive r eac t ion  represented 'by (2-1 I ,  t h e  diazenium sal t  

. w 

- -- - - -- 0CH2CH3 - -- -- - -1 - -- - - - - 

N hv - + (CH3)2NN0 + .CBH~CH=CH~ -9 

H+ 
- - -  - 

'' 6 - C 2-11 
1 

did  not  undergo photoaddition.  The only oxime i s o l a t e d  w a s  

- from NMD add i t ion  t o  s tyrene .  The diazenium sal t  was uhable t o  

i n i t i a t e  o r  t o  p a r t i c i p a t e  in t h e  chain propagation s t e p  of t h e  

photoaddit ion.  

2-8 Some ~ r ~ e r t i e s  of Other Aminium Radicals 

2-8-1 Photoaddit ion  of N-Bitroso-N-yethylb,enzylamine t o  Styrene 

The M-nitroso-N-methylberrzylamine, 7, under t h e  t y p i c a l  - 
p o t o a d d i t  ion conditions, '  r e s u l t e d  only i n  p a r t i a l  photoaddit ion 

t o  an equimolar concen t f i t ion  of  s tyrene .  ~ p p r o x i m a t e l y  45% of 



-- 

Q 
I 
H2 

N-NO 

from the singlet nmr absorptions at T 6.2 and T 6.4 of the 

-CCHBN- protons of the oximes. About 35 $ of the -total -product - 

resulted from phbto-induced decomposition of 7 and gave benz- - 
aldehyde and benzylamine. The remainder of the product cor- 

responded most probably to a-benzylic hydrogen elimination and 

subsequent oxime formation. 

2-8-2 Competition Between Intra- and Intermolecular Addition 

The N-nitroso-N-methyl-3-cyclo xene-1-methylamine 9 under- 9e - 
went intramolecular photoaddition upon photolysis in the presence 

of an equimolar concentration bf styrene. From vapour phase 

chromatography there was no indication that any styrene was 

consumed in the reaction. 



CHAPTER 3 

Basic fac tors  which 

radicals  toward react ive  

the polar , ,  resonance and 

DISCUSSION 

J 

determine the  r e a c t i v i t y  o f  f r e e  
9 

subst r a t e s  include suck components as  

s t e r i c  e f fec t s ,  t he  d issocia t ion 

of the  atomic centre associated with the  unpafred ,electron. 

Not a l l  of these parameters a r e  mutually independent. By the  
- - - - -  - - - - - - - -  - - 

judEcious choice of experimental conditions and reactants ,  a l l  

but t h e  polar  and resonance fac tors  have been standardized by 

the  use of subs t i tu ted  styr-enes as subst ra tes  i n  the  photo- 

addit ion experiments. The pola r  and resonance e f f e c t s  caused 

by subst i tuents  can be measured using e Hammett cor re la t ion  

equation. Y \ 
The Harmnett equation was o r ig ina l ly  f o  l a t e d  from data * , + i, 

obtained from he t e ro ly t i c  react ions.  TheL re la t ionsh ip  gives 

the  ratio of r a t e  o r  equilibrium constants f o r  the react ioqs 

of subs t i tu ted  benzene der ivat ives  in t e r n  of para- and - meta- 

subst i tuent  q constants (30 ) , The propor t ional i ty  constant is  

the  sigma bond system 

bond system (resonance 

( inductive e f f e c t )  and throu* the  p i  

effect) (31 ), In reactions where an 
. 'a 

.. 
$ 
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e l e c t r o n  d e f i c i e n t  intermediate  is  formed, s u b s t i t u e n t s  which are 

i n  d i r e c t  conjugat ion through t h e  benzene ring w i t h  t h e  r e a c t i v e  

contre  w i l l  d i sp lay  enhanced o values.  Brown and Okamoto 2 )  

have termed t h i s  enhanced s u b s t i t u e n t  constant  as o'. In some 

cases  t h e  s u b s t i t u e n t  may be a b l e  t o  i n t e r a c t  v i a  resonance 

d i r e c t l y  with t h e  r e a c t i v e  centre .  ' 1f t h i s  extended conjugation 

a f f e c t s  only one s i d e  of a thermodynamic equi l ibr ium o r  one of 

s u b s t i t u e s t  constant ,  0 2 ,  has been proposed (33,34). 

The . H a m m e t t  p valu6 i s  an i n d i c a t o r  of t h e  t r a n s i t i o n  s t a t e  
- - - - - -  - -  - - -  - 

s t r u c t u r e .  When formatiori of t h e  t r a n s i t i o n  s t a t e  involves \ 
donation of e l e c t r o n  dens i ty  t o  t h e  r eac t ion  s i t e ,  t h e  r eac t ion  

i s  acce le ra ted  by e f e c t r o n  donors and p is  negat ive ( 3 5 ) .  The 

s i z e  o f  p i s  a measure of t h e  ex ten t  of charge development a t  

the  r eac t ion  c n t r e  adJacent  t o  t h e  ring when t h e  r eac t ion  ? * 
coordinate passes from t h e  ground t o  the  t r a n s i t i o n  s t a t e .  

3-2 Polar E f f e c t s  % . . 
It i s  expected t h a t  t h e  presence of t h e  p o s i t i v e  charge i n  

t h e  aminium r a d i c a l  renders  e l e c t r q h i l i c  cha rac te r  t o  th is  

t ra f i s ien t  intermedia;te. A t  which s tage  of t h e  r e a c t i o n  co- 
t * 

, o r d i n a t e  th is  e f f e c t  will be g r e a t e s t  i s  uncertain.  It is a l s o  

suspected that  reac t ions  of t h i s -  r a d i c a l  m y  havq quite d i f  f e r e k t  
f 

r haus t ive  compilation of f r e e  r a d i c a l  s u b s t i t u t i o n  reac t ions  (31) ,  

it was found that p O fob all such reac t ions ,  A q u a l i t a t i v e  



w a s  observed. The absolute value of p increased (31) in the - .- 
. 

ser ies  'CEf3 < *c&.< HOOCCH2* -< * C C ~ S >  .Br  i n  the same directibn 

as the electronegativity of these radicals.  
f 

In Ta e 3-1 a r e  l i s t e d  some relevant p values. For corn- bp 
parison t h  se of t h e  piperidinium radical  hydrogen abstraction 4 

amino radical  ' hydrogen ~ ~ S % X B C ~ ~ M - ~ =  
--A------ - 1 

i 

d catalyzed hydration of styrenes (38) and 
I 

poly-merizat ion of styrene (39,401 are  a l so  l i s ted .  Although I 

i 
- paucity of data  does mt a3 3ovrasystematie d B  C U S ~ ~ ~ O ~  of  the  I 

I 

1 
5 

polar ef fgcts on radical  addition reactions, ithe following i 
, i 

obsereations can be mentioned. F i rs t ly ,  among the limited 4 4 
number of  studies available, the p value of the piperidinium 

, r a d i c j i  addition i s  the largest  in the absolute sense and 

exhibits greater dependency on electron a f f i n i t y  than neutral  

i 
d 

- d 
radical additions. The p value of piperidinium radicalcaddition 3 

3 
4 

is  not  dxceptionally large when compared with tha t  of the pro- . - . i 
tonation of styrenes where considerable electreposit ive char- i 
ac ter  a t  the  benzylic position is developed in the t rans i t ion  i 

4 
Q 

state (38). Secondly, while a h s t  a l l  of the neutral radical  

addit  ions correlate be t t e r  with o+ constants, the p i p e r i d h i m  
i 
3: ; 

radical addition is a rare excepthn: in  tQat .the r e l a t ive  react- i 

i v i t i e b  exhibit  be t te r  correlat ion with a constants. - - -  - 

- - ---- - - -- 

I' 
- - + '  2 

The la& of co&elation with the o constants (32) is d 

p r t i c u l a r i l y  obvious when the  extreme electron-donating and 

electron-withdraw- p m e t h o ~ s ~ r e n e  and p-cyanostyrene 

respectively are considered. !The oa (34) value of pmethoxy 



Table 3-1 

The p -values of Some .Radical Addition Reactions 

Reactions Temp. Solvent P Ref. 

s These figures were calculated from the data give,n in  ref. 23. 

b This value fs calculated from the data given in ref. 12. 

c For these two p-values better correlations q r e  obtained 
with a ccollstants. For the other p-values, u constants 
were used t o  give better correlation. 

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

d Ttte reaction WSB m In 3 . 8 3 ~  aqueous HC104 solution. 
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r is -0.12 and does not improve the correlation ei ther.  mird ly ,  ' 

the present up relat ionship i s  correlated by a single l ine  fo r  

both para- and meta-substituted styrenes without showing en- 

hanced r e a c t i v i t i e s  fo r  the pars substituents a s  was observed 

i n  trichloromethyl radical  additions t o  styrenes (22). However, 

i n  the event .that p-metkioxystyrene i s  reacting a t  or  near the * 
/ 

diffusion controlled r a t e  of addition, the  resu l t s  a re  more 
6" 

- - - -- - - 
--&if ficrtlt-t o -irk-. -~-ls~the-p;m~M'TO~- mi€ZXi€Wn€ TiI i fch 

i s  the best c r i te r ion  f o r  distinguishing between correlat ion 
+ with a or  o . 

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

If the pmethoxystyrene reac t iv i ty  is  slower than the ra te  

of diffusion, the unique features described above appear t o  

arise from the reaction m o d e d t h e r  than from the attacking 

c a t i o n i c  species. A recalculation2 of Nealets r e su l t s  (12) 

on the piperidinium radical  abstraction reaction from toluenes 
J P  

- 

gave the ielative r eac t iv i t i e s  correla6ing be t t e r  with o+ values 

(2-methoxytoluene w a s  not used as  a substrate)  and with p= -1.21 
1 I 

which is  not s ignif icant ly  different  from the corresponding 
, 

- 

bromine atom and trichloromethyl radical  abstraztion reactions 

t Neale and+Dross ( 12) have plot ted log [A~CB+C~I/C P ~ c I ~ ~ C ~ ]  
against o constant by assuming a pseudo-zero order reaction. 
However, a f irst  order k ine t ic  plot'must be employed, 

%,? 



A c ~ - f ~ - - t ~ ~ 3 5 - d  it y ' o f ~ - ~ - w - e ~ - ~ - - k h ~ r e d k - - -  

suggest tha t  i n  the piperfdinium radical  addition t o  styrenes, 

'the benzylic carbonium ion character i s  not developed t o  any 

' s ignif icant  extent a t  the  t rans i t ion  s ta te .  The following 

t rans i t ion  s t a t e  s t ructure  fo r  the process can, therefore, be 

ruled out: 3 

s t i tuen t s  on styrene B f a c i l i t a t e  reaction with piperidfniwn 

radicals. The observed p value probably r e f l ec t s  the ground 

s t a t e  electronic interact ion between the cationic radical  and 

the n electron cloud of the o lef in ic  moiety of the styrenes. 

Effor ts ,  however, t o  detect  the presence of a charge t ransfer  

complex between 2-methoxystyrene and NNP by uv spectroscopy 

were not successful. 

Solvent has a large e f fec t  on the magnitude of p but has, 

generally, l i t t l e  influence on o values (41) .  d i f ferent  

solvent systems the behaviour of the piperidinium radical  may 

be modified considerably. Consequently the  p value of Neale (12) 

which was taken i n  strongly acid conditions (~M.H.SO* i n  ace t ic  

- 

acid) connot safely be com red with the value obtained in t h i s  
- - - - - - - - -- - -- - -- = A + - - - - - 

work. Unfortunately, under stiongly acidic conditions NNP is 

completely protonated and i s  not photolabile (19). T h i s  pre- 

vents extending the present photoaddition ,study to  a higher 

ac id i ty  region. photodecomposition of N-chloramine at  a lower 
'4 

- 5  

X 



l. 

-- 

ac id i ty  region suffers  from various side reactions (I?) and L, 

not readily adapfable f o r  kinet ic  study. Recently Malatesta 

and Ingold ( 1 4 ) M v e  demonstrated the increased s t a b i l i t y  of 

aminium radicals along with' increases in solvent ac id i ty  a t  the 

-.H, range of 3 t o  11. Although the factors controlling the 

moderation of the reac t iv i ty  are  unknown, the aminium radicals 

a re  no Qoubt less  reactive and hence more select ive a t  higher 
A--.LL-LL----AL2LLL-L ~ u--.-AAL->L-----------L-- 

acidity.  

# 

3-3 Quantum ~ i _ e l d s  - - - - - - - - 

The quantum yield  me&sureldents indicate tha t  the NNP photo- 

addition t o  styrene follows a short  chain process with chain 

lengths of a t  l e a s t  6 t o  10. The reasonable constancy of ffN C ' -  with changing styrene concentration indicates tha t  every pip- 
, 

eridinium' radical  reacts with styrene. The PIR is  proportional 

t o  the ra te  of the  propagation s tep as experimentally demonstrated 

by i t s  propor%fonal increase with the fncrease in MNP con- 

centration. For t h i s  s tep  t o  be e f f ic ien t ,  tie fpee energy of 

act ivat ion must be very small, bu t , la rger  than tha t  required 
1 

in the addition step. 

3-4 Qualitat$ve Ranking of Nitrosamine Reactivity 

It was observed tha t  when the s t ructure  of thp nitrosamine 

p---------- 

- f a ~  i3x,tSre3n%~~mOlecular add ition-proceeded t o  the exclusion 

of photoaddition t o  a reactive substrate such as styrene. In a 

competiMve sf tuat ion,  the berlzyPienftrosamSne 7 underwent bi- - 



/ 
1 30 - 

- - - - - - - - - - - >- p- -- , , , 

molecular photoaddition to styrkne in approximately the same 
pp 

, ---- 
proport ion as it underwent unimolecu.lar elimination, presumably 

f 

through an Minim intermediate. Benzylic nitrosamine - 7 also 

underwent intramolecular oxime formation in competition with 

the other photoprocesses, but less efficiently. 
- - - 

.'3-5 The Photophysical Process of Nitrosamine Photolysis . 

is the actual mechanism involved in the generation of the 
m 

arninium radical pri~r t8 its addition to a suitable subsdrarate. 
- -- - - - - - - - - - -  - 

INDO SCF MO closed shell calculations suggest thatp the k g e n -  

of NND is the electron rich atom in the molecule. This has.been 

confiped experimentally by the x-ray diffraction observation 

that copper bonds to nitrosamine via the oxygen atom (42). The 
* - 

uv spectra of acidified nitrosamine solutions chawe as a 

- function ,of the* hydrogen ion concentration (18). The cal- 

culations performed also indicate that t h e  most stable pro- 

tonated form of NND is planar and 

oxygen atom, 
&$ 

INDO open shell calculations 

aminium radical is more stable in 

angle of 120•‹. The reported lWDO 

the proton is bonded to the 
- 

also demonstrate that the 

the planar form with CNC bond 

energy minimized structure of 

the dimethylaminiurn radical had CNC bond angle of 126O (29 ) .  

associated status in' the pre-photolysis complex to its fdll 

proton - status in the aminium radical is not known. One fact is 
, - 

f 

- 



-- 
salt 6 - n o u n a b l e t o i n i t i a t e  or to pro- - - 

pagate the t ransfer  process of the photoaddition. .I&r 



4-1 General Techniques 

Unless otherwise s p e c i f i e d  t h e  following experimental 
I - 

condi t ions  prevai led .  ~ u c l e a r  magnetic resonance (nmr) I 

-A 

s p e c t r a  were recorded with a Varian A 56/60 spectrometer i n  
- - - - -- - - a -- - -- - - - a - ..' --_.--____L-u _____r__ -____---- - -_ - -  __ _. _ -- 

C D C 1 3  s o l u t i o n  us ing  TESS as the  i n t e r n a l  s txndard.  The coup- 

l i n g  p a t t e r n s  of nmr s i g n a l s  were presented a d(double t ) ,  t 

( t ~ i p L & ) ,  s q ( q u a r t e t ) ,  b ( b r o a d )  and m (mulU- 

p l e t ) .  D20 exch signified t h a t  t h e  proton was exchangeable 

with added D20. A Perkin-Elmer RMZT-6~ mass spectrometer was 

used t o  record mass spec t ra .  In f ra red  ( i r )  spec t ra  were re-  

corded on a Perkin-Elmer 457 spekrophotometer  as a nu jo l  m u l l ,  

KBr p e l l e t ,  l i q u w  i l m  o r  CHClS  so lu t ioh . '  An Unicam SE-800 
b 

i 
W-Visible spectroghotometer was used t o  fo l low t h e  course of 

t h e  photoaddition reac t ions .  A Cary 1 4  Spectrophotometer was 

u t i l i s e d  t o  monitor t h e  k i n e t i c  disappearance of N-nitroso- 

p ipe r id ine .  ' The vapour phase chromatography (vpc)  was per-  

formed on a Varian 1200 flame i o n i z a t i o n  chromatograph using 

a 20$ SE - 30 10'. x 2/8" s t a i n l e s s  s t e e l  column. The re-  

corder  was equipped with a D i s  Chart I n t e g r a t o r  (model 244 ) .  a, 
merry-go-round appayatus. The I e a s t  squares s t a t i s t i c a l  an- 

a l y s i s  w a s  p e r f o d d  on a programmable Monroe Calcula tor  1610. 

Th in  l a y e r  chromatography ( t l c )  was performed on alumina 

or  s i l i c a  ge l  p l a t e s  (0.2 t o  0.3 m in ~ h i c ~ e s s ) .  The ad- ' 



sorbant  was impregnated with a uv i n d i c a t o r  which permitted t h e  

examination of t h e  p l a t e s  by uv l i g h t  o r  iodine  vapour devel- 

opment. Chromatography was a l s o  accomplished us ing  columns 

packed with Brockman n e u t r a l  alumina, a c t i v i t y  1, 80-200 mesh 

o r  Mallinckrodt s i l i c i c  a c i d  (100 mesh). Melting po in t s  were 

determined on a Fisher-Johns ho t  s t age  o r  a Gallenkamp hea t ing  

block apparatus .  The melt ing o r  boiling po ik t s  were reported 

- - -  - - ~ ~ ~ e c t - e d - ; n l e m e n - c ~ - ~ l g 8 e s W - e  p ~ ~ o M E T G i i X T e r k i ~  '-" 

Elmer 240 Microanalyzer by M r .  M. K .  Yang, Biosciences Depart - 
ment, Simon Frase r  Univers i ty .  

- -  - -  -- 
- -  - - - -  -- - I - - - -  

- - - - - - 

I n  general  t h e  combined organic e x t r a c t s  were d r i ed  with 

anhydrous m&pesium sulphate  and f i l t e r e d .  Organic so lvents  

were removed by evaporation under reduced pressure  us ing  a 

r o t a r y  evaporator.  

4-2 Mater ials  

Commercially, obtained s ty rene  w a s  d i s t i l l e d  under reduced 
\ 

pressure  immediately before use.  The E-. and . - m-substituted . 

s tyrenes  were synthesized and d i s t i l l e d  M e d i a t e l y  b e f ~ r e  

use,  Purity as evaluated by  vpc ana lys i s .  The N-nitroso- a 

2- 
p i p e r i d h e  was obtained commercially and used without f u r t h e r  . 
p u r i f i c a t i o n .  Bromobenzene was d i s t i l l e d  p r i o r  t o  use a s  an 

interrial .standard f o r  t h e  q u a n t i t a t i v e  analysis of t h e  s tyrenes  

1 

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

- 

4-3 Prepara t ion  of Subs t i tu ted  Styrenes, 

The s u b s t i t u t e d  styrenes used in t h i e  s tudy  were prepared 

+-, * 



- - - - --p-- - --- - - -- A- - - - - - - - ---- - -  - -- 

by KHSO* mediated dehydration of & appropr ia te ly  s u b s t i t u t e d  
I 

I 
-- A -- 

phenylmethylcarbinols . Due t o  ,&re s&isfac tory  y i e l d ,  2- 1 I 

methoxystyrene was prepared by t h e  decarboxylation of pmethoxy- 

cinnamic acid.  The s u b s t i t u t e d  phenylcarbinols were prepared 

e i t h e r  by NaBH4 reduct ion  of the  appropriate  acetophenone o r  by 

CH3MgBr condensation with t h e  required benzaldehyde. 

- 
The Grignard reagent prepared from 21.0 g CHSBr w a s  t r e a t e d  

with 24.0 g 2 - t ~ l u a l ~ e h y d e ,  On work-up of- t h k  r e a c t i ~ h r n i x t u r e ,  - - - 

t he re  was obtained an o i l ,  p-methylphenylcarbinol (19.4 g, 71.5%): 

b. p. 74-75'/1.8 mrn Hg, reported (43) b. p. 108"/14 mm; i r  ( f i l m )  ., 

Five grams of  t h e  carb inol  was dehydrated according t o  t h e  

procedure of Brooks (44) ,  u s i n g  75 mg KHSO*, 75 mg hyaroquFnone 

and a temperature of 200-210' a t  100-120 mrn Hg pressure.  Fol- 
a 

lowing work-up t h e  r e s i d u a l  o i l  (2 .3  g, 52 5 )  of 5-2 was d i s t i l -  
n, - 

l ed :  b. p. 56-58O/ 12 rmn Hg, reported (45)  b. p. 81•‹/ 41  mm ~ g :  

The -Grignard . reagent  prepared from 21.0 g CH3Br- was t i e a t e d  

with 28.0 g p-chlorobenzaldehyde. On work-up pchlorophenyl -  

methylcarbin01 (26.7 g, 86 $)  was d i s t i l l e d :  b. p. 93-94O/. 4 mm 

~ g ,  repor ted  (44) b. p, 87-8g0/ 2 mm; i r  ( f i l m )  3350, 1085, lob5 



cm- ' nmr T 2.8 ( 4H, s ) , ~ - 5 ~ 4 _ C I ~ ~ ~ ~ - ~ ~ ~ ~ ~ . - ~ ~ - c ~ c - ) ] - , h ~ ~ - ~ l # r _ b - -  
f 

D,O ex&), 8.72 3 d (3=6.5 cps ) ) .  

Five grams of the  carbinol was dehydrated (44) i n  the  
/ presence of 50 mg KHSO. and 50 mg hydroquinone. After  work-up 

an o i l  was d i s t i l l e d  t o  give 5-3 (1.6 g, 6 $1 : b. p. 4g0/3.2 , - 
mm Hg, reported (44) b. p. 53-5'1'/3 m; ir ( f i l m )  3090, 3070, 

3040, 3010, 1630 ern-'; nmr T 2.8 ( 4 H ,  s ) ,  3 .4  ( la ,  ABC pa t te rn) ,  
- - ---LAALL Lu -- -- -- - -- ---- - --- 

4.7 ( 2 ~ ,  ABC pa t t e rn ) ,  

4-3-3 - Spthes- i s  _of pMethoxystyrsne (5-4) - - - - - - - - _ -  - 

The pmethaxycinnaxnic acid,  synthesized i n  85 4 yie ld  by the  

Perkin condensation of p-methox~benzaldBi~8e and malonic ac id  (46), 

was decarboxylated according t o  a method suggested by Kitchen and 

Pollard (47). Five grams of the  cinnamic acid was heated to-  

ge%her with 20 g quinoline and 0.5 g copper powder'until  de- 
i 

carboxylation was effected.  After work-up t h e  resu l t ing  o i l  was 

d i s t i l l e d  t o  give 5-4 (1.6 g, 4 1  $) : b. p. 92-93"/ij mm Hg, re- 
, -  

,ported (48) b. p. 90-91•‹/13 mm; ir ( f i l m )  3090, 3060, 3040, 3005, 

1625 ern-'; nmr r 3.0 (QH, A2B2 pa t t e rn ) ,  3.15-4.1 ( J H ,  ABC pat- 

t e r n ) ,  6.3 ( 3 ~ ,  s ) .  

- 3 -  Synthesis pf pmanos ty rene  (5-5) - 
_The ,p-cmnnwc_et o p b ~ a a n e ~ ~ w a s p r e p a r ~ I n  7 ~ s  y i e ~ g r a  p- -. 

bromoacetophenone as reported by Friedman and She-chter (49)* -- 

---- 

Following reduction of !0,6 g p-cyanoacetophenone by 1.5 g NaBH4 

and subsequent work-up, p-cyanophenylmethylcarbinol (8.4 g , 83$ ) 
- - 



was c o l l e c t e d :  b. p. 131-133'/2 mm Hg, reported (50) b, p. 136- 

Dehydration of 5.3 g of t h e  carb inol  was crdrried out using 

a suggested modif icat ion (50). Following customary work~up,  a 

yel lowish l i q u i d  was d i s t i l l e d  t o  g ive  - 5-5 (450 mg, 10 8 ) :  b. p. 
. --- - -- -- --- 

A - - - 
repor ted  (507 b. p. 102-l0~'/2g mm; i r  ( f i l m )  

3090, 3070, 3040, 3010, 2230, 1630 cm-'; nmr T 2.5 ( 4 ~ ,  A,B2 

p a t t e r n ) ,  3.05-4.75 ( 3 ~ ,  ABC pa t t e rn ) .  -- -- -- - - - - - 

- - - - --- - -  - 7 - - --- - 
- 

?"a a 

4-3-5 Synthesis  of m-Methylstyrene (5-6) - - 
m-Toluic a c i d  (25 g )  w s reduced w i t h  7.5 g LiAlH, and upon - 

- 
e 

subsequent work-up gave m-methylbenzyl a lcohol  (20 g, 90 $) : 

b. p. 162-163"/20 rn H g ,  repor ted  (51) b. p. 217"; ir (film) 

3300, 1015 em-'; nmr T 2.9 (QH, m), 5.45 (2H, s), 7;5 (lH, 'b; . 

D20 exch) , 7.7 ( 3 ~ 9  s 1. 
t 

The m-methylbenzyl a lcohol  was oxidized with a c t i v e  mangahese - 
dioxide prepared according t o  a method of P r a t t  ( 5 2 ) .  Following - 

Jrk-up there war i s o l a t e d  an7 o i l y  residue of' m-tolualdehyde - 
(20 g, 100 $); ir (film) 2810, 2715, 1695 crndl; rum T b.1 (IH, s), 

2.5 ( 4 ~ ,  m), 7.6 ( 3 ~ ,  s ) .  

The Grignard reagent prepared from 17.5 g CH3Br was t r e a t e d  

with 20.0 g m-tolk8)dehyde. 0n work-up m- toluylmethylcarbinol  - - 
, -- 

-- - 

R T f ]  was collected: b. p. 113-114•‹/2~ mm Hg, reported 

(43) b. p. 104-105~/12 m; i r  1065, 1025 cm-I; mf!! 

7 2.9 (4% m), 5.25 (ZH, q 7.45 (lH, b, D20 exch),  



i * 
Five grams of the carbinol was dehydrated accordin@rii to (44) 

using 1.0 g KHSO* and 0.4 g hydroquinone. Following wo -UP, an 

- f o i l  (1.8 g, 29 $ )  of 5-6 was collected: b. p. 53-55O/10 cm Hg, 
I 

reported (53) b. p. 61-62"/18 mm; ir (film) 3090, 3050,13030, I 

1630 .em-'; nmr T 2.85 (4~, m) , 3.34 (IH, ABC 

ABC pattern), 7.68 (3~, s). 

4-3-6 Synthesis of m-Methoxystyrene (5-7) - 

After work-up there was obtained m-methoxy-phenylmethylcarbinol - 

133"/12 mm; ir (film) 3400, 1045, 1015 ern-'; nmr T 3.0 (4H, m), 

8.55 (3H, d ( ~ = 6 . 5  CPS)). 

me carbinol was dehydrated (44) with the assistance of 1.0 g 

'KHS04 and 0.4 g hydroquinone. Following work-up there was ob- 

tained 5-7 (1.2 g, 23 $ ) :  b. p. 79-80a/15 mm Hg, reported (48) . . - 
b. p. 7'7--78"/12 mi; ir (film) 3090, 3050, 3005, 1600 cm-l; n m r  T 

3.1 (4~, m), 4.38 ( I H ,  dd (~=10.5 cps)), 4.76 (lFI,.dd .(~=10.5. 

Coyercial m-nitroacetophenone - (16.69) was redudd by 1.9 g 

NaBH4. ~ol?owhg work-up there was obtained rn-nitrop - 

6.1"; ir (film) 3356, 1525, ,1350, 1065, 1015 em-'; m 



. ( 3 H ,  d ( ~ = 6 . 5  cps ) ) .  

The carb inol  was dehydrated bycheating a mixture of 7.5 g 

alcohol ,  2.0 g KHSO, and 0.5 g hydroquinone t o  220' a t  20 mm Hg. 

Following customary work-up of t h e  d i s t i l l a t e ,  t h e r e  was obtained -- 
a. yellow o i l ,  m-nitrostyrene (3.3 g, 49 k ) :  b. p. 111-112•‹/12 mrn - 
H g ,  reported (55) b. p., 106-107~/8 mm; i r  ( f i l m )  3080, 3070, 

The m-$cetamidostyrene was prepared d i r e c t l y  from m-nitro- 
- - - - - - -  

- - - - 

-- - - 
- - .  

s ty rene  using a  modif icat ion of a  procedure of Landesberg (56). 

A mixture of 1.0 g m-nitrostyrene,  29 m l  g l a c i a l  a c e t i c  ac id ,  29 - 
ml a c e t i c  qnhydride and 2.0 g sodium a c e t a t e  was reduct ive ly  

ace ty la ted  by the drop-wise a d d i t i o n  of 3.4 g Zn powder. Af ter  

s t i r r i n g  the  r e s u l t i n g  s o l u t i o n  f o r  2  h' a t  20•‹ and f i l t e r i n g  t h e  
1 

R 

s o l i d ,  t h e  f i l t r a t e  was concentrated,  The o i l y  res idue  w a s  

washed with 34 m l  d i l u t e  m40H so lu t ion .  Af ter  f i l t r a t i o n  and 

washing with ~ ~ - . 4 4  g of a  semi-solid w a s  subjec ted  t o  column 

chromatography us ing  10 g n e u t r a l  alumina as adsorbant  and pet-  

roleum e t h e r  30:60 as t h e  e l u t i n g  solvent.  The des i red  compound 

was f i n a l l y  e l u t e d  with a mixture of 25 $ ether:75 $ petroleum A 

ether t o  g ive  0.27 g solid. Recrys ta l l i za t ion  of t h e  compound 



m-~rbmoacetophenone (15.0 g) was reduced by 1.25 g NaBH4,* 
i 

~ f t e r  work-up there  was i sola ted m-bromophenylmethylcarbinol 
d 

Dehydration of 6.0 g carbinol by 1.0 g K H S 0 4  and 0.4 g 

hydropinone was accomplished ,by a known procedure (44). After 

pa t te rn) ,  4.6 (ZH, Am pattern).  

4-4 General Conditions f o r  Preparative ~hotoaddition 

The photoadditions of N-nitrosopiperidine t o  subst i tu ted 

styrenes were carr ied out in a manner s imilar  to t h a t  reported 

To 0 101 moles of each substi tuted styrene in 250 ml CHjOH 't 

w a s  added 0.01 moles ~ ~ ~ ~ s n d  0,84hml conc. HCl. The "soiution 

w a s  poured fnto the photo-cell and purged with nitrogen gas 

thmM@out\ the photolysis. The source of i r r ad ia t ion  was a 
•÷ 

medium pressure 200 watt Hanovia lamp 654~36. A nonex f i l t e r  
- - - - 

A 

" was usea t p  cut off &radiat ion below 340 nm. The e n t i r e  photo- 

c e l l  wad immersed in an ice-bath, Cold water was c i rcula ted 

through -*hi cooling jacBet en&ircling the lamp. w e  progress 



of the  mixture, d i l u t i na  t o  10.0 ml w i t h  C&oI I  and obww-&r~, 

the decrease of the  350 nm absorption of NNP. m e  photoadditions 

were general ly complete a f t e r  1 t o  1.5 h i r rad ia t ion . -  

After completion of t he  photqreaction, the  CHsOH w a s  re-  

+ moved on the  ro tary  evaporator &ti1 about 40 ml volume w a s  

l e f t .  This solut ion w a s  d i lu ted  with 40 m l  H20 and the  resu l t ing  

turbid  mixture was extracted with e ther  ( 2  x 40 m l ) .  The e ther  -. 

ex t rac t s  were combined, dried ( M ~ s o , )  and concentrated p r iy r  t o  
3 

analysis .  The aqueous so lu t ion  was made basic ( p ~  - 10) by the  

dropw i s e  addi t  ion _of_s_atura3ed Na,CQ3 so lu t ion ,  The prec2pihttted 

amino-oximes were i so la ted  by f i l t r a t i o n  and dried over P2O5 in 
f 

a vacuum dessicator.  The f i l t r a t e  was extracted withtCH2C12 

( 2  x 40 ml). In the  l a t t e r '  ex t r ac t  the  photodecomposition 

products of NNP and small quan t i t i es  of amino-oximes appeared. 

The physical proper t ies  and yfelds of the amino-oximes 
- 

obtained m e  given in Table 2-2, 

4-5 General Procedure of Kinetic -Study of NNP Photoaddition 

t o  subs t i tu ted  Styrenes 

Far a l l  k ine t i c  s tud ies  of t he  photoaddition of NNP t o  a , 

subs t i tu ted  styrene, a so lu t ion  of moles styrene, 

moles Subst i tuted styrene, moles NNP, 0.085 m l  conc. HC1 

- and suf f ic ien t  CA30H t o  nake 25.0 ml was prepared. Aliquots 
- -- 

- -- - 
- - -- - = 

of F.u sll were pipetted *to the photolysis -tubes f i t t e d  with a 
-- 

' gas p u i i n g - m c e .  Nitrogen w a s  bubbled €hrough each solut ion 

for 90 to 120 seconds. Each tube after being pwged'with 

nl-trogen was sesf e&, 



Five tubes conta in ing  t h e  so lu t ions  were placed i n t o  t h e  - 
s l o t s  of t h e  merry-go-roun9 apparatus  which w a s  immersed i n  a 

bath thermostated at  20•‹C. The source of i r r a d i a t i o n  was a 

medium pressure  450 watt Hanovia lamp 679~36.  A nonex f i l t e r  
8 

was i n s e r t e d  i n t o  t h e  c e n t r a l l y  located cold f i n g e r  of t h e  , 
C 

apparatus.  For each run, t h e  lamp w a s  warmed up f o r  20 minutes 

p r i o r  t o  i r r a d i a t i o n  of  t h e  samples. The s i x t h  tube was pro- 
- - - -2----L--2 "- d---bL~A--p~->~~----- 

t e c t e d  from light w i t h  A 1  f o i l  and se rved ' a s  t h e  cont ro l .  A t  

each 20 minute i n t e r v a l ,  one tube was removed from t h e  merry- 

go-round and s t o r e d  in  t h e  dark. A t  t he  100 minute i n t e r v a l  
- - - - - - -  --- - - - - - - - - - - - 

when t h e  last  tube was withdraw, genera l ly  50 t o  52 $ of t h e  
1.j- T - 

NNP had reacted.  .r 

To each tube of t h e  experiment, 0.5 m l  of a bromobenzene 

so$tion (0.534 g in, 10.0 m l  CH~OH) was added. For uv a n a l y s i s  
--La 

-**%o m l  of eadh s o l u t i o n  was d i l u t e d  to 5.0 ml with CH3QH. The 
Zr 

quan t i ty  of WP consumed i n  t h e  photo lys is  w a s  ca lcu la ted  from 

the  dAcrease of t h e  350 nm absorpt ion  band. 

The remainder of the i r r a d i a t e d  s o l u t i o n  was used d i r e c t l y  

fo r  vpc analys is .  For each s ty rene  a c a l i b r a t i o n  curve p l o t t i n g  

t h e  r a t i o s  of bromobenzene t o  the s ty rene  int  g r a t i o n  reading 9 
was constructed prior t o  the a n e i s .  The are s of each peak Y 
were obtained f rom t h e  integrator attached t o  t h  k recorder .  

?he amount d i  unreacted s ty rene  i n  the7 photolysqte  could then  

- s t - ~ H e r - c l l s a ~ t :  - of We s i m e  (k ) a- sub- H 

s t i t u t e d  s ty rene  (kx), The . f i rs t  order  rate 
d 

cuprelation ~ ~ f f i ~ t &  were obhined from a 
0 

constant  and t h e  . - 
least squares  



4 2 

---ppLA--- -------------A-L-- - - - -  
analys is  of the  data.  

F o r  each subs t i tu ted  styrene, the  me&surement~f-kkxfkH 

w a s  repeated two or  more times t o  give the  average r a t i o s  l i s t e d  

in Table 2-4. Competitive photoaddition between 2-methoxy- 

styrene and p-methylstyrene was carr ied  out becausd t h e  former 
1 

reacted exclusively i n  the  competition with styrene. The r a t i o  

of the  r a t e  constants obtained t h i s  way was normalized by mult- 

In the  bompet it ive photoaddit ions of p-cyanostyrene in th; 

presence of e i t h e r  s tyrene or  - m-bromostyrene, no addi t ion t o  2- 
- - 

cyanostyrem haa ccW-d; IssuMnE tha* e v K 5  $ 2- cyanm tyrene 

had reacted during photolysis,  kE-CN / kH was estimated t o  

be 0.085. The p lo t  of the  measured log kx / kH agains t  o 

values is  shown in  Figure 2-1. 

4-6 Quantum Yield Determinations 

A potassium f e r r ioxa la te  a c t  inometry solut ion 

described by Hatchard and Parker (60) was placed in to  the  photo- 

c e l l  and i r r ad i a t ed  f o r  5 minutes under the'same concditions a s  

discussed f o r  the  photoaddition, skis operation was repeated ' 

several times at 15 .minute ix&ervals. The a c t i n o m k y  solut ions 

were processed as described (60)  and the  photon count was deter: 

mined t o  be 1.44 (a0.03) x 10'?quanta/sec and was reproducible. 

-- - To - compensate - - - -- 
for -- - - the - - - - ~ u t i l i z e d  - - - - pp- photons due -- ta the  - - decrease - - - - - - 

Fn t he  n i t ro sawne  350 nm absorbance as the photolysis proceeded, ' ' 

a ca l ib ra t i on  curve was constructed t o  provide the  appropriate 

correct ion fac tors .  Titis was done by measuring the  l i g h t  fil- 



t e r ed  through solut ions  -contaiping 0.04, 0.032, 0.024, 0.02 and 

0.016 moles/ l i ter  of NMP and styrene and s t r i k i n g  3.0 m l  so lut ions  

of potassium fe r r ioxa la te ,  The ' correct ion f ac to r  was defined a s  

the  r a t i o  of the  photon count s t r i k i n g  the  acthometry '  so lut ion 

f o r  the  un f i l t e r ed  l i g h t  and, t h a t  f o r  the  react ion s o l u t i o k ,  

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

For determination o f .  the  quantum yie lds  a 0.04 M sblut ion 

the  merry-go-round apparatus a s  described. A t  each 20 minute 

solut ion of the  actinometer w a s  i r rad ia ted  f o r  5 minutes only. b 

The quant i t i es  of NNP and styrene consumed were determined by 

analysis .  !The calcula ted quantum yie lds  of NNP disappearance 

($) and the  pseudo-first  order r a t e  constap$s of the  styrene 
r 

react ion a re  given in Table 2-2. 

Keeping the  concentration of styrene a t  0-04 M, the- con- 

centrat ions of NNP and H C 1  were varied successively by four- 
\ 

fold.  The quantum y ie ld  (PN) and the  pseudo-first  order r a t e  

constant (kH) were determined and l i s t e d  i n  Table 2-3. A t  a 

higher concentration bf NkP the photolysate 'wt~5 su i tab ly  di lq ted 

f o r  uv spectrophotometry. Axly -d i lu t ion e r ro r s  w i l l ,  of course, 

.a f fec t  the accuracy of j?$ yalues  r In all. t h e  kH ,plots,  reason- 

able s t r a i g h t  l i n e s  could be drawn with the points  up t o  100 

and HC1 were f ixed st 0.04 M and the concentration of styrene 

was varied from 0.04 ta 0-12 M. Similar determinations of t he  
. , 



quantum yields and the pseudo-ffrst order r a t e  constants weree 

carried out. Again most of the experimental points obtained 

up t o  100 minutes i r rad ia t ion  gave reasonable l inear  plots  

except f o r  the kH determination with 0.12 M styrene. In t h i s  

case, re la t ive ly  small d e c r e a s ~ s  of styrene with respect t o  the 

high concentration of styrene decreased the vpc accuracy. The . 
I 

data i s  summarized in Table 2-3. 
-- - . -- -- -- -- 

d 

4-7 Spectroscopic Attempt to, Detect Complex Formation 

t o  detect  any complex tha t  may be formed between p-methoxy- 

styrene and NNP both with and without an equivalent of HC1. 
4 

I n i t i a l l y  8 x moles/liter p-methoxystyrene i n  CH30H was 

added t o  one compartment and NNP of similar concentration t o  
1 

' the other, The spectrum was scanned.from 3400 t o  2200 A'.  The 

solutions i n  the two cornpa-rtment.~ were mixed and the scan was 

repeated. No difference in the resul t ing spectra was detected. 

A* analogow experiment was performed using 8 x lo-* moles/ 

liter each of NNP and pmethoxystyrene, The spectrum was 
-/ 

scanned from 7000 t o  4000 AO,  Again no new absorptions appeared. 

4-8 IEJDO Molecular Orb5tal Calculations 

The INDO SCF MO method was based on the-formulation of 

bond lengths and bond angles (63,64) were employed fo r  the 

geotaeB~i~a1-p~ameterr;~ except %hose albred to achieve the 
'7 * 



desired molecular geometry. 

4-9 Other Nitrosamines Investigated 
I 

4-9-1 Preparation of M-Nitrosa-M-Methylbenzylaaine (7) 

.t To a PO0 m l  round bottom f l a s k  was added 22.6 g (0.22-moles) 

benzylamine and 23 ml (0.27 moles) conc. H C l  i n  25 ml H20. 'The 
- - -- -- - pa + 6  - A -  - li-LL--- -- 

f l a sk  was cooled t o  5 . To the  magnetically s t i r r e d  solut ion 

was added (2h) through a dropping funnel a solut ion of 17.& g . 
(0.25 moles) NaNO, i n  50 ml H20. The mixture was permitted t o  
& - - - --- - - - -- - - - - - - - - - - - - -- - - - - - 

stir overnight and was then extracted with C H 2 C l 2  ( 2  x 50 m l ) .  

The organic ex t r ac t  was dried (&so4) and concentrated. The 
h 

residue was d i s t i l l e d  (b. p. 136O/11 mm Hg, reported' (65) b. p. 

3030, 1600, 1495, 1445 cm"; ~ n r  T 2.75 ( 5 ~ ,  m), 5.3 (2H, s ) ,  

4-9-2 Photoaddit.ion of - 7 t o  Styrene 

A solut ion of 1.04 g (0.01 moles) styrene, 6;51 g (0.01 

moles) - 7, 0.84 m l  cone. H C l  ,in 230 ml CH30H was subjected t o  

i r r a d i a t i o n  by %he 200 w a t t  Hanovia lamp through the  nonex 

filter. The photolysis was complete in  1 h as' noted by the  

disappearance of the  350 nm absorption peak. The react ion 

I he  r e su l t i ng  -t;urbid so lu t ion  was extracted with e ther  (2 x 50 

ml). After drying (&~SO+) and concen%rating, 0.80 g resfdue 



resulted from t h i s  acid extract.  The aqueous .phase was made 
, * 

basic ( p ~  10) by the dropwise addition of saturated Na,C03 

solution. The precipi ta te  was ' f i l tered and dried over P2O5 i n  a 

vacuum dessicator t o  give 0.82 g solid. The f i l t r a t e  was 

extracted ( 2  x 50 m l )  with CHS2C1,. The combined CH2C1. extracts 

were dried (?@so4) and then concentrated t o  give 0.23 g residue. 

The acid ex t rac t  (0.80 g )  gave: i r  ( c B c ~ ~ )  3380, 3090, 

20 $ SE-30 column gave three peaks having the same retention 

time as  styrene, benzaldehyde and benzylamine. 

3200, 3070, 3000, 1630 em-'; nmr T -1.0 ( l H ,  b, D20 exch), 2.6 

(10% m), 6.2 4-IH,' s ) ,  6.4 (-IH, s ) ,  7.78 ( 3 ,  s ) ,  7.95 ( 2 ~ ,  s ) ;  

ms m/e ($) 254 (M,  21). 237 ( ~ ~ 1 7 ,  27). 

The CH2C12 extract  (0.23 g) gave product: i r  ( c H c ~ ~ ) ,  3420, 

3200, 3070, 1630, 1155, 1120, 1080 cm-l; nmr T 2.1 (b ,  D20 
-- 

'exch); 2.6 ( m ) ,  7.78 ( s ) ;  m s  m/e'($)  150 ( ~ , 9 5 ) ,  134 (IT),  133 

(M-17, 17). This material was suspected t o  be the oximes of N- 
i 

methylbenzamide. 

" 
P 

4-9-3 Compe%itive Intra- and Intermolecular Photoaddit.ion 

The N-nieroso-N-methyl-3-cyclohexene-1-methylamines - 9 
-. 

(0.152 g, 0.001 moles), styrene (0.105 g, 0.001 moles) and 0.085 

- - nif cone, B X x r e  dFss~Jye,Lins_uff ickentpCN&H'tomaike_2~,Qmlp.- - 

This compound was kfndly furnished by R. A .  Perry. 



solu t ion .  Aliquots of 3.0 m l  were added t o  5 r e a c t i o n  vessels I 

- -- - 
and purged with n i t rogen f o r  about 120 seconds. One tube pre- * F 

1 

par'ed i n  the  same manner served as  a control .  The tubes were 

placed in t h e  merry-go-tokd apparatus and were i r r a d i a t e d  

through 8 nonex f i l t e r  with t h e  450 w a t t  Hanovid medium ' 
I 

f 

lamp. One f l a s k  was removed a t  every 20 minute i n t e r v a l .  To 
l 

each f l a s k  was added 0.5 ml bromobenzene s o l u t i o n  (0.534 g i n  I 

- - - ---- - m ;CFEC-C&H30H~--Ke contents  were analyzed b y  vpd f o r  t h e  amount 
I 

of unreacted ,styrene.  Styrene was not  consumed during t h e  photo- I 

absorption. 

4-10 Competitive Photoaddition Between EJNP and Diazeniwn 
9 

S a l t  (6) t o  Styrene 
! 

++ 

The 2-ethoxy-1,l-pentamethylene - diazenium t e t r a f l u a r o -  
r )  

borate - 6 was prepared kccording t o  t h e  published procedure (66).  

The dfazeniurn sa l t  (1.19 g, 0.005 moles), NND (0.37 g,  0.005 

moles), styrene (1.05 g, 0.010 moles), conc. HC1 (0.42 ml) and 

s u f f i c i e n t  CH3011 t o  make 250 m l  s o l u t i o n  were i r r a d i a t e d  w i t h  
, . 

t h e  200 w a t t  Hanovia lamp through a nonex f i l t e r .  From uv 

spectroscopy t h e  disappearance  of WND was e s s e n t i a l l y  complete 

a f t e r  I h i r r a d i a t i o n ,  The work-up procedure was as descr ibed 

f o r  t h e  o t h e r  photoadditions.  A crude ox- was i s o l a t e d ,  N,N- 
-- - -- -- - -- - - - - - -- - -- - -L - - - - - - - - -- - - -- - - -- --- - - - - -- 

dimethylam~mcetophenone  oxinze (0.65 g )  : ir (CBCZ3) 3300, 3170, 

TF317660, 1305 
-- 

1260 cm I; n m r w  (IH, b, D20 e x = ) F 5  

( 5 ~ ,  m), 6.25 (2H, s ) ,  7.6 ( 6 ~ , s ) .  From nmr spectroscopy t h e r e  

was no evidenee f o r  the presence of t h e  p ipe r fb iny l  oxime. 



INTRODUCTION 

1 
- 5-1 General ' I 

Transient  amido r a d i c a l s  possess the  c a p a b i l i t y  of accom- ~ 
modating t h e  unpaired electron '  i n  one of two d i f f e r e n t  molecula2' 

o r b i t a l s .  The ground s t a t e  of t h e  r a d i c a l  may assume e i t h e r  a _ I I I_ _ _ _ I -_ I _ -- -- - -- - - -  
I 

n ( s t r u c t u r e  lo) o r  a  e ( s t r u c t u r e  11) e l e c t r o n i c  configurat ion. '  - 
In both examples an sp2 hybr id iza t ion  a t  n i t rogen is  ass.umed. 

In-. t h e  n . r a d i c a l  t h e  unpaired e l e c t r o n  can resonate  -between 

t h e  rdtrogen and o x T e n  a t o m  (10 -1Oa) by way of t h e  pZ 
* - - 

- 
l 

-0rbi ta l .s .  In  t h e  z r a d i c a l  t h e  unpaired e l e c t r o n  remains 

loca l i zed  i n  the ni t rogen sp? hybrid o r b i t a l  and t h e  lone  

.pair  i s  involved In  t h e  resonance de loca l i aa t ion  (11 11a). - - 
Which e l e c t r o n i c  conf igura t ion  of t h e  a d d o  r a d i c a l  w i l l  pre- 

.# 

'-of t h e  two s t a t e s .  There is  a balance between t h e  energy8 
- 

needed t o  promote an e l e c t r o n  i n  a  hybrid o r b i t a l  t o  a p o r b i t a l  

and t h e  energy d i f fe rence '  r e s u l t  ing  from resonance de loca l -  



-- - + - -- - - --- ---p-L-LLLp--- - -- - - - -  
i z a t i o n  of t h e  e l e c t r o n  p a i r  of 11 over a  s i n g l e  e l e c t r o n  i n  a  - 

photolys is  (68) and of very simple moleculak o r b i t a l  con- k 
* - 

s i d e r a t i o n s  (69) have been i n t e r p r e t e d  i n  favour of a c con- 

f i g u r a t i o n  f o r  the  amido r a d i c a l .  More recen t ly  Dmen and 
P 

G i l l e r t  (m) have obtained e lec t ron  sp in  resonance ( e s r )  
e 

evidence which i s  cons i s t en t  with a  n r a d i c s l  configurat ion.  

- - Electron sp in  resonance s p e c t r ~ s c o ~ p ~ p ~ a ~ r a m e t e r s  haye f i f i f i - + _ - - _  

a - - -- - -- -- 

been used t o  d i f f e r e n t i a t e  between l! and n r a d i c a l s .  Never- 

t h e l e s s ,  controversy has f l a r e d  in  t h e  l i t e r h u r e .  Some in-  

r a d i c a l  (71) only t o  be repudiated sh  l a t e r  by a second 
- 

group of workers ( f o r  example (72 ) )' 

t e r n a t i v e  s t r u c t u r e  o r  configurat ion t o  f i t  t h e  da ta .  P a r t  of 
* 

t he  d i f f i c u l t y  l i e s  i n  t h e  method of r a d i c a l  generat ion.  In  

high energy bombardment with -x-rays (73-75 ) and with y-rays 
- 

(72, 7 6 ,  77) t h e  fragmentation p a t t e r n  of t h e  precursor  

molecule is  not  always known with c e r t a i n t y  (72 ) . 

5-2 General Objectives 
'- 

In t h i s  inves t iga t ion  t h e  chemical r eac t ions  of t h e  

various amido r a d i c a l s ,  when known, w i l l  be discussed t o  s e e  

i f  t h e r e  is 'any d i sce rn ib le  t r e n d  which * w i l l  d i f  fe rent ' i a te  

- - 

between the r e a c t i v i t y  of Z and R r a d i c a l s .  However, such a 
-- -p--p--p - , --p--p-p- - ---- - - ---- 

t a s k  is  f raught  w i t h  d i f f i c u l t i e s .  The a v a i l a b l e  da ta  is  

l i m i t e d  and sub jec t  to divergent. i k e r p r ' e t a t i o n  both as t o  
. 

radicei-  s t m c t u r e  end t o  mechanism of r a d i c a l  r e a c t i v i t y  . A n  
- 

-P - - 

L 



- ppp -- - 

encouraging f a c t ,  however, is t h a t  predic t ions  of t h e w  - 
F f U h e o r y  support  e s r  da ta  in*assigning n conf igura t ion  t o  N- c 

t -butyl acetamido ( 70), A-hydroxyf ormamido ( 78), N-methoxy-N- - 
x 

methylamino (79) and z conf igura t ion  t b  iminoyl ( 8 0 )  and 
4 

benzoyl (81) r a d i c a l s .  In t h i s  s tudy t h e  INDO method w i l l  be 

employed t o  i n v e s t i g a t e  t h e  e f f e c t s  of conformatfon and of 

s u b s t i t u t i o n  on the z-n charac te r  of a s e r i e s  of r e l a t e d  m i d o  

r a d i c a l s .  
-~ L - - ~  2AL.-------ALL----uAL "" L->--2-.L--- -" ---.----u--uA--.---- , 

5-3 Experimental Inves t iga t ions  of Amido Radicals  
- 

- AXthough s o m e a e g r e e o f  Tzncertaint y s t i l l  r e i m l n s ,  t h e  

Z-il na ture  of r a d i c a l s  can bes t  be charac ter ized  from e s r  da ta .  

-3 
# 

The C r a d i c a l  has t h e  unpaired e lec t ron  locs l iTed  i n  

hybrid o r b i t a l .  Because of t h e  s o r b i t a l  domponeqt, 
1 

hybrid o r b i t s  non-vanishing amplitude of e l e c t r o n  dens i ty  r-kslj at t h e  nucleus.  Elec t ron  dens i ty  st t h e  nucleus i s  e s s e n t i a l  

i n  order  t o  give r i s e  t o  hyperf ine s p l i t t i n g  (82). Pure atomic 

p and d o r b i t a l s  and mi lecular  o r b i t a l s  w i l l  r e s u l t  i n  no 

e s r  spectrum b e i n g  observ ~5'"" . The hyperf ine coupling 

constant  of a rad ica l ,  t h e  f o r e ,  i s  d i r e c t l y  dependent upon 

t h e  amount of 6 charac te r  of the o r b i t a l .  The E r a d i c a l s  

a l s o  have a lpwer p r o p o r t i o n a l i t y  constant ,  g, values than  

that ~f t h e  unbound e l e c t r o n  (81 1. The n r a d i c a l s  on the  



j*r 

5-3-1 Amido Radicals 
-- -- 

Danen and G i l l e r t  (70)  have reported t h e  first  unequi- 

vocal i d e n t i f t c a t i o n  of a simple amido r a d i c a l  which had e s r  

parameters i n  agreement with .a n r a d i c a l  ground s t a t e .  They I' 
a N observed a n i t rogen hyperf i n e  coupling constant ,  a , of 15.0 G 

and a g *value of 2 . O f 3 5 3  (70) . E a r l i e r .  French workers (83, 84) 

had erroneously reported t h e  e s r  observance of t h e  II ground t 

Z had observed i n  f a c t  was t h e  a c y l  n i t r o x i d e  r a d i c a l  (70). . 

S m i t h w d  Wood (71) have claimed t h e  generat ion of OCHNH 
- - - - -  - - - --- -- - - - - - - - - - - -- -- - -  - 

froi formamide us ing  a flow technique of 'OH produced from 

t i t a n o u s  ch lo r ide  and H20r., Based on esr data ,  aN = 21.65 G 

and g = 2.0016, they (71) concluded t h a t  t h e  r a d i c a l  had t h e  

e l e c t r o n i c  conf igura t ion .  Other workers (85) observed t h e  

same e s r  parameters when t h e  precursor  was 0CHND2 and concluded 7 

t h a t  t h e  r a d i c a l  s t r u c t u r e  was CO% . Symons (72)  bombarded 

formamide with y-rays and concluded from t h e  e s r  da ta  t h a t  \ . 
t h e  r e s u l t a n t  product, CONH2, had z configur&tion . a 

Cyr and Lin (75) have reported t h a t  t h e  r a d i c a l ,  

H2NCOCH2COWH, r e s u l t i n g  f_r_ram x-ray i r r a d i a t i o n  of mal,onamide 

had an unusual$y l a r g e  I H  hyperf ine coupling constant  and was- 
k - in  nature, m e r e  wad rupport for this a s s i ~ m e n t  (73) and 

disagreement, from Symons (86) who reviewed the data  

- and susses&&- t h e - - ~ h b  %------ f 36&-- --- - - - - - 

-+- a 

subsequ@ntx~  modified their s t r u c t u r a l  a s s z m e n t  t o  the - 
. 

-- 
- -- -- -- 

. 
imino r a d i c a l ,  H2NCOCH&H=N*, which & - ~ t r u c t u r a l l ~  r e l a t e d  6 
t o  t h e  iminoxy r a d i c a l ,  R&=N-0', which i s  known t o  have t h e  

- 
& 

t 



52 * -  - - -- - - - - -  

- onic conf igura t ion  (87 ) . 

B 

5-3-2 S t r u c t u r a l l y  Re1 d R a d i ~ a l s ,  
, 

Controversy a l s o  e x i s t s  as t o  t h e  s t r u c t u r e s  of the  r e l a t e d  

hydrazfde r a d i c a l s .  In x-ray i r r a d i a t e d  cyanoacetohydrazide, 

L in  (88, 89)  assigned t h e  s t r u c t u r e ,  NCCH&OMHNH t o  the re- 

s u l t a n t  r a d i c a l .  From cons idera t ion  of t h e  d i r e c t i o n  of t h e  

- ni_troge_r proton t g s o r s ,  it _ c ~ r n l t l d e d _ - W - t b - ~ ~ k . k a -  / - ---- 

e l e c t r o n  was in a de loca l ized  n molecular o rb ida l  (88). This 

assignment h a s  been challenged by Muszkat (77)  who c a r r i e d  

out y - i r ra$ iae ton  o f  a-gingle  cFjG t a I  of cyanoacetohydraiide-- 

and suggested t h e  s t r u c t u r e  of t h e  r a d i c a l  t o  be NCCH2CONNH2. 

One of t h e  reasons f o r  t h i s  conclusion was the s i m i l a r i t y  of 

t h e  aN of 2.0 t o  5.0 G with those observed i n  f r e e  r a d i c a l s  
8 d 

of the  type RN HCHCOOH; ~ a d i c a l  N C C H & O ~ H ~ .  w a s  s t a t e d  t o  be 
P 

n ( 7 7 ) .  
* - 
+a t 

, 
The urea  r a d i c a l s  have been t h e  sub jec t  of similar con- 

fus ion .  Studies  of t h e  x-ray i r r a d i a i i a n  of s i n g l e  c r y s t a l s  

of hydroxyurea ( H ~ N C O W O H )  and N-methylurea ( 9 0 )  l e d  t o  t h e  . . 
i ncor rec t  assignment of s t r u c t u r e s  NCONH, 81fd H2NCONHCH2 

r e spec t ive lx .  Lau and LFn (74) x- cymoacetylurea ' 

I 
and obtained two r a d i c a l s .  One was s II r a d i c a l ,  NCCHCONHCONH~; . 

t h e  o the r  a E r a d i c a l ,  N C C & C O N H C O ~ .  The r a d i c a l  obtained 

from hydroxyure has been re lnyegt iaa ted  hu-_an&found --he - j  - - -- - - 

t h e  n i t  roxide, h 2 ~ ~ ~ ~ ~  ' , which was of II configurat ion.  -- - - - 

- --- - - --- 

Recently t h e  r a d i c a l  obtained from y-ray bombardment of urea  

at 77 "K has been s t a t e d  @ be of II charac te r  (72) . 
- 

- 

A* /' 

a \ 
i 



\ 

I r r a d i a t i o n  with y-rays a t  77 O K  of N-chlorosuccinimide . 
II . .  

gave radica ls :  which were i n t e r p r e t e d  (92) as having an unpaired 

e l e c t r o n  predominantly ,in a N-halogen &* o r b i t a l .  &e r a d i c a l s  
. . 

were s t a t e d  t o  be t h e  r a d i c a i  anions of 'the imide. It may be 

pos tu la ted  t h a t  outside'  t h e  confines  of t h e  matrix, t h e  imide 

r a d l c a l s  would be C in na tu re .  

Thermal decomposition of N-nitrosohydroxylamine derivat. ive8 , 

gave a a - i n t - e r m e d ~ s , - ~ - ~ - ~ F c l o  -radi&7&--%is------ 

rgdica i  had aN of 10.5 G and was s t a t e d  t o  possess n e l e c t r o n i c  

configurat ion (78) . Photolysis .  of e t h y l  N-ethoxy t -butyl - 
--- -- 

carbarnate r e s u l t e d  i f i  t h e  f E t  ion of N-alk<xy-N-caiboethoxy- * 

amino r a d i c a l  ( 67 )  G c h  had an aN of 10.8 G and the species  

was chaxacte-rized as a r a d i c a l .  ,- 

Ln Table 5-1 a r e  summarized s w e  of t h e  r a a l c a l  s t r u c t u r e s  

and configurat ions repor ted  in  tha'  l i t e r a t u r e .  
&- -' 

4-4 Chemical Reac t iv i ty  of Amfdo Rsdicals  

. Free r a d i c a l s  genera l ly  undergo fouramain types of 
s + 

r eac t  ions - hydrogen a b s t r a c t  ion,  addit  ion t o  unsa tura te6  
$ 

l inkages,  dimerizat  ion and d ispropor t ionat  ion .  The formef 

two processes axe m o s t  eharac te r i s tLe  of amid0 and r e l a t e d  - 

r a d i c a l s .  In these types  of reac . t ims  conclusions concern-hg 

the  possible involvement of r a d i c a l s  must be drawn w i t h  great P '  

cFre , f 5 $5 imper~t l v e  t-oest&b1ish & t & f i h t h e a r c - - - - -  - 

indeed involved and that $he observed products are,not the 
-- 

r e s u l t  of i o n i c  processes. Touchsrd and Lessard (93) .  have . 

shown that  N-brorbacetsmide (NBA) under photolytic condi t ions  
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7 undergoes add i t  ion t o  c y c l o k e ~ n ~ 7 f i ~ ~ y i e l ~  5yaraarcalp--- 

-7-Y Wolf a& d t  
/ 

f luxing C C 1 4  IC3A decomposed t o  give. N,N-dibromoacetgmlde as 

the  intermediate which underwent ionic  addit ion t o  give 2-  

bromo-N-bromoacetamidates . Recently (95 ) it has been shown 

t h a t  NBA added smbothly t o  2,3=unsaturated n i t r o  sugars i n  * 
"aqueous acetone solut ion i n  an ionic manner. 

% 

5-4-1 Amido Radicals 

The amido rad ica l  can react  a s  a N-radical (10, - -I 11 - l l a )  

' -or as a n - I F r a k c a l  -f t e a ) .  T h ~ r e a c t f v f t i e s  w i f 3  +e contro-l3*d 
k - 

by the  spin d y i s i t y  a t  each heteroatom and by other  fac tors  
L. 

which influence rad ica l  react ions .  Amido rad ica l s  derived 

from N-halocarboxamides (96 ) t yp i ca l ly  undergo intramolecular 

rearrangement react ions . In such s t ruc tures  a s  N-halo-N- 
2 

methylacetaraide *ere intrsmolepular hydrogen t r a n s f e r  is not - 

possible,  t he  rad ica l  intermediate generally w i l l  abs t rac t  an - 
a l l y l i c  hydrogen h te rmolecu la r ly  (97 ) but addi t  ion is  l imi ted 

t o  spec ia l  cases such as IntramolecuIar addit ion o r  addit ion 

t o  norbornene. When photolyzed, N-chJoro-N-rnethylacetaxxd.de 

only abstrhcted a hydrogen atom from cyclohexene solvent (93) 
' 

but d i d  add t o  norbornene which lakks l a b i l e  hydrogens. On 

the  other  hand, H-bromo-N-met yLacetamide when photolyzed k 
even a t  -70•‹ gave no addi t ion product with any react ive  

- - - -- - -p - - - p- pp - -7 pTp-----pp - -- 
olefins (97) .  There a r e  two exa'inples in the  l i t e r a t u r e  ( 

99)  where N-methylamido rad ica l s  have undergone intramolecular 

addi t ion t o  a double bond. In both Cases the struc*ures were 



, 
v e r y f a v o u r a b l e  f o r  fPrtramolecular additions . 

The N-haloacetamides under pho to ly t i c  condi t ions do add 

t o  o l e f i n s  (g3). The y i e l d  of t h e  1,2 adduct is remerkedly 

increased when the temperature is lowered and when a-halogens 
h 

on t h e  carbonyl methyl are present  (97 ) .  The N-chloro-tri- 

f'luoroacetamide gave only cis-1,2 adduct in 97% y i e l d  (97). - 
The add i t ion  reac t  ivitYYY was s u ~ p r e s s e d ~  b y  t h e  p~~.exsnce_of an - - - -- - - - -- 

N-methyl s u b s t i t u e n t .  Primary amides in t h e  presence of 

\ iodine,  an oxid iz ing  agent and i r r a d i a t i o n  r e s u l t  i n  t h e  
- - - - - -- - - - 

- spent anecrus fa-t Zon o f  2-i7Wtno€etorahydrTiXiiriG (TO$, most 

probably v i a  an &id0 r a d i c a l  intermediate .  
1 C2 i 

i 

5-4-2. Imido Radicals 

The imido r a d i c a l s  undergo reac t ions  simoar t o  those 

of the  amido r a d i c a l s .  The N-acyl-N-chlorocarboxamides under 

. phot o l y t  i c  condi t ions undergo Intramolecular hydrogen t ran8 - 
f e r  ( lol). Bromination of t h e  a l l y l i c  p o s i t i o n  on an o l e f i n  

- 

using N-bromosuccinimide (BBS) has been e s t a b l i s  

a f r e e  r a d i c a l  mechanism p02). Generally, t h e  bromlnat ion 

r e a c t i o n  proceeds very e f f f c i e n t l y  t o  form t h e  bromo-alkene 

and s y c i n i m i d e .  The la t ter  is  formed from p r e f e r e n t i a l  
/ -% 

hydroge a b s t r a c t i o a .  NIS has been found, h&ever, t o  give 

P O ~ ,  though i n  low y i e l d .  NBS with d w d r o p y r a n  in r e f lux ing  
- - - - - -- 

gav.e a 7% ~ l a d  of adduct (103) and with 3 -bu tenen i t r i l e  

+and dibenzoyl peroxide in ref luxing  CC14 gave a 2% y i e l d  of 

adduct 404). .NBS hak also been ahom t o  give 1,2 adducts 



- - - -  57 - , - L L L - L L - -  - 
= * 

-- 
with double bonds i n  about 20 $ y i e l d  o f ,  s e v e r a l ,  unsaturated - 

n i t r i l e s  and ace ty lenes  (105). In these  exampss,  however, it 

has not  been es t ab l i shed  unequivocally t h ~ t  the 'succinimido 
> 

r a d i c a l  i s  indeed involved. 

5-5 The M D O  MO Method - b 

The INDO MOk method 
a - a - - A - A A - - - 

between two o r b i t a l s  on 
* 

neglec t  of d i f f e r e n t i a l  

given empir ical  values.  

(61) takes  i n t o  account .the i n t e r a c t i o n  
--- - -- - - - -- 

t h e  same atom a s  opposed t o  t h e  complete 

over lap  (CMDO) (106). To make ca lcu la t ions  

manageable, - --- interatomic i n t e r a c t i o n s  a r e  -- G- - - - - - - - - - - - - 

For equat ion 15-13 INDO computes t h e  value * 

of  each molecular o r b i t a l ,  eigenvalue and eigenvector ,  c C(i, which 

i s  r e l a t e d  to  t h e  cdq t r ibu t ion  t h a t  each atomic orbital ( 2 5 ,  2px, 

2 p ~  
, 2pZ) makes t o w a g  t h e  cornpositton of t h e  molecular o r b i t a l .  

* 

For radicals u n r e s t r i c t e d  wavefunctions a r e  { t i l i zed ,  In essence 

this means t h a t  two completely hdependent  s e t s  of molecular 
' i 

a a B B '  o r b i t a l s  Y 1 ,  Y 2.. . . and 1 r Y2. .  . . are used ( 6 3 ) .  A n  e%envalue 

is ca lcu la ted  f o r  each molecular o r b i t a l  having s p i n  a and s p i n  $. 

One eigenvalue of spin a and one of s p i n  f3 w i l l  n a t u r a l l y  make tip 

one molecular p r b i t a l .  The e u e n v a l u e s  of s p i n  a and s p i n  @ must 

J nuclear  d is tances  i s  given by 



where & is t h e  e l e c t r o n i c  energy and the  second term of [5-21 i s  

t h e  e l e c t r o s t a t i c  in te rnuc lea r  repulsfon energy (63). Both t h e  

t o t a l  and t h e  e l e c t r o n i c  energies  a r e  ca lcula ted  while t h e  dif- 

ference of these  terms w i l l - g i v e  t h e  nuclear  repuls ion  energy. 

In a I3 r a d i c a l  t h e  molecular o r b i t a l  containing the unpaired 
P '  ? 

e l e c t r o n  w i l l  have c$&r ibu t jons  from t h e  p, e igenvectors  of a l l  ' 

atomic c e n t r e s , ' b u t  no cont r ibut ions  from t h e  o the r  eigenvectors.  - 
- 

For B r a d i c a l s  t h e  molecular o r b i t a l  l o c a l i z i n g  t h e  unpaired 
* 

e l e c t r o n  w i l l  have no p, con t r ibu t ion  but only cont r ibut ions . f rom 
.H 

atomic s ,  p and p o r b i t a l s  which c o n s t i t u t e  t h e  sp2  hybrid 
- --- x _*-  - - ---- - .-- 

o r b i t a l .  

The INDO p r ~ g r a ~ e ,  where appl ied,  has been very successfu l  
' A  

i n  p red ic t ing  C o r  If charac te r  of r ad ica l s .  ~ e s u l t s  from INDO 

ca lcu la t ions  (83) and from e s r  d a t a  (70) of N-substi tuted ace t -  

amido have p e d  t h a t  t h e  r a d i c a l  is  I3. Calculat ions on f o m -  

amido r a d i c a l  have shown -it t o  be I: (107) an2  t h i s  is cons i s t en t  

with e s r  da ta  (72) .  - The N-methoxy-N-methylamino r a d i c a l  has  beer) M 

s tud ied  by bo th ,es r  and INDO with complete accord a s  t o  t h e  ll . 
charac te r  of t h e  r a d i c a l  (79). Iminoyl free. r a d l c a l ,  R-c=N-R' , 

k I 

had low value (2.0b16) and small $-hydrogen hyp&fine i n t e r -  

a c t i o n  (80 )  which are c h a r a c t e r i s t i c  of C rad4cals.  . INDO c a l - '  
& 

cu la t ions  supported thia assignment (80). Y1 t h e  following'  . 

chapter  t h e  C and Il e l e c t r o n i c  configurat ions of ~ a r i o u 8 ~ c o n -  , , ' .  



6-1 General . 

I ' i  r 

RESULTS . I 
, * ' 0  

1 ' 4  . , 

. - *, 

I n  a l l  t h e  foliowing & l c u l s t i o n s  on n i t rogen centred \ 

r a d i c a l s ,  t he  INDO SCF MO' programme was used. The open s h e l l  
dC , \ 

opt ion  with t h e  u n i e s t r i c t e d  method of l c u l a t i n g  t h e  eigen- 
- -- -- -- 

----A - - 'Y 
values of both alpha andanbeta ( $ )  spins was u t i l i z e d .  The 

, *  
only input  necessary f o r  t h e  programme was t h e  c a r t e s i a n  co- , 

r ' 

The geometry of the  r a d i c a l  chosen was based on t h e  appropr ia te  
= 5 

grouna s t h t e  precursor  molecule. No a% 

minimize t h e  t o t a l  energy of t h e  rad 

v a r i a t i o n  of a l l  bond lengths ,  bond ah 
a 

Of, prime interest in this invastkgat 4 

i n  the various o r b i t a l s .  From preIiminary ca lcu la t fons  

observed t h a t  e l e c t r o n  d i s t r i b u t i o n s  were not  inf luenced o r  

a f f e c t e d  by minor geowtrkcl l l  e l t e&ions .  

Throughout t h e  following s e c t 1  

i n  conformation on ca lcu la ted  r a d i c a l  sp in  d e n s i t i e s ,  t o t a l  
* 

energies and eigenvalues of t h e  h ighes t  occupied molecular . 

o r b i t a f s  (HOMO) w i l l  be considered. The general  proce 

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

y . 
followed was t o  i n v e s t i g a t e  t h e  trans, ,cis and orthogonal 

3 
-- -- - - 

conformations of  antido an6 r e l a t e d  r a d i c a l s  . For t h e  ortho-' 
pp 

ganal conformer, t h e  RCOC plane wags r o t a t e d  by 90' as shown i n  

1 3  S t ruc tu res  12, 13 and 1 4  represent  t h e  trans, orthogonsl - - - - 



and cis conformers resgectfvely. The ef fec t  on the calculated 

. - 

properties of a l l y 1  radical  by such procedures was f i r s t  con- 

sidered. subsequently t h i s  method w i l l  be applied t o  -the nitrogen , 

centred radicals of in te res t .  A l l  energies &re given in atomic 

units (1 a. u. = 627.7 kca/mole). Where indicated re la t ive  
- - -- - 

energies, in kcal/rnole, are given i n  parentheses .in the tables. 

The convention followed was t o  a f i x  a negative sign t o  a re la t ive  
r, 

energy which was more s tab levthan  the standard taken. 

?he bond lengths, bonQ angles' and dihedral angles used as 

input parameters were generally expressed t o  three s ignif icant  

f igures.  From the rules governing tde proper retention of s i g -  ' , 

'nificant f igures (168), the calcula2ed energies must be expressed 

\- also in  three s ignif icant  figures. The r e su l t s  under t h i s  c r i t -  
- - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - ,- - 

\ erion are  then at best  s ignif icant  t o  * 0.05 atomic uni ts  or 

\ 31.4 kch/mule. In s p i t e  of this, however, .generally a t  l eas t  

figures were retained in the following tables,  

nature of MDO, the accur.acy of the , 



computed resu l t s  a re  suspect. The precision of the resu l t s  f o r  

the various m$nipuleationsl  ill be high due t o  the ra ther  str ingent 

convergence c r i t e r ion  ( l o m 0  atomic k n i t s )  of the programme. 

6-2 A l l y 1  Radical 
' - t 

/ f - $  
The a l l y 1  radical was t.aken t o  be planar with the-p  orb i ta l s  

G 

perpendicular t o  t h i s  plane of carbon /\and hydrogen bpnds. The 
\ 

methylene carrying the unpaired electron and consisting of the 

plane containing the HCH' atoms, was ,rotated through various 

angles up t o  90" for  the -calculation. The l a t t e r  conformation 
@-+am 

,result&d i n  the p orb i t a l  contai+& the unpaired electron heing . 

orthogonal t o  the remaining p orbi ta l s  of the  radicsl ,  16. - - 
- -- 

The calculated - resu l t s  POP such an'operation are  given i n  

Table 6-1 and are  shown graphi&lly in F ~ u r e  6-1. Progressives 
@ =  rotat ion of the  methyl&ne. group- increased the t o t a l  energy of 

the  conformation, as would be in tu i t ive ly  expected, due t o  theJ 

removal of the p o rb i t a l  from conjugative resonance s tab i l iza t ion  . 

F with  the p ' b i t a l s  of the double bond. Such rotat ion,  how; 

ever ,  decrAsed the nuclear repulsion contributing t o  the t o t a l  

energy (.the so l id  l i n e  of Flgure 6-1). t - -- - -  - -- - -- -- --- - 

In Table 6-2 a re  l i s t e d  the calculated spin densit ies of . 

each o r b i t a l  of the three carbon atoms. Carbon 3 accommodated 

the original  unpaired e lec t ron  in a p orb i ta l .  A s  can b ~ s e e n  - 
from Tabl,e 6-2 the spin density i n  the pi  orbi t s1  decreased with 

a 



Calculated, m e r g i e s  of A l l y l  Radical Conformers 

. 
C H p C H C H 2  
1 2 3 

, Radical  Electronic ~ n e r g y ~  Total Energya Nuclear * 

Conformer R ~ ~ U L S  loha 

o0 I -59.079 ( 0 ) -24.050 (0  )35.028 ( 0 ) 
4 5 O -,- -59.042 (23  .o) 

0- - I - -- - - - 
-24 .O43 (4 .3 )  34.999 (-18.3) +, s-*4T- 76- - - 5 9 . 0 2 6 ( 3 3 . 3 - - ~ ~ -  -31 34.985 (-27.0) 

90 " " \-- -59.010 (42.9) -24.038 (7.5) 34.972 (-35.5) 

Energies are- i n  a t  omiccunits -d th  r e l a t i v e  energisa-4 kcalL -- - 

mol) given in parentheses. 

Table 6-2 
'\ '. 

shin Densities of Allyl  Radical ~Gpforrners 

Orbital  Conformer 



Degrees Methylene Rotation 



- the degree of methylene rotat ion.  Ih the orthogonal conformer, 

I - the p, %pin density* on carbon 3 had v i r tua l ly  disappeared as 
S 

would be expected when the o rb i t a l  i s  perpendicular t b  the 

remaining p orb i ta l s  of the radical.  
) 

Experimentally in the &11yl radical  the spin densit ies a t  

carbons 1 and 3 were found . t o  be 0.594 and a t  carbgn 2, -0.189 

(109). In the present calculation the terminal spin densi t ies  
-- -- 

, 

were unequal, 
. <- 

, The a-Zlyl radical  has  17 valence electrons which are  shown 

orb i ta l s  of p spin. The HOMO is  shown a t  the  top of the ser ies  

of eigenvabues or molecular o rb i t a l  energies. The n eigen- 

values had Gp, eigenvectors or o rb i t a l  coefficients,  the 
', 

square of which indicated the contribution of the  par t icular  

atomic o rb i t a l  t o  the molecular orb i ta l .  Those eigenvalues 

labelled o had z e m  eontri'kution from p, eigenvectors: In 

Table 6-3 for  the 0" ' ro ta t ion conformer of a l l y l  radical ,  
- 4? 

eigenvalue 6 of a spin (a6) and eigenvalue 7 of $ spin ($7) 

were both n. The three c i r c l e s  below each eigenvalue represent , 

the phases of the p, eigenvectors of each of the 3 carbon atoms 
I 

of a l l y l  radical.  

Hence, eigenvelue a 6  and eigenvalue $7 have &he, same 

symmetry and must be components of the same molecular orbi ta l .  
-- - - - 

~igenva lue  a9 was of n character anClWbnnoXiS%ching efgen;----- - -  -- 

+ 4c* S 
pp 

valueof  the same s v T h e o d d  tkesthen 1-Z- - -- 

ized in a n o r b i t a l  of the  O 0  rotat ion (normal) a l l y l  radical .  

This was, of course, in hammy Urvith the spin density data of 

f 

1 
J t 

mc 



Table 6-3 

Eiaenvalues of Two Ally1 Radical Conformers 

0" Conformer 90' conformer 



Table 6-2. In the 90" conformer, both a qnd eigenvalpes i n  
-- 

orb i t a l  5 and 8 had n character. The phases of the  carbon 
ga 

eigenvectors a re  shorn below each orb i ta l  -in Table 6-3. Eigen- 

values a5 and a8 a re  of complementary symmetry t o  eigenvalues 

. 85 and f38. Complementary symmetry i s  taken here t o  mean the 

matching of plus with minus symmetry .phase elements. The 

unpaired electron was in  a o orbi ta l .  Again t h i s  was in 
- -llll----ill- _ - 111111- _ ---___ - -- - - 
agreement-with the .data of Table 6-2 which showed no s p i n  

density in the p, orb i ta l .  Conformers*of and 60 degree m 
not be matched with respect t o  symmetry ele"&kts. 

r: 

- r The resu l t s  f o r  the a l l y 1  radical  cor>oGrated quantit- 
- 4 "  

a t ive ly  what would be anticipated in  q&l i ta t ive ,  terms i f  the - * 
s ta ted  operations were performed 05 the radical* ' ~ h u s  the INDO " 'P 
prograse  is  capable of yielding information with regard t o  

o rb i t a l  occupancy and electron unpaired spin distr ibution.  The 

study can then be extended with reasonable confad e t o  a 

s imilar  analysis of amido and related radicals.  
-I 

P 
3 

6 -  Amido Radicals +-I '- / 

6-3- 1 N-Methylacetamido Radical 

Due t o  the very in terest ing . properties of N-methylacetamido 
a. 

radical ,  several corrformations were considered. Beginning with 

ly t o  the process repre-sented by structure - 13. The 180•‹.conformer, 
.. * 

of course, co ed to - cis-B-metbylaceta.mido radical. The 
',& 

T 



- -- 

- - - ~ e s o f - t f l e - m ~ ~ u m ~ o ~ a I e n ~ r ~ e s  - anb  nucIear repulsions 

Y u l m 4 z (  4 - 
l ine)  showed a minimum a t  80•‹ rotation. Figure 6-2 the so l id  

. line represented the nuclear repulsion i s  showh t o  mirror the 
4 

curve of the t o t a l  energy. The m i n i m u m  occurred-at 7 

The nuclear-nuclear repulsion w a s  greates t  a t  the - c i s  conformer 

as would be in tu i t ive ly  expected. 

; ' , In Table 6-5 are tabulated the spin densit ies of the unpaired 
A- -- - -  - 

A 

Q electron at each o rb i t a l  centred on the nitrogen and oxygen atoms. 

It can be seen tha t  in the t rans  conforiner of N-methylacetamido . 
..--x 

radical the- s p i n  densi%y- %-lortsli%& ii! the- p , - - o r b f t a i r o f  - --- - 

r, nitrogen and oxygen. mis vab g d i c a t i v e  of a iT radical.    ow ever, 
as the a&le p f  rota t ion increased, the spin densit ies i n  the ,p 

z 7  
orbitals rapidly, decreased and the  unpaired electron density wgs 

transferred t o  the nitrogen px and py orbi ta ls .  Ihe radical  

, +-- 

- In Table 6-6 are shown the dis t r ibut ions of t h e  29 mlence 

electrons bf N-methylacetamido radical into 15 orb i t a l s  of a s g i n  . 

- and 14 orbi ta l s  of f3 spin. Each eigenvalue of n symmetry i s  so 
L 

labelled. Adjacent t o  each n eigenLalue a r e  f ive  intercoiulected < * 

c i r c i e s  re&senting $he p orbitals of the fie atems df the. -* 

skelton, Each circ le  bears the phase of the*eontributing n 
* - 

eigenvector, + k 

. It can be seen thst  in the trans radical  conformer, a5 and $6 
--i- f 

had a e  same symmetry. EigenPrilues ag and p9 had complementary 

-s+etry. E i g e n ~ l u e s  a l l  and i12 had. the. same symmetm. Eigen- 

value a14 w a s  of n character but had no corresponding eigenvslue 
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I Total  Energy - - - - - - - 
Nuclear Replusion 

- - - -- -- -- - 
. Degrees of Conformer --- Rotation-----, 

Figure 6-2 Total Energy and Nuclesr Repulsion Energy as a 
-- 

Function of Degrees of ~ 0 n i i 3 m r  Rotation 
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Eigenvalues of Two N-Methylacetamido Radical Conformers 
, 
\ trans Conformer - cis Conf ormen - 

a Spin B Spin ' 



- 
of f3 spin. An examination of the o character eigenvalues a13, 

- 
a ,  p l j  and $14 showed that eigenvalues' a15 and p14 had eigen- 

vectors of the same sign and magnitude. ~igenv&lues a13 arid 813 

were of similar magnitude but of complementary phase. ~ence, the 

unpaired 'electron in the trans N-methylacetamido radical occupied * 

a n MO but this orbital was the second highest occupied.  pin : 
density data from Table 6-5 also suggested that this radical was 

of II conf igwation.-- - - L - -- -- -- - 

In the cis-N-methylacetamido radical .given in Table 6-6, the _. 
?. 

29 electrons were again distrfhtek into 'a and spin eigenvalues. 
b 

- -  

- - From-the symmetry phase propertie3 of the f k6leculiii orbitals, 
A - 

it can be seen that a5 and $5 had identical symmetry while a9 and 

- $9, all and pll, and a15 and B14 had complementary phased eigen- 
r .  

vectors whkch were taken to represent the same molecular orbitals. 

The eigenvectora'of o eigenvalues a13 and PI3 were similar. The 
/f 

-unpaired electron in the cis conformer must- reside ~ u orbital - 
4 

- 

a14 which was the second highest occupied. The calculated spin 

denswies from Table 6-5 were also in agreement with the cis - 
confo&er being of Z type. For the orthogonal conformer such 

4 A 

analysis could not be done because all the eigenvectors had 

numerical vaXue and no symmetry. 

- 

summarized in Table 6-7. The cisold and transold conformers of 
a 

formmido and d t a m i d o  radicals and &$yrollFdinono had the 

- unpaired spln  density concentrated in either the p, or p orbitals 
- Y 
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of the oxygen atom. The orthogonal confarmers of formamido and 
- 

acetamido radicals had- unpaired sepb density concentrated 00 

the nitrogen p, or py orbitals. All these radical? were of E % --. - .. 
electronic configuration. 

In the cisoid and transoid conformers of formamido and acet- 

amido radieah,  the HOMO was of n character. The HOMO of g spin 

was of rr charac%er with eigenvectors corresponding to those of the 

HOMO of o character. In 2-pyrollidinono radical the HOMO of a 
$ 

spin localized the unpaired electron and was of o character. 

the unpaired spin density on the nitrogen pZ orbital. The - cis ,! 

\. 
P and trans conformers of N-methoxyacetW,o radical had the un- 

paired electron density in the p, orbital system of the oxygen 

and nitrogen atoms. The data convincingly demonstrate8 that these 
- - 

radicals weke of II configuraUon. 

On13 in trans-N-methoxyacetamido radikal was the unpaired 

electron in the a spin HOMO .of R character. In all the other 

radical Aconfomers of E-methylfluorofo~mido, N-methylformamido 

and N-methoxyecetam$do, the second H O M ~  of a spin was of n 
I - ,  

% 

character and loqalized the- unp&e,d electron. 

- 
3 

- - _ 6 - _ 6 4 p ~ n n R r v t L n  ppp--pp-L a ... -- -- -- - - - - 

s . -  + L .  

Ffon the datk. o? m i e  6-8-it can be Been that the and 
r .  

and ant1 confbrxu&rs of S f  dllllylf ormamido and N-formglecetamf do 
I r * ,  _ -  

radicals_ &nil that of succinimiao have the unpaired ipin'ctensjty 
- - . - ,. 



t-i rc w 
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aXl 6 6 
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t-i 
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t-i 0 0 
rn 1 4 0  .d d * . . . 



centred predominantly on either nitrogen p, or py orbitals. The 

radicals  were unmistakably of C' electronic conf iguration. 

The calculated energies demonstrated that both anti con- - 
k 

formers experienced the greatBr nuclear-nuclear repulsion. This * -  

can be seen from the structural formula of an anti conformer, 17, - - 

which experienced an oxygen-hydrogen interaction. 

Succinimido was a well-behaved C radical with the unpaired 

electron occupying,the HOMO of a character. In both N-formyl-f 

formamido and N-formylacetamido radicals, the second HOMO of a 

spin was of o character and localized the unpaired electron, 

6-5 ~arbomethoxyam% Radicals 

The spin densities of the tqms and cis conformers of carbo- - 
rnethoxyamino and of all the three conformers of N-mebhyl-N-carbo- 

methoxyamino radicals were restricted to the p, orbitals as shown 

in Table 6-9. The radicals were of Et electronic configuration. 

Only t$e orthogonal conformer of the carbamethoxyamlno radical 

second n HOMO of a spin, 
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t)-0 , Wea R-IR 
1 t 

-cis - and t rans  conformers of N-methylurea and of urea - 
exhibited spin density in  the p, orbi ta l s  of both nitrogen and 

oxygen atoms as shown in Table 6-10. Both orpogonal &formers 

localized the spin density in the nitrogen p orbi ta l .  In the 
Y 

urea radicals the orthogonal conformers were Z while the remaining 

conformers were of TI electronic configuration. 
--L - -- 

7 * 
q In both radicals  the second HOMO of a spin was 

and localized the unpaired electron. 

fl in  nature . 
. 
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7-1 General 
H 

. One of t h e  most productive appl ica t ions  of a t h e o r e t i c a l  

computation i s  t h e  s tudy of a system whose p roper t i e s  cannot be 
D ' 

measured or, observed r e a d i l y  if at  a l l .  Such a r a t i o n a l e  was 
-- -- - - - - - -  - --- ----- A - A - - - - - 

a d o p t e d L i n  employing t h e  INDO method t o  t h e  examination of , 

, varlous ground s t a t e  conformations of amido and related,  r a d i c a l s .  

Three conformations of each r a d i c a l  were genera l ry  considered - 
- - - -  - - - 

and from t h e  computed t o t a l  energies ,  r e l a t i v e  s t a b i l i t i e s  

were obtained. In  most of t h e  r a d i c a l s  inveet iga ted ,  t h e  

orthogonal conformer had t h e  lowest energy. There is  no 

experimental evidence, however, e i t h e r  t o  c$?nfinn o r  t o  d4-s- 
F 

claim t h e  Intermediacy of a f r e e  r a d i c a l  with orthogonal con- 

f o m t i o n  i n  chemical t ransformat ions .  

There a r e  o the r  r epor t s  of a t h e o r e t i c a l  na tu re  which 
> 

suggest t h a t  orthogonal conformers a r e  more s t a b l e  than p lanar  

species (110, 113 ) of molecules and r e a c t i v e  intermediates .  

Cramer and Drago (110) have used extended Huckel ca lcu la t ions  

t o  compute some df t h e  molecular p roper t i e s  of benzaldoximes. 

They found t h a t  t h e  a n t  2-benz~ldoximd was 17.4 - kcal/mol more - 
s t a b l e  when ttie p lane  of t h e  phenyl r i n g  dk,d t h e , p l a n e  of t h e  

t h e  p lana r  form. In some preLiminary 
3 ,  

R8- (111 ) has found that t h e  c a r b n e  

ab i n i q  c a i c u l a t  ions,  - 
species  (HCCH) and t h e  



neutral isoclect'ronlc system (HC-) preferred the perpendicular 

' species ( f l ~ 1 1 )  wae mre stable *en planar (111 1,. 
an invest lgat ion of 1 -aziridylcerblnyl radical 18, - i 

mien and West have Interpreted from es r  e~ ldence  the 

radical t o  have the cunforau~tian shown In  19. IlBDO calcuLations - 
1 

A -- - - -- a- 

,- 

4 

- 18 - - - - - - - - -  - - 2 0  -- - - 

- - - -  - - - 
' * ,  

(112 ) exhibited an energy n t l n i u m -  for  t h i s  caniorostlon. The 

analogous cyclopropyl carblnyl raaical was found t o  p s f e r  

. - 
I r s-ce Interaction of the unpaired radical electron and the - 

, t .  
b nftrogen lone pair. 01 the radical (l13)'the most. o 

stable co3lformstlon obtalned by lltI#l wee 'the me where the -. 
hydroxylic proton was perpendiculaj t o  .the cprbon 2pZ axis. 

In the a l l y 1  d i e d l  ooniol.lastime investt&ed, the . 
/ .. 

orthogonal c m f o ~ r  war tI&e 1&8t stable. In the amid0 

radlcals by cmtras t ,  the orthogonal conformer was generally L 

the most stable. The lfpz orbita3 orlentaticm in both or- 

thogollal canfamen had beep QlsturW. mi$ r y  mean that In 

there 18 In ally1 mdicrls. The orthogonal conformers generally 
-- -- 

*are a l sd  famd t o  have thb least nucleir-nuclear repuleIan 

between the nitrogen s u b ~ t i t u e n t  and the carbony1 oxygen or the 
4 

k 



carhnn n v a  

nuclear repulsion contribution t o  the t o t a l  energy i n  amido 

radicals  may be i n  large measure responsible fo r  the greater  

s t a b i l i t y  of the  orthogonal amido radical.  

* 
P 

7-1-1 Orbital Occuparq 

The general trend i n  the acyclic radicalswas fo r  the H0MoLL----- 
-- - 

- f - - 
,% 

of d spin t o  have opposing n o r  a symmetry from tha t .  shown i n  the 
2" 

calculated spin densit ies.  In other words, f o r  the characterization 
1 

of the electronic'conf&gur&tim of the-radical ,  the symmet-9 of 
- 

= 

the  a spin HOMO- was opposite t o  the orbital. which localized the 

unpaired spin density. l h l e  may be 'an idiosyncrasy of the prog- 

ramme. Koenig (114) I& a footnote has suggested tha t  the INDO 

ordering of energies is not necessarily the correct one. In a 

subsequent paper Koenig (112) using an al tered INDO- programme 

has shown tha t  In  formamido but not in N-methylformamido radical  
L 

the electronic s t a t e  is  dependent upon the geometrical parameters 

chosen. Of the cycllc radicals  investigated,~ a l l  ha3 the same 
I 

d ,, symmetry fa6 both the HOMO and the radical.  

! 

. 7-1-2 Other CalcuJated Parameters , 

N . 
The calculated nitrogen hyperfine couplings constants, a , 

of the various.contormatlons of the  amido radicals a re  shown in 
- - . - - - - - -  - 

- - >- - - 

Table 7-1. They &re reasonable for the ll radicals but f luctuate  - -- 
N widely from -5 t o  46 .gauss i o r  the X radicals.  The a values of 

the Il radicals a re  In 
* - the  value of 15 gauss 

C 

* 

the range of 10 t o  14  gauss which i s  near 

reported f o r  amido I1 radical21 (703. 



Table 7-1 

Summary of Calculated Electroni,~ States of ~adfca l e  
3 

Radical 

. # 
HCONH 

reported (107) 

reported (115 - 
F C O ~ C H .  
N-Methylfluoro- , 

f 0 n e a m i - P -  1'- - 
/ 

reported (115 ) 
reported (116) 

4 

Calcul&ed Constants I 

Conf lg-  N I ~  rogk  Hyper- Dipole .* 

Conformer urat ionatlne ~ o u p l i n p ~  ~oment' 

t rans n (2) 
orthogonal. C 
- 
c%s - 

trans n (2) 
orthogonal n 
cis  n ~27 

trans II (2) 
orthogonal n ,w 

CIS n (2) 
tra-118 n 
trans n 

transold C (2) 
'orthogonal C 

c i ~ o i d  C (2) , 



. * Calculated Constants 
Conf ig-  Nitrogen Hyper- Dipole 

i Radical ' Conformer u r s t  ionaf ine cbuplingb ~oment  

2 -Pyroll idinono C (1) - 3.32 
\ 

3 3 3  
D . 

HC ONCHO SYn C (2) 41 .73 3 .I4 
-1 

N-Formylf ommido  apt i c ( 2 )  -, 1 . B y  1 -77 

Succfrriarfdo- 
reported (69 ) 

. 
HNCOOCH3 transold'  ' 1  ( 2 )  13.10 1.19 
N-Carbomethoxyamino orthogonal c 15.40 2.63 

citsoid n ( 2 )  12.42 , 2.79 - 
0 

CH3NCOOCH3 t rsns n ( 2 )  IQ -72 0 .95 
N-Methyl -M-Carbo- orthogonal n 14.47 2 -60 
methoxyamino c i s  n 12)  12.03 2 -85 

4.38 Urea orthogonal c 15.39 

N-Methylurea orthogonal- C 14.75 4 .34 
CIS n ( 2 )  12.26 4.66 

8. 
- - 

m = n u m b e r i n  &enthesis refers t o  the o r b i t a l  occupancy -- 
of the un Ired e l e c t r o n ~  (1) b HOMO, (2)  in eecond HOMO. , --- 

- -  - 

In un x+= ts  of gauss. 
DI Debye wunits. 

L 

ihe programme did not converge t o  the  lo-' atomic u n i t  l i m i t .  



U 

follsaaido and IV-fomy1.cce.aido showed large (- 40 gauss) a" 

values .s requirad for Z electmnlc configuratinu (87). 

Table 7-1 a160 lI8b the calculated dipole m t s  for each 

radical cdo-tioar. Blo goners1 trend l a  evident from these 
-. 

values. 
' 

Carsntl ucrutiny of the structural fonuulae and calculated 

elsctrmic canilgwatiam of the aaldo rsdicala ehorm In Table 

structural unit c n  to a l l  radlca11 I 8  

was C regar4leue.of the Y subrtltuent. Fo-do (Y = H) and 

WetariU~ (Y as) ~ 8 m  oi C coniiguratl~.  Ihs X substfffr~nt 

fa arid0 rdlcals prsdisrtia64 fha elsctlr~nlc c ~ ~ t i o a r . "  When 

. A l l  rrdicala were of P elect ro&lc eon- 

figuration. An electron-wlthdrawbwjg ~ubstltuent at  X such as CHO 



~ration, for example fi-formylf ormamido and N-farxnylacetamido 

radicals. Koenig (114) has observed that the electronic ground + 

state properties of formyloxy did not change upon replacing the 
a 

hydrogen by methyl or lsopropyl groups. 

In the case af theorelated amido radicals, the generalities . 

applicable to the amido radicals did not bld rigorously. When 

Y = 0CH3 and X = H (N-carbomethoxyamino) and X = CHS  o om ethyl- 

culation. Likewise when Y = NH2, the nature of the X sub- 

stituent, H = MIe (urea) or X = CHs (N-methylurea), did not 

alter the calculated a: electronic conf lguration of- the radical. 

Eveleth (107) had postulated that "loading a pariicular parent 

radicalwith heteroatoms h a v k  nm-bqnded electrons should 
+ 

tend to favour k structure".' nie calculations performed on the 
related amidq radicals did not support this statement. 

The N-methylacetamido radical conformation is apparently 

Important For the determination of its electronic configuration. 

The data of Table 6-5 show a rapid decrease of NpZ spin density 

between the 0' and 70' conformers, The data suggest that near 

70" rotation there is a cross-ovee of the potential planes from 
a' 

I1 to C cohfiguration. In the urea and N-metwlurea radicals 

there is a cross-over of coni&pration from Xi in the cis and trans - 
conformers to C in the orthogonal conformer, It may be that 

state of the radical (115). -- The -- C ciaaN-methylacetamido radical 
-- -- -- - 

is structurally mimicked in the 2-pyrollid~ono radical whieh is .J 

a BO h from calculation. Moreover, all the cyclic radicals t 



investigated by calculation were of C electronic cd~iguration. 

7-2-2 Raactlvitlee of ~h Radicals 
Ihe  diffetences In chemical reactivity of E and X electronic 

ground state radicals is still academic. From *he reported 
k 

chemical reactions undergone by amido radicals, no apparent . ' ' 

immutable rule exists for distinguishing .between C and if 

4siderable controversy benerated in even agreeing upon the elect- 

Touchard and Lessard (93,97) have found that N-haloacetamides 

phobchemically add to olef ins. The yield of_ the 1,2-adduct 
b 

Increased proportionally with $he electr&negativlty of the a- 

halogen substituents, !€be following trend was noted; CF3, CC13 > 

C H C ~ ~  > C&F > CHpCl > &Br > CH3. NBS has also been reported - d 

to undergo addition to unsaturated bonds (103-105,118,119). 

Some of the lYBS additions are rmmistakably radical $n natu- (103, 

119) being' accelerated by the kroduct ion of nrdicel  initiators. 
I 

From the INDO calculations, all imido and those amido radicals 
> * 

without the nitrogen substltuent were found to have C config- 
ri 

uration, It may be proposed that the C confQgration of the 

&do mdicrrl is a requirement for addition to unsaturat& link- 

stituted radials react p r e d e t l y  by hydrogen abstraction 



did not undergo photoaddition to ~~clohexene or to 1-dodecene * 

(a more reactive olefin toward the addition of radicals (120)) 

but N-chloro-N-methylacetamlde did. give. a low yield of 1,2- 

adduct (- 17 $)  with the letter olefin. Two N-methyl haloamides 

(98,99) also underwent intramolecular photoaddition to an olefin. 
.. 

However, the o intramolecular addition process I s  governed by 3 
- A- Lp -- -- -- -- - 

stereochemical factors which may be of greater importance than 

the Z-II configuration of the radical. Both cis and orthogonal - 
conf ohers of - -  N-methylacetamido - radical were shown by calculat ioh - - 

- 

L 

to be of Z electronic coniigurqtim. 

* -. . 
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PART 'C 

INTRODUCTION i 

&. 

8-1 Transition States fo r  Hydrogen Abstraction 
P 

- 
m e  t rans i t ion  s t a t e  provides a visualiz&tion of how an E 

,-- 

assembly of ~ t o m  in  reactant  molecules reaches antactivated 

- c ~ l ~ B - p r o e ~ t w ~ . - - k t ; - ~ % t f m t t e f g -  &9stscme-&-wTtPr-- 

the  .reaction mechanism which presuppose$ a def in i te  knowledge of 

the ro le  of nuclear arrangements and electroniCconfiguration a t  
- -  - - 

- -  

the  s i te  of moleculik trsnsf'ormatl&. In k G e t  l c -  theory the tran- 
% s i t i o n  s t a t e  colnplex i s  defined a s  the highest potential  energy 

point i n  the equilibrium between reactants and,products. The 

s t ructure  and geometry of the- t ransi t ion s t a t e  is deduced from 

the s t ructure  of the reactants and products (121). f- 

\ k - 1 In radical reactions proceeding through hydrogen abstraction, 

the source of the hydrogen atom may be inter-  or  intramolecular. 
P 

Intermolecular t m f e r  involves a bimolecular reaction between 

the radical  and 

sequence can in 

the  hydrogen-donat ing solvent. The intrarnolecul'ar 

general be represented a s  in  equation [8-13. 
"i 

TEzre Y L Kmpresents  two heteroatoms which uridergo homolytic 

cleavage and, subsequently, ligand exchange, me key s tep  of the 



m e  t rans i t ion  , s t a t e  fo r  4 
t h i s  hydrogen s h i f t  poses msny ,uvnswered questions and is  the 

subject of t h i s  lnvestigatlon. . 

. \ 3 ! 
8-2 Examples of 1,5-Intramolecular mdrogen Transfer 8 

Chemical reactions proceeding through intramolecular hydrogen 
8 
4 

abstraction can r e s u l t  In novel transf o rmat i~ns ,~  B a r t ~ n  ( I??) --- " 
u L  - - - - -LL--~-~--- - - B 

- h@s reported tha t  n i t r i t e  e s t e r s  of s teroidal  alcohols can be 

photochemically decomposed and can functionalize an unactivated 
- - - -  7 ceqtre t o  an OX**  The photoly~ts af an acidzf ied N-ch16i%mme- ( 

..-I e f 
solution, the Hoimann-tof f let =action, a generates an aminium $3 - 
radical  which can a l t e r  undergoing 1,5 hydrogen t ransfer  be 

-. - 
cyciized t o  pyrolllQlne (123,124). Intramolecular hydrogen - 

$ 
3 
3 

abstraction and llgmd exchange are a l so  seen i n  the photolysls 
* 

of long chain t e r t i a r y  hypochloritck (125), of If-nltrosamldes ., ' 

7, 

Q - 
w 

8-3 Geometry of Waxmition s t k t e s '  ," 
t 

* Sn a l l  the examples the intramolecular hydrogen atom t 
.4 
.P abetraction and, therefore, the  ligand exchange, occurred a t  the + 
+ 
& 

f i f t h  &tom earn the radical  centre. It is  expected that the tran- 4 

* -  'f 
c 9 s l t i o n  s t a t e s  f o r  these tr&formations should a l s o  be slmilar.  , i' 

.f 

a tu res  encompasshg six stcmic cenves.  However, there  is a d i -  
< x 

3 -  - -- - 

verg%=~f?6pini01~ as t o  whether the six nuclei form a pentagonal 

(f lve-membered) shaped structure 21 w i t h  three nuclei  approximste- - 



l y  co l l lnear  a s  proposed by Walling and Padwa (125)' o r  a t rue six- 

membered cyclic t r ans i t ion  s t a t e  22 as suggested by Akhtar (130). 
* '  - 

t ransfer  t r ans i t ion  s t a t e  has been postulated for  several acyclic 

radical  - reactions. Cprey and Hertler (123) reached t h i s  cone- - 
- t -  - - 

lusion for  the Hof'mann-Loeffler transformation as d i d  Walling (125) 
,- - 

f o r  the hypochlorite photolysis. Recently there has be& a re- 
% 

port asser t ing t h a t  a p p r o x d t e  quantum mechanical calculatioris 

Indicate t h a t  a sigma C - H bond should be more r eadqy  attacked 

by a radical  approaching along the coll lnear axis t o  the bond 

broken during hYdrogen'tmnefer (131). In the three atom hydrogen 

sigma bond system, the act ivat ion energy is  l e a s t  when B ap- P 
'I 

proaches H - H aloagbth6 axis  of the bond (132). 

R ig id ,  gemet r i ca l ly  constrafned systems a s  exemplified by 

the sterofd nucleus that undergo l n t r ~ o l e c u l a r  hydrogen trans- 
* 

fer are postulate& (1) 133,134) t o  have a t rue  six-membered % , .- PI - 
transition s t a t e  structure a s  .22. Akhtar (130) pictured the tram - 

\ * 

s i t i o n  s t a t e  in the plttotolysis of a @-steroidal n i t r i t e  as being 



the most fovoured because it permitted maximum overlap of the 

hydrogen residing In the various coniormations between atoms 1 

and 5. Models reveal that the ma-um nd angle obtainable by 3 
i 

(130). In spite of culline&ritg not being attainable, the 
-. 

-reattions proceed efficiently. 

Heusler and Kalvoda (134) ha critically reviewed the ve, 
structural requfrements of the Barton reaction in the steroidal 

series and made some perceptive obsdrvations . They concluded 

that intramolecular hydrogen abstraction occurs readily when the 

carbon-oxygen inteswclasr distance between posit'ions 1 and 5 is 

between 2.5 and 2.7 A 0  even when a good hydrogen donor such as 
b 

. cyclohexene a s  used as solvent. When this' interatomic distance 

exceeded 2.8 A', intermolecular and/or.other~patQwa~s'~ominated 

the reaction. 
-t - - 

% 'The objective of this tnvestlgation was to attempt to dif- 

f erent late be;een the requirement of a pentagonal- or hexagonal- 



shapedtzknsi t ion state  geometry 3n t h . 7  h y ~ ~ o g c n - ~  
* 

adstraction by an amid0 radical ,  For the five-membered tran-. 

s i t i o n  s t a t e  there  is  the necessity of a t ta ining col l inear i ty  of 

the three involved atoms and/or coplanarity of a l l  s i x  atoms, 

FO; the six-membered t rana l t ion  s t a t e  on the other hand. the 

Pr  importance is the attainment of a s t ra in-free  chair or 
= ;  kd 

i -chair  conformation such as 24 or 25. - - 
The gener5l strategy followed was t o  fuse a system able t o  

undergo intraqbiecular hydrogen t ransfer  onto a semi-rigid 

, cyclohexane rb~&~*stem, The confqmatiansll d r - r  forces can 

be used in an attempt to deduce the t rans i t ion  state s t ructure  

from product analysis  of the reaction mixture. The models su i t -  

able f o r  t h i s  purpose a r e  the amido radicals 26-4 and 27-4 which - - 
can be readily generated by the  $hotolysis of N-bromo-trans-4-t- - 



* bpxamide - 27-3 respectively. The bulky 4-t-butyl - substituent (135) 
* 

prevents inversion of the ring. Attempt@ to synthesize the rigid 

trans-decaliri analogues of 26-1 and - 27-1 were unsuccessful, only 

F 
the dQ&ptorial analogue of - 26-1 couid be isolated. 

carboxamido group is locked In the equatorial position by the 

mchoring 4-t-butyl - substituent. The two amido radicals - 26-4 

and 27L4 differ only in theorientation of the-2-methyl su& 
- - 

stituent. Ih the presence of a hydrogen donor, each amido radical 

will abstract a hydrogen either intramolecularly from the 2-methyl 

substituent or Intermolecularly from the solvent. If" the internal 

hydrogen tramfer through a six-membered transition state pre- 

vails for both fsomerlc coapounds, it is expected that, the lntra- 

molecular ligand exchange products will not differ significantly 

in quantity since strain-f'me chair forms of transition states 
7 

can be obt@.ned for'both. If the intramolecular hydrogen trans- 

fer is controlled by the five-membered transitiop ,_. - state, the 

capslillity of the. carboxamido afld methyl substituents to approach 
s 

coplanarity wllP be the controlling factor. This capbility is 

. regulated by the relative energy barriers of Che cyclohexane 

8-5 The Cyclohexans Ring System . 
Ipg,pond angles of cyclohearne were first cm%idered by 

Sachse (336) t;o be strain-free tetrahedral angles of 10g028t. 



Wohl (138) has concluded from t h i s  flattened cyclohexane ring- 
* - *.. 

tha t  'theequatorial-equatorial. (e,e) bond angles diverge t o  give 

a torsional angle of about 65' while the axial-equatorial (&,el) 
f 

bonds converge t o  give a torsional angle of about 55O, !The net 
4 

resul t ,  barring mutual compression of the substituents (139), is 

tha t  cis-1,2 substituents (a,e or e,a) are  closer together than 
- - - - - - - -- u-L , - 

are the trans-1,2 subetltuents (e,e) , 

p There'is a paucity of information with respect t o  the quan- 

p o ~ n t C i ~ Z  smrgy variation va+rfatfon durr$ng rbgf3at- -- -- 

tehing a d  r3ng puckering. AS' shown in Figure .8-1 (140) there 

i s  believed t o  be a mch ateeper r i s e  in  the energy when e,e 

bonds approach (puckering) than when e,a bonds spread ( f l a t -  

ten-). Despite the apparent lack of quantitative numerical 

data (141), there does exist sow praof t o  suljstarrtiate \the 

a above proposal, 
I 

L% 

Z 

Iri studies on 1,2-cyclohexanediole (142) ,% while cis-1,2- - 
cyclahexetnebiol f o m d -  en f sopropyl-idine derf vative, the cor- 

responding trane-dial- (le,2e) d id  not form the cyclic ketal ,  - 
Piis was reported t o  be due t o  greater puckering resistance of 

the cyclic rlpg ia the trans hmer  and would result when the - 
ktera.t;Omic Uietance -between oxygen atoms is decreased, Similar- 

tend t o  proUuce t w f s t  mut2cm around the C - C bond and decrease 



FIgureJ8-1 ihe qualitative potential en=* curve of cyclo- 
hexane as a function the dihedral 



planar in the  c i s  compound and more puckered i n  the t rans  com- - 
pound (163). -. 

'1n the pyrolysis of acetates and xanthates the six-atoms s 

involvkd in - c i s  elimination a r e  considered a Z t o  approach ebch 

other copIanarly in the t rans i t ion  s t a t e  (144) in o r d d t o  
i 

achieje the mas* favoured etectron interact  ons. In pyrolysis 
* .- 

- 
t 

- -%he-e* hybroge r r s t l p s~ t t r&tks+~ te~ t - fn -  graPerente tothe- - -- 

t rans  hydrogen (145). Ihe reason f o r  t h i s  i s  again the. greater  

ease i n  forcing an aqus tor i s l  and an*&ial  bond in to  a plane in 

the t r a n s i t  Gn atate t.han in  forcing two equatorial  bonds 
I 

I 

@ 



CHAPTER 9 

9-1 Interatomic Distances f o r  Intramolecular Hvdronen 

Abstra'ction 
1 

By anabgy with the interatomic distance c r i t e r ion  fo r  

a3koxy-frrtiamolecu-fat a'~strae%fsn- f %34$,- th*correspond&ng- - -- -- --- 

carbon-nitrogen lnteratomlc distances f o r  amido radicals - 26-4 

and 27-4 were calculated (146). The resu l t s  a re  given in Table - 
9-1 which also-has the-appropriate interatomic dis tances  resul t -  

- 

fng from changes of the  dlhedral angle. The aarbon-nitrogen 
1 

distance -of tho - c i s  radical  (2.20 A')  - 27-4 was within the 2.5 to " 

2.7 range of intramolecular hydrogen abstraction of alkoxide 

radicals (134). The corresponding interatomic distance of the 

trans radical  - 26-4 progressed from the  borderline (2.75 A')  t o '  

greater  internuclear distances during the rfng f la t ten ing  pro- 

cess. 

9-2 Physical Proerties of N-Haloamides .j 
9-2-1 4 Preparation of N-Bram&des 

I h e  N-bratamides were smoothly prepared by the bromination 

by the disappearance of the  

cm- ' Reaction by-products 
;t 

antide hydrogen abfiorptlon a t  1500 

such as 3-butanbl, methyl bromide, 



Calculated Carbon-Nitrogen Interatomic Distances of 

Model Radicals , 

Model C. . . N Interatomic 

cis 54.65 (normal) 



acetone (ascribed to weak absorption seen at 1710 cm-I) 8nd t- 

butylhypobromite were removed during vacuum evaporation since 

they were considerably more volatile than the N-bromamides. Con- 

centration of the reaction mixture (oO, in the dark) generally 

- 
resulted in 90-100 $ yields of yellow residual solid. Sub- 

sequent ir analysis of the solid demonstrated the absence of ab- 

sorption at 1500 cm-I due to parent &mide. 
- - - -- - - - - - - - - - - - - - - -- - - - A- - - -- - - ---A - - 

f 

9-2-2 Spectroscopic Properties of N-Haloamides 

In Table - 9-2 are listed the characteristic - - carbonyl - - 

stretchings of N-methylaceta-mide, N-t-butylacetamide - and their 

respective N-halo derivatives. In both parent amides, the 

bulkiness of the nitrogen substituent apparently had no effect 

upon the carbonyl absorption. In both series the introduction 

of an N-bromo and an N-chloro substituent progressively increased 

thewavenumber of the carbonyl absorption. 

Also in Table 9-2 are listed the characteristic Raman 

frequencies of the Amide IV band of the secondary ~mides and 

the possible corresponding bands of the N-halo compounds. 

The Amide IV (347) arose prlncfpally from the G C - N  bending 

and was observed near 630 cm0*. In N,R-disubstituted amides, 

the G C - N  in plane deformation occurred in the 620 to 590 cm-' 

region (147). the N-haloamides it would appear that the 
- - - - - - - - - 

~-br- group had-& greater affect onthe &C-M bending mode 

for N-methylacetamide, I+-f-butylacetamide - and 

shifts observed 

their resbctive 



Infrared and RaslEtn Absorptions of N-Halamides 

Carbonyl bibration Frequency 

. The numbers in parentheses are, relative percentage intensities 
o f  the two sbsorptions ahearing near the 630 clpl h i d e  TV 

band of amides, 



~- 

Table 9-3 

Nuclear Mwnetic Resonance Chemical Shifts in W-Halamides 

Chemical Shift Chemical Shift 
C-Methyl Compound N-Alkyl A cps 

( cps ) ( cps ) 

A cps 

Table q-4 

Ultraviolet Absorption Properties of N-~alamiaes 

Compound Concentration E %ax 
(moles/litre) a - nm 

<240 
2.06 x lo-= 425 260 

8.65 x - 365 250b 



N-halo derivatives, The N-bromo substituent caueed a greater  

downfield shif't of the acetyl  methyl absorption than did the 
% 

N-chloro group. This s h i f t  w a s  more pronounced i n  the N-C- - 
c 

butylacetamide ser ies ,  - 

In Table 9-4 a re  summarized yome uv properties of the 
7 

amfdes of in t e res t  and t h e i r  halogenated derivatives. In CH2C12 

solvent, the parent amides had t h e i r  A, below 240 nm. The 

larger extinction coefficients than did the N-chloramides , The 
'. 

. chloramide absorption - curves were broad a t  the base and - extended - 

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

t o  about 330 nm, The bromamides a l s o  exhibited broad absorption' 

curves-which t a i l e d  t o  about 360 nm. 

P 

9-3-1 Photolysis of Rigid N-Bromides - E-Bromotoluamides .. . 

The photolysis of N-bromo-N-methyl- o r  N-bromo-N-t-butyl- - 
tuluamide (28-2 - or  - 29-2) with a 200 watt Hanovla medium pressure 

lamp through a mrex  f i l t e r  i n  benzene solvent a t  20•‹C proceeded 

smoothly and almost quanti tat ivelg t o  the HBr s a l t  of the imino- 

lactone - 30. The i n i t i a l l y  formed C-Br amide was apparently 



unstable and immediately cyclized during work-up. Iminolactone 
A 

hydrobromide '30-2 had a strong ir absorption at 1675 cm-I - 
- - -- - - -- -- --- - - - - - - --- - 

whereas 30-1 had a strong absorption at 1700 cm-l. Both - 
compounds had a 2 proton broad methylene singlet at about T 4. 

t 
I. 
1 

Both free iminolactones had-atrong- ir absorptton a+ 2700-cm-~ - - 

(Ar-C=N stretching) and a 2 proton rnethylene singlet at T 4.7. 

The latter compared favourably with the methylene signal of 

phthalide at r 4.7 (148) as opposed to that of N-methylphthal- 

imidine at r 5.7 (149). Both lminolactones gave parent peaks, 

m/e 189 for - 30-2 and m/e 147 for 30-1. - 
Free iminolactone 31-2 was stable to LiAlH,, reduction but - 

was hydrolyzed to phthal3.de when refluxed with 20 % &SO4. Pree 

iminolactone -31-1 - on attempted column chromatography on neutral 
alumina resulted~in almost total hydrolysis of the C=A boqd to, 

yield phthalide. , 

9-3-2 Photolyais of Semi-Bigid N-Bromsmides 

I 



rezultkd in tl+p facile fopnation In high ~ield of - trsns-4-~t- T- 

, < 
I butyl-trans'-2-bromom%tltyl-4-t-butylcyclohexanecarboxamide - 32. 

t 
- - 

Phis compound had the typical mide absorptions a't 3430, 1665 --. 
- - --  - 

- - -  
- - - -  - - 

r 

and 1535 cmri aJld 4 2 proton absorption at T 6.5. The photo- 

product was stable to refluxing benzene and exhibited the 

characteristic bromine-containing parent peak at m/e 331 and 

333 in 1:l ratio, 

Photolysis of cis-bromamide 27-3 gave as photoproduct a - - 
.compound. with ir absorption at 2750-2670 and 1675 cm-I . In 

contrast to t b  -CH2Br signs1 at r 6.5 in the photoproduct from 

26-3, none was observed. After neutralization with mcas - 
solution, the 'ir absorption changed to 1700 cm-z and the 2750-" 

spectra wer-t too lnfoll~ativt for structural elucidation 
-- _-- -a ---- 

'mBes smcczme 0beZTWd S-1s were brocjd and clustered, 
- 

J 



* 
By analogy w i t h  the photoproduct from 29-2, it was assumed -- - 

\ 
9 % -  

tha t  the iminolactone hydrobromide - 33 was f o-med spontaneous ly . 

Mass spectral data of' 34 showed the.parent peak a t  m/e 251 and - 
the elemental- a n a m i s -  w a s  cons&tent wieh the free iminolae$one 

I 

structure. I 
I 

Abstraction Prqcesses 

Ihe isomeric bLmides 26-3 and 27-3 which were free  of - - 
6etectable -ts of parent amide, were photolyzed -in the manner . 

dqprlbed i n  Chapter 11. me completion of the photorea~tion~was 

verlfxed by the negative starch AcOH-KI tegt,  The generated 

amido radical intermediates were consumed by the two major hyd- 
,P 

(I " * 

b- rogenabstractionprocesses. I f t h e + T a l  abs t rac tedahyd-  
f 

rogen a t w  intermolecularly, the parent a m p k  would be regenerated. 

If, on the other hand, the amido radical abstracted a H@rogen , 

atom intramolehulsr~y from the adjacent 2-methyl substituent, 
- - - - -  

- --- - - - - 

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

there would be & subsequent radical recamb+atlon t o  form the ?' 

-- - - ~ 6 r 0 m o m e t h y l c a ~ ~ a m i d e ~ i ~ c ~ ~ i ~ e = 1 0 ~ e .  me trans - 
t L 



6 

bromamide 26-3 gsv"e 32 as the intramolecularly derdved photo- - - 
product while - 27-3 gave the corresponding iminolactone hydro- 

\ 
bromide 33. - 

Care was taken tH!f insure that identical conditions were 

?. used for the photolysis of 26-3 and 27-3. The photolysates were 
\ - - 
quantitafively analyzed for prent aide by gas chromatography 

(15 % DEGS column at 180") with added internal standard; Direct 
- 1  

su%cessful due to their unsymmetrical and broad-based elution 

characteristics. The photolysate from trad-bromamide 26-3 was - - 

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

- -  - 

analyzed directly while the solution from cis-bromamide 27-3 was - - 
first extracted with aqueous Na,C03 solution to liberate the free 

I > 

. - lminolactone - 34; %!he estlmeted accuracy of analys 

It can be seen in Table 9-5 that in benzene which lacked an easily 
cs/ r 

abstractable pdrogen, the quantity of parent amide regenerated 
i 

was very  small. However, in cyclohexane which is a good hydrogen 

donor, large quantities of parent aJde were formed. 

In -vent mixtures of benzene and cyclohexane, an inter- 
/ 

mediate situation arose. Here there was cdkpetltion between . - 

-% the intra- and intermolgcular hydrogen sbstrsctlon procepses. 

?his carptition was the pheflomenon based on whieh the 
-\ 

a 

.the requheaents of the attandant trsnsition states 
I 

4 



Table 9-5 

Solvent Composition and .Hydrogen Abstraction Prodbcts 

Solvent Composition Percen%age Recovered Intramolecular 

(v/v) Cyclohexane h i d e  h.oducta 

a taken a3 (100% - $ inter&olecular productf, except in the 
last row 

The origin of this unexpected result is not known. 

estimated from preparative experiments 



in temolecular  intramolecular 

1 

are  the f irst  order and second order r a t e  constants f o r  in tPa-  

molecular and intermolecular hydrogen t ransfer  respectively. 

PI and P2 are  the respective products. It has been found t h a t  h 
-- - - - -- --- 

deuterated solvent the  rearranged radical  B' d i d  not incorporate , 

deuterium (149). /- 

r a t e  of i n t r a n o l ~ c u l s r  t ransfer  k l  [A'] - - kt - [-PI I - 
rate of Zntemofecular t ransfer  - k2[A0 ][:sH] - ~=, [ sH]  

.9 

d 

assuming ~*[sH] f o r  c i s  = k z [ S ~ f  f o r  trans. Under ident ical  - 
phot~decomposltion conclitions, the r a t e  of the  intermolecular 

hydrogeq/tranifer process of both c is-  and trans-amido radicals 
rt 

- 
26-4.8qb 27-4 can be c-ldered t o  be equal in comparison to - . -  

the experimental ermr. The r e l a t i v e  r a t e  of intramolecular - ; 
- - - -- - - - - - --- - -- -- - - - - 

Bydrogen transfer of the two isomeric a d o  radicals,  kl cis/  
I 

kl trans, was cslculatecl t o  be 2.4 f o r  the 12.0 46 cyclohexane 

solution and 3.3 f o r  the 8.3 $.ejrclohexane solution., 



nT.cmssm 

There i s  no ,compelling reason t o  believe t h a t  the inter-  
*$ 

atomic distant; requirements f o r  intramolecular hydrogen ab- @ 

s t r ac t ion  a re  s ignif icknt ly  different  between the amido C...N 

and the alkoxy C...O atoms. From Table 9-1 it can be seen tha t  

both c i s  radfcal 27-4 and t r a n s  radical  26-4 have interatomic - 
- --- -- -- - 

- - 
-P--~--- 

-- - 

distances within the  c r i t i c a l  range (2.5 t o 2 . 7  A " )  (134) of 
. . 
alkoxy radical  intrsmolecular hydogen abstraction. The data from 

Table 9-5 indicates that with-the m i d a  radicals  there - is--swb--- - -- 

s t a n t i a l  quantity of intermolecular hydrogen abstraction in cyclo- 

hexane solvent mixture as opposed t o  predominantly intramolecular 

abstraction by alkoxy s t e rb ida l  radicals i n  cyclohexane (134) . 
Since the intermolecular distahce i s  not c r i t i c a l  for'amido 

radical  react ivi ty ,  other factors  must exert  fnfluence over the 

. course o f  the reaction. It is -assumed t h a t  the reac t iv i ty  of 

these radicals occurs 5x1 the  ground s ta te .  From geometrical 

considerations, the amfdo radical  undergoing intramoTeculap 

hydrogen abstraction must be of Z electronic configuration. The 

hybrid o rb i t a l  bearing the  unpsir&d electron is sui tably oriented 

toward p e  abstractable hydrogen. If the amido radical  were of 

If e lectronic configuration, the p orb i t a l  bearing the unpaired 

electron would be perpendicular t o  the amido plane (NCO) and t o  
- -  - 

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

the H - C axis of the 8bstractabZe hydrogen. Orbital steering 
- 

-- 7--- - -- 

- f>53r  the a c c e l K t i t e e & h i e v e d  by s teer ing the reacting 
2 

molecules in preferred or ientat ion is  of commanding importance. 
., 



112 
I - - -- 

---- - -- 

Energies of activation for intermolecylar hy-b 

straction from 'cyclohexane by triplet state acetophenon; (3. j 

kcal/mole) (151) are almost identical to those for intramolecular 

abstraction by triplet state valerophenone (3.5 kcal/mole) (152). 

Assuming that the~energies of activation for amido radical intra- 
- 

and intermolecular hydrogen abstretion are also similar, it is 

conformational factors which are responsible for the differences 
--- -- - - - -- 

fn -groductu=tities observed in Table 9-5. 

The data of Table 9-5, although suggestive of a general 

trend, unf -sfe"ln ately is not conclusive. One_ would expect a - - - 

-- - - -- - 
- - 

- - 

monotonic increase in the amount of intramolecularly derived 4 

product as the percentage of cgcloh$xane in the solvent mixture 

decreased. This was not decisively shown by the data., especially 

% by the trans amido radical 26-4. The reasons for this are not - - 
known. . It may be that changes too smell to 6e detected by the 

analytical technique employed were prevalent. Perhaps also the 

'I-t-butylcyclohexy1 - system is not the best model to demonstrate 

the expected conformationally induced phenomena. 
+'- 

The conformational control of photochemical y hydrogen - 

abstraction by alkyl phenyqrl ketones has been documented. The 

cis-4-t-butylcyclohexgT phenyl ketone abstr2cted hydrogen ex- - - 
elusively whlle the - trena-4-t-butylcyclohexgl - phew1 ketone only 

underwent photoreduction (153) In the photochemistry of the 
,-- --- -- - -- 

- - 

n%%ri*es-of -=---wd 2oBrh3rdroxys teroids , the 20a- epimer gave 
-- 

v63F**-ulsr hydrogen transfer 
product because of the absence of methyl-hydrogen interactions in 

the transsttion state which was experienced by the 2OP-epimer (127). 
\ 



IF-radical 27-4 the axial-2-methyl substituent encounters two 

1,3 hydrogen-methyl interactions which are absent - trans-amido 

radical. As a result, there is a driving force in - cis-amido 

radical 27-4 to relieve this interaction by undergoing a partial 

ring flattening and, thereby, approaching a coplanar-like 

strain 

motion 

did exist in - 26-4, it could not undergo rhg inversion 
9 -  

without large bnerg;lt expenditure. The results of Table 

9-5 show; though inconcliisively, €ha€ - cis-&mido radical does 

form a greater amount of lntramohecularly derived photoproduct. 



CHAPTER 11 
, . 

EXPERIMENTAL 

f 

11-1 General Techniques 

The general technieques employed were the same as  desc r ibed in  

Chapter 4 except f o r  the following special  features.  Infrared 

spectra were recorded on the  Beckman IR12 spectrophotometer. 
- A - - - A - - - - --Lad 

Raman spectra were run on the Cary 81 instrument which was equipped 

with a helium-neon laser .  Column chromatography was carried out 

using Brockmann - - - - alumina - - - - - (neutra l ,  - - - -  - -  a c t i v i t y  1, 80-200 mesh). 
- - 

11-2 Preparatfon of  Reagents - b  a 

11-2-1 Preparation of N-t-Butylacetamide - 

The N-t-butylacetamide - was prepared from 1.5 r n l  t-butyl- . - 
amine (154). The resu l t& solid'was sublimed (20• ‹ /0 .5  ran ~ g ) :  

m. p. 100-101' (sealed tube),  'reported (51) m. p. 101-102•‹. A 

single peak appeared on vpc analysis.  

11 -2-2 Preparation o f '  t-Butylhypobromite- - 

10.3 zz. g RaBr and 9.4 m l  t-butanol. The product had maximum absorp- - 

solut ion of - t-butylhypobromite was 1.18 M (26 yie ld) .  

11-2-3 Preparation of - t-Butylhypochlorite 



- -  The - t-butylhpochlorite was p~epared (137) f r o m ? ~ ~ m l 5 & ~ ~ -  
I 

NaOC1 solution and 15 ml t-butanol. After work-up there resulted - - 
-3 

a yellow oil, - t-butylhypochlorite j5.6 g, 47 k )  : ir 690 cm-I (m) . 

11-2-4 Preparation of N-t-Butyltoluamide - (29-1) - 

From 1.3 g - o-toluic acid and 7 rill - t-dutylamine (154) was 
f owed crude- N- t -butgltoluamide ( 11.38~_&_&8~_96_2,-- _Rec~sta~liz~~i~E--~- 

-L -- 
-r 

from ethanol-H20, gave white solid 29-1 (0.32 g) : m. p. 74-75'; - 
ir 3420, 1675, 1485 cm-l; nmr T 2.8 (~H,s), 4.3 (IH, b), 7.55 

> 

11-2-5 Preparation of trans-4-t-~utyl-trans-2-~ethyl-~-t- - - 

Butylcyclohexanecarboxamide (26-2) 
h 

_Jf To 0.2 g - 26-1 (158) in a 25 ml flask equipped with a dry- - tube and refluxxondenser was added 0-7 ml SOCl,, The con- 

tents were heated for 1 h on a water bath' prior to the removal 

uf  excess SOC12 on the water aspirator. To the residue was 

added 1 r n l  anhydrous benzene followed by dropwise addition of 

0.7 ml t-butylamine in 1 rnl anhydrous benzene. After heat2n.g to - 
reflux for 1 h, 5 ml H20 was added and the mixture was extracted 

'wtth CHC13 (3 x 15 mf), The organic extracts were combined, 

dried ( M ~ S O ~ )  and concentrated to give crude amide ( 0.24 g, 94%). 



-- -~ -- 
- 

Butylcyclohexanecarboxamide (27-2) 

The acid 27-1 (1%) (0.3 g) ahd-1.2 ml SOC1, were treated - 
in the manner previously described. To the resulting acid 

chloride was added 1.2 ml t-butylamine in 1.5 ml anhydrous 
i - 

benzene to form after work-up crude abide ( 0.235 g, 88 5 ) .  
This material was recrystallized from cyclohexane to form 

white crystals of 27-2 ( 0.21 g): m. p. 134-135'; ir 3440 (m), - 

11-3, General Procedures for N-Halogenation 

11 -3-1 Preparation of N- Chloramides 

To a 25 ml round-bottom flask equipped with a reflux 

condenser protected by a CaC12 trying tube was added 0.2 g 

amide, 0.-6 g t-butylhypochlorite, 10 mg and 5 ml CC14. - 
m e  flask, protected by A1 foil, was subjected to reflux for 2.5 

h on the water bath. Upon cooling, the solution was filtered 

in the dark. The solution in an A1 protected flask was then 
q yr 

conceMrated. The absence of ir absorption at 690 cm-' in- 

dicated that excess t-butylhypochlorite had been removed., - 

- 

1-3-2 Preparati on of N-Bromamides * 

Into a 25 ml erlenmeyer flask enclosed by A1 foil and 
- 

equipped wltfra magnetic a t i r r e r  wasaaded-about 150 mg 

This compound was kindly supplied by M. Tichy. 



t -butylhypobromite s o l u t i o n .  The mixture was  s t i r r e d  i n  an - 
ice-bath f o r  2 h a f t e r  which time an a l i q u o t  was withdrawn 

f o r  i r  a n a l y s i s .  The absence of absorpt ion at 1500 cm-i was 
- 

taken as the  end-point of t h e  reac t ion .  I n  t h e  event t h a t  a 

weak absorpt ion remained, t h e  r eac t ion  t i d e  was prolonged. 

Upon completion of t h e  reac t ion ,  t h e  s o l u t i o n  was con- - - - - - - - - - - - - - - -- - - -- - - - - - - -- - - - -- - - - - - - -- - - - - - - 

cen t ra ted  on t h e  r o t a r y  evaporator  in an ice-water bath.  % 

During a l l  operat ions t h e  f l a s k  wa6 protec ted  from l i g h t .  
% 

Generally about- 1 h evaporat-im-was needed to a t t a i n  a con- - - - 

' s tant.  weight of s o l i d  res idue .  

11-4 S p e c t r ~ s c o p i c  Inves t iga t ions  of Subs t i tu ted  M-Halacet- 

N-methylacetamide and N-t-butylacet&rd.de - were used a s  

re ference  compounds . The M-chloro- and N-bromo- de r iva t ives  

were made according t o  t h e  procedures described. The ir, nmr, 
P 

Raman and uv s p e c t r a  were obtained of a11 t h e  compounds. 

11 -4 -1 Inf ra red  Determinations 

A l l  s p e c t r a  taken were approximately 10% w/v and were $ 1  

taken us ing  N a C 1  l iqu id  ir  c e l l s .  The s p e c t r a  were obtained 

by slowly scanning the carbonyl region (~600-1700 em-') *on t h e  
- - -  - - - - - - - - - - - - - - - - - -- - - -- - - -- - - -- -- - 

Beckam IR12 spectrophotometer. The r e s u l t s  a r e  shown i n  Table 



11-4-2 Nuclear Magnetic Resonance Investigations 

A l l  spectra were run i n  C C l ,  solution with 

the i n t e r n a l  standard. The chemical s h i f t s  ( i n  

were taken from the parent a i d e s .  The resu l t s  

shown i n  Table 9-3. 

11-4-3 Raman Investigations 

TMS serving as 

cps uni t s )  

obtained a re  

a & l_I1 I I L _  ---- --I - -- - - --1--- - I---- 
Raman spectra were run on the Cary 81- Raman spectro- 

. J  

meter equipped with a helium-neon laser.  A 1 1  N-haloamide 

samples were concentfated t o  remove traces of CCl,.  Samples 
7 - - -  - -  - 

- 

were kept cold and were protected from l i g h t  u n t i l  use.. The 

sol ids  and the parent amides were placed d i rec t ly  in to  the 

special  probe of the spectrometer. The o i ly  N-bromo-N-methyl- . - 
acbtamide was added in to  a capi l lary tube pr ior  t o  analysis.  

The resu l t s  a re  given In Table 9-3 f o r  the absorption of the 

Amide IV band. 

11-4-4 UJ,traviolet Spectral Studies 

A l l  samples were determined i n  CH2C12 solvent. After 

formation of the appropriate N-haloamide and concentration of 

the solvent, an appropriate volume of CC14 was addea t o  the 

residye fo r  i r  analysis. Lack of absorption a t  -3400 and 1500 
-i 

cm-I confirmed the absence of t ~ b u t a n o l  and unreacted amide. - 
- 

4Ae C C l c  stXtutions w e r e  thenp ~ ~ E c e n t r a t e d  €oaecon%tanF weight. 

diluted for  uv analysis.  The resu l t s  obtained are  given i n  

Table 9-4. p 



11-5 Photolysis of Subst i tuted Toluamides 
i 

I 

11-5-1 Photolysis of N-Bromo-N-Methyltoluamide (28-2) - 
The haloamide 28-2 w a s  formed from 0.23 g N-rnethyltoluamide - 

28-1 and 6 m l  t-butylhypobromite i n  the  manner previously - - 
described. Following concentration of the, solut ion,  a yellow - 

- 

residue (0.37 g )  was l e f t  which was dissolved i n  120 m l  benzene . 
A-  

-- --- -- -uL-----LL "- - -- - -- 
andLLsu'6 jected t o  photolysis.  

The photolysis c e l l  was kept i n  a water bath a t  20•‹c, The 

i r r a d i a t i o n  source w a s  a 200 w a t t  Hanovia medium pressure lamp 
- - -- -- - - - - - - - - - - - - - -- - - - -- 

654~36  through a Pyrex g lass  f i l ter .  I h e  photolysis was permitted 

t o  continue f o r  1 h. ?he progress of the  react ion was monitored' 

with t he  s ta rch  AcOH-KI t e s t  solut ion which was'negative a f t e r  " 

0.5 h i r rad ia t ion .  The benzene~was concentrated t o  g ive  a re-  

s.idue o f  0.31 g. 

This residue was r ec rys t a l l i zed  3 times from CHC13 :acetone 

(1 : 3 )  t o  give a white so l id  of 30-1 : m.. p. 205-2Q6O; i r  3460 ( m ) ,  - 
2700 (m), 1700 cm-'; nmr ( ~ ~ 0 )  T 2.1 ( 4 ~ ,  m), 4.0 [ 2 ~ ,  s ) ,  6.6 

(3& 4. 
A n a l ,  Calcd f o r  C9HloNOBr: C, 47.39; H, 4.42; N, 

6.14. 

Found: C, 47.47; B, 4.51, N, 6-25.. 

The remainder of the photolysis res-ictue (0.21 g) w a s  

combined, dr ied  ( M ~ s o ~ )  and concentrated t o  glue so l id  - 31-1 

1 : ir 1700 cm-1; nmr T 2.5 (4H, m), 4.7 (2H, s), 6-82 

da 



-Attempted column chromatography of - 31-1 on 10 g neutral 

altmina (petroleum ether 30:60 as eluant) gave a solid, phthal- 
q 

-11-5-2 Photolysis of N-Bromo-N-t-Butyltoluamide (29-2) - - 

,6  ml t-butylhypobromite in the manner previously desribed. From - 

was dissolved in 120 ml anhydrous benzene and photolyzed. 

The photolysis conditions were as previously described. 

After 1 h irradiation, the solution was concentrated to give a 
-A 

I residue (0.25 g) which was recrystallized (0.13 g only) from 

acetone :CHC13 (3:1) to yield white crystals of 30-2: m. p. 110- 

lllO; ir 1675 crp-'; nmr T 2.2 (4~,~m), 4.1 (2H, s), 8.25 .(9H, s). 
4 

'Ihe residub (0.12 g) was dissolved in 10 rnl saturated Ra2C03 

solution, stirred for 0.5 h and extracted with CHzCl, (3 x 10 ml). 
•’ 

The combined organic extracts were dried ( M ~ s o ~ )  and concentrated 

134 (71). 

Attemptes to reduce 31-2 (0.04 g, 1.6 x 10-* moles) with a 
-- - 

large excess M-~iAf~ i - fO , l5  g, 4 x TO-3-~~e~)-Zip a m y m u s  

1 ,  

~nto B 25 ml round-bottom flask was added 31-2 (0.05 g) and 5 - 
ml 20 Q Itf&O+, The flask was fitted with - 

I 

a ref lux 
f 

condenser and 



s o l u l z l x m s  extracted " 
-. I s  r r  - . \  - 43 wltlrCHCc;nc;13 x 13 nu). m e  urganlcex- 

t r a c t s  were combined, dried ( H ~ s o ~ )  and concentra o @ve a 3 a 

The i r  and nmr.spectra were superimposable with authentic sample. 
W 

- - - - - 6  Photolysis of Isomeric Cyclohexanecarboxamides - - A . T t  1 
4 
1 

11-6-1 Photolysis of trans-Bromamide 26-3 
f 

- 1 
> 3 

I 
- - - - - - - - - - - - - 

4 7 

To 6 25 m l  ~1 f o i l  protected erlenmeyer flask-was added 5 % 
i 

magnetically s t i r r e d  fo r  2 h at O•‹C. .  eAfter 2 h reaction time, an i 4 
al iquot  was tes ted by i r  spectroscopy fo r  the absence of an amide 1 

9 $ 
hydrogen absorption a* 1500 cm-l. The sol id  resulting, from the f 
concentration of the solution was dissolved in 120 m l  anhydrous - 

il 

benzene and added t o  the  photo-cell kept a t  20•‹C. A 200 watt 
\r 

medium pressure ~ a n o v i a  lamp placed in to  a pyrex glass  f i l t e r  

wss used as  the i r rad ia t ion  souke ,  The photolysis was carried 

I out for  45 minutes. However, s tarch AcOH-KI  t es t ing  showed t h a t  

* 
solution was concentrated t o  give a sol id  residue 70.22 g ) :  i r  

f 

3430, 3300, 1665, 1505 em-'; rrmf. r 4.3 (IH, b), 6.5 ( 2 ~ ,  bs) ,  

?&to 9.2- C j a ~ ~  m), yapour p M s e _ c h r ~ ~ g r a ~ ~ s h o w e d ~ t h a t ~ ~ ~  - -- - -- 

--- 
the p r o d ~ c t  of t h i s  reaction had one major peak -- i n  greater  than - 

90 $ quantity and 4 smaller peaks of which one was- the amide 

'1 
I 26-2. - 
I 

i b 

* '-* t 
I 

t 1 '  
- -- - - - .- -- - -- - -- - - -*+,,.*- b-* - & 6*-*>,**e:s3x-w--,.- s >  -,L :-* , .  % i * 

- 



'4 
& 

A pbrt ion (0.180 g) of BRigAhatoproduct was subjectee 

t o  preparat ive t l c  on s i l i c a  gel  p la tes  with 2% CHsOH i n  CHCls , 

as the  e lu t ing  solvent .  The appropriate portion of the  p l a t e s  
1 

was scraped off  and t h e  s i l i c a  gel  was extracted with 15  ml 
4 '  

CH=OB f o r  1 h .  After concentration of the  CHjOH solut ion,  the  
.% 

resu l t ing  s o l i d  was dissolved i n  2 m l  CHC1.. This solut ion was 

f i l t e r e d  through a short column conta in in42  g neut ra l  alumina 

CHC13 solvent l e f t  a s o l i d  (0.130 g) which was dissolved i n  1 

ml acetone :pet .  e the r  30 :60 (1  :@ and re f r igera ted .  Overnight 
-- - - - -  - - - - - -  - --  - - 

- 

were formed white c r y s t a l s  of 32: m. p .  145-135'; i r  3430 ( m ) ,  - 

.Anal. Calcd f o r  C ~ ~ H J O N O B ~ ;  C, 57.84; H, 9.10; 

%About 30 mg of 32 was refluxed i n  20 m l  benzene f o r  2 h .  - 
No change w s s  observed l n  -the i r  s p ~ c t r u m  o f  the  residue. 

11 -6-2 Photolysis of cis-Bromamide 27-3 - - 
The N-bro?Ihide 4 s  formed from 27-3 (0.147 g)  and 5 m l  - 

t-butylhypobromlte 3.a the usual manner. Upon removal of the  - 
solvent,  yellow s o l i d  -(O .232 g )  resul ted .  This material was 

- 

- ttsttaI - m % n m r  d % d & n t h .  Wpm conmntr'8eeiOnn0f Wiephot olysat e, - 

there resul ted  a s o l i d  (0.233 g): ir 3350 (m), 1675, 1510 (w) 



Gas chromatography of a b a s i f i e d  a l iquo t  'of t h e  mater ia l  showed 

one major peak ( N  908) and t h r e e  minor peaks none of which cor- 

responded t o  t h e  r e t e n t i o n  time of amide - 27-2. 

The photoproducts (0.160 g) were dissolved i n  25 ml sat- . 

ura ted  Na2C03 so lu t ion .  To t h i s  was added 10  m l  CHC1, and t h e  

mixture w a s  s t i r r e d  f o r  30 m i n .  Separation of t h e  l aye r s ,  
- - - -- - - - - - - - -- - - A -- -- - -L---- -- 

e x t r a c t i o n  of t h e  aqueous ph with CHC13 ( 2  x 10  m l )  and 

drying ( M ~ s o ~ )  of t h e  organic e x t r a c t s  gave upon 

concentrakion & s o l i d  ( 0 . 0 7 ~ - g ) ,  The resul t ing-mater ial-was - - - - 

4 
subjec ted  t o  p repara t ive  t l c  on s i l i c a  g e l  adsorbant with 2% 

CH30H i n  CHC13 as e l u t i n g  so lvent  mixture. The appropr ia te  
F 

l a r g e  band was scraped o f f  and s t i d d  with 20 tril CH30H f o r  1 h 

and then  f i l t e r e d .  Af ter  concentrat ion of t h e  CH30H so lu t ion ,  

t h e  res idue  w a s  dissolved in 2 ml CHC13 and f i l t e r e d  through a 

small column conta in ing  2 g n e u t r a l  alusrina. CHC13 (100 $L) - 
was used t o  f l u s h  t h e  column. Af te r  concentrat ion of thb  CHC13 C 

I 

so lu t ion ,  0.06 g s o l i d  was l e f t .   his mate r i a l  w a s  twice r e -  

c r y s t a l l i z e d  from CHC13:acetone ( 3 : ~ )  solvent  mixture t o  y i e l d  

a s o l i d ,  - 34 : rn. p. 92-99"; ir  1700 cm-l;  ms m/e 251 (M', l o ) ,  '. 
237 (541, 2% (100). 

Anal. Calcd f o r  CleHzaNO: C, 76.44; R, 11.63; 

found: C, 76.71; B, 11.65; N, 5.39. 

11 -7 Q u a n t i t a t i v e  Aspects of Isomeric N-Bromocyclohexsne - 



I 

11 -7 -1 General Procedure 

For the  preparation of the  8-b't-pmides, 50.0 mg amide 

and 4 ml t-butylhypobromite were used, The react ion conditions - 
were as  previously described. After 2 h react ion time, a quant i ty  

of so lu t ion  ju s t  s u f f i c i e n t  t o  take an i r  spectrum was with- 

drawn. Oqce the  absence ,o f  absorption a t  1500 cmDi had been 

confirmed, t he  so lu t ion  was concentrated a t  0" t o  a constant 

o r  t he  solvent mixture i n  which the  photolysis  was t o  be done. . 
. 

- -  - - --- - -  -~~ --- -- ~ - - ~  -~~ - ---- 

The phot o lys i s  conditions were iden t ica l  t o  those previously 

described. After  photolysis  the  solut ions  were subj~ected t o  

vpc quan t i t a t ive  analys is .  

11 -7-2 Quanti tat ive Analysis 

11 -7 -2 -1 Photolysis of t r ans  -Bromamide 26-3 

I n  a. typ ica l  experiment in the photolysis of 26-3, 0.2 ml 

i n t e r n a l  standard N-t-bntyltoluamlde (9.7 4 5 . 0  m2 CHCI~) was - 
added t o  a 5.0 ml volumetric f l a sk .  Suff ic ient  photolysate 

was added t o  make 5.0 ml so lu t ion  which was then concentrated 

on t h e  ro ta ry  evaporator (15O water bath temperature) t f h t i l  

a l l  t he  solvent was reaoved. Then 0.25 ml, CfIC13 was added and 
------p-ppp--p---p--- - - - 

t he  resultlrrgsoluti~M%%alyzed . by vpc using a 15% DEOS- 
C 

-pp p a r l a a n  or are* 123 - ,  - e r a t i o  or the  a rea  - 
of 26-2to i n t e rna l  standard wa8 calculated and w i t h  the  - 



quant i ty  of 26-2 in the  solut ion was determined. , - 

11 -7-2 -2 Photolysis of c i s  -Bromamide 27-3 - 
I n  a typ ica l  experiment the  solut ion from the  photolysis 

of 27-3 was t r ea t ed  with Na2C03 solut ion.  After drying of the  - 
organic photolysls mixture, 5.0 ml were withdrawn and con- - -- - -  ---- -----LLL----A - -- 

centrated on the  ro ta ry  evaporator (water bath a t J5 ' ) .  To the  

residue was added 0.25 m l  2-ph-enylpropanone in t e rna l  standard 

solut ion '(concentrat lon  +.268-mg/m1). - The solut ion was analyzea 

by vpc using a 15% DEGS column and an oven temperature of 180•‹. - 
d 

The r a t i o  of the  a r ea  of 27-2 t o  in te rna l  standard was calculated 

and with the  ass i s tance  of a previously prepared ca l ib ra t ion  

curve, the  quanti ty of ?7-2 - i n  t he  solut ion was determined, 

11-7-3 Solvents used i n  Zhe Photolyses 

Photolysis experiments were performed using a s  solvents:  
- 

- 
cyclohexane; the  mixture of 30 ml cyclohexane and 90 ml benzene; 

the mixture of 14.4 ml cyclohexane and 105.6 mZ benzene; and 

the  mixture of 10 mS cyclohexane and 110 m l  benzene. The r e s u l t s  

obtained from the  qu&t i ta t ive  analyses were expressed ar t h e  3 

- \ 
percentage recovered amldes 26-2 and 27-2. The information . 
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