
ABSTRACT

R otational b a r r ie r s  in  h e te ro cy c lic  sulphenamides ; trapp ing  o f 
su lohenvln itrenes

by Brian David Judkins B.Sc.

The f i r s t  p a r t  o f  th i s  work is  an in v e s tig a tio n  o f  the  reason fo r  
the abnormally h igh  b a r r i e r  to  ro ta tio n  around th e  N-N bond in  c e r ta in  
N-quinolone s u b s t i tu te d  sulphenamides. Some mechanisms by which 
d iastereoisom ers o f  th e  above conpounds could in te rc o n v e rt a re  a lso  
examined. Extension o f  th i s  work lead to  re so lu tio n  o f  N-benzyl-N- 
(1 ,2 - dihydro - 2 - o x o q u in o lin -1 -y l) g lycine as a r e s u l t  o f  the  N-N c h i r a l  
a x is .  The therm al s t a b i l i t y  o f  some h e te ro c y c lic  sulphenamides i s  
a lso  in v e s tig a te d .

A study o f  th e  re a c tio n  o f some a lky lhydraz ines w ith  ary lsu lp h en y l 
ch lo rid es  is  d escrib ed  and some mechanisms proposed fo r  the fragm enta­
t io n  o f  the in te rm ed ia te  sulphenylhydrazides.

The trapp ing  o f  d in itrobenzenesu lpheny ln itrene  w ith  alkenes and 
o th e r reagents i s  describ ed  as w ell as a study  o f the  s te r e o s p e c if ic i ty  
of i t s  ad d itio n  to  çis-1-phenylpropene. The g en era tio n  and attem pted  
trapp ing  o f o th e r “su lpheny ln itrenes i s  a lso  in v e s tig a te d .
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ABBREVIATIONS

Me - m ethyl 

E t - e th y l 

Pr^ - iso p ro p y l 

Bu^ - CHg(CH2 ) 3"

Bu^ - MegC-

Q4S0 - d im ethylsu lphoxide 

DMF - dimethylformamide

Ac - a c e ty l

Ph - phenyl

Ar - a ry l

Ar^ - 2 ,4 -d in itro p h e n y l

Tos - 4 -methyIphenyIsulphony 1

THF - te tra h y d ro fu ran

AG'*' va lues a re  measured in  kca l m ol'^ th roughout, 

e .u . (en tropy  u n its )  have u n i ts  c a l K"^ m o l" \

A ll tem peratu res a re  measured in  °C except where in d ic a te d .
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R o ta tio n a l isom erism  around some s in g le  bonds: In v ers io n  a t  n itro g e n

R e s tr ic te d  r o ta t io n  around a s in g le  bond can be caused by (a) s t e r i c  

e f f e c ts  o r (b) e le c tro n ic  e f f e c ts .  In  th e  l a t t e r  case , s t e r i c  e f f e c ts  

u s u a lly  c o n tr ib u te  to  th e  o v e ra ll  b a r r ie r  as w e ll. In  t h i s  review  

c h a p te r , r e s t r i c t e d  ro ta t io n  around S-N and N-N bonds and th e  use o f 

n .m .r . spectroscopy  in  in v e s tig a tin g  th e se  phenomena w i l l  be examined.

1 .1  The use o f  dynamic n .m .r . snectroscopv  in  determ ining th e  energy 
b a r r ie r  o f  conform ational p ro cesses

In th e  h y p o th e tic a l m olecule [1 ], r o ta t io n  around th e  X-Y bond is  

assumed to  occur a t  a r a te  m easurable by n .m .r . ( a l l  o th e r  r o ta t io n  

and in v e rs io n  p ro cesses  a re  assumed f a s t ) . Although th e  X-Y bond is

M e .C H -' M e .C H /  N a

1 1 1

n o t a c h i r a l  ax is  ( i . e .  th e  m olecule i s  no t re so lv ab le )  because o f  th e  

id e n t ic a l  s u b s t i tu e n ts  on X, th e  p ro c h ira l  isop ropy l s u b s t i tu e n ts  

enable th e  slow r o ta t io n  to  be follow ed by n .m .r . * IVhen r o ta t io n  around 

X-Y i s  f a s t  on th e  n .m .r . tim e -sca le  ( i . e .  >10^ ro ta t io n s  p e r second), 

th e  isop ropy l m ethyl groups appear as one d o u b le t. However, when 

ro ta t io n  i s  slow , th e  m ethyl groups w ith in  each isop ropy l become 

m ag n e tica lly  n o n -eq u iv a len t, and appear as two do u b le ts  o f  equal 

in te n s i ty .  On in c re a s in g  th e  tem perature o f th e  system , th e  r a t e  o f 

r o ta t io n  around X-Y w il l  in c re a se , and th e  two doub le ts  co a lesce  in to  

one d o u b le t. fo r  th e  X-Y r o ta t io n  can then  be c a lc u la te d  a t  th e

-1 -



coalescence temperature by using the expressions:

kc  = ttAv

and kc = kg Tc exp
RT.

(a )

(b)

where Tc = coalescence tem perature ( in  k e lv in ) , kc = r a te  o f r o ta t io n  

around X-Y a t  To, A\) = frequency s e p a ra tio n  o f co a lesc in g  s ig n a ls  ( in  

Hz, measured a t  tem peratu res lower th an  Tc) ,  kg = Boltzmann’s c o n s ta n t, 

h = P lanck ’s c o n sta n t and R = th e  gas c o n s ta n t. When (a) and (b) a re  

combined, and th e  co n s ta n t term s in s e r te d ,  th e  fo llow ing  exp ression  

r e s u l t s  :

'* = 4.574 TcAG’

1000
9 .9 7 2 2  + lo g io  To

Av
(c )

w ith  AG in  k ca l mol" ^.

The above equ a tio n  i s  v a l id  fo r  uncoupled s ig n a ls  (th e  m ethyl 

dou b le ts  above a re  uncoupled to  each o th e r ) . I t  must be m odified , 

however, in  th e  case where th e  s ig n a ls  a re  coupled to  each o th e r , as in  

th e  case o f  m olecule [2 ]. When r o ta t io n  around X-Y i s  slow on th e

PhC K B

1 2 !

n .m .r. tim e s c a le  h e re , th e  benzyl groups rem ain e q u iv a le n t, bu t th e  

p ro tons w ith in  each benzyl group become m ag n e tica lly  n o n -eq u iv a len t. 

Since they  w i l l  then  couple each o th e r , an AB system  w il l  r e s u l t ,  which
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will coalesce into a singlet as the temperature is raised. At Tc,
2

equation  (d) i s  v a l id :

kc = TT /Av^ + 6Jab    (d)

where J ab = coupling  co n sta n t between th e  s ig n a ls .  This means equation  

(c) must be m odified  to :

AĜ  = 4.574 Tc
1000

9 .9 7 2 2  + lo g io  Tc -  lo g io  V^Av^ + 6J a] ^'AB

  (e)

V a lid ity  o f  exp ressions (c) and (e)

3
Kost and Raban have in v e s tig a te d  th e  accuracy o f th e  above 

e x p ress io n s, and they  f in d  equation  (c) i s  v a l id  fo r  eq u a lly  in te n se  

coalesc ing  s in g le ts  and do u b le ts  as long as Av i s  g re a te r  than  3Hz.

For unequally  in te n se  co a lesc in g  s in g le ts  o r d o u b le ts , Av must be 

g re a te r  than  4Hz fo r  accep tab le  r e s u l t s .  Equation (e) g ives accep tab le  

r e s u l t s  when Av i s  g re a te r  than  Jab*

Another inaccuracy  r e s u l t s  from having to  measure Av a t  below th e  

coalescence tem perature as Av may be tem perature dependent. I t s  va lue  

a t  Tc sometimes has to  be e x tra p o la te d  from lower tem perature m easure­

m ents. However, Kost and Zeichner^ showed th a t  fo r  th e  uncoupled case 

[equation  ( c ) ] ,  Av = Wi a t  Tc, where = w idth  a t  h a l f  h e ig h t o f  th e  

coalescing  s ig n a l ,  and th i s  can be s u b s t i tu te d  d i r e c t ly  in to  ( c ) . For 

AB system s, kc can be evalua ted  g ra p h ic a lly  from th e  w idth  a t  h a l f  

he igh t a t  Tc and th e  coupling co n s tan t a t  lower tem p era tu re . Jab  (which 

is  no t tem perature dependen t^).

As a r e s u l t  o f  th e  above work, coalescence tem peratu res g ive  accep t-
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able accuracy (believed to  be ±0.3 kcal m ol'^) in  the c a lc u la tio n  of 

fre e  energies o f a c tiv a tio n .

1.2 Inversion a t  pyramidal n itro g en

Inversion  a t  the n itro g en  pyramid takes p lace  v ia  r e -hybr id  is  a t  ion 

of the n itro g en  atom from sp^ to  sp^. As a r e s u l t ,  the  h y b rid isa tio n  

of the n itro g en  lone p a ir  o r b i ta l  changes from sp^ to  p in  the  p lan ar 

t r a n s i t io n  s ta te  [3].

1 3 1

Inversion  a t  n itro g en  and o ther atoms has been w ell rev iew ed^ '^ '^  

and a summary of the main fa c to rs  a ffe c tin g  inversion  w il l  be given 

here.

(a) E ffec t o f r in g  s t r a in

In simple alkylam ines, the inversion  b a r r ie r  i s  low, being le s s  than 

6  kcal m o l 'i .  However, inco rpora tion  o f the n itro g en  atom in to  a sm all 

ring  system increases the inversion  b a r r ie r  as the  r in g  s iz e  becomes 

sm aller. Thus a comparison of the cy c lic  amines [4 ], [6 ] ,  [8 ] and

[1 0 ] in  ta b le  1 rev ea ls  the inversion  b a r r ie r  to  be h ig h est fo r  the  

th ree  membered rin g  (a z ir id in e )  species [1 0 ] .

These r e s u l ts  can be explained by the  increased  rin g  s t r a in  in  the 

tr a n s i t io n  s ta te  r e la t iv e  to  the ground s ta te .  During inversion  i t  is

- 4 -



n ecessary  fo r  th e  bond angles to  in c rea se  id e a l ly  to  1 2 0 ° ,  and th i s  

p rocess  i s  more in h ib ite d  in  a z ir id in e s  in  which th e  bond angles o f  th e  

r in g  a re  fo rm ally  c lo se  to  60°.

(b) E ffe c t o f  heteroatom s bonded to  n itro g e n

When a heteroatom  i s  bonded d i r e c t ly  to  n itro g e n  th e  in v e rs io n  

b a r r ie r  can be n o tic e ab ly  changed. With s tro n g ly  in d u c tiv e ly  e le c tro n  

withdrawing s u b s ti tu e n ts  th e  in v e rs io n  b a r r ie r  i s  in c reased , and two 

e f fe c ts  seem to  o p e ra te ; f i r s t l y ,  th e  - I  e f f e c t  o f  th e  heteroatom  

demands in creased  p c h a ra c te r  in  th e  N-X bond (X = N, 0 , C l) , and so 

reduces th e  a v a i l a b i l i ty  o f a p o r b i t a l  fo r  th e  n itro g e n  lone p a i r ,  

thus making th e  necessary  r e -h y b r id is a t io n  in  th e  t r a n s i t io n  s ta t e  

more d i f f i c u l t .  Secondly, heteroatom s u su a lly  possess lone p a i r s  o f  

e le c tro n s  them selves, and unfavourable lone p a i r  - lone p a i r  in te ra c t io n s  

a re  in creased  in  the  t r a n s i t io n  s ta t e .  E .g. [4 ]-[9 ] in  ta b le  1, in  

which th e  N-chloramines have h igher in v e rs io n  b a r r ie r s  than  th e  

corresponding a lky lam ines.

When th e  two e f fe c ts  o f r in g  s t r a in  and heteroatom  s u b s t i tu t io n  a re  

combined, i t  i s  p o ss ib le  to  i s o la te  th e  two invertom ers a t  room 

tem peratu re , e .g . [2 2 ] was sep ara ted  in to  two d ia s te re o iso m e ric  forms 

by Brois^® in  1968 using  p re p a ra tiv e  g . l . c .  This was th e  f i r s t  example 

o f d iastereo isom erism  caused by slow n itro g e n  in v e rs io n .

(c) S te r ic  e f f e c ts

As th e  s iz e  o f  th e  s u b s ti tu e n ts  on n itro g e n  i s  in c reased , th e  

g re a te r  becomes th e  s t e r i c  s t r a in  in  th e  ground s t a t e  r e l a t iv e  to  th e  

le s s  h indered  t r a n s i t io n  s ta t e .  Hence th e  more bulky s u b s ti tu e n ts  

lower th e  in v e rs io n  b a r r ie r  as seen in  a z ir id in e s  [1 0 ] - [ 1 2 ] in  ta b le  1 .
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TABLE 1

Inversion  a t  n itro g en  in  some c y c l ic  amines

N -R

,N

—R 

yR

R

Me
N

N—R

H

AG' r e f .

[4] R = Me 6 . 8 9
[5] R = C1 9.2 9

[6 ] R = Me 8.3 9
[7] R = C1 10.3 9

[8 ] R = Me 1 0 . 0 9
[9] R = C1 13.4 9

[1 0 ] R = Me - 2 2 1 0

[1 1 ] R = Et 19.4 1 1

[1 2 ] R = Bu^ 17.0 1 2

[13] R — SOzPh 12.4 13

[14] R = COMe < 6 14
[15] R = 4-MeOC6Hu 12.5 15
[16] R = Ph 1 1 . 2 15
[17] R = 4-C1C6H^ 1 1 . 0 15
[18] R -  3 -CF3C6H4 10.7 15
[19] R ~ 4-CFsCeHit 1 0 . 0 15
[2 0 ] R = 4 -NO2 C6H4 8 . 2 15
[2 1 ] R = SPh 13.1 13

[2 2 ] R = C1 >24 16

(d) E le c tro n ic  e f f e c ts

Conjugation reduces th e  in v ersio n  b a r r i e r  s in ce  d e lo c a l is a tio n  o f  

the n itro g e n  lone p a i r  occurs b e t te r  in  th e  p la n a r  t r a n s i t io n  s ta t e .  

This s ig n i f ic a n t ly  reduces the  in v ers io n  b a r r i e r  as i s  seen in  [13] 

and [14] in  ta b le  1.
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Lehn and Mislow^® evalua ted  in v e rs io n  b a r r ie r s  fo r  s u b s t i tu te d  a ry l  

a z ir id in e s  [15]-[20] in  ta b le  1 and su b jec ted  th e  r e s u l t s  to  a Hammett 

a n a ly s is .^ ^  A good c o r re la t io n  w ith  o'  was found, w ith  a ^ va lu e  o f  

2 .8 . This in d ic a te s  th e  n itro g e n  lone p a i r  con jugates b e t te r  w ith  th e  

more e le c tro n  d e f ic ie n t  a ry l r in g  in  the  t r a n s i t io n  s t a t e  f o r  in v e rs io n , 

D ivalen t su lphur a lso  lowers th e  in v e rs io n  b a r r ie r  when compared to  

an a lk y l s u b s t i tu e n t ,  d e sp ite  the  p o s s ib i l i ty  o f lone p a i r  - lone p a i r  

re p u ls io n  in  th e  t r a n s i t io n  s ta t e  (a z ir id in e  [21] in  ta b le  1 ) . This 

r e s u l t  i s  d iscu ssed  in  se c tio n  1 .4 (c ) .

1 .3  R o ta tio n a l b a r r ie r s  in  hydrazines

This su b je c t has been reviewed re c e n tly . The magnitude o f th e  

b a r r ie r  to  ro ta t io n  depends g re a tly  on th e  h y b r id is a tio n  o f th e  

n itro g e n  atoms invo lved , as w ell as th e  n a tu re  o f  th e  s u b s t i tu e n ts .  A 

few ty p ic a l  cases a re  examined below.

(a) Binyram idal hydrazines

The b a r r ie r  to  r o ta t io n  around th e  N-N bond i s  low in  th ese  cases

and com plicated by th e  a s so c ia te  p rocess o f N in v e rs io n . Table 2

i l l u s t r a t e s  some f re e  energ ies  o f a c t iv a t io n  fo r  b ipyram idal hyd raz ines.

In  [23] and [24], slow ro ta t io n  around th e  N-N bond (w ith f a s t  N

in v ersio n ) w i l l  no t be v i s ib le  by n .m .r . because o f  th e  symmetry o f th e

m olecules. Hence th e  measured b a r r ie r s  must be due to  N in v e rs io n
19(although N-N ro ta t io n  is  probably  a lso  slow in  th e se  cases ) .

F le tch e r  and Sutherland  assigned  th e  b a r r ie r s  in  [25]-[27] to  N-N 

ro ta t io n  w ith  f a s t  N in v e rs io n . Indeed, in  [25] and [26] each n itro g e n  

has id e n t ic a l  s u b s t i tu t io n ,  and w il l  have th e  same in v e rs io n  b a r r i e r .  

When N in v e rs io n  i s  slow, two AB systems should be v i s ib le  fo r  th e

-7-



TABLE 2

Bipyramidal hydrazines - a c t iv a t io n  d a ta

R̂
N-N^

R ' /  V

Tc AĜ r e f .
[23] R^=R^=CH2Ph, R’=R‘*=H -106 8 . 0 19

[24] Rl=R2=R3=R“=CH2Ph -105 8 . 2 19

[25] R‘=R^=CH2Ph, R^=R‘*=Et - 51 10.7 2 0

[26] Ri=R3=CH2Ph, R^=R“*=CHMe2 - 46 1 1 . 2 2 0

[27] Rl=R2=R3=CH2Ph, R“=Et - 53 1 0 . 8 2 0

benzyl p ro to n s . However, only one i s  seen below th e  coalescence 

tem peratu re , w ith  no fu r th e r  changes down to  -100°. A lso , [26] w ith  

th e  more bulky s u b s t i tu e n ts  than  [25] has a h ig h er b a r r ie r  than  [25]; 

the  rev e rse  would be expected fo r  a r a t e  determ ining  N in v e rs io n  [see 

s e c tio n  1 .2 (c ) ] .  S im ila rly  in  [27] only two benzyl groups, presum ably 

those  a t  R̂  and R̂  produce an AB system below Tc; th e  th i r d  rem ains 

a s in g le t .  F le tc h e r  and S utherland  again, ex p la in  th i s  in  terms o f 

ra p id  N in v e rs io n  and slow N-N r o ta t io n ,  bu t th i s  appears to  be an 

o v e r -s im p lif ic a tio n . K atritzky^^ and Shvo^^ d iscu ss  th ese  r e s u l t s  in  

more d e ta i l  and show a com bination o f r o ta t io n  and in v e rs io n  is  th e  

ra te -d e te rm in in g  process fo r  racém isa tio n  (and thus coalescence o f 

n .m .r . s ig n a ls ) .

K a tritzk y  s p e c if ie s  two types o f in v e rs io n  p ro cess  which occur in  

b ipyram idal hydrazines : one in  which e c lip s in g  in te ra c t io n s  o f 

s u b s ti tu e n ts  occur, and a second in  which they  a re  avoided. The 

concept o f two in v e rs io n  b a r r ie r s  arose  from th e  behaviour o f c e r ta in  

c y c lic  b ipyram idal hydrazines in  which bo th  types o f  b a r r ie r  could be



23m easured. K a tr itz k y 's  p roposa l was l a t e r  m odified  by Nelsen who 

suggested  th a t  i t  was e c lip s in g  o f th e  two lone p a ir s  which was 

re sp o n s ib le  fo r  th e  h ig h er energy in v e rs io n  p rocess (see scheme 1 ) .

Scheme 1

c

XX a

non-passing* (low energy) inversion

a

d
c

c

d

passing (high energy) inversion
c

Both th e se  p ro cesses enable racém isa tio n  to  occur (and hence b rin g

about coalescence o f p ro c h ira l  groups in  th e  n .m .r . - see scheme 2 ) .

The 'p a ss in g  in v e rs io n ' i s  o f  h ig h er energy; in  ad d itio n  to  the

e c lip s in g  in te ra c t io n  between th e  lone p a ir s  during  th e  in v e rs io n , th e

tra n s  conform ation [28] i s  o f h igher energy th an  th e  gauche [29].
24P resen t evidence in d ic a te s  th e  p re fe r re d  conform ation i s  one in  

which th e re  i s  a 90° angle between th e  lone p a ir s  (fo r  s im p lic ity  in  

th e  diagram s above th is  has been taken as 60°).

The behaviour o f hydrazines [23]-[27] has been d iscu ssed  by Shvo' 

in  th e  l ig h t  o f  th ese  id eas ; the  b a r r ie r s  in  [23] and [24] were 

assigned  to  'non-pas s in g ' in v e rs io n  ( in  th e se  cases ro ta t io n  i s  no t

18

-9-



Scheme 2

inversioninversion
b ro tation

Racémisation via non-passing ' inversions

X inversion%
(I

x'xC

inversion

x'x c

129J 1281 

Racémisation via 'passing 'inversions

req u ired  to  cause racém isa tion  because o f the  symmetry o f  the  mole­

cu les) , whereas a c a re fu l an a ly s is  o f th e  symmetry p ro p e r tie s  o f 

[25]-[27] rev ea l th a t  e i th e r  th e  240° r o ta t io n a l  s te p  in  the  ’non­

passing* in v ersio n  scheme fo r  racém isation  o r the  ’passing* in v e rs io n  

mechanism could be re sp o n sib le  fo r th e i r  observed n .m .r . behaviour.

(b) Pyram idal-planar hydrazines

The conform ational p rocesses in  th is  system are  shown in  scheme 3.
y ■ /The enantiom ers [30] and [30 ] ,  [31] and [31 ] a re  in te rco n v e rted

by ro ta t io n  then in v ersio n  (or v ice  v e rsa ) . The in v e rs io n  process can 

occur w ithout e c lip s in g  o f lone p a ir s  and s u b s t i tu e n ts ,  w ith  th e  lone 

p a irs  r e ta in in g  a 90° angle to  each o th e r . R o ta tion  must involve 

e c lip s in g  in te ra c t io n s ,  however, and th is  i s  found to  be the  r a te  

determ ining stereochem ical p rocess fo r  racém isa tio n . In  f a c t ,  in  [32]

-10 -



Scheme 3

b inversion a

130]

rotation

131]

rotation

a inversion b

131'] 130 '] 

pyram idal-planar hydrazines

slow N-N ro ta tio n  is  not seen by n .m .r. because o f the symmetry of the  

m olecule, but slow inversion  a t N-1 ought to  render the protons w ith in  

each benzyl group d ia s te re o to p ic . However, no change is  seen in  the  

n .m .r. o f [32] even a t  -130° (except fo r  lo ss  o f r e s o lu t io n ) . This 

s trong ly  im plies the b a r r ie r s  in  [33]-[37] in  ta b le  3 are due to  slow 

N-N ro ta tio n .

-11-



N -N  (CH,Ph),

132]

TABLE 3

Pyram idal-p la n a r hydrazines - a c t iv a t io n  d a ta

Tc AG*
[33] R = 2 ,4 -d in itro p h en y l 59 16.6

[34] R = 2 ,4 , 6 - tr in i tro p h e n y l 50 16.4

[35] R= 2-pyrim idyl - 34 11.7

[36] R = E -Œ 3C0 39 15.5

[37] R = Z-CH3C0 <-1 0 0 ° <9.3

r e f .  19

There i s  a wide d iffe re n c e  in  behaviour between th e  E and Z -ace ty l 

d e r iv a tiv e s  [36] and [37] ([36] and [37] a re  in te rc o n v e rte d  by ro ta t io n  

around th e  C^-I^bond; th i s  occurs w ith  an a c t iv a t io n  energy o f  18.2

( P h C H , ) , N - N ^ o  

Me

X

[36]

/ H
( P h C H ^ ) ^ N - N y M e  

0

[37]

-12 -



k ca l A pparently , th e re  i s  g re a te r  s t e r i c  h indrance in  th e

t r a n s i t io n  s ta te  fo r  r o ta t io n  in  th e  E isomer than  th e  Z isom er. I t  

appears, th e re fo re , th a t  th e  magnitude o f  th e  N-N b a r r ie r  i s  very  

s e n s i t iv e  to  the  s iz e  o f  th e  s u b s t i tu e n ts  on n itro g e n .

(c) B ip lanar hydrazines

In th ese  system s, r o ta t io n  i s  th e  only  process a v a ila b le  fo r  

degenerate  racém isa tio n . The t r a n s i t io n  s t a t e  fo r  r o ta t io n  [38]

[381

involves sim ultaneous e c lip s in g  o f lone p a ir s  and s u b s t i tu e n ts .  This 

f a c t ,  coupled w ith  th e  c lo se r  p rox im ity  o f th e  lone p a ir s  r e s u l t s  in  

la rg e r  r o ta t io n a l  b a r r ie r s  than  in  cases (a) o r (b) above. S u therland
20 25 26e t  a l .  ’ ' have s tu d ied  b a r r ie r s  in  th ese  types o f hydrazines in

ta b le  4.

In [39] and [40], th e  e f f e c t  o f b u lk ie r  s u b s t i tu t io n  in  in c rea s in g  

th e  b a r r ie r  i s  c le a r ly  dem onstrated. In  [41] r o ta t io n  around both  

N -C ^^ bonds a lso  occurs slow ly on th e  n .m .r . tim e s c a le .  At -40°, 

four methoxy m ethyl s ig n a ls  and four benzyl AB systems a re  v i s ib l e ,  

owing to  r e s t r i c t e d  r o ta t io n  around th e  N-N and two ^-C amide bonds, 

g iv ing  r i s e  to  fo u r d ia s te reo iso m e rs . On in c rea s in g  th e  tem p era tu re , 

th e  methoxy s ig n a ls  coalesce  in to  one, and th e  AB systems coa lesce  in to  

one AB system. I t  appears a t  th i s  p o in t th a t  th e  ro ta t io n  around th e

-13-



TABLE 4

B ip lanar hydrazines - a c t iv a t io n  d a ta

Tc AG* r e f .
[39] R^=R2=CH2 Ph, R^=R‘*«COPh 117 19.6 2 0

[40] R^=R^=CHMe2 , R̂ =R**=COPh 147 23.5 2 0

[41] Rl=R3=CH2Ph, R2 =R'*=C0 2 Me 192 23.5 25

[42] Rl=R3=CH2Ph, R^=R‘*=CQMe 188 23.4 25

[43] Rl=R3=CH2Ph, R2=R4=C0CH2Ph 190 23.3 25

[44] R^=CH2Ph, R":=H, R2=R'*=C0CH2Ph 4 13.2 25

[45] Rl=R3^Ph, r 2 ,=R4=CH2Ph 13 14.2 26

two amide bonds i s  now f a s t  on the  n .m .r . tim e s c a le ,  w ith  slow N-N 

r o ta t io n .  Coalescence o f  the  AB system occurs a t  192° to  one s in g le t ,  

in d ic a tin g  an a s so c ia te d  b a r r ie r  o f  23.5 k ca l mol" ^, much h ig h er than  

th e  hydrazines examined in  (a) o r ( b ) . The lower b a r r i e r  in  th e  N-H 

compound [44] i s  p robably  a r e s u l t  o f  le s s  s t e r i c  h indrance in  the 

t r a n s i t io n  s ta t e  fo r  ro ta t io n ,  w hile in  [45], th e  h y b r id is a tio n  o f th e  

n itro g e n  atoms i s  probably  between sp^ and sp^ and so th e re  would be 

le s s  h indrance in  th e  r o ta t io n a l  t r a n s i t io n  s ta t e .

1 .4  R e s tr ic te d  ro ta t io n  around the  S-N bond in  sulphenamides

In a sulphenamide [46] th e re  can e x is t  a b a r r i e r  to  ro ta t io n
27( to rs io n )  around the  S-N bond. I f  th e  r a te  o f  n itro g en  in v e rs io n  i s  

assumed f a s t  (and so i s  e f f e c t iv e ly  p la n a r  when time averag ed ), then 

the  p la n a r  conform ation [47] may be rep re sen ted  as th e  t r a n s i t io n

- 14 -
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S ta te  in  which e c lip s in g  between lone p a ir s  and s u b s ti tu e n ts  o ccu rs . 

The S-N bond i s  a c h i r a l  a x is ;  [46] and [46^] a re  enantiom ers and 

th e i r  in te rc o n v e rs io n  may be r e fe r re d  to  as degenerate  racém isa tio n . 

When th e  sulphenamide n itro g e n  is  pyram idal, a com bination o f  r o ta t io n  

and in v e rs io n  i s  n ecessary  to  b rin g  about ra c a n is a tio n .

SCHEME 4

Conform ational p rocesses in  sulphenamides

a

[46]

S - N

torsion

N inversion

a

S ~ N .
, torsion

N inversion

1 4 6 ' ]
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Degenerate racém isa tion  could a lso  occur by in v e rs io n  a t  su lphur:

..." ..." ..." 
S —N 5 = ^  a — S — N. S — hC

\  X
H 6 I  1 6 6 ’I

By employing p ro c h ira l s u b s ti tu e n ts  on n itro g e n , i t  i s  p o ss ib le  to

follow  th e  degenerate  racém isa tion  o f  [46] by v a r ia b le  tem perature
27n .m .r . . Raban e t  found th a t  th e se  b a r r ie r s  were h ig h e s t in

sulphenamides co n ta in in g  e le c tro n  w ithdrawing groups a tta ch e d  to  

su lphur ( ta b le  5 ).

. Energy b a r r ie r s  were much h ig h er in  th e  d in itro p h e n y l d e r iv a tiv e s  

[50] and [51] than in  th e  phenyl and to ly l  d e r iv a tiv e s  [48] and [49]. 

S im ila r ly , th e  bulky, e le c tro n  withdraw ing trich lo ro m e th y l group 

allowed b a r r ie r s  to  be measured fo r  a s e r ie s  o f sulphenamides [52]- 

[56]. The r e s u l t s  in d ic a te  a r a te  determ ining S-N r o ta t io n  fo r  

racém isa tio n .

The r a te  o f in v e rs io n  a t  d iv a le n t su lphur is  n o t known w ith  much 

c e r ta in ty ,  b u t in v e rs io n  b a r r ie r s  in  sulphoxides (range 35-42 kca l 

mol'^)^® and sulphonium s a l t s  ( ~ 2 5  kca l m ol'^ )^^  a re  s u b s ta n t ia l ly  

h igher than the  energy b a r r ie r s  in  ta b le  5. U nfo rtunate ly  to  da te  

th e re  have been no th e o re t ic a l  c a lc u la tio n s  on th e  in v e rs io n  b a r r ie r  

a t  d iv a le n t su lphur.

The b a r r ie r s  in  [52]-[56] are  in c reased  w ith  in c reased  s iz e  o f  R; 

the  re v e rse  would be expected fo r  a r a te  determ ining  in v e rs io n a l 

p rocess [se c tio n  1 . 2 ( c ) ] .  For the  S-N r o ta t io n  p ro c e ss , a b u lk ie r  R

-16 -
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group in c reases  th e  unfavourable e c lip s in g  in te ra c t io n s  in  th e  t r a n s i ­

t io n  s t a t e ,  thus r a is in g  the  b a r r i e r .  A convincing p ro o f th a t  S-N 

ro ta t io n  is  r a te  determ ining was found in  [57] ; th e  b a r r i e r  found,

Me
N -S

0

157]

.  27
11.8 k ca l mol" i s  much h ig h er than  one would expect fo r  N in v ers io n

- th e  n itro g e n  i s  c e r ta in ly  alm ost p la n a r  h e re , w ith  a v ery  low energy 

to  in v e rs io n  (an X-ray c ry s ta l  s tru c tu re  o f  th e  r e la te d  H N '-b is- 

succin im idyl showed th e  n itro g e n  atoms to  be p la n a r  ) so th e  b a r r ie r  

in  [57] must be due to  slow ro ta t io n  around th e  S-N bond.

R eso lu tion  o f  [58] as a r e s u l t  o f  th e  S-N c h ir a l  ax is  has been 

a c h i e v e d . T h e  b a r r ie r  in  [58] was found to  be 18.3 kca l mol"^

(Tc = 78°).

CCL— CHMe 

SO jP h 

[58]

This b a r r i e r  i s  somewhat h ig h er than  in  th e  sulphenamides [52]- [56] ,  

and is  probably  caused by the  b u lk ie r  s u b s t i tu e n ts .  As a r e s u l t  o f  th e  

e x tra  c h i r a l i t y  in  th e  1 - (1 -n ap h th y l)e th y l s u b s t i tu e n t ,  [58] e x is ts  as

-17-



two d iaste reo iso m ers  a t  room tem perature [ r a t io  2:1 from n . m. r .  i n t e ­

g ra tio n  o f  th e  methyl doub le ts) on th e  n .m. r .  tim e s c a le ,  a lthough 

in te rc o n v e rs io n  i s  ra p id  on the  i s o la t io n  tim e s c a le .

By s ta r t in g  w ith  o p t ic a l ly  pure R -(+ )- l- (1 -n a p h th y l)e th y lam ine, 

th e  sulphenamide [58] was prepared  w ith  th e  two d iaste reo iso m ers

having RR and RS c o n fig u ra tio n . C r y s ta l l i s a t io n  o f  [58] proceeds w ith
32'second  o rd er asymmetric in d u c tio n ',  and th e  m ajor d ias te reo iso m er

in  th e  eq u ilib riu m  m ixture can be is o la te d  p u re , [a]^^® = -62° (c =

0.02,  MeCN). The d iaste reo iso m er i s  conform âtio n a lly  s ta b le  in  the

s o lid  s t a t e  a t  room tem peratu re , bu t racem ises ra p id ly  in  so lu tio n
33above -50°. An X-ray c ry s ta l  s tr u c tu r e  on th e  pure d ias te reo iso m er 

showed i t  to  have th e  RR c o n fig u ra tio n . The sulphenamide n itro g e n  was 

found to  be v i r tu a l ly  p la n a r , p robably  because o f  resonance d é lo c a l is a ­

tio n  in to  the  neighbouring sulphonyl group ( ra th e r  than  th e  p resence 

o f th e  su lphenyl su lphur) which s ta b i l i s e s  th e  p la n a r  n itro g e n  (see 

X-ray s tru c tu r e  o f  [118] in  Chapter 2 ). The CSN bond angle o f  104° 

suggests  the  su lphur i s  sp® h y b rid ise d , and th e  conform ation adopted 

was one in  which rep u ls io n  between th e  lone p a ir s  was m inim ised. •

(a) P o ss ib le  causes o f  the  ro ta t io n a l  b a r r i e r

In  o rd er to  ex p la in  th e  in c rease  o f  th e  r o ta t io n a l  b a r r ie r  w ith  

in c re a s in g ly  e le c tro n e g a tiv e  s u b s t i tu e n ts ,  two hypotheses were 

i n i t i a l l y  proposed. These were (p-d) tt bonding and n eg a tiv e  hyper­

con ju g a tio n .

(!) (p-d) TT bonding

In th i s  h y p o th esis , th e  lone p a i r  on n itro g e n  may be donated in to  

an empty su lphur 3d o r b i t a l ,  thus g iv ing  r i s e  to  a p a r t i a l  double 

bond. This resonance i s  destroyed  in  th e  t r a n s i t io n  s ta t e  fo r  r o ta t io n .

18-



thus g iving r i s e  to  the ro ta tio n a l  b a r r ie r .  An o b jec tio n  to  th is  

hypothesis is  the la rg e  d iffe ren ce  in  energy between the o rb i ta ls  

involved, which would r e s u l t  in  poor overlap . However, w ith  e le c tro ­

n egative  su b s titu e n ts  on su lphur, the 3d o r b i ta ls  co n trac t w ith 

concomitant lowering o f th e i r  energy. I t  i s  then p o ss ib le  in  theory 

th e re fo re  fo r such overlap to  occur, assuming the a ry l r in g  a lso  

conjugates w ith  the 3d o r b i ta ls .  Indeed, the p o s s ib i l i ty  o f (p-d) t t  

bonding did  o f fe r  a good ra tio n a le  fo r  the e f fe c t  o f p o la r  su b s titu e n ts  

in  sulphenamides (vide i n f r a ) .

(ii) Negative hyperconiugation

Negative hyperconjugation involves the  donation o f the n itro g en  lone 

p a ir  in to  the antibonding o rb ita l  o f the neighbouring R-S bond, i . e .  

in  valence bond terms:

R

S — N
0 /  

S = N ^

In m olecular o r b i ta l  teim s, one can draw the  above two p o s s ib i l i t i e s  

as in  [59] and [60] below.

S - N < ^

R

tr* R

S —N
y

m [60]

In e f f e c t ,  the n and o* o rb ita ls  can fo m  two m olecular o r b ita ls  in

-19-



which the  re su lt in g  bonding o r b i ta l  rep re sen ts  a n e t s ta b i l i s a t io n .  

This s ta b i l i s a t io n  is  b igger fo r a more e lec tro n eg a tiv e  su b s titu e n t as 

the o* and n o rb i ta ls  are then c lo se r  in  energy, thus increasing  the 

in te ra c t io n  between them (Scheme 5).

Scheme 5 

M.O. diagram illustrating negative hyperconjugaNon

(T* — \ 0-*

n

- 4-

;— n
\ /

For R not e lec tro n eg a tiv e  For R e lec tro n eg a tiv e
in  [59] and [60] in  [59] and [60]
( i . e .  small) ( i . e .  large)

This r e s u l ts  in  a s ta b i l i s a t io n  o f the conformation in  which the 

R-S bond b ise c ts  the R^-N-R^ p lane. No such s ta b i l i s a t io n  is  p o ss ib le  

fo r o th e r conform ations, thus giving r i s e  to  the ro ta tio n a l  b a r r ie r .

In th is  hypothesis , resonance e f fe c ts  through the  R-S bond are  not 

p o ss ib le , so only the inductive in fluence o f R should be im portant. -

(iii) Lone p a ir  - lone p a ir  repu lsion

Another p o s s ib i l i ty  is  increased lone p a ir  - lone p a ir  rep u lsio n  in  

the t r a n s i t io n  s ta te  fo r ro ta tio n . See the  in tro d u c tio n  to  th is  se c tio n  

on th is  p o in t.

-20-



(b) The e f f e c t  o f  p o la r  s u b s ti tu e n ts  on th e  S-N r o ta t io n a l  b a r r ie r  
in  a c y c lic  sulphenamides

In  o rd er to  in v e s tig a te  th e  above hypotheses, Raban and Jones 

sy n th es ised  a v a r ie ty  o f N-sulphonylsulphenam ides [61]-[64] (X = MeO,

Me, H, C l, NO2 ) in  which th e  r o ta t io n a l  b a r r ie r s  a re  a l l  between 13-20 

k ca l m o l 'i .^ ^  The r e s u l t s  were su b jec ted  to  a Hammett a n a l y s i s , a n d  

th e  f  v a lu es (co rrec ted  to  300 K as f  i s  tem perature dependent) eva luated .

/C H M ej .CHMe,

" ' SO,Ph SO,Ph2
X 

162]
A q* v ofj, (fp

p  = -  0 9 ± 0 1  P = - T 9 ± 0 2
'  300 ' 300

CHMe,
P h - S — /7 ~ ~ \ NO

s o ,-e  > - x
CHMe

163} [66]
AG* V (T p  A G *v O p

?  3 0 0 = 0  P ,o o =  0 9 = 0 1
(

I t  i s  c le a r  th a t  in c reasin g  e le c tro n  w ithdraw al from th e  d iv a le n t 

su lphur in c reases  th e  r o ta t io n a l  b a r r i e r ,  and th e  g re a te r  e f f e c t  in  th e

p a ra  s u b s t i tu te d  s e r ie s  [62] over [61] in d ic a te s  th a t  resonance e f f e c ts
3 5  Aa re  in p o rta n t.  Thus an Exner p lo t  (AG fo r  [62] v AG fo r  c o r re s ­

ponding [61]) had a slope o f 4 .5  a g a in s t 1.14 expected i f  only in d u c tiv e  

e f f e c ts  were im portant (the s u b s t i tu te d  benzoic ac id s  gave a s lope  o f 

1 .1 4 ). This appears to  ru le  out the  n eg a tiv e  hyperconjugation  hypo thesis

-21-



in  which only in d u c tiv e  e f fe c ts  can o p e ra te ; in  th i s  system th e  a ry l 

anion [65] has th e  n eg a tiv e  charge lo ca ted  in  a a o r b i ta l  o rthogonal to

S - N :

♦ s = n "

1651

the  IT system , and so cannot gain  e x tra  s ta b i l i s a t io n  by resonance. 

However w ith  (p-d) t t  bonding resonance e f f e c ts  would be expected to  be 

in p o r ta n t,  and th e  in c reas in g  e le c tro n  w ithdraw al from th e  d iv a le n t 

su lphur atom would in  theory  lower th e  energy o f th e  3d o r b i t a l s ,  

enab ling  such bonding to  occur. Raban and Jones^^ ass ig n  th e  to r s io n a l  

b a r r ie r s  in  [63] (AĜ  = 13.5 kca l m ol'^) to  s t e r i c  e f f e c ts  alone ( i . e .  

e c lip s in g  o f s u b s ti tu e n ts  in  the  t r a n s i t io n  s t a t e ) .  However, (p-d) t t  

bonding becomes ap p rec iab le  w ith  more e le c tro n e g a tiv e  s u b s t i tu e n ts  in  

th e  d iv a le n t su lphur a ry l r in g , g iv ing  r i s e  to  p a r t i a l  double bond 

c h a ra c te r  in  the  ground s ta t e .  The e f f e c t  o f  s u b s t i tu t io n  in  th e  

s e r ie s  [64] i s  th e  re v e rse  o f [61] and [62]; th i s  may be accounted fo r  

by assuming th e  sulphonyl su lphur atom i s  ab le  to  compete fo r  the  

n itro g e n  lone p a i r  when e le c tro n e g a tiv e  s u b s ti tu e n ts  a re  p laced  in  th e  

sulphonyl a ry l r in g ,  thus reducing the  bond o rd er o f  th e  su lphenyl S-N 

bond.

I t  appears th a t  (p-d) t t  bonding can add up to  7 k ca l mol”  ̂ to  th e  

r o ta t io n a l  b a r r ie r  in  ad d itio n  to  th e  s t e r i c  c o n tr ib u tio n  o f  ~13 k ca l 

mol~^ in  th ese  system s.
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(c) S u b s titu e n t e f f e c ts  in  a rv lsu lp h e n v la z ir id in e s

A s e r ie s  o f p - s u b s t itu te d  a ry lsu lp h en y laz i r id in e s  have been prepared  

and th e  values evaluated  were a l l  between 12-13 k ca l m ol"^.^®‘ In  

N -a ry la z ir id in e s , p - s u b s titu e n ts  have a d i r e c t  e f f e c t  on th e  magnitude 

o f th e  in v e rs io n  b a r r ie r ,  as a r e s u l t  o f (p-p) i t  co n ju g atio n  in  the  

t r a n s i t io n  s ta te  fo r  in v e rs io n  (a p value o f  2.8 was ob tained).^®  

However in  the  sulpheny laz  i r  id in es  [66], very  l i t t l e  dependence on

-O'S - N

Me

Me

166]  

p  = - 0  2 ± 0 1
V 300

s u b s ti tu e n ts  was found, w ith  e le c tro n  withdrawing s u b s t i tu e n ts  having 

s l ig h t ly  h ig h er in v e rs io n  b a r r ie r s  than  fo r  o th e r  members o f  th e  

s e r ie s .  I f  (p-d) t t  bonding were occurring  h e re , a r e s u l t  s im ila r  to  

th e  N -a ry la z ir id in e s  [15]-[20] should o b ta in . I t  i s  p o ss ib le  th a t  

th e re  i s  an equal degree o f (p-d) t t  bonding in  th e  ground s ta t e  and 

t r a n s i t io n  s t a t e ,  bu t th i s  seems u n lik e ly .

Abnormally low in v e rs io n  b a r r ie r s  were ob ta ined  fo r  th e  N -tr ih a lo -
36m eth y lsu lp h en y laz irid in es  [67] and [68]. They were much lower than  

could be accounted fo r  by s t e r i c  e f fe c ts  a lone (when AG"*" fo r  in v e rs io n

That the rate determining step for racémisation in sulphenylaziridines 
is N inversion and not ^-N rotation has been demonstrated by Lehn and 
Wagner (ref. 37).

-23-



Me 

Me

[ 6 7 ]  X=F, AG * = 10 4 kcal moi“^

[ 6 8 ]  X=Cl. A G * = 9 2 kcal moM

38was p lo t te d  ag a in s t T a f t ’s s t e r i c  param eter fo r  a s e r ie s  o f  su lp h en y l­

a z i r id in e s ,  a good c o r re la t io n  was o b ta in ed , bu t the  in v e rs io n  b a r r ie r s  

in  [67] and [68] were 2-2 .5  kca l mol*^ lower than  expected ). I t  i s  

p o ss ib le  th a t  n eg a tiv e  hyperconjugation  i s  th e  cause in  th ese  two 

cases; th e  resonance form [69] fo r  n-a* bonding i s  s ta b i l i s e d  by the

Me 

Me
S 

CX?

[ 6 9 ]

e le c tro n e g a tiv e  trih a lo m eth y l carban ion . This leads to  in creased  

s ta b i l i s a t io n  o f the  p la n a r  t r a n s i t io n  s t a t e  to  in v e rs io n .

(d) O bjections to  th e  n eg a tiv e  hyperconiugation  and (p-d) t t  bonding 
hypotheses

Although n eg a tiv e  hyper con j ugat ion  i s  a p o s s ib le  ex p lan a tio n  fo r  th e  

in v e rs io n  b a r r ie r s  in  s u lp h e n y la z ir id in e s , th e  r e s u l t s  from th e  

sulphonylsulphenam ide s e r ie s  in d ic a te  th a t  resonance e f f e c ts  a re  

im portant (v ide supra) whereas only the  in d u c tiv e  e f f e c t  i s  im portant 

fo r  n eg a tiv e  hyperconj u g a tio n .

S im ila r ly , th e  sulphenyIsulphonam ides can accommodate a (p-d) t t  

bonding h y p o th esis , bu t th e  su lp h e n y la z ir id in e s  canno t, in  view o f
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39t h e i r  lack  o f  s u b s ti tu e n t e f f e c ts .  Davis e t  a l .  examined th e  b a r r ie r  

to  in v e rs io n  in  a s e r ie s  o f N -sulphenylim ines [7 0 ]-[7 4 ]; th e  b a r r ie r s  

were consid e rab ly  lower than  th e  corresponding oximes. C a lcu la tio n s

TABLE 6

In version  b a r r ie r s  in  some N -sulphenylim ines

MezC=N^ \ = r ' X
r \

Tc AG*
[70] X = H 104 20.3

[71] X = pCl 110 20.6

[72] X = pBr 111 20.7

[73] X = mN02 108 20.5

[74] X= pNÛ2 116 20.8

r e f .  39

had suggested*^ th a t  (p-d) t t  bonding would be maximised i f  th e  ad jacen t 

N lone p a i r  to  th e  S 3d o r b i ta l s  were in  a p o r b i t a l  (v iz . th e  l in e a r  

t r a n s i t io n  s ta t e  fo r  in v e rs io n  in  N -su lpheny lim ines), and th i s  could 

account fo r  th e  lower b a r r ie r s  in  N - su lphenyl im ines than  oximes.

However, i t  i s  c le a r  from Table 6 th a t  th e  magnitude o f  th e  in v e rs io n  

b a r r ie r  i s  u n a ffec ted  by th e  n a tu re  o f X (as in  th e  s u lp h e n y la z ir id in e s ) , 

and th i s  c a s ts  doubt on th e  im portance o f  (p-d) t t  bonding in  th ese  

system s.
42Raban and Yamamoto found th a t  trin itrobenzenesu lphenam ides had 

lower r o ta t io n a l  b a r r ie r s  than  d in itrobenzenesu lphenam ides. In  view o f 

the  im portance o f e le c tro n  withdrawing s u b s t i tu e n ts  in  augmenting th e  

ro ta t io n a l  b a r r ie r  in  sulphenam ides, th e  in tro d u c tio n  of a th i r d  n i t r o  

group appears to  cause s t e r i c  in h ib i t io n  o f resonance; fo r  [75] and
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/ R

^  GHM6 2

Tc AG* r e f .
[75] X = H, R = CHMe2 105 20.6 42

[76] X=NÛ2 , R = CHMe2 62 17.6 42

[77] X = H, R = Tos 115 20.1 34

[78] X = N02, R = Tos -11 14.2 42

[77] th e  a ry l  r in g  i s  l ik e ly  to  be in  th e  CSN p la n e , so th a t  conjuga­

t io n  o f  th e  su lphur 3pg o r b i ta l  occurs w ith  th e  a ry l  r in g .^  However, 

th e  th i r d  n i t r o  group could render th i s  conform ât io n a lly  unfavourab le  

because o f  s te r i c  h indrance. Loss o f resonance o f  th e  su lphur atom 

w ith  th e  arom atic r in g  r e s u l t s  in  le s s  low ering o f  th e  su lphur 3p 

o r b i t a l  energy th e re fo re  le s s  e f f i c i e n t  3p-2p in te ra c t io n ;  i . e .  a 

lower b a r r ie r  to  ro ta t io n  using  K ost’s M.O. d e s c r ip tio n  (vide in f r a ) .

An analogy here i s  the  in creased  b a s ic i ty  o f  NN-d im ethy l- 2 ,4 .6 - t r i - 

n itroan iline"^^  (p l^ jj+ = -6 .5 5 ) in  which s t e r i c  in h ib i t io n  o f  resonance 

p rev en ts  th e  n itro g e n  lone p a i r  from in te ra c t in g  w ith  th e  a ry l  r in g ,  

so the  b a s ic i ty  i s  in c reased  3500 tim es over th a t  o f  2 ,4 ,6 - t r i n i t r o -  

an iline '^^  (pI^H+ = -1 0 .1 ) .

A convincing dem onstration o f  the  un inportance o f  (p-d) t t  bonding
46in  a c y c lic  sulphenamides was dem onstrated by Kost and Zeichner who 

measured r o ta t io n a l  b a r r ie r s  around bo th  th e  amide C-N and S-N bonds 

in  the  s e r ie s  o f  sulphenyIbenzylurethanes [79] - [85] in  ta b le  7 by using  

th e  benzyl CH2 in  th e  n .m .r . I f  (p-d) t t  bonding i s  augmenting th e  

ro ta t io n a l  b a r r ie r  in  the  n i t r o  s u b s t i tu te d  compounds, i t  fo llow s th a t

•f*
I n  the X-ray crystal structure of 2-(2,4-dinitrobenzenesulphenyl- 
amino)-2,3,4,5-tetraphenyl-(2h)pyrrole [269] (see 7.3), the plane 
of the dinitrophenyl ring was found to be within 5° of the CSN
p l a n e .
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TABLE 7

R o ta tio n a l b a r r ie r s  in  sulpheny Ibenzylure thanes

CHzPh

S-N C.-N (amide)
[79] X = p-OMe 8.7 12.1

[80] X = p-Me 9.1 12.1

[81] X = H 9.4 12.1

[82] X = p-Cl 9.5 12.0

[83] X=m-N02 9.9 12.0

[84] X =p-NÛ2 10.9 12.0

[85] X = 2,4-(NÛ2)2 16.2 12.3

the  amide r o ta t io n a l  b a r r ie r  be reduced, as the  same lone p a i r  is  

involved in  bo th  r o ta t io n a l  b a r r ie r s .  In th e  ev en t, th e  amide b a r r ie r  

was found to  be independent o f  X, u n lik e  th e  behaviour o f  th e  S-N bond. 

One cannot assume th a t  (p-d) t t  bonding s ta b i l i s e s  bo th  ground s ta te  

and t r a n s i t io n  s ta te  fo r  amide ro ta t io n  e q u a lly , as con jugation  

between th e  n itro g e n  and carbonyl group i s  n o n -e x is te n t a t  th e  

t r a n s i t io n  s ta t e  fo r  amide ro ta tio n .

(e) A m olecular o r b i ta l  model to  account fo r  sulphenamide ro ta t io n  
b a r r ie r s

Kost and Sprecher'^^ have proposed a model fo r  sulphenamide r o ta t io n a l  

b a r r ie r s  based on a lone p a i r  - lone p a i r  re p u ls io n s . In  th i s  model, a 

non-bonding t t  in te ra c t io n  between the  two lone p a ir s  occurs; th i s  

in te ra c t io n  has a n e t d e s ta b il is in g  e f f e c t  and i s  th e  t r a n s i t io n  s ta t e  

fo r  r o ta t io n .  The in te ra c t io n  can be i l l u s t r a t e d  in  M.O. terms as in  

Scheme 6.
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3p — :
-H-, ^

Scheme 6 

MO. model for sulphenamides

,4-̂  ^

/ \
3p — ' \ ^

' ;—  2 p

\  2p

S N S N

(a) fo r  non-e lec tronegative  (b) fo r  e lec tro n eg a tiv e
su b s titu e n t a t  sulphur su b s titu e n t a t  sulphur

In (a) the sulphur 3p o rb i ta l  is  h igher in  energy than the n itro g en  

2p o r b i ta l  (or the n itro g en  sp^ hybrid fo r a pyramidal n itro g e n ) . 

However w ith an e lec tro n eg a tiv e  su b s titu e n t on su lphur, the energy of 

the 3p o r b i ta l  is  reduced, w ith concomitant increase  in  the 

d e s ta b il is in g  in te ra c tio n ; as a r e s u l t ,  the ro ta tio n a l  b a r r ie r  

in c reases , in  agreement w ith  experim ental r e s u l t s .  S im ila rly , e le c tro n  

withdrawal from n itro g en  has the reverse  e f f e c t ,  as expected (as in  the 

s e r ie s  [64]). This model a lso  r a t io n a lis e s  the r e s u l ts  in  the 

sulphenyIbenzylurethanes [79]-[85]. For amide ro ta tio n , the S-N bond 

remains in  the ground s ta te  (as the two ro ta tio n s  req u ired  fo r  ra c é ­

m isation  occur seq u en tia lly )  and as a r e s u l t  su b s titu e n t e f fe c ts  w il l  

not a f fe c t  the b a r r ie r  as through resonance is  absen t. S im ila rly , the 

low ro ta tio n a l b a r r ie r s  in  su lp h en y laz irid in es  are  accounted fo r ;  the 

n itro g en  lone p a ir  has increased  s ch a ra c te r , and* so a lower energy. 

This increases the energy d iffe ren ce  between the lone p a ir s ,  thus 

reducing the rep u lsiv e  in te ra c tio n , and so the ro ta tio n a l  b a r r ie r .
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CHAPTER 2



2.1 N -n itren es

The re sea rc h  d escrib ed  in  th i s  th e s is  steins from th e  re a c tio n  o f  

N -n itren es  [86] w ith  a l l y l  a ry l  su lp h id es  to  g ive sulphenam ides. The 

N -n itren es  employed, p repared  by o x id a tio n  o f  th e  p a ren t N-amino 

compound, in v a r ia b ly  have th e  second n itro g e n  as p a r t  o f  a h e te ro c y c lic  

r in g  system . They can be d iv ided  in to  two c a te g o r ie s :-  (a) those  

which have low energy in tram o lecu la r re a c tio n s  a v a i la b le ,  and thus

R:
\
2 / N — N:

1861

cannot be trapped  in te m o le c u la r ly ,  and (b) those  which undergo in te r -  

m olecular re a c tio n s  inc lud ing  deam ination and te tra z e n e  form ation; 

th ese  can be trapped  w ith  a v a r ie ty  o f  re a g e n ts .

In  th e  f i r s t  ca tego ry  a re  th e  n i t re n e s  d e riv ed  from N-amino-oxindole  

[ 8 7 ] , N -am inobenzotriazole [88]^^ and N -am inobenzotriazinone [89]^° 

which g ive p roducts d eriv ed  from in tram o lecu la r  rearrangem ent ( fo r  

[8 7 ]), and fragm entation  :

C Q -
N

[87J

0 4

( k

N

1881

(ref. 48)

(re f . 49)
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o '
[89] (rtf. 50)

R epresen tatives o f th e  second category  are  th e  n itre n e s  [ 9 0 ] - [ 9 3 ] :

- n:
I
N

phthalimidonifrent benzoxazolinonenitrene'

[90] [91]

CO, CO
A

quinolonenifrent benzim idazolcnitrent

[921 1931

Such n itre n e s  can be trapped by a v a r ie ty  o f reag en ts  includ ing  

enes,®^ alkyi 

compounds.^5 » 56

alkenes,^^  alkynes,^^ a l i é n é s , sulphoxides^^ and arom atic

- 3 0 ~



2.2 The behaviour o f  p h th a lim id o n itren e  in  th e  p resence o f  d iphenyl 
su lph ide

When N-aminophthalimide [94] i s  o x id ised  by lead  te t r a - a c e ta t e  in
57the  absence o f  a t r a p ,  a v a r ie ty  o f  p roducts a re  o b ta in ed . One o f  

th ese  i s  t r a n s -d iph thaloy  1 te tra z e n e  [95] whose form ation may be 

r a t io n a lis e d  by a t ta c k  o f  p h th a lim id o n itren e  [90] on an unchanged 

N-aminophthalimide m olecule:

N -N H , = R-NH ^ R - N H - N H - R  — R

^ R

[9U1 195]

58However, in  1970, Jones observed th a t  th e  s te reo ch em is try  o f  th e  

product [95] was changed from tra n s  to  c is  in  th e  p resence o f  d iphenyl 

su lph ide . He r a t io n a lis e d  th i s  r e s u l t  by proposing  a su lp h ilim in e  

in te rm ed ia te  [96] which was a ttack ed  by ano ther p h th a lim id o n itren e  

m olecule to  give [97]. Breakdown o f  [97] gave c is -d ip h th a lo y I te tra z e n e  

[98] in  70% y ie ld .

I R R -N '

R i ®

196]

R = N- throughout

[ 98]
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More re c e n tly , Rees e t  a l . have is o la te d  s ta b le  su lp h ilim in es  

from p h th a lim id o n itren e  and d ia lk y l su lp h id e s , e .g . [99] and [100] 

which a re  s ta b le  a t  0°, bu t r e v e r t  back to  p h th a lim id o n itren e  and

N ~N

[ 9 9 1  R = Me
1 1 0 0 ]  R = Ef

d ia lk y l su lph ide in  b o ilin g  benzene, and thus a re  a u se fu l a l te r n a t iv e  

way to  genera te  the  n i tre n e  [90].

2.3 The re a c tio n  o f  N -n itren es w ith  a l l y l  a ry l  su lph ides

The su lp h ilim in e  in te rm ed ia te  [96] can be d iv e r te d  from re a c tio n  

w ith  a fu r th e r  n i tre n e  m olecule by in co rp o ra tin g  an a l l y l  s u b s t i tu e n t  

in to  th e  su lph ide and encouraging a [2 ,3 ] -sig m atro p ic  rearrangem ent to

ArSCH,CH = CH, ♦ R -n ;  \

occur. The occurrence o f  such a rearrangem ent in  s u lp h il  im ines was

f i r s t  dem onstrated by C hallenger e t  60,61,62 re ac ted  a l l y l

su lph ides w ith  chloram ine-T . Some o f  th e  s u lp h il  imines so formed

could be is o la te d  a t  room tem perature and rea rran g ed  on warming, e .g .

a l l y l  benzyl su lph ide and chloram ine-T gave a s ta b le  s u lp h il  imine

[101] which rearranged  a t  i t s  m elting  p o in t in to  th e  sulphenylsulphon-

amide [102]. However w ith  cinnamyl phenyl su lp h id e , rearrangem ent
62occurred  spontaneously to  g ive [103].
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PhCHjSCHjCH = CH J ♦ Tos -  N -  Cl

Na

PhCH^s.®

T  I

Tos
/ N©

I W H

PhCH.

Tos/

S

U
r PhCH

S  '

L Tos
[W2]

PhSCH,CH=CHPh ♦ T os-N -C l 
I
Na

PhS
I

/ N

Tos CHCH=CK

Ph

1103]

There i s  an a l te rn a t iv e  ra d ic a l p rocess p o ss ib le  fo r  th is  type o f  
63re a c tio n :

Ph \

T o s /

S
I
N Ph

1103]

Tos

PhS
I

.N
Ph

n o n

However, i f  th i s  pathway was s ig n if ic a n t ,  s u b s ta n tia l  amounts o f 

[104] should be formed as w ell as [103], whereas in  the  event only  [103] 

was is o la te d  in  71% y ie ld . I t s  s tru c tu re  was proved by a lk a lin e  

h y d ro ly s is  to  [105]; [106] was syn th esised  fo r  comparison and shown
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62to  be a d i f f e r e n t  compound.

PhS 
I 
N/  \  OH

Tos . CHCH=CHj — ^  TosNHCHCHzCHz

Ph Ph

[105] 

TosNHCHjCHsCHPh 

[106]

When N-aminophthalimide was o x id ised  w ith  lead  te t r a - a c e ta te  in  th e  

p resence o f  a l l y l  4 -chloropheny 1 su lph ide  [107], a 61% y ie ld  o f  the  

sulphenamide [108] was i s o l a t e d . S i m i l a r l y  [109] was ob ta ined  in  

60% y ie ld  using  tra n s  -b u t - 2 - envl 4 - chloropheny 1 su lph ide  [110].

These p roducts a re  presumably formed by [2 ,3 ] -sigm atrop ic  re a rra n g e ­

ment o f  th e  su lp h ilim iae  [111]. 9% o f  c is -d ip h th a lo y lte tra z e n e  [98]

was is o la te d  in  each case . Analogous sulphenamides [112] and [113] 

were ob ta in ed  using  N-aminobenzoxazolinone [114] in  p lace  o f  N-amino­

ph th a lim id e , in  s im ila r  y ie ld s . When th e  p re p a ra tio n  o f  [113] was 

c a r r ie d  o u t a t  -10°, no evidence was ob ta ined  fo r  th e  in te rm ed ia te  

su lp h i lim ine [115] by n .m .r . exam ination o f  th e  re a c tio n  m ixture a t  

th i s  te n p e ra tu re . Also absen t from th e  n .m .r . spectrum  were s ig n a ls  

due to  [116] which could be formed v ia  th e  r a d ic a l  mechanism fo r  the  

rearrangem ent. The major pathway fo r  th e  rearrangem ent thus appears 

to  be th e  concerted  sigm atropic rearrangem ent.

E v id en tly , th e  rearrangem ent occurs more e a s i ly  here  than  in  th e  

cases examined by C hallenger e t  a l .  whose su lp h ilim in es  a l l  b ear a 

sulphonyl group on th e  n itro g en  atom. This s ta b i l i s e s  th e  ground s ta t e
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r e la t iv e  to  the t r a n s i t io n  s ta te  - th is  d e lo c a lis a tio n  i s  destroyed  in  

the  t r a n s i t io n  s ta te  fo r  rearrangement [117]. No such resonance 

d e lo c a lis a tio n  is  p o ss ib le  in  the su lp h il  imines [111] and [115] so 

rearrangem ent occurs spontaneously.

N0

S
Me

[ 1 1 7 ]

2.4 N .m .r. sp ec tra  o f  N -[heteroary l] arylsulphenam ides

The n .m .r. behaviour o f  the sulphenamides [108], [109], [112],

[113], and the  sulphenamide [118] prepared from N-aminoquinolone [119], 

t r a n s -b u t-2-envl 4-chloropheny1 su lphide [110], and lead  te t r a - a c e ta te  

were found to  be s ig n if ic a n tly  d if f e r e n t .

C O . -  " O —  =  O O

4-C lC ^^S^^^C H C H =C H ,
n i 9 i

m i

Whereas the  phthalim ido compounds [108] and [109] showed no unusual 

n .m .r. fe a tu re s , the  benzoxazolinone compound [113] showed a broad 

s ig n a l fo r  the  ^-1  methyl doublet a t  27®. At h ig h er te n p e ra tu re s  than 

th i s  only one methyl doublet was seen (61.42 in  CDCI3 a t  59°), b u t a t  

lower tem peratures, two doublets were v is ib le  (61.36 and 1 .42 , r a t io
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2:3 in  CDCI3 a t  -5 4 °). E v id en tly , a t  lower tem peratures a d d it io n a l 

c h i r a l i t y  i s  e s ta b lish e d  in  th e  m olecule which, in  a d d itio n  to  th a t  a t  

Ç-1 g ives r i s e  to  d iaste reo iso m ers  whose p resence i s  rev ea led  by n .m .r . .

The corresponding quinolone d e r iv a tiv e  [118] a lso  shows two do u b le ts  

fo r  th e  C-1 methyl group, bu t in  c o n tr a s t  to  [118] no coalescence i s  

seen up to  1 0 0 ° , above which tem perature therm al decom position o ccu rs. 

The r a t io  o f  th e  two doub le ts  (GweO'SS and 1.48 in  CFCI3) i n i t i a l l y  

p re se n t was 2:1 re sp e c tiv e ly , bu t changed on h ea tin g  to  reach  an 

eq u ilib riu m  value o f  4 :5  a f t e r  Ih  a t  80°. Repeated r e c r y s ta l l i s a t io n  

from 60°-80° p e t r o l  o f  th e  crude re a c tio n  m ixture removed th e  lower 

f i e ld  doub le t (p resen t i n i t i a l l y  in  th e  l e s s e r  amount), and gave a pure 

sample showing th e  60.93 methyl d o u b le t. The o th e r  d ias te reo iso m e r 

having th e  61.48 methyl doublet could  be ob ta in ed  pure by c a re fu l  

chromatography over K iese lg e l.

The e x tra  c h i r a l i ty  in  [118] which enab les se p a ra tio n  o f  th ese  

d iaste reo iso m ers  could be accounted fo r  by any o f  th e  fo llow ing th re e  

p ro cesses :

(a) slow r o ta t io n  around th e  N-N bond

(b) slow ro ta t io n  around the  S-N bond

(c) slow in v ers io n  a t  th e  sulphenamide n itro g e n .

O ther p o s s ib i l i t i e s  which in  p r in c ip le  could account fo r  d ia s te r e o - 

isomerism in  [118] a re  considered  to  be o f  too low energy, e .g . 

r e s t r i c t e d  ro ta t io n  around the  C-N bond®^ (th e  r o ta t io n a l  b a r r ie r  

around th e  C-N bond in  trim e thy lamine i s  only  4 .4  k ca l mol"^ ®®).

Of th e  th re e  p o s s ib i l i t i e s  above, support fo r  (a) comes from th e

fa c t  th a t  th e  symm etrical phthalim ido group in  [109] cannot s u s ta in  a

c h ir a l  a x is ,  and th i s  would account fo r  the  lack  o f d ias te reo iso m ers  

in  [109]. However, i t  seems curious th a t  th e re  should  be such a la rg e
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d iffe re n c e  in  th e  energy b a r r ie r s  to  N-N bond ro ta t io n  between th e  

benzoxazolinone s u b s t i tu te d  sulphenamide [113] and th e  quinolone 

analogue [118]. An a ttem pt to  re so lv e  th e  problem was made by d e te r ­

mining the  X-ray c r y s ta l  s tru c tu re s  o f  th e  d iaste reo iso m ers  o f  [118]^^ 

( f ig .  1 ).

Crystal structures of /V-(1,2-dihydro-2-oxoquinolin. 
1-yl)-A/-(1-methylallyl)^-chlorobenzenesulphenamide: to p  
(A) (methyl doubHetS 1.48); bottom  (B) (methyl doublet 6 
0.93)

Figure 1

In sp ec tio n  o f  th e  two s tru c tu re s ,  however, re v e a ls  th a t  whereas

-37-



the  c h i r a l i t y  o f  th e  1 -m e th y la lly l groiç) i s  th e  same, th e  pyram idal 

sulphenamide n itro g e n  and th e  N-N and S-N bonds a l l  have o p p o site  

c h i r a l i t y ,  so th e  fa c to r  re sp o n s ib le  fo r  th e  d iastereo isom erism  o f  

[118] cannot be deduced d i r e c t ly  from, th e se  s tru c tu re s .

Chapter th re e  o f  th i s  work i s  concerned w ith  th e  sy n th e s is  o f  

d e r iv a tiv e s  o f  [118] in  o rd er to  a s c e r ta in  which o f th e  p ro cesses  ( a ) ,

(b) o r  (c) allow s i s o la t io n  o f  i t s  d ia s te reo iso m e rs .

2.5 Thermal s t a b i l i t y  o f  the  sulnhenamides

Thermal deconposition  o f the  above sulphenamides tak es  p lace  a t  

s ig n i f ic a n t ly  d i f f e r e n t  tem peratu res . The phthalim ido d e r iv a tiv e s  

[108] and [109] were th e  most s ta b le ,  w ith  s u b s ta n t ia l  amounts o f  

s ta r t in g  m a te r ia l being recovered even a f t e r  re f lu x in g  in  bromobenzene 

(156°). However, th e  benzoxazolinone d e r iv a tiv e s  a re  com pletely
68decomposed in  b o ilin g  benzene w ith in  one hour. A tkinson and Symons 

have shown th is  decom position to  take  p lace  a t  l e a s t  in  p a r t  v ia  

homolysis o f  the  N-N bond, follow ed by p ro to n  a b s tra c t io n  by th e  

benzoxazolinone r a d ic a l  to  give benzoxazolinone and th e  sulphenylim ine 

[120]. The two in te rm ed ia te  r a d ic a ls  were id e n t i f ie d  by e . s . r .  

spectroscopy ,and  th e  same e . s . r .  s ig n a ls  could  be observed a t  as low a 

tem perature as 48°. I f  th e  b a r r ie r  which se p a ra te s  th e  two d ia s te r e o ­

isom ers o f [113] and [118] i s  r e s t r i c t e d  ro ta t io n  around th e  N-N bond, 

then th e se  e . s . r .  r e s u l t s  suggest th a t  N-N hom olysis-recom bination may 

be an a l te r n a t iv e  ro u te  to  ro ta t io n  fo r  in te rc o n v e rs io n  o f  the  

d ia s te re o iso m e rs .

The corresponding quinolone d e r iv a tiv e  [118] was found to  be i n t e r ­

m ediate in  s t a b i l i t y  between [109] and [113] ; i t  decomposed in  b o ilin g  

to luene over 5h to  g ive 2 - hy d r oxyquino 1 in e  and the  sulpheny lim ine [120],
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/ \  3 '4-ClCgH^S CHCH=CH% n' ^ c ^

[113]
CH. ( . - C lC .H y  ,1^

/
n /M e

"  (1201

I t  i s  p o ss ib le  to  ra t io n a lis e  th e  therm al s t a b i l i t y  o f [109], [113] 

and [118] by co n sid e ra tio n  o f the in term ediate  h e te ro cy c lic  ra d ic a ls .  

The benzoxazolinone ra d ic a l [121] would be more ex ten siv e ly  d e lo ca lise d  

than the corresponding phthalim ido r a d ic a l .  A lso, the lo ss  o f amide 

resonance caused by N-N a bond bending in  the t r a n s i t io n  s ta te  fo r N-N 

homolysis o f [113] is  o f fs e t  by compensation from the rin g  oxygen.

The g re a te r  thermal s t a b i l i t y  o f [118] r e la t iv e  to  [113] may be a 

r e s u l t  o f the resonance co n trib u to r [122] to  the quinolone rin g  system;

Cr̂
 4-ClC,H.,S CHCH = CH.

[ 121]  [ 122]

th is  arom atic resonance energy must be lo s t  during form ation o f  an 

analogous ra d ic a l to  [121] on homolysis.
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2.6 O ther examples o f  compounds co n ta in in g  th e  N-N-S^^ u n i t

Very few examples o f  N-N-S^^ sp ec ies  a re  known in  th e  l i t e r a t u r e ,  

and a l l  th e  examples p repared  to  d a te  co n ta in  one o r more e le c tro n  

withdrawing s u b s ti tu e n ts  (e .g . /C =0) on th e  n itro g e n  atoms.
69Mukaiyama and Takahashi were ab le  to  add a l ip h a t ic  th io l s  to  th e  

azo fu n c tio n  o f  d ie th y l a zo d ica rb o x y la te . The adduct formed, [123], 

could then  be t r e a te d  w ith  a second th io l  to  g ive unsymm etrical 

d isu lp h id es  :

CÔ Et 
I 

R SH ♦ EtOjC-N=N-COjEt ^  R’s-N-NHCO,Et 

[123] 

[123]* R 'S H — R’ s S R %  E t O j C - N H N H - C O j E t

S im ila r  compounds were ob ta ined  by Linke e t  a l .  who su lpheny la ted
70d ie th y l h y d razo d icarb o x y la te :

Et,0 EtS^ CO,Et

EtO,C-NHNH-CO,Et

k . ^ C l  Et,0

CO,Et

CO,Et 

[67 Vo]

71Cacchi and Pao lucci were ab le  to  su lp h en y la te  hydrazides w ith  

o-n i trophenyIsulpheny1  c h lo rid e  and th e  r e s u l t in g  su lphenyIhydrazides
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[124] were degraded by base a t  room tem perature to  g ive  aldehydes in  

m oderate y ie ld s .

ArCNHNH, ♦ — ► A r C N H N H S ^ ^
0  y

N a

i m j

i m j
NaOH

THF/RT
A rC “ N =NH

II
0

—  ArCHO 
ty p ica lly  4 0 %

The re a c tio n  o f  [124] w ith  base resem bles th e  McFadyen-Stevens 

r e a c t i o n , i n  which a to sy l group i s  th e  leav ing  group in s te a d  o f  

an o -n itro p h en y Ith io  group:

ArCNHNHTos 
5  15(f-160"

,73

ArCHO 4. N, + Tos

This re a c tio n  i s  b e liev ed  to  proceed v ia  an a - e l im ination  to  a 

n i t r e n e  which ra p id ly  tau tom erises  v ia  an a - in s e r t io n  to  th e  azo 

sp ec ies  [125]:

ArCNH " N .-  Tos
II K

0
A rC -N H -N : I M 1 Ü *

II

0
A rC -N =N H

II

0

t-N ,
1125]

ArCHO

However, much more vigorous co n d itio n s  a re  req u ired  here  than  in  

Cacchi and P a o lu cc i’s re a c tio n  and th i s  im plies th e  p h en y lth io  group 

i s  a b e t t e r  leav ing  group than  the  to s y l  group in  th is  case .

Anselme and Dana^'^ were ab le  to  p rep are  su lp h en y la ted  hydrazones
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[126] which on trea tm en t w ith  base gave d iazo  compounds by a s im ila r  

mechanism involv ing  a - e l  im ination  o f  th e  a ry l  th io  group.

B O H /  1126 J

ATv ®  ©
. > = N = N

As mentioned e a r l i e r ,  th e  in te re s t in g  fe a tu re  o f  th e se  is o la b le  

N-N-S^^ sp ec ies  i s  th e  presence o f  e le c tro n  withdrawing s u b s t i tu e n ts  

on th e  n itro g e n  atoms, as in  [123] and [124], o r  d e lo c a l is a tio n  o f  the  

te rm in a l n itro g e n  lone p a i r  in to  a tt framework as in  [126], which i t  

seems a re  req u ired  i f  th e  r e s u l t in g  compound i s  to  be s ta b le .  No 

sim ple su lpheny la ted  hydrazines co n ta in in g  only a lk y l o r a ry l  groups 

were found in  the  l i t e r a t u r e ,  and ch ap te r f iv e  o f  th i s  work d esc rib es  

some attem pts to  p rep are  such sp e c ie s .
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CHAPTER 3



In v e s tig a tio n  o f  r o ta t io n a l  b a r r ie r s  in  N -ÇN-h e te ro a ry l)  a ry l-  
sulphenamides

5.1 S - (n i tro a ry l)  sulphenamides

In o rd e r to  o b ta in  more in fo rm ation  on th e  conform ational p rocesses 

in  th e  N -(N -heteroary l) ary lsu lphenam ides, th e  d e r iv a tiv e s  [129]-[133] 

were sy n th es ised  using  th e  ap p ro p ria te  n i t re n e  p re c u rso r , and a l l y l  

a ry l  su lp h id e .

SCH, CH=CHMe
N - N

CHCHz CH

1129! R = N O z , R  = H
/ p o ; r ’ = r % n o 2 

/ / 5 / ; r ’ = h ,  r ^ n o

C C l.
NO. CHMe

S - N

C H r C H

i m ]  R = H  
ISO] R = NO.

1132] R = H
1133] R = N O ,

The sulphenamides [129] and [130] were found to  e x h ib it  v a r ia b le  

tem perature n .m .r . behaviour; in  bo th  cases coalescence o f  th e  methyl
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doub lets  a t  C-1 and th e  S -a ry l  H- 6  p ro to n  were observed; two doub le ts  

fo r  each were seen a t  tem peratures lower than  Tc, and one a t  h ig h er 

tem peratu res. As th e  N-N bond i s  n o t a c h i r a l  ax is  in  [129]-[131] 

because o f  th e  symmetry o f  th e  ph thalim ido group, th e  coalescence 

observed in d ic a te s  r o ta t io n  around th e  S-N bond i s  becoming f a s t e r  on 

the  n .m .r . tim e sc a le  as the  tem perature i s  r a is e d . The f a c t  th a t  

[130] has a h ig h er b a r r i e r  than [129], and th e  s im i la r i ty  o f  the  

magnitude o f  th e  energy b a r r ie r s  w ith  th e  a lk y l analogues [134] and 

[50] a lso  bears th i s  ou t. The 4 -n it ro  compound [131] d id  n o t show any 

: o f  th e  m ethyl doublet down to  - 8 8 °; th i s  appears to  

be due to  a c c id e n ta l chemical s h i f t  equ ivalence o f  th e  m ethyl groups 

r a th e r  than  a low r o ta t io n a l  b a r r ie r .  The r o ta t io n a l  b a r r i e r  in  [50] 

had a lread y  been determ ined by Raban e t  a l .  in  d -to lu en e  as so lv en t ; 

however, in  CDCI3 a la rg e r  chemical s h i f t  d iffe re n c e  o f  th e  benzyl Œ 2 

pro tons was o b ta in ed , enab ling  a more a ccu ra te  determ in a tio n  o f  

and a conparison o f  th e  b a r r ie r s  o f  [129], [130], [132], [133], [134] 

and [50] in  th e  same so lv e n t. The r e s u l t s  a re  shown in  ta b le  8 .

The s im i la r i ty  o f  th e  b a r r ie r s  in  [129] and [130] w ith  [134] and 

[50] in d ic a te  th e  S-N r o ta t io n a l  b a r r ie r  i s  n o t n o tic e a b ly  a f fe c te d  by 

s u b s t i tu t io n  o f  th e  phthalim ido group fo r  an a lk y l group. The n .m .r . 

behaviour o f  the  N-quinolone S- 2 ,4 -dinitrophenylsu lphenam ide [133] 

shows in te re s t in g  fe a tu re s  ; a t  room tem perature two d iaste reo iso m ers  

a re  in d ic a te d  as fo r  [118] from th e  methyl doub le ts  a t  61.27 and 1 .50 . 

However, a t  -40° and 220 MHz, four m ethyl doub le ts  a re  c le a r ly  v is ib le  

a t  61.18, 1 .32 , 1.50 and 1.60 ( r a t io  7 .3 :1 :2 :4 .3  re s p e c tiv e ly ) .  Also 

four types o f  S -a ry l H- 6  p ro to n  and fou r types o f  q u in o lin e  H-3 a re  

v is ib le  in  th e  same r a t io  as above (see f ig .  2 ). Presumably th e  fou r 

d iaste reo iso m ers  r e s u l t  from slow ro ta t io n  around the  N-N and S-N bonds
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Figure 2
ü.m.r. spectrum of (133) at -40° (CDCl^).



TABLE 8

R o ta tio n a l b a r r ie r s  in  S - (n i tro a ry l)  sulphenamides

Tc Av (Hz) WKHz) AG*

[129] - 2 - 4 .5 14.6

[130] 39- 5.0 16.8

[132] -24 ± 5- % 40 12.3 ± 0 .7

[133] 0 ± 5 - 115 ±10 1 2 .^ ± 0 .3

[134] 26- 8 . 0 14.9

[50] 6 6 - 9.0 16.9

- coalescence temperature of the C-1 methyl doublets
- coalescence temperature of the S-aryl H-6 proton
- coalescence temperature of the benzyl CHz protons

p lu s  th e  c h ir a l  c e n tre  a t  Ç-1. On r a is in g  th e  tem pera tu re , th e  four 

methyl doub le ts  coalesce  in to  two doub lets  between -18° and +9°; as 

in  [130], th i s  appears to  be due to  r o ta t io n  around th e  S-N bond

becoming f a s t  on th e  n .m .r . time s c a le . The S -a ry l H- 6  p ro ton

coalesces a t  0 ± 5° enab ling  an approximate f re e  energy o f  a c t iv a t io n  

o f 1 ^ .^ ± 0 .3  k ca l mol"^ to  be c a lc u la te d . The 2 -n itro p h en y l analogue 

o f  [133], [132] shows two methyl doub le ts  a t  room tem perature (ÔMe I» !?

and 1.55 ppm, CDCI3) ,  as in  [118] and [133], bu t no se p a ra tio n  in  th e se

i s  seen on lowering th e  tem perature; however, a coalescence o f  th e  S- 

a ry l H- 6  p ro ton  is  seen around -24°, so presumably the  methyl doub le ts  

a re  a c c id e n ta lly  eq u iv a len t as in  [131]. The coalescence tem perature 

o f  the S -a ry l H- 6  p ro ton  in  [132] i s  -25° lower than  in  [133] g iv ing  an 

a sso c ia te d  b a r r ie r  o f  1 2 .3 ± 0 .7  kca l mol" ^. The lower b a r r ie r  in  th i s  

case is  expected fo r  r o ta t io n  around th e  S-N bond. Hence i t  i s  c le a r
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th a t  r e s t r i c t e d  ro ta t io n  around th e  S-N bond is  no t re sp o n s ib le  fo r  

the d iastereo isom erism  in  [118].

I t  was o f  in t e r e s t  to  attem pt th e  p re p a ra tio n  o f analogous t r i n i t r o -  

benzenesulphenamides and in v e s tig a te  t h e i r  r o ta t io n a l  b a r r ie r s  b u t ,  

u n fo rtu n a te ly , th e  N -n itrenes employed d id  n o t r e a c t  w ith  t ra n s -b u t-2 -

Me

N -N . + N -S

[135J[90]

NO,

[136]

enyl t r in itro p h e n y  1 su lph ide  [135]. F a ilu re  to  form the d e s ire d  

sulphenamide may be due to  th e  n e c e s s ity  o f  forming a p o s it iv e  charge 

on th e  su lphur atom o f  th e  in te rm ed ia te  su lp h ilim in e  [136], ad jacen t 

to  the s tro n g ly  e le c tro n  withdrawing t r in i tro p h e n y l  group.

3.2 Magnitude o f  th e  energy b a r r ie r  sep a ra tin g  th e  d iaste reo iso m ers  
o r  [118] and [132]

As s ta te d  e a r l i e r  (2 .4 ) ,  th e  d iaste reo iso m ers  o f  [118] e q u i l ib ra te  

on h ea tin g . Those o f  [132] do lik ew ise  a t  s l ig h t ly  lower tem pera tu res . 

The k in e t ic s  o f  e q u i l ib ra t io n  were in v e s tig a te d  by n .m .r . - a so lu tio n  

o f  a pure (or n e a r ly  pure) d iaste reo iso m er (ob ta ined  by r e c r y s t a l l i s a ­

tio n )  was d isso lv ed  in  chlorobenzene and th e  e q u i l ib ra t io n  follow ed by 

in te g ra tio n  o f  th e  m ethyl doublets  over a p e rio d  o f  tim e. By o b ta in in g  

r a te  co n s tan ts  a t  d i f f e r e n t  tem peratures i t  was p o s s ib le  to  ev a lu a te
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th e  a c t iv a t io n  param eters fo r  th is  in te rc o n v e rs io n  (see appendix 1)

CD, i m  r '= h ,  R " = a  

- ^ r ‘

CH, R’

Ea AH* AS* ( e .u .)  AG*

[118]S 27.1 + 0.8 26.4 ± 0 .8  0 .9 , -  0 .4 -±  2.2 2 6 .1 ,-  2 6 .3 -

[132]^ 23.8 + 0 .5  23.1 ± 0 .5  - 6 .5 , -  - 7 . 3 - ± 1.4 2 5 .3 ,-  2 5 .6 -

” from four different temperatures 
“ minor diastereoisomer
- major diastereoisomer
- from three different temperatures

The AG"*" va lues fo r  [118] and [132] a re  s im ila r ,  implying th a t  th e  

same p rocess in te rc o n v e rts  the  d ias te reo iso m e rs ; th e  d iffe re n c e s  in  

th e  en tro p ie s  o f  a c t iv a t io n  may be due to  d iffe re n c e s  in  so lv a tio n  

between th e  g ro u n d ''s ta te  and t r a n s i t io n  s t a t e .  The r e s u l t s  must be 

in te rp re te d  w ith  cau tio n , however; th e  r e s u l t s  fo r  [132] were measured 

a t  th re e  d i f f e r e n t  tem peratures only , so th e  e r ro r  margins may be la rg e r  

than given above.

3 .3  The cause o f  th e  high b a r r ie r  to  in t e r  conversion  o f  the  
d iaste reo iso m ers  in  [118] and [132]

The sulphenamides [137] and [138] were sy n th es ised  from the  approp-
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r i a t e  n i t r e n e  and a l l y l  2-iso p ro p y l phenyl su lph ide  [139]. A c le a r  

d iffe re n c e  in  behaviour o f  th e i r  d ia s te re o to p ic  isop ropy l methyl n .m .r.

u n i'u

11391

CHMe,
SCHzCHzCH; ------ 1 *  XH,CH=CH,

N -

0

/

C Ç l o  ^ 0

•N.   CHMe,
(137)

0  
I

[138]

s ig n a ls  was seen. [137] showed only  one doub le t (ÔMe 1 .18 , CDCI3) ,  

b u t [138] showed two doub le ts  (ÔMe 0.82 and 1 .02 , d®—to lu e n e ) , which 

were unchanged a t  1 0 0 ° in  th e  n .m . r . , above which tem perature therm al 

decom position o ccu rs. E v id en tly , replacem ent o f  th e  1 -m e th y la lly l 

su b s t i tu e n t  by a l l y l  does n o t d r a s t i c a l ly  a f f e c t  the  s iz e  o f  th e  energy 

b a r r ie r .  S im ila r ly , th e  sulphenamide [140] p repared  from quinolone- 

n i tre n e  [92] and benzyl tra n s -b u t-2 -e n y l su lph ide  [141] e x is te d  as  two 

d iaste reo iso m ers  a t  room te n p e ra tu re  0.95 and 1 .45 , CDCI3 ) .  The 

r a t io  i n i t i a l l y  ob ta ined  in  th e  crude re a c tio n  product was 4:1 (ÔMe 

0.95 : 1.45 re sp e c tiv e ly )  which changed to  1 .2 :1  a f t e r  2h in  b o il in g  

e th an o l. The r a te  o f  in te rco n v e rs io n  i s  s l ig h t ly  slow er than  [118], 

bu t again  th e  b a r r ie r  to  in te rc o n v e rs io n  i s  h igh ; i t  appears th a t  th e
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Pt,CH^CH.CH=CHHe .  ( Q Ç ) ^  _

I U 1 ]  N.

[ 9 2 1

CH SCH^Ph 
I
CH=CH,

[ U O l

S -a ry l r in g  in  [118] does no t p la y  a s ig n if ic a n t  ro le  in  causing i t s  

d iaste reo isom erism , as th e  b a r r ie r  remains h igh  when i t  i s  s u b s t i tu te d  

by a sm alle r CHzAryl u n i t  as in  [140].

However, removal o f  th e  N -a lly l s u b s t i tu e n t  d id  have a profound 

e f f e c t  on the  r o ta t io n a l  b a r r ie r .  Compounds [142] and [143] were

g N  

CH b C O ,

[ U 2 1  r ’ = r"= N 0 2  

[ % 3 1  R’ =CHMe„R'=H

sy n th es ised  from N-aminoquinolone and th e  ap p ro p ria te  su lphenyl 

ch lo rid e  in  dichlorom ethane in  th e  p resence o f  trie th y la m in e  as p ro to n  

scavenger. Examination o f  the  S -a ry l s ig n a ls  o f  [142] in  th e  n .m .r . 

spectrum in d ic a te d  only  one compound to  be p re se n t in  the  tem perature 

range examined (-11° to  +50°), u n lik e  [133], which e x is ts  as two 

d iastereo iso m ers a t  room tem perature. The isop ropy l d e r iv a tiv e  [143] 

only shows one methyl doublet a t  room tem perature u n lik e  the  N -a lly l

-49-



analogue [138]; a t  -50° and 220 MHz, two m ethyl doub le ts  a re  ju s t  

v i s ib le ,  th e  coalescence tem perature  being somewhat h ig h e r than  th is  

(probably in  th e  range -35 ± 1 0 °). E v id en tly  removal o f  th e  N -a lly l 

group reduces th e  energy b a r r ie r  co n sid e rab ly . Removal o f  th e  a ry l th io

N - ^ O
[ 1 U I  

H '' '^CMe,CH=CHj

group as in  [144] a lso  reduces th e  b a r r i e r  ; a coalescence o f  th e  

d ia s te re o to p ic  methyl s in g le ts  was no ted  a t  around room tem p era tu re .

The magnitude o f  th e  a s so c ia te d  b a r r i e r ,  16.2 ± 0 .8  kca l mol"^ i s  in  the  

range ty p ic a l  fo r  an sp^/sp^ h y b rid ised  hydrazine ; i t  seems c e r ta in  

th e  b a r r ie r s  observed in  [143] and [144] a re  due to  r e s t r i c t e d  ro ta t io n  

around th e  N-N bond. A most s ig n if ic a n t  r e s u l t  came from th e  n .m .r .

TABLE 9

R o ta tio n a l b a r r ie r s  around th e  N-N bond in  N -(N -heteroary l)
arylsulphenam ides

To Av(Hz) Wi(Hz) J ab kc"(Hz) AG*

[143] -35 ± 1 0 - 2 .0  13.1 ± 0 .6

[144] 25 ±10- 2 .0 -5 .0 -  16.2 ± 0 .8

[145] 32 36 15.2

[147] 28 12.0 12.5 76 15.0

” rate of exchange at Tc 
” rough estimate
“ Av was strongly temperature dependent
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spectrum  o f the  pyridone d e r iv a tiv e  [145]. Here, two m ethyl doub le ts

CL,
N 0

H,C=CH\

CH.

were observed a t  -40°, b u t they  coalesced  on warming (Tc = 32°) and 

only  one doublet was seen in  chlorobenzene a t  101°. The energy b a r r i e r  

in  th i s  case , 15.2 kca l m o l" \  i s  11 k ca l m ol'^ lower than  [118]; 

removal o f  th e  benzene rin g  th e re fo re , as in  [145] reduces the  b a r r i e r  

co n sid e rab ly . This r e s u l t  ru le s  out (c) in  ch ap te r 2 (slow N in v ersio n ) 

as th e  cause o f  th e  d iastereo isom erism  in  [118] ; th e  pyridone r in g  in

[145] i s  sm alle r than th e  quinolone r in g  in  [118] and th i s  should  lead  

to  an in c rease  in  th e  in v ers io n  b a r r i e r  [see 1 .2 ( c ) ] .  The f a c t  th a t  a 

much lower b a r r ie r  i s  observed in  [145] in d ic a te s  th a t  a h igh  r o ta t io n a l

b a r r ie r  around th e  N-N bond i s  p re se n t in  [118]. This i s  probably

caused by th e  s t e r i c  in te ra c t io n  o f s u b s t i tu e n ts  on th e  sulphenamide 

n itro g en  (su lp h u r, a l l y l  o r  1 -m e th y la lly l)  w ith  th e  p e r i  H- 8  o f  th e  

quinolone r in g . I t  appears th a t  bo th  th e  su lp h u r and a l l y l  s u b s t i tu e n ts  

a re  unable to  pass th e  H- 8  p ro ton  s in ce  i f  e i th e r  i s  removed, th e  high

ro ta t io n a l  b a r r ie r  d isap p ears . F u rth er support o f  th i s  ex p lan a tio n

comes from the  quinazolone s u b s t i tu te d  sulphenamides [146] and [147].

In [146] two d iaste reo iso m ers  e x is t  a t  room tem perature as in d ic a te d  

from the  £ - 1  methyl doub le ts  ( 6  1 . 1 0  and 1 .6 5 , CDCI3) .  In th is  case

+ Restricted rotation around the C-N(3) bond in 2-benzyl 3-aryl- 
quinazol-4-ones has been studied by Colebrooke et a l .  (Ref. 77).
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R [U6I R=Me

(U7] R = H

th e  i n i t i a l  r a t io  was 3 .3 :1  re sp e c tiv e ly  and changed to  1 :1 .8  a f t e r  

Ih  in  b o il in g  benzene (80°). This r a te  o f  in te rc o n v e rs io n  o f  th e  

d iaste reo iso m ers  i s  very  s im ila r  to  [118]. Indeed, th e  quinazolone 

2-methyl s u b s ti tu e n t has a s im ila r  s t e r i c  bu lk  to  th e  quinolone benzene 

rin g  in  [118] in  terms o f  in h ib i t in g  ro ta t io n  around th e  N-N bond. The 

quinazolone [147] i s  s t e r i c a l l y  s im ila r  to  th e  pyridone [145] and th e  

r o ta t io n a l  b a r r ie r  ob ta in ed  from coalescence o f  th e  N -a lly l GHz p ro tons 

from an ABX system to  an A2 X system is  very  s im ila r  to  th a t  o f  [145] 

(see ta b le  9 ).

3.4 Mechanism o f  in te rc o n v e rs io n  o f  th e  d iaste reo iso m ers  o f  [118] 
and d e r iv a tiv e s

Although th e  ro ta t io n a l  b a r r ie r  around th e  N-N bond i s  h igh  in  [118], 

[132], [133], [138], [140] and [146] th e re  a re  two o th e r  p la u s ib le  

mechanisms by which th e  d iaste reo iso m ers  may in te rc o n v e rt b es id es  

s in p le  ro ta t io n  around th e  N-N bond. These a re  (a) by h o m o ly sis -rad ica l 

recom bination o f  the  N-N bond and (b) v ia  a re v e rse  [2 ,3 ] -sig m atro p ic  

rearrangem ent back to  the  su lp h ilim in e . In  bo th  c a se s , the  a c tu a l 

r o ta t io n a l  b a r r ie r  i s  assumed to  be h ig h er than  th e  b a r r i e r  to  i n t e r ­

conversion o f  th e  d ias te reo iso m e rs . Another p o ss ib le  mode o f  i n t e r ­

conversion , b im olecu lar exchange o f th e  N-N bonds does no t occur here  

as th e  r a te  o f  in te rco n v e rs io n  i s  independent o f  c o n ce n tra tio n , i . e .
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f i r s t  o rd er.

(a) N-N hom olysis-recom bination

This pathway i s  i l l u s t r a t e d  below. I t  derives some support from 

the fa c t  th a t  the  benzoxazolinone analogue [113] (chap ter 2 .3) i s  known 

to  decompose v ia  N-N bond homo ly s is  w ith  the in term ed ia te  ra d ic a ls

C O o  C O . ,0

4-cic, H , S * ' \ hCH=CH,

C H = C H ; CH = CHj

(1181

being id e n t i f ia b le  by e . s . r .  spectroscopy even a t  48°, a t  which p o in t
68l i t t l e  decom position occurs. However, although d iaste reo isom er 

in te rco n v ers io n  o f  [118] proceeds ra p id ly  a t  80°, i t  d id  n o t show any 

e . s . r .  s ig n a ls  a t  th i s  tem perature; nor was the n .m .r. spectrum 

a ffe c te d  by CIIIJP e f f e c ts .  A lso, in te rco n v ers io n  v ia  a p a i r  o f  

ra d ic a ls  should have an app rec iab ly  p o s it iv e  entropy o f  a c tiv a tio n  

(e .g . racém isation  o f  benzyl a ry l sulphoxides proceeds v ia  a ra d ic a l  

p a i r ,  w ith  e n tro p ie s  o f  a c tiv a tio n  o f  ça . +25 e .u .)  - form ation o f  a 

p a i r  o f  r a d ic a ls  would in c rease  the  ’freedom’ o f  the  system. The 

entropy o f  a c t iv a t io n  fo r  e q u il ib ra tio n  o f  th e  d iastereo isom ers o f 

[118], however, i s  v i r tu a l ly  zero . As a check, th e  c ro ss-o v er ex p e ri­

ment below was t r i e d .

On re flu x in g  a m ixture o f  [113] and [148] in  benzene, [113] decom­

poses in to  benzoxazolinone and the  sulphenylim ine [120] as described
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^  n r  H

O O - O  '  O - N ^ ” 2hX; C H ,
H;C=CHCH  ̂ SCgĤ Cl-4 SCgH^Cl-4

CHzCH,
(U8)

[ 1 1 3 ]

in  2 .5 . At th i s  tem peratu re , th e  r a te  o f  in te rc o n v e rs io n  o f  th e  

d iaste reo iso m ers  o f [118] proceeds a t  a m easurable r a te  (e q u il ib ra t io n  

i s  p r a c t i c a l ly  complete in  ça . 40 m ins. a t  th i s  tem p era tu re ), and hence 

th e  homolysis o f  th e  N-N bond should be proceeding a t  th e  same r a te  i f  

th i s  i s  th e  mechanism. Provided th a t  [148] i s  behaving th e  same as 

[118], then  on h ea tin g  [113] and [148] in  b o il in g  benzene, some [118] 

may be foimed from c ro ss -o v e r o f  th e  fo u r ra d ic a ls  formed. In  th e  

ev en t, no [118] was d e tec te d  and [148] was recovered  unchanged a t  the  

end o f  th e  experim ent. T h is , in  con junction  w ith  th e  evidence above 

appears to  ru le  ou t th i s  hypo thesis  as the  mechanism fo r  in te rc o n v e r­

sio n  (see a lso  appendix I I ) .

(b) Reverse [2 ,3 ] -sigm atrop ic  rearrangem ent

This pathway involves a rev e rse  [2 ,3 ] -sig m atro p ic  s h i f t  to  the 

su lp h ilim in e  [149]. A lly l sulphoxides racem ise in  an analogous p a th ­

way v ia  th e  su lphenate  e s te r .  The su lp h ilim in e  [149] may adopt two 

conform ations fo r  th e  rearrangem ent, as i l l u s t r a t e d  o v e r le a f  in  Scheme 

7. In te rco n v ers io n  o f  d iaste reo iso m ers  can occur by two p a th s  here : 

f i r s t l y ,  by ro ta t io n  o f th e  quinolone N-N bond in  [149] o r ,  secondly, 

i f  th e  N-N bond rem ains f ix e d , then  e q u i l ib ra t io n  may occur by i n t e r - 

conversion  o f  th e  su lp h ilim in e  conformers b e fo re  th e  second sigm atrop ic  

rearrangŒ ient occurs ( i . e .  in te rc o n v e rs io n  o f  th e  two ’envelope'
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fo rm s). The n e t r e s u l t  i s  no change in  th e  c h i r a l i t y  o f  th e  N-N bond 

bu t a change o f  th e  c h i r a l i t y  in  th e  asymmetric C-1 carbon atom in  

[118] (as i l l u s t r a t e d  above). S yn thesis  o f  th e  s a tu ra te d  d e r iv a tiv e  

[150] should determ ine th e  im portance o f  t h i s  ro u te , as a rev e rse

CQ,
( 1 5 0 )

CH,CH,CH' 'S C ^ / l - 4  

CH,

[2 ,3 ] -sigm atrop ic  s h i f t  i s  no t p o s s ib le  h ere ; i f  t h i s  i s  th e  r a te  

determ ining s tep  in  [118] then  th e  b a r r i e r  should in c re a se  in  [ISO].

S yn thesis  o f  [ISO]

As d i r e c t  c a ta ly t ic  hydrogenation o f  [118] i s  n o t f e a s ib le  because 

o f th e  l a b i l i t y  o f  th e  S-N bond and th e  p resence o f  su lphur which 

would poison th e  c a ta ly s t ,  th e  scheme below was dev ised  fo r  i t s  

s y n th e s is .

R eaction o f  [118] w ith  4 -c h lo ro p h e n y lth io la te  in  e thano l gave [151] 

in  71% y ie ld  and a v i r t u a l ly  q u a n t i ta t iv e  y ie ld  o f  b is(4 -ch lo ro p h en y l) 

d isu lp h id e . Hydrogenation o f [151] gave [152] in  74% y ie ld .  

U n fo rtu n a te ly , [152] would no t r e a c t  w ith  4 -chlorophenylsu lphenyl 

c h lo r id e  [153] even in  th e  presence o f sodium hydride ; i t  appears th a t  

th e  N-H o f  [152] i s  very  weakly b a s ic  and th e  anion i s  no t generated  

by sodium hydride . The N-H i s  a lso  s t e r i c a l l y  in h ib ite d  from a tta c k in g  

th e  e le c tro n  d e f ic ie n t  su lphur atom o f th e  sulphenyl c h lo r id e . The 

u n sa tu ra te d  m a te r ia l [151] does r e a c t  w ith  th e  sulphenyl c h lo r id e , by 

a d d itio n  over the  double bond, th e  N-H fu n c tio n  being u n a ffe c ted .
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c aN ^ O
I

t-CtCgH^S 

Et OH C Û CO,
CH^ ^ S C H X l- 4  
I * ^
CH = CH;

(1 1 6 )

( 1 5 1 )

I

/ \
H CHCH'CH 

CH,

0  Pd/C

Ct^CH;CHNH 

CH,

( 1 5 2 )

4-ClC^^SCl

( 1 5 3 )

, 4 - a c ^ , s c i

CO.-S-CO
( 1 5 0 )

C H ^ ,N H  

CH

N '^ 0  

NHCHCH
/ S C , H , a - 4

CH,Cl

H ;C " ^ S C A C l - 4

CH,

/T 5 4 /

( 1 5 5 )

A ddition o f sulphenyl h a lid e s  to  alkenes occurs v ia  an episulphonium 

s a l t  and i s  mainly anti-M arkovnikov in  th i s  case , w ith  apparen tly  

only one d iastereo isom er being formed predom inantly. Dehydrohalogena- 

t io n  o f  the adduct [154] w ith  sodium hydride in  DMF gave the  v in y l 

su lphide [155]; the  presence o f  two broad s in g le ts  a t  64.7 and 5 .3  in  

th e  n .m .r. spectrum in d ic a te s  two geminal o le f in ic  C-H p ro to n s; a 

m u ltip le t a t  64.0 sharpened to  a q u a r te t a f t e r  exchange w ith  D2O; th i s  

must be the  pro ton  ad jacen t to  the  N_-H. The N-H a t  65.75 appeared as a 

doublet and was removed by D2O. Only the anti-M arkovnikov adduct could 

give [155] on dehydrohalogenation; the  Markovnikov must give a product 

con ta in ing  two v ic in a l  o le f in ic  p ro to n s , which would couple w ith  each 

o th e r  in  the n .m .r. spectrum. Some o f  the  a z ir id in e  [156] might a lso
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[ 156]

N
H> y  \ ^ C H ;S C ^ ,C 1 -4

be expected from the  Markovnikov adduct i f  th e  n itro g e n  anion was

generated  by sodium hydride . However, only  [155] was is o la te d .

D irec t red u c tio n  o f  [118] to  [150] was ev en tu a lly  found to  occur

using  d i-im ide  (generated  from hydrazine and N -ch lo ro d i-iso p ro p y l- 
79amine ) .  Reduction o f  a m ixture o f  th e  d iaste reo iso m ers  o f [118]

N ^ O

4-C lC gH  S CHCHrCH

Pr'N -C l

I

4 - C l C g H /S  CHCHzCH,

CH,

[ 1 5 0 ]

( r a t io  6Me 0.93 : 1.48 = 63 : 37) gave [150] co n ta in in g  doub le ts  a t  6Me 

1.30 and 1.90 ( in  chlorobenzene); th e  rem aining a l ip h a t ic  s ig n a ls  

were second o rd e r. When th e  red u c tio n  was perform ed on a pure 

d iaste reo iso m er o f  [118] (^Me 0 .9 3 ), [150] was ob ta ined  in  43% y ie ld  

a f t e r  chromatography over K iese lg e l. Some red u c tio n  o f  th e  S-N bond 

a lso  occurred , and 34% o f  [152] was a lso  is o la te d  from the  chromato­

graphy. The n .m .r . spectrum  o f [150] ob ta in ed  th i s  way d id  no t show 

the  methyl doublet a t  61.90, bu t the  s ig n a l a t  61.30 was c le a r ly  

v i s ib le ,  j u s t  c le a r  o f  the  o th e r  a l ip h a t ic  s ig n a ls .  On h ea tin g  to  82'
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in  chlorobenzene, th e  s ig n a l a t  61.30 dim inished in  in te n s i ty  to  

become p a r t ly  obscured by the  o th e r  a l ip h a t ic  s ig n a ls  and th e  o th e r  

doub le t a t  61.90 in c reased  in  in te n s i ty .  A fte r  40 m in s ., th e  n .m .r. 

resem bled th a t  ob ta ined  i n i t i a l l y  from th e  red u c tio n  o f  th e  m ixture 

o f  d iaste reo iso m ers  o f  [118]. This r a te  o f  e q u i l ib ra t io n  appears to  

be very  s im ila r  to  th e  u n sa tu ra te d  compound [118]. Thus i t  appears 

th a t  th e  double bond in  th e  a lk y l s id e  chain  does n o t a f f e c t  th e  r a te  

o f  in te rco n v e rs io n  o f  the  d ia s te reo iso m e rs .

The only  reasonab le  mechanism th a t  remains fo r  in te rc o n v e rs io n  o f  

the  d ia s te reo iso m ers , th e re fo re , i s  sim ple ro ta t io n  around th e  N-N 

bond. A fu r th e r  in d ic a tio n  th a t  th i s  i s  th e  case i s  given in  ch ap te r 

4.
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R eso lu tion  o f  N-benzyl N -(1 ,2 -d ihydro -2 -o x o q u in o lin -1 -y l) g ly c in e

4 .1  R o ta tio n a l b a r r ie r s  in  N-dibenzylam inobenzoxazolinone and 
N- dibenzylam inoquinol - 2 - one

I t  was o f  in t e r e s t  to  sy n th e s ise  some d ia lk y  laminoquino 1 - 2 - one 

d e r iv a tiv e s  to  see w hether they  a lso  showed h igh  b a r r ie r s  to  ro ta t io n  

around th e  N-N bond. I n i t i a l  experim ents were cen tred  on th e  p re p a ra ­

t io n  o f  [157].

C O o  • ^  C O o
HNCHCH = CH; 

CH, PhCH, CHCHzCH

CH,

11511 ( 1 5 7 1

U n fortunate ly , th e  fo rc in g  co n d itio n s  req u ired  to  a lk y la te  th e  

u n reac tiv e  N-H o f  [151] caused i t s  decom position in  th e  p resence o f  

benzyl bromide o r benzyl c h lo r id e , and no [157] was o b ta ined .

However, more success was achieved in  th e  a lk y la t io n  o f  N-amino- 

quinolone [119] and N-aminobenzoxazolinone [114] by benzyl bromide.

a v
I

NH, 

I l U J

201®
0 ♦ PhCH,Br —

0 75h

N/
PhCH

1 1 5 8 1
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150*

C O o  '  O.Sh

NH,

1119]

NHCHjPh

[ 1 5 9 ]

CO,
A

PhCH, CH,Ph

{ 1 6 0 }

On re f lu x in g  ÈJ-aminobenzoxazolinone w ith  benzyl bromide fo r  45 m in ., 

th e  major p roduct is o la te d  was th e  d ibenzyl d e r iv a tiv e  [158] in  19% 

y ie ld  a f t e r  K iese lg e l chromatography. In  [158] th e  benzyl p ro tons a re  

d ia s te re o to p ic , and appear as an AB system a t  room tem perature (64.4 

ppm, Jab  12.6 Hz, CDCI3) .  On r a is in g  th e  tem pera tu re , the  AB system  

re v e rs ib ly  c o llap se s  to  a s in g le t .  The coalescence tem perature  Tc o f  

95° corresponds to  an energy b a r r i e r  o f  18.4 kca l m o l'O  fo r  r o ta t io n  

around th e  N-N bond.

N-aminoquinolone gave e i th e r  th e  mono o r d ibenzyl d e r iv a tiv e s  

depending on th e  re a c tio n  c o n d itio n s . At 150° fo r  30 m in ., the  m ajor 

product was th e  m ono-benzylated m a te r ia l [159] in  23% y ie ld .  R efluxing 

benzyl bromide ( 2 0 1 °) gave the  d ibenzyl compound [160] as th e  m ajor 

product in  12% y ie ld  a f t e r  p u r if ic a t io n  by K iese lg e l chromatography.

The n .m .r . behaviour o f  [160] i s  d i f f e r e n t  to  [158]. Here an AB system  

(64 .6 , JAB = 12.5 Hz, CDCI3 ) i s  v i s ib le ,  b u t no coalescence o r l in e  

broadening o f th ese  s ig n a ls  occurs even a t  179° in  n itro b en zen e . For 

a coalescence tem perature >190°C in  [160], then  AG"*" must be >23.5 k ca l 

mol"^ which i s  above th e  is o la t io n  tim e sc a le  fo r  re s o lu tio n  o f
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enantiom ers a t  room te irp e ra tu re . T herefo re , in  th eo ry , i t  i s  p o ss ib le  

to  re so lv e  th e  N-N bond in  such compounds, and th e  a c id  [161] was

CO.
N

P h C H f \H ,COzH 

[ 161]

s e le c te d  as the  ta r g e t  m olecule to  a ttem pt t h i s .

4 .2  S ynthesis  o f  [161]

The su ccess fu l ro u te  to  [161] i s  shown below.

BrCHzCOzEfCQ N ^ ON ^ O  1.25h,169»
1
NHj  NHCHjCO^e

[ 119]  [ 162]

PhCHjBr 
160*-170“ 

15h

[ 1 6 1 ]
NaOH

EtOH, H2O 
reflux 4h. I

CO.
PhCH;^ ''CH^COjEf

[ 1 6 3 ]

An a l te r n a t iv e  way o f  making the  e th y l e s te r  [163] is  to  p rep are  the  

monobenzyl d e r iv a tiv e  [159], and r e a c t  t h i s  w ith  e th y l brom oacetate,
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ca BrCH,CO,&
1 1 6 3 ]  ♦ unreacted [1 5 9 ]

N ^ O  169“ 15h  
I
NHCHjPh

[ 1 5 9 ]

bu t th i s  ro u te  was found to  g ive lower y ie ld s ,  and involved more 

d i f f i c u l t  chrom atographic s e p a ra tio n s . The su c c e ss fu l ro u te  involved 

a lk y la tio n  o f  N-aminoquinolone by re f lu x in g  e th y l brom oacetate (b .p . 

169°) fo r  1.25h to  give a 33% y ie ld  o f  th e  m ono-alkylated m a te r ia l 

[162] ; no d is u b s t i tu t io n  occurred . [162] was then  a lk y la te d  by benzyl 

bromide a t  160°-170° fo r  l .S h  to  g ive th e  e th y l e s te r  [163] in  41% 

y ie ld .  The n .m .r . spectrum  o f  th is  compound in  CDCI3 showed an AB 

system fo r  th e  benzyl Œ 2 p ro to n s , bu t n o t th e  g ly c in e  CH2 p ro to n s , 

which were a c c id e n ta lly  eq u iv a len t. H ydrolysis o f  th e  e th y l e s te r  

gave th e  a c id  [161] in  10% o v e ra ll  y ie ld  from N-aminoquinolone. The 

n .m .r . spectrum  o f the  ac id  [158] in  chlorobenzene showed AB systems 

a t  64.25 ( J a b  12.6 H z ,  - C H 2 P h )  and 3.97 ( J a b  17.4 H z ,  -CH2 CO2H) 

in d ic a tin g  slow ro ta t io n  around the  N-_N bond in  th i s  m a te r ia l.

4 .3  R eso lu tion  o f  [161]

The £ - ( - ) -phenylethylamine s a l t  o f  [161], [164] was n o t c r y s ta l l in e ,  

bu t i t s  n .m .r . spectrum ( f ig .  3) was very  in fo rm ativ e . Both th e  benzyl 

and g ly c in e  CH2 s ig n a ls  a re  d u p lic a te d , in d ic a tin g  th e  presence o f  

d ias te reo iso m eric  s a l t s .  The benzyl p ro tons showed up as two AB systems 

in  benzene, 4.60 and 4.65 (Jab 12.4 and 12.6 Hz r e s p e c t iv e ly ) ,  and 

the  g ly c in e  CH2 p ro tons lik ew ise , 4.02 and 4.06 (Jab 16.4 and 16.6 

Hz r e s p e c t iv e ly ) . The C-1 methyl doub le ts  o f  th e  amine remained a 

s in g le  d o u b le t, however.
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H~ C—OH

OMe
I
N

PhCHz \ H j C 0 f  NHjCHPh

Me
[ 1 6 i J  l -H -q u in in e

[ 1 6 5 J

A c r y s ta l l in e  s a l t  o f  th e  ac id  [161] and £ - ( - ) -q u in in e  [165] was 

o b ta in ed ; th e  m ixture o f  s a l t s  derived  from th e  racem ic ac id  had 

[a]p® = -75.6° (c = 1 .37 , EtOH). On r e c r y s ta l l i s a t io n  from e th a n o l-e th e r  

(1 :1 2 ), c r y s ta l l in e  m a te r ia l o f  [a]p ’̂ = -9 9 °  (c = 0 .3 , EtŒi) was ob tained , 

A second r e c r y s ta l l i s a t io n  from th e  same m ixture changed th e  r o ta t io n  

to  -101.3° (c = 0 .3 , EtOH), and th i s  was unchanged a f t e r  a th i r d  

r e c r y s ta l l i s a t io n .  Decomposition o f  th e  s a l t  w ith  m ineral a c id , 

follow ed by a d d itio n  o f  an equim olecular amount o f  & -(- ) -p h en y le th y l- 

amine to  the  l ib e ra te d  [161] gave th e  s a l t  [164] whose n .m .r . spectrum  

showed removal o f  the  AB systems a t  64.02 and 4.65 ( f ig .  3) in d ic a tin g  

th is  m a te r ia l to  be n .m .r . o p t ic a l ly  pure (>95%). When [164] was 

t r e a te d  w ith  m ineral a c id , th e  a c id  [161] ob ta ined  was then c a re fu l ly  

r e c r y s ta l l i s e d  from l ig h t  petroleum  - e th y l a c e ta te  ; a f t e r  removal o f  

a sm all amount o f  racem ic a c id , th e  & -(-)-a c id  c r y s ta l l i s e d  o u t, m.p. 

88-90°, [a]p® =-64.8° (c = 1.175, EtOH). A fte r  a few m inutes above i t s  

m elting  p o in t ,  the  m elt s o l id i f i e d  and re -m elted  a t  147-148°, th e  

m elting  p o in t o f  th e  racem ic ac id . This in d ic a te s  th a t  th e  ac id  

racem ises on h ea tin g .
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4 .4  In v e s tig a tio n  o f  the  racém isa tio n  o f  [161]

The r a te  o f  racém isa tio n  k r o f  [161] was c a lc u la te d  a t  two d i f f e r ­

en t tem pera tu res , b o ilin g  e thano l (78°) and b o il in g  methanol (65°) on 

p a r t ly  re so lv ed  samples o f  th e  a c id . This enabled an approxim ate 

value  fo r  th e  a c t iv a t io n  energy to  be c a lc u la te d . The r e s u l t s  a re  

given in  ta b le  10.

TABLE 10

Racém isation o f  N-benzyl-N-( 1 ,2 -d ih y d ro -2-o x o q u in o lin - l-y l)
g lyc ine  [161]

T = 65°
Time/s -[a ]  xlO^ Log 10

0
4200
9600
13200

58
44
30
22

0
0.120
0.286
0.421

T = 78°
Time/s [a] X 10^

0
3200
4200
7200

190
61
42
14

0
0.493
0.656
1.136

On p lo t t in g  the  log temns a g a in s t tim e, a s t r a ig h t  l in e  r e s u l t s  o f  

slope equal to  k r/2 .3 0 3  ( f ig .  4 ) . Rate co n sta n ts  were o b ta ined  usin g  

a l e a s t  squares l i n e - f i t t i n g  computer program:
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H a lf - l i f e  (r) C o rre la tio n  c o e f f ic ie n t  
T k r /s " ^  (m ins.) (r)

65 7.30 ±0 .09  xlO'® 158.3 0.9985

78 3.62 ± 0.05 xlO'** 31.9 0.9997

From t h i s ,  approximate a c t iv a t io n  param eters can be c a lc u la te d :

Ea (kcal mol"^) AĤ  (kcal m ol'^) ( e .u .)  AG*

26.9±  0 .4  26.3 ± 0 .4  0 .1 ±  1 .2  26.2 ± 0 .4

The margin o f  e r ro r  fo r  AG* i s  probably  g re a te r  than  in d ic a te d  

above, as d i f f e r e n t  so lv en ts  were used to  ev a lu a te  th e  r a te  c o n s ta n ts , 

and a lso  any in accu rac ie s  owing to  te irp e ra tu re  v a r ia t io n  a re  n o t 

included  above. However, a sm all AS* i s  expected fo r  a r o ta t io n a l  

p ro cess ,an d  th e  AG* ob ta in ed  i s  very  s im ila r  to  th e  sulphenamides [118] 

and [132] (see 3 .2 ) ;  th i s  im plies th a t  the  same fa c to rs  a re  involved 

in  augmenting th e  r o ta t io n a l  b a r r i e r  around the  N-N bond in  each case .

The lower b a r r ie r  in  [158] i s  presum ably a r e s u l t  o f  th e  skewed H-8 

hydrogen ( i t s e l f  a consequence o f  th e  f iv e  membered oxazolinone 

geometry) which enables th e  benzyl CHz groups to  pass the  p lane  o f  th e  

h e te ro cy c le  more e a s i ly .  The same ex p lan a tio n  seems l ik e ly  to  ho ld  

fo r  th e  sulphenamide [113] (2 .4) (T^ = 27°, AG* = 15.5 kca l mol‘ ^), 

a lthough th e  a l te r n a t iv e  p o s s ib i l i ty  o f  N-N homo l y s i s -recom binat ion  

to  in te rc o n v e rt the  d iaste reo iso m ers  in  th i s  case has n o t y e t been 

disproven.

The c lo s e s t  analogues to  [161] a re  th e  N-benzenesulphonyl N-naphthyl- 

g lyc ine  d e r iv a tiv e s  [166] which a re  re so lv a b le  owing to  slow ro ta t io n  

around th e  a ry l (C)-N bond.^^ The r a te  o f  racém isa tio n  a t  118° was 

found to  be dependent on th e  n a tu re  o f  R - th e  h a l f - l iv e s  o f the

- 6 5 -



OQ



o p t ic a l ly - a c tiv e  ac id s  were found to  vary  between 40 m ins. fo r  R = CN 

and NO2 to  8h fo r  R = MeO (AG* « 29-31 k ca l mol’  ̂ fo r  AS* = 0 ). This 

r e s u l t  in d ic a te s  a s tro n g e r resonance in te ra c t io n  between the  n itro g e n  

lone p a i r  and naphthalene r in g  when an e le c tro n  w ithdraw ing group i s  

p re se n t on th e  r in g , s t a b i l i s in g  th e  p la n a r  t r a n s i t io n  s ta t e  fo r  C-N 

r o ta t io n ,  [167], and low ering th e  r o ta t io n a l  b a r r ie r .

PhSO ^ '^CH^COjH PhSOj CĤ GD̂ H

1 1 6 6 !  [ 1 6 7 1

RsCN.NOj.H.Me.MeO

U nlike in  [161], th e  b a r r ie r s  in  [166] a re  w holly s t e r i c  in  n a tu re , 

being caused by th e  bulky benzenesulphonyl group being unable to  pass 

the  p e r i  H-8 and 2-methyl s u b s ti tu e n ts  o f  th e  naphthalene r in g . This 

system  has some resem blance to  atropisom erism  in  b iphenyl d e r iv a t iv e s ,  

whereas th e  b a r r ie r s  in  th e  quinolone systems d iscu ssed  have 

s u b s ta n tia l  e le c tro n ic  co n tr ib u tio n s  to  t h e i r  o v e ra l l  b a r r ie r s .
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Thermal s t a b i l i t y  o f h e te ro c y c lic  sulphenam ides: attem pted  p re p a ra tio n
o f  some su lphenvlhvdrazides

5.1 S ta b i l i ty  o f  some h e te ro c y c lic  sulphenamides

In  2 .5 , th e  therm al s t a b i l i t y  o f  some sulphenamides was d iscu ssed .

In  o rd er to  extend th i s  work, th e  sulphenamides [168] and [169] were 

sy n th es ised  to  t e s t  t h e i r  s t a b i l i t y .  I t  was found th a t  they  e ffe rv esced

< n > s c i  ^  
W  c H , a ,

1 9 ^ 1  { 1 5 3 }  [ 1 6 3 ]

C O o " ®  w  0 0 , 0
NH, / N ^

H

[ 1 1 9 ]  [ 1 6 9 ]

v ig o ro u sly  a t  t h e i r  m elting  p o in ts  (th e  r e la te d  d e r iv a tiv e s  [142] and 

[143] d id  l ik e w is e ) . On is o la t io n  o f  th e  p roducts o f  p y ro ly s is  o f  

[168] and [169], th e  corresponding h e te ro c y c le s , ph thalim ide o r 

q u in o lin -2  (IH) -one were ob ta ined  to g e th e r  w ith  b is  (4 -chlorophenyl) 

d isu lp h id e . Two mechanisms may be proposed to  account fo r  the  

p ro d u c ts , invo lv ing  i n i t i a l  homolysis o f  th e  N-N o r S-N bonds. In  th e  

N-N homolysis mechanism, the  h e te ro c y c lic  r a d ic a l  may a b s tr a c t  a p ro to n  

from the  th io -im in o  r a d ic a l  to  give th e  p a ren t h e te ro cy c le  (phthalim ide 

o r q u in o lin -2 (IH) -o n e ) , and th e  su lp h en y In itren e  in te rm ed ia te  [170]
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which subsequently  dim erises and then fragments to  b is  (4-chlorophenyl) 

d isu lph ide  and n itro g e n  (scheme 8). The trap p in g  o f such a n i  tre n e

SCHEME 8

- N

0

11711

N - §
homolysis

-NH

0
s - O - "

11701

\  j - " '

( 4 - a c ^ . s i ,

♦

Ô 1
NH » N.

11721

forms the second p a r t  o f  th i s  work. An a l te rn a t iv e  mechanism involves 

homolysis o f  the  N-S bond to  give th e  hydrazyl ra d ic a l  [171], and a 

th io la te  ra d ic a l .  These may d im erise to  the  d isu lp h id e  and te tra z a n e  

[172]; the l a t t e r  is  known^*^’®̂  to  fragment in  the  manner shown to  

give the  h e tero cy cle  and n itro g e n . I t  may be p o ss ib le  to  d is t in g u is h
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between th ese  pathways by e . s . r .  spectroscopy  o r sp in  tra p p in g  e x p e r i­

m ents, b u t th i s  was no t a ttem pted . I t  was found th a t  [169] decomposes 

a t  lower tem peratures than [168] in  s o lu tio n , e .g . in  b o il in g  xylene 

fo r  15 m in ., [169] i s  com pletely decomposed, whereas [168] i s  only

s l ig h t ly  a f fe c te d . This im plies th a t  th e  N-N homo ly s is  mechanism
64occurs as p revious work had shown th a t  th e  s t a b i l i t y  o f  th e  h e te ro ­

c y c lic  ra d ic a ls  would in d ic a te  th e  ph thalim ide r a d ic a l  to  be le s s  

e a s i ly  fom ed  (see 2 .5 ) . Hydrogen a b s tra c t io n  by the  h e te ro c y c lic

r a d ic a l  a lso  has some p recedent s in ce  th e  phthalim ido r a d ic a l  i s  known
82to  be a good hydrogen a b s tr a c te r .

5.2 R eaction o f  2-benzy l-1 -m ethyl-1-phenvlhvdrazine w ith  4 -ch lo ro - 
phenylsulphenvl ch lo rid e

2-Benzyl-1 -m ethyl-1 -phenylhydrazine [173] was sy n th es ised  from 1- 

m ethyl-1 -phenylhydrazine by condensation  w ith  benzaldehyde follow ed by 

red u c tio n  w ith  lith iu m  aluminium hydride under fo rc in g  co n d itio n s . 

Conpound [173] i s  r e a d ily  o x id ised  by a i r  back to  th e  s ta r t in g  hydrazone

P h . Ph^ CHPh
N -N H ; * PhCH O — ► N - N ^

Me M e ^

i m i

LiAlH4

P h ^  / H  
N -N  

M e ^  ^ C H .P h

[1731
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Scheme 9
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1 1 7 3 )  *  1153]

(a)

1 1 5 3 ) 76% 88%

CH,Ph

- 0 “

1 1 7 5 )  

i T N E f ,r,Ph. iCHPh 
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Ph XHPh
N - n / “ 1H 1 1 7 6 )

Me
• S C g H p - 4

i m )  * 4 -C iq H ^ S H

Ph ® , CHjPh
N = N ^

Me
/

( 4 - a C H ,S )

® S q H ^ a - 4

Me.CH-N
^ C H jP h

NO.

Ef,N
—2— .. no reaction

[134-]



[174]. The hydroch loride o f  [173] i s  s ta b le ,  however, and was used to  

c h a ra c te r is e  th e  hydrazine.

When [173] was t re a te d  w ith  4 -chlorophenyIsulpheny 1 c h lo r id e  [153] 

in  e th e r  a t  0° in  the  presence o f  tr ie th y la m in e , i t  was found th a t  two 

moles o f  [153] were req u ired  to  consume a l l  o f  [173], and th e  on ly  two 

p roducts i s o la te d  were th e  hydrazone [174] and b i s (4-chlorophenyl) 

d isu lp h id e . No evidence fo r  the  sulphenyIhydrazide [175] was ob ta ined  

a t  a l l ,  even a t  -40° (by n .m . r . ) . Three mechanisms cou ld  account fo r  

th ese  p roducts (scheme 9).

As a c o n tro l experim ent fo r  th e  E2 e lim in a tio n  [mechanism (a) ] ,  th e  

sulphenamide [134] was s t i r r e d  in  tr ie th y lam in e  a t  room tem perature 

fo r  Ih  and no change occu rred ; t h i s  suggests  mechanism (a) i s  u n lik e ly . 

When th e  re a c tio n  was done in  an e . s . r .  tube and quenched a t  -196° a 

few seconds a f t e r  adding th e  sulphenyl c h lo r id e , a weak r a d ic a l  s ig n a l 

was seen (g = 2 .006), b u t no s p l i t t i n g  was seen as th e  sample was in  th e  

s o l id  s ta t e .  This s ig n a l could be th e  hydrazyl r a d ic a l  [176], and 

in d ic a te s  th a t  some o f  th e  breakdown o f  [175] goes v ia  a  ra d ic a l  p a th ­

way [mechanism (b) ] . The major pathway to  th e  p roducts i s  probably  the  

anch im erica lly  a s s is te d  SNl mechanism ( c ) . This would f i t  in  w ith  the  

s t a b i l i t y  o f  th e  sulphenyIhydrazides d iscu ssed  in  2.6 in  which the  

te rm inal n itro g en  lone p a i r  i s  no t a v a ila b le  fo r  anchim eric a s s is ta n c e  

owing to  amide o r tt d e lo c a l is a tio n . The a v a i l a b i l i ty  o f  th is  lone p a i r  

i s  ev id en tly  o f  fundamental im portance in  determ ining th e  s t a b i l i t y  o f  

the  su lphenyIhydrazide.

5.3 Reaction o f  1 ,1 -d ibenzyIhydrazine w ith  4 -chlorophenylsulphenyl 
c h lo rid e

When 1 ,1 -dibenzy Ihydraz ine was t r e a te d  w ith  1 mole o f  4 -ch lo ro -
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phenyIsulpheny 1 c h lo rid e  in  e th e r  a t  0° in  th e  p resence o f  t r i e t h y l ­

amine, th e  is o la te d  products were b i s (4-chlorophenyl) d isu lp h id e , 93% 

b ibenzy l [177], 43% and benzaldehyde dibenzylhydrazone [178], 45%. The

l a t t e r  two compounds a re  c la s s ic  decay products o f  d ibenzylam inonitrene 
83[179], and th e  l ik e ly  mechanism i s  given in  scheme 10.

84The N -n itren e  may fragment to  b ibenzy l o r  be cap tu red  by ano ther 

mole o f  1 ,1 -dibenzy Ihydraz ine to  g ive  th e  hydrazone [178]. Another 

known decay product o f  th e  n i tre n e  [179] i s  te tra b e n z y lte tra z e n e

[180],®® bu t no tra c e  o f  th is  compound was d e te c ted  in  th e  crude 

re a c tio n  m ixture by t . l . c .  o r  n .m .r . comparison w ith  an au th e n tic  

sample; th e  benzyl CHz pro tons o f [180] re so n a te  a t  64 .3 , and no such 

s ig n a l was seen in  th e  n .m .r . o f  th e  crude re a c tio n  p ro d u c t.
83The mechanism o f form ation o f  [178] (proposed by Koga and Anselme )

i s  f a r  from proven, bu t th i s  hydrazone h as  a lso  been is o la te d  in  sev e ra l
86Other oxidations of 1,1-dibenzyIhydrazine.

A fre e  r a d ic a l  mechanism i s  u n lik e ly  as th e  r e s u l t in g  hydrazyl

r a d ic a l  [181] i s  known to  decay a t  th e  d if fu s io n  c o n tro lle d  l im i t  to
87dibenzylam ine and n itro g e n :

IPhCH^j^N-NH —  (PhCH ^jNH  ♦ N2

1131) 1153)

(P h C H ;)^ - S - 0 C 1  

1182)

I f  th i s  p rocess occurred  in  the  above re a c tio n  then  s u b s ta n t ia l  

q u a n ti t ie s  o f dibenzylam ine o r [182] ought to  be is o la te d ;  th e  benzyl 

p ro tons o f [182] appear a t  64 .0 , b u t no s ig n a ls  were seen a t  th i s
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Scheme 10

(PhC H J-N -N H , ♦ 4 - a C A S C l  (PhCHJ,N^NH^C K Q - 42 2 2 6 4 £J.^Q 2 2 6 4

0  0  Pf K1 0
1CH,),N = N (PhCH;^N = NH

1 1 7 9 }  ® SC .H .C l-46 4

I  y /  \  1 1 5 3 }

PhCH ® Q  [ U - a C H S i
N - N H  ® ^ '

PhC H "^

(PhCH^),N=N ----------► PhCH^CH.Ph ♦ N ,

11 (P h C H ^ )jN -N = N -N (C H jP h ),

1 1 8 0 }

PhCH ® 0  PhCH2
N-NH ♦ (PhCH,),N-NHj —  \

P h C H ^  ' j )

,CHPh
( P h C H j ) j N - N '  ♦  [ P h C H j N H N H j ]

1173}



p o s it io n  in  th e  n .m .r . spectrum o f  th e  crude re a c tio n  p ro d u c t, and

neither was any dibenzylamine detected.

I t  i s  in te re s t in g  to  no te  th a t  th e  sulphonyIhydrazide [183] i s
88Stable at room temperature. The resu lts obtained in 5.2 and 5.3

(PhCHj)^N-NHSO,Ph 

1183]

v e r ify  th e  sta tem ent in  2 .6  th a t  th e  th io la te  anion i s  a b e t t e r  leav ing  

group than  th e  su lp h in a te  anion in  th e se  system s, and th a t  th e  te rm in a l 

n itro g en  lone p a i r  must be in h ib i te d  from an ch im erica lly  a s s i s t in g  

cleavage o f  th e  S-N bond by resonance d e lo c a l is a tio n ,  i f  th e  re s u l t in g  

conpounds a re  to  be s ta b le  a t  room te n p e ra tu re . The p o s s ib i l ­

i t y  o f anchim eric a s s is ta n c e  in  th e  cleavage o f  th e  S-N bond i s  known
89to  reduce th e  s t a b i l i t y  o f o th e r  sulphenam ides, and i s  borne ou t by 

th e  r e s u l t s  above.
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CHAPTER 6



PART 2

In tro d u c tio n

In  th i s  ch a p te r , th e  behaviour o f  v ario u s  n i tre n e s  which can be 

trapped  in te rm o lec u la rly  w i l l  f i r s t  be b r ie f ly  examined.

6.1 S h e l l 's  hypothesis^^*^^

N itren es  may undergo cy c lo ad d itio n  to  alkenes to  g ive a z i r id in e s .

With c is  s u b s t i tu te d  a lk en es , some n i tre n e s  g ive a z ir id in e s  in  which

the  s u b s ti tu e n ts  a re  o r ie n ta te d  t r a n s : indeed, o cc a s io n a lly  th e  same

m ixture o f  a z ir id in e s  may be formed from bo th  c i s  and tra n s  a lkenes.

An ad ap ta tio n  o f  S h e l l ’s hypothesis  (o r ig in a l ly  conceived fo r  th e  case

o f  carbenes) ex p la in s th ese  r e s u l t s  in  terms o f  th e  sp in  s ta t e  o f  th e

re a c tin g  n i tre n e . Whereas a d d itio n  o f  th e  s in g le t  n i tre n e  to  th e^

alkene i s  concerted  so th a t  the  alkene c o n fig u ra tio n  i s  r e ta in e d ,

a d d itio n  o f  th e  t r i p l e t  s ta t e  goes v ia  a b ir a d ic a l  in te rm ed ia te  [184]

(scheme 11) in  which th e  sp ins o f  th e  unpaired  e le c tro n s  a re  th e  same

( p a r a l l e l ) . Before bond form ation to  g ive th e  a z ir id in e  can occur,

th ese  sp ins must be p a ire d . Since th e  tim e re q u ired  fo r  a sp in

in v e rs io n  i s  g re a te r  than  the  tim e re q u ired  fo r  ro ta t io n  around a  C.-C

bond, s te r e o s p e c if ic i ty  i s  lo s t  and bo th  a z ir id in e s  [185] and [186] a re

formed. E x cep tio n a lly , in  some systems sp in  in v e rs io n  may be f a s t e r

than  bond r o ta t io n s ,  where th e  l a t t e r  i s  abnorm ally slow , e .g . th i s  i s

one o f  th e  ex p lanations which has been proposed to  account fo r  th e
92re a c tio n  p roducts o f  dibromocarbene w ith  d ih a lo a lk e n e s . Although

o r ig in a l ly  e m p iric a lly  d eriv ed , the  S k e ll hypo thesis  has been e lab o ra te d
93by Hoffinann w ith  th e o re t ic a l  c a lc u la t io n s ,  and appears to  hold  fo r
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many t r i p l e t  n i tre n e s  and carbenes.

6.2 E thoxvcarbonvlnitrene

Lwowski and McConaghy^^ ’ have examined th e  behaviour o f  ethoxy- 

carb o n y In itren e  [187] w ith  c is  and t r a n s -4 -m ethy l-pen t-2 -ene [188] and 

[189]. The n i tre n e  was generated  e i th e r  th e rm o ly tic a lly  o r photo-

M^CH Me Me,CH
N _ /

^M e

1 1 8 8 ]  [ 1 8 9 ]

l y t i c a l l y  from e th y l azidoform ate [190], o r  by base c a ta ly se d  a- 

e lim in a tio n  from th e  N -(4-nitrobenzenesu lphonyloxy)urethane [191] 

(scheme 12). Like a l l  h e te r o ly t ic  methods, th e  s in g le t  s t a t e  o f  th e  

n i tre n e  i s  generated  by th is  r e a c tio n . However, decay to  th e  t r i p l e t  

s ta t e  may occur i f  th i s  i s  the  ground s t a t e  (which i t  i s  in  th e  case 

o f  [187]). On e le c tro n ic  grounds alone th e  t r i p l e t  s ta t e  i s  expected 

to  be th e  ground s ta te  (by Hund’s r u le s ) ,  b u t th e  n a tu re  o f  th e  

s u b s ti tu e n ts  may a l t e r  t h i s .  Lwowski found th a t  in  the  re a c tio n  o f  

[187] w ith  [188] o r [189], the  a d d itio n  was h ig h ly  s te re o s e le c t iv e  a t  

h igh  co n cen tra tio n  o f  a lkene , e .g . a t  33 mole % o f  [188] in  d ic h lo ro -  

methane, 92% o f  th e  c is  a z ir id in e  [192] was is o la te d ,  and 8% o f  th e  

tra n s  a z ir id in e  [193], when th e  n i tre n e  was genera ted  by th e  a - e l  im ina­

t io n  ro u te . When genera ted  in  th e  p resence o f  an a lkene , th e  s in g le t  

n i tre n e  may add to  the  alkene o r decay to  the t r i p l e t  s ta t e .  The 

former p rocess predom inates a t  h igh  co n cen tra tio n  bu t w ith  in c reas in g  

d i lu t io n  more o f  th e  s in g le t  s ta te  decays to  the  t r i p l e t  by c o l l i s io n s  

w ith  the  in e r t  so lv en t m olecules. As a r e s u l t ,  the  re a c tio n  becomes
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Scheme 12 

E tO :C -N H O S O :C ^ ,N O :-4  

[ 1 9 1 ]  

I base 

NsCO^Et ^  ' [ t » N - C O , E f ] - ^ n ^ N - C O # ]

1871
[ 1 8 9 ]

[ 1 8 9 ]
’188}

[ 1 9 2 H 1 9 3 ]

H CHMe,
\

N
2

Me

[ 1 9 2 ]  [ 1 9 3 ]

le s s  s te re o s e le c t iv e ,  w ith  a g re a te r  amount o f  the  ’wrong’ a z ir id in e  

formed. Both c is  and tra n s  4-m ethylpent-2 -ene give th i s  r e s u l t .  With 

the r a t io s  o f  a z ir id in e s  being d i f f e r e n t  even a t  high d i lu t io n  (and 

s t i l l  ap p aren tly  changing even a t  th i s  h igh  d ilu tio n )  i t  appears th a t  

a p ro p o rtio n  o f the  a z ir id in e s  produced a re  s t i l l  being  derived  from 

the  s in g le t  s ta te  a t  th i s  d i lu t io n .

6 .5  Cvanonitrene

The re a c tio n  o f  cyanonitrene [194] w ith  c is  and tra n s  -1 .2 -dim ethyl - 

cyclohexane [195] and [196] i s  s im ila r  in  p r in c ip le  to  th a t  d esc rib ed
96above. Thermolysis o f  cyanogen azide  [197] (scheme 13) g ives s in g le t  

cyanonitrene which then decays to  th e  h ig h ly  resonance s ta b i l i s e d
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Scheme 13

H

1 1 9 5 ]

H

H

1 1 9 6 )

N j— CN

1 1 9 7 ]

1 1 9 7 ]  — — — ’ [nN-C = N]
-N,

[ 1 9 5 L

i m ]

[1 9 6 ]

(tN=C=Ntl

1 9 5 ]  o r  [ 1 9 6 ]

H H H

\ L nhcn

Me

[ 1 9 8 ]

Me

^ X - M e  

NHCN

[ 1 9 9 ] NHCN 

[ 1 9 8 ]  * [ 1 9 9 ]

t r i p l e t  S ta te . In the  re a c tio n  w ith  [195] and [196], the  n i tre n e  

in s e r ts  in to  the  t e r t i a r y  C-H bonds. The s in g le t  s t a t e  may do th is  in  

a concerted  fash io n , bu t th e  t r i p l e t  s t a t e  f i r s t  a b s tr a c ts  a hydrogen 

atom to  give a p a i r  o f  r a d ic a ls  w ith  sp ins p a r a l l e l ;  only  a f t e r  sp in  

in v ers io n  i s  the product formed. As th e  t e r t i a r y  ra d ic a l  formed is  

p la n a r , bo th  s te reo iso m eric  p roducts [198] and [199] a re  ob ta ined .

Thus the  system resem bles the  a d d itio n  o f  s in g le t  and t r i p l e t  n itre n e s  

to  a lkenes. In n e a t [195] o r [196], th e  re a c tio n  i s  s te re o s p e c if ic
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( ta b le  12) b u t on d i lu t io n  w ith  dichlorom ethane, decay from s in g le t  to  

t r i p l e t  may occur v ia  c o l l is io n s  w ith  so lv en t m olecules, and as a 

r e s u l t  bo th  s te reo isom ers [198] and [199] a re  formed. 'Heavy atom' 

so lv e n ts , e .g . dibromomethane a re  known to  in c rease  th e  r a te  o f

TABLE 12

R eaction o f  \N-CN w ith  [195] and [196]

so lv en t

n ea t

Œ 2 CI2

CH2Br2

cone. o f 
hydrocarbon 
(volume %)

hydrocarbon
used

%
[198]

%
[199]

100 [195] >98 < 2

100 [196] < 2 >98

/
[195] 75 25

I 2 [195] 62 38

1
[196] 36 64

'  2 [196] 39 61

10 [195] 52 48

10 [196] 52 48

97s i n g l e t - t r i p l e t  t r a n s i t io n s  by a s p in -o rb i t  coupling mechanism. 

Indeed, in  dibromomethane as so lv e n t, co n ta in in g  10% [195] o r  [196], 

th e  same r a t io  o f  [198] o r  [199] was o b ta ined  in  each case , thus 

in d ic a tin g  re a c tio n  only  o f  th e  t r i p l e t  s ta t e .

Cyanonitrene a lso  adds to  a lk en es , b u t the  re a c tio n  i s  com plicated 

by the  f a c t  th e  n i tre n e  p re c u rso r , th e  az ide  [198], a lso  re a d ily  adds 

to  alkenes v ia  a 1 ,3 -d ip o la r  mechanism.
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6.4  N -n itren es  (see a lso  2.1 and 2.2)

At p re se n t,  th e  only  N -n itren es  which a re  known to  be trapped  i n t e r - 

m olecu larly  by alkenes a re  those  in  which th e  second n itro g e n  i s  p a r t  

o f  a h e te ro c y c lic  r in g  (see 2 .1 ) . Such n i tre n e s  r e a c t  w ith  a v a r ie ty

o f  alkenes inc lud ing  e le c tro n  d e f ic ie n t  ones such as the  a c ry la te s :

H

51

r  COjMe

N—N.

0

[ 9 0 ]
Ph Me

W  
[ 200]

-N
CO,Me

(73%)

H

N-N
Ph

/
Me

Such behaviour i s  unusual fo r  a n i tre n e  which, norm ally being e l e c t r o - 

p h i l i c ,  r e a c ts  only w ith  e le c tro n - r ic h  a lk en es .

A ddition  o f  benzoxazolinonenitrene [91] to  c is  and tra n s  b u t - 2-ene
48was found to  be s te re o s p e c if ic  even a t  h igh  d i lu t io n .  Phthalim ido- 

n i tr e n e  [90] a lso  adds s te r e o s p e c if ic a l ly  to  the  b u ten es , and, as has

I
N

[ 91]

Me Me
W
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been found in  th i s  work, to  c is  -1 -phenyIpropene [200], a t  low concen­

t r a t io n  o f  [200] in  dichlorom ethane. In  th e  l a t t e r  case , th e  d riv in g  

fo rce  fo r  r o ta t io n  w ith in  the  d erived  t r i p l e t  b i r a d ic a l  would be 

s tro n g . The s - tr ia z o lo -N -n itre n e  [202] a lso  adds s te r e o s p e c if ic a l ly

N —N

I 1202)
•N.

to  [200]. The behaviour o f the  above n i tre n e s  in d ic a te s  th a t  

re a c tio n  occurs only v ia  th e  s in g le t  s t a t e .  In  th ese  N -n itre n e s , th e  

s in g le t  s t a t e  appears to  be resonance s ta b i l i s e d  by th e  ad jacen t 

n itro g e n  whereas th e  t r i p l e t  s ta t e  i s  n o t, and as a r e s u l t  the s in g le t  

s ta t e  i s  th e  ground s ta t e .

J

0 0 ^

© 
N = N

tr ip le t  s inglet

The re a c tio n  w ith  bo th  e le c tro n - r ic h  and e le c tro n -d e f ic ie n t  alkenes

may be accounted fo r  by an ex tension  o f  an ex p lan a tio n  devised  by 
99Jones ejt a l .  fo r  some arom atic carbenes. I t  i s  assumed th a t  the  

HOMO-LUMO o r b i ta l s  o f  th e  n i tre n e  and alkene a re  o f  s im ila r  energy; 

in  the  case o f  th e  e le c t r o p h i l ic  n i tre n e  th e  HONDaikene-LUMOnitrene 

in te ra c t io n  i s  s tro n g e r , owing to  th ese  o r b i ta l s  being c lo se r  in  energy 

than th e  o th e r  p a i r .  The n e t e f f e c t  i s  donation o f  e le c tro n s  from 

alkene to  n i t r e n e ,  w ith  th e  rev e rse  apply ing  fo r  th e  n u c le o p h ilic
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$ H o m

alkene n itren e  
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' ' ' I  HOMO

H M )  f i r

alkene n itren e

’n u c le o p h il ic ’ n i t r e n e

n i t r e n e ,  th e  HOMOni t  r ene - LUMO alkene in te ra c t io n  being dominant. With 

an am biph ilic  n i t r e n e ,  e i th e r  in te ra c t io n  may predom inate, depending 

on th e  n a tu re  o f  the  alkene.

A fu r th e r  p e c u l ia r i ty  o f th ese  N -n itren es  i s  th a t  they show svn 

s e le c t iv i ty  in  re a c tio n  w ith  a lk en es , th e  more h indered  a z ir id in e  

invertom er o f te n  being th e  f i r s t  formed. For example, a d d itio n  o f  

ph th a lim id o n itren e  to  s ty ren e  a t  -30° g ives th e  svn invertom er [203]; 

a t  th i s  tem perature n itro g e n  in v e rs io n  i s  re ta rd e d . On warming to  over

100

N-N; ♦ Ph -30

R

[ 2 0 3 Jr.

Ph

0°, th e  therm odynam ically more s ta b le  [204] i s  formed. The k in e t ic a l ly  

formed invertom er [203] i s  i n i t i a l l y  fo m ed  as a r e s u l t ,  i t  i s  proposed.
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o f  favourab le  secondary o r b i ta l  in te ra c t io n s  between th e  phenyl group 

o f  th e  s ty ren e  and a carbonyl group in  th e  phthalim ido r in g . A 

s im ila r  s e le c t iv i ty  i s  observed using  d ienes as t r a p s ,  and th i s  

re q u ire s  th a t  th e  d ienes adopt th e  s - c is  conform ation to  enable 

secondary o r b i ta l  in te ra c t io n s  to  occur. A s im ila r  svn s e le c t iv i ty  

i s  a lso  shown by many c a r b e n e s a l t h o u g h  th e  s e le c t iv i ty  w ith  f re e  

carbenes (as opposed to  carbenoids) i s  n o t la rg e .

6 .5 0 -n i tre n e s

L i t t l e  work has been done on th ese  sp e c ie s ; a t  p re s e n t ,  th e  only 

su c c e ss fu l way o f  genera ting  them i s  by o x id a tio n  o f  th e  corresponding 

hydroxylamine [205]:

RO—NH2 [0 ] ---------► RO—N.
[205]

RO—NHTos + NaH
[206]

a - e l  im ination  o f  a to s y l group from an N -sulphonyl-O -aryl ( a lk y l) -
102hydroxylamine [206] f a i le d  to  g ive n i t re n e  d erived  p ro d u c ts .

Brois^^^ o b ta ined  a 30% y ie ld  o f  th e  a lk o x y a z ir id in e  [207] on o x id a tio n  

o f  0 -methyIchydroxylamine w ith  lead  te t r a - a c e ta te  in  th e  p resence o f  

2 ,3 -dim ethyIbut-2 -e n e :

RO

RONH2 + Pb(OAc)^ + Me2 C=CMe2

[207] R = Me

[2 0 8 ] R = Me(CH2)3
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N -n-butoxynitre n e  gave an analogous a z i r id in e  [208] in  40% y ie ld .

The re a c t io n  o f  th i s  n i tr e n e  w ith  c i s  and tra n s  b u t- 2-ene was found 

to  be s te re o s p e c if ic  by gas chrom atographic mass spectrometry.^®"^

Some th e o re t ic a l  calculations^® ®  had p re d ic te d  a s in g le t  ground s ta t e  

fo r  N -n itren es  and 0 -n itre n e s ,  and th e se  a re  v e r i f ie d  by th e  above 

r e s u l t s .

6.6  S u lp h in y ln itren es

There i s  one re p o rt o f  a s u lp h in y ln itre n e  interm ediate.^®® Sulph iny l

az id es  can be p repared  by c a re fu l  r e a c tio n  o f  su lp h in y l ch lo rid e s  w ith

sodium az ide  a t  low tem peratures (<-20°) in  an in e r t  so lv e n t. These

az id es  [209] re a d ily  evolve n itro g e n  on warming, and g ive a v a r ie ty  o f

p ro d u c ts . A su lp h in y ln itre n e  in te rm ed ia te  i s  p o s tu la te d . I t s  f a i lu r e
107to  undergo th e  C urtiu s  rearrangem ent i s  accounted fo r  by i t s

A .. ®  o
ArS-Ns -------- ► ArS-N.   ^  ArS=N^   ► ArS^N

II II * II II0 0 0 0
[209]

Curtius
rearrangement

ArN=S=0

s ta b i l i s a t io n  by resonance, which reduces i t s  ground s ta t e  energy.

The n i tre n e  was trapped  by O4S0, b u t th e  p roduct is o la te d  was th e  

su lp h ilim in e  [210], and n o t the  expected sulphoxim ine [211]. [210] i s

thought to  a r i s e  by oxygen t r a n s f e r  v ia  th e  sulphurane [212].

6.7 Sulphenvlcarbenes

To d a te  sulphenylcarbenes have only  been generated  by a - e l  im ination
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ArS-N*: + Ms2S = 0 — ^ ---- - A r S - N  = SMe2 [211]II / \  II II0

0
II

A r S = N e

0 —SMe2

0 0

0
II

ArS ==N

0-^SMe2

[212]

0
II

ArS—N -  SMe2 
H 
0

[210]

o f  1 -ch lo ro a lk y l su lp h id es . However, th i s  method o f  form ation  may a lso  

g ive a carbenoid  type in te rm ed ia te . The re a c tio n  o f  pheny lth iocarbene 

g enerated  th i s  way w ith  c i s  and tra n s  b u t - 2-ene was found to  be 

s te re o sp e c ific ,^ ^ ®  and in  the  case o f  c i s - b u t - 2-ene a svn s e le c t iv i ty  

o f  7:1 was observed. S im ila r ly , re a c tio n  w ith  c i s -1 ,2 -b is (p h en y Ith io ) 

ethene only gave th e  a l l  c is  adduct [213]. Such behaviour in d ic a te s  a

PhSCH,Cl ♦ KOBu^ PhSCH?

PhS SPh
W

PhS

PhS SPh

W
SPh

product 

[ 2 1 3 1

carbenoid  r a th e r  than  a f re e  carbene.

A ddition  o f  a crown e th e r  (e .g . 18-crown-6] i s  thought to  r e s u l t  in  

a carbene r a th e r  than a carbenoid , probably  by com plexation o f  th e  

m etal. Using th i s  reag en t, th e  a d d itio n  o f  m ethy lth io -ch lo rocarbene
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to  th e  b u t-2 -en es  was found to  be s te reo sp ec ific ,^ ^ ®  in d ic a tin g  a 

s in g le t  ground s ta te  fo r  th is  carbene. There is  no re p o r t  to  d a te  o f 

phenylth iocarbene being s im ila r ly  genera ted  in  the  p resence o f  a crown 

e th e r .

6 .8  S u lnhenv ln itrenes

Very l i t t l e  i s  known about th ese  sp e c ie s . Fluoro^^® and ch lo ro -

th iazyne^^^ [214] and [215] a re  known compounds which tr im e r is e
112 113re a d ily .  S pectroscopic s tu d ie s  ’ in d ic a te  they  have a ben t

o o
s tru c tu re  w ith  sh o rt S-N bonds [1.45 A as compared to  1 .7  A in  a 

sulphenamide S-N bond®^), i . e .  fo rm ally  th e  s tru c tu re s  may be w r i t te n

as :
115'F Cl H

S h N Ss N

[214] [215] [216]
1 . 4 5 A

A th e o re t ic a l  study^®^ on [216] in d ic a te d  an S-N bond o rd e r o f  2.54 

w ith  th e  n itro g e n  having approxim ately one u n i t  o f  n eg a tiv e  charge fo r  

the  s in g le t  s ta t e  o f [216] ; w hether th is  i s  a lso  th e  ground s ta t e  was 

n o t determ ined.

A su lp h en y In itren e  in te rm ed ia te  was proposed in  th e  decom position 

o f  the  sulphenim ide anion [217]:^^^

- 8 4 -



(PhS)2NH + BuALi ------- — ► (PhS) zN-Li + Bu”H
[217]

O
[217] + CHsCCHzjtBr — — -  PhSLi  ►PhS(Œ2)^CH3

+ [PhS-N :]

1 ■ ^
PhSSPh + Nz

The anion i s  s ta b le  a t  -20° b u t a t  room tem perature fragm ents as

shown. The au thors d id  n o t a t te n p t  to  tra p  th e  n i t r e n e  which they

suggested  subsequently  decayed to  d iphenyl d isu lp h id e .

An a ttem pt to  p rep are  su lphenyl az id es  f a i l e d . E v e n  a t  -40° th e

re a c tio n  o f  an a ry lsu lp h en y l c h lo r id e  w ith  sodium az id e  spontaneously

evolved n itro g e n , and d isu lp h id es  were th e  even tual p ro d u c ts . I t  seems

p o ss ib le  th a t  th e  su lp h en y ln itren e  [218] formed a tta c k s  a m olecule o f

sulphenyl az id e  [219], and th e  c o lla p se  o f  th e  b is (a ry l th io )d i- im id e

[220] g ives d ia ry l  d isu lp h id e :

ArSCl + NaNs — —— _  ArSNj -------- -A rS -N .' + Nz
[219] ' [2 1 8 ]

-Nz
ArS—N] + ArSNs --------- ► ArS-N=N-SAr-------►ArSSAr + Nz

[220]

Ar=phenyl, 4-tolyl, 4-nitrophenyl, 2,4-dinitrophenyl

An in te rm ed ia te  su lpheny ln i tre n e  has been proposed from re a c tio n  o f 

perfluoropropene and th ia z y l  f lu o r id e  in  the  p resence o f  caesium 

f lu o r id e  :
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CF3CF=CF2 + NSF
CsF

(c f3)2Cf -s -n;
[221]

The n i t re n e  [221] d im erises and fragm ents to  th e  corresponding 

d isu lp h id e  [222] which i s  th e  m ajor p roduct (43-48%) a lthough an o th er 

decay product [223] i s  formed;

[221] [(CF3)2CF-S]2 (43-48%)

[222]
dimerises

/C F (C F 3 )2  

( C F 3 ) 2 C F - S - N _ /  II )  - - - C C F 3 ) 2 C F - S - N = S = N - C F ( C F 3 ) 2

[223] -17%

A product d eriv ed  from n itre n e  a d d itio n  to  excess perfluoropropene 

i s  o b ta in ed , i . e .  the  sulphenylim ine [224].

(c f3)2Cf - s -n; + c f3Cf=cf2
[221]

CF3 

F

[225]
F

( C F 3 ) 2 C F - S - N —C ( C F 3 )  2

[224]
(13-22%)

This i s  probably  formed from therm al decom position o f  the  i n i t i a l l y  

formed a z ir id in e  [225] under the  re a c tio n  co n d itio n s  (130°, 16-24h). 

O ther h a lo a z ir id in e s  a re  knoMi to  decompose in  a manner s im ila r  to
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th a t  shown.

One p o s tu la te d  su lpheny ln i tre n e  in te rm ed ia te  has been in term ole- 

c u la r ly  trapped  : deoxygenation o f  t r i t y l t h i o n i t r i t e  [226] w ith

tripheny lphosph ine gave th e  sulphenyIphosphin-im ide [227] :

Ph3C-S-N=0 + Ph3P ------- ► Ph3C-S-N; + Ph3P=0
[226]

Ph3P

Ph3C-S-N=PPh3
[227]

The same adduct was is o la te d  by o x id a tio n  o f  th e  sulphenamide [228] 

by lead  te t r a - a c e ta te  in  th e  p resence o f  tripheny lphosph ine  in  low 

y ie ld .

Ph3C-SNH2 + PPh3 + Pb(OAc)^ ----- ► [227] (10%)
[228]

Deoxygenation o f  [226] by tripheny lphosph ine in  I^ISO gave [227] b u t 

a lso  th e  sulphoxim ine [229] in  11% y ie ld .

P h 3 C -S -N = 0  + Ph3P + m S O  -----^  [227] + Ph3C-S-N

SMe2

[229]
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CHAPTER 7



The trap p in g  and sp in  s ta te  o f  2 .4 -D in itro b en zen esu lp h en v ln itren e

In  ch ap te r f iv e  re fe ren ce  was made to  a su lpheny ln i tre n e  in term ed­

i a t e  in  th e  deconposition  o f  [168] and [169]. In  th i s  c h a p te r , th e  

trap p in g  o f  such an in te rm ed ia te  i s  d esc rib ed .

7.1 S ynthesis  o f  n i t r e n e  p recu rso rs

The prim ary sulphenamides [230] - [234] were used as n i tr e n e  

p re c u rso rs , being  r e la t iv e ly  easy to  sy n th e s ise , and o x id a tio n  by lead  

te t r a - a c e ta te  was expected to  g enera te  th e  n i t re n e  in te rm ed ia tes  [235]. 

The sulphenamides [231] and [234] were conven ien tly  p repared  by t r e a t ­

ment o f  th e  corresponding sulphenyl c h lo r id e  w ith  excess ammonia in  

aqueous a c e to n i t r i l e .  This re a c tio n  f a i l s  w ith  4 -chlorobenzenesulpheny 1 

c h lo rid e  [153], th e  p roduct being th e  disulphenam ide (sulphenim ide)

[236].

0II
[230] R = PhC-
[231] R = 2 -n itro p h en y l

R -S^ [232] R = 4 -n itro p h en y l
[233] R = 4 - chloropheny 1
[234] R = 2 ,4 -d in i  tropheny 1 = Ar ̂

RSNHz + Pb(OAc)^ -------► R-S-N^ + Pb(0Ac)2 + 2AcOH
[235]

(4-ClC6H4S)2NH

[236]

In stead  [233] was sy n th es ised  by am ination o f  4 -ch lo robenzene th io l 

by hydroxylam ine-0-sulphonic a c id  in  aqueous b ase . [233] i s  an u n s ta b le  

o i l  which d isp ro p o rtio n a te s  to  [236] and ammonia on stand ing  a t  room
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temperature. It is stable at -20°, however.
The am ination method was used to  p rep are  th e  known sulphenamides 

[230] and [232], and gave good y ie ld s .

7.2 O xidation o f  [230]-[234] by le a d  te t r a - a c e ta te

When [230]-[234] were o x id ised  by lead  t e t r a - a c e ta te  in  d ic h lo ro ­

methane, gas ev o lu tio n  was no ted  in  a l l  c a se s . However, on work up,

[230] only gave elem ental su lphur and an in t r a c ta b le  polymer. In  the  

cases o f  [231]-[233] th e  corresponding d isu lp h id es  were o b ta in ed ; 

however from [234] an in so lu b le  yellow  m a te r ia l was i s o la te d  in  41% 

y ie ld .  I t  had two types o f  d in itro p h en y l r in g  p ro tons in  i t s  n .m .r . 

spectrum , and a mass peak a t  381 in  i t s  mass spectrum . The s tru c tu re  

[237] f i t s  th i s  d a ta , and an a l te r n a t iv e  sy n th e s is  o f  th i s  compound

from 2 ,4 -d in i t ro a n i l in e  and 2 ,4 -d in itrobenzenesu lpheny l c h lo rid e  ( in  

th e  presence o f  sodium hydride) supported th e  assigned  s tru c tu r e .  The 

N-H o f  [237] i s  a c id ic  and a b lue  anion i s  r e a d ily  generated  in  d i lu te  

base , o r  on column chromatography over b a s ic  alum ina. The anion o f

[237] i s  s ta b i l i s e d  by the e le c tro n  withdraw ing d in itro p h e n y l r in g , 

and ad jacen t su lphur atom.

There a re  two p o ss ib le  mechanisms fo r  th e  form ation o f  [237] from

[234], bo th  involv ing  the  Smiles rearrangem ent.^^®  I f  a t ta c k  o f  2 ,4-
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d in itro b en zen esu lp h en y ln itren e  [238] occurs on th e  su lphur atom o f  th e  

s ta r t in g  sulphenamide, a Smiles rearrangem ent to  give [239] could  

occur v ia  th e  key in te rm ed ia te  [240] which fragm ents to  [237] and 

th io n itro x y l  [241]. I t  i s  p o s s ib le  th a t  th e  th io n itro x y l  i s  fu r th e r  

o x id ised  under th e  re a c tio n  c o n d itio n s , p o ss ib ly  lead ing  to  ev o lu tio n

A / S - N :  * Ar’SNH, — *  Ar’S -  N Ar'

£ 2 3 8 J  © S '^
1 2 U 0 J  

NHz 

Smiles 
rearrangement

A rS ,  Ar’ Ar’S

N 
I 

[ 2 3 9 }  SNH

\ NH;

ArSNHAr’ + (HN=S]

[ 2 3 7 }  [ 2 i V

o f  n itro g e n . An a l te r n a t iv e  mechanism fo r  form ation o f  [237] invo lves 

a t ta c k  by th e  n i tre n e  [238] on the  n itro g e n  atom o f  [234] follow ed by 

consecu tive Sm iles/S tevens rearrangem ents to  g ive th e  in te rm ed ia te  

[242].

For th e  sulphenamides [231]-[233], a t ta c k  o f  th e  n i tre n e s  may occur 

i n i t i a l l y  on n itro g e n  o r su lp h u r, as above, bu t in  th ese  c a se s , th e  

a ry l r in g s  cannot a c t  as e le c tro n  s inks fo r  th e  Smiles rearrangem ent, 

and so d isu lp h id e  form ation occurs.

[244] may be formed by a tta c k  on n itro g en  follow ed by p ro ton
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RS-N. ♦ RSNH3 -  

( 2 3 5 )  1231] - 1 2 3 3 ] ?

R S - N - N i t , - S R

/Stevens
rearrangement

R S-N H
NH-SR

[2U]

Pb(OAc)^

RS

[ 2 U 5 ]

RSSR + N,



Ar’S - n ;  +  A r S N H ^  — ► N H ^ - S A r ’

( 2 3 8 1  [ 2 3 i ]
U S

At ’ SAt’ A r ’ NH

N - —  S
I I I
N H   S ©  A r ’

{2i2)

■SH

\
[ 2 3 7 1  *  [ 2 ^ 1 1

t r a n s f e r ,  o r  a l te r n a t iv e ly  by i n i t i a l  a t ta c k  on su lphur follow ed by a 

Stevens rearrangem ent. F u rth er o x id a tio n  by lead  te t r a - a c e ta te  g ives 

the  d isu lp h id es  and n itro g e n  v ia  th e  (unknown) b is  (a ry lsu lp h en y l) d i-  

imide [245].

7.3 The trap p in g  o f 2 ,4 - d in i trobenzenesulpheny In i  tre n e  [258]

(a) Trapping w ith  alkenes

When 2 ,4-d in itrobenzenesulphenam ide [234] was o x id ised  in  the  

p resence o f  methyl a c ry la te ,  e th y l cinnam ate, 3 ,3 -d im ethyIbut-1 -ene o r 

2-ace ty Ibenzofu ran , no trap p in g  occu rred , and only  th e  sulphenamide

[237] was is o la te d .  However, o x id a tio n  o f  [234] in  th e  presence o f  

more e le c tro n - r ic h  alkenes gave a z ir id in e s  (scheme 14). With a f iv e  

m olar excess o f  s ty re n e , the  r e s u l t in g  a z ir id in e  [246] e x h ib ited  

c h a r a c te r is t ic  a z ir id in e  r in g  s ig n a ls  in  i t s  n .m .r . spectrum ; 63.15 

(dxd, J  4 X 7Hz, a z ir id in e  H -2), 2.65 (d, J  4Hz, a z ir id in e  H-3 c is  to  

p h en y l), and 2.60 (d, J  7Hz, a z ir id in e  H-3 tra n s  to  p h en y l). An 

a z ir id in e  r in g  s tru c tu re  i s  assigned  to  [246] as i t  could be re a d ily
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Scheme 1&

NO; 

SNH.

Pb(OAc)^

.1 .. C H ;Ü ,
R H

W/ i  \3 [246] R'=Ph, R^=R^=H
[247] R: =Ph, R^ =Me, R̂  =H
[249] R‘ =Ph, R̂  =H, R̂  =Me
[250] R‘ =R^ =Me, R̂  =H
[251] R*=CH=CH2, R^=R^=H
[255] R* =H, R̂  =Ph, R^ =Me

Ph 

Me

121^81

[ 2 A 6 1  J i î Ê Î L  NH
CHjCl/EtOH V

L 2^ 9)
CH;Cl/EtOH

reduced by sodium borohydride in  e thano l/d ich lorom ethane to  the 
11 9known 2-p h e n y laz irid in e  in  44% y ie ld .

Although the  y ie ld  o f  [246] from [234] was moderate (38%), the
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m ethylsty renes gave much b e t t e r  y ie ld s  o f  a z i r id in e s .  2-phenyIpropene 

gave a 61% y ie ld  o f  th e  a z i r id in e  [247], and tra n s  -1 -phenyIpropene

[248] gave a 64% y ie ld  o f  th e  a z ir id in e  [249]. Compound [249] could 

be reduced by sodium borohydride to  th e  known^^^ ' tra n s  - 2 -methyl - 5 - 

pheny l a z i r  id in e  in  56% y ie ld .  Trans -b u t - 2 - ene gave a 38% y ie ld  o f  th e  

a z ir id in e  [250], and a d d itio n  to  b u ta - l ,3 -d ie n e  occurred  to  g ive th e  

a z ir id in e  [251] in  58% y ie ld .  In  th i s  l a t t e r  re a c tio n  [251] was the  

only  n itre n e -a lk e n e  adduct i s o la te d ;  an o th er p o ss ib le  p roduct [252], 

r e s u l t in g  from D iels-A lder a d d itio n , could  a r i s e  i f  th e  resonance 

s tru c tu re  [253] was c o n tr ib u tin g  s tro n g ly  to  the  n a tu re  o f  th e  r e a c tiv e  

in te rm ed ia te , bu t no evidence fo r  th e  p resence o f  [252] was o b ta in ed .

At’S -N  Ar’S 5N 

[253]( vC
K ®

I
© N D

(252)
1251J

Ar’S —

{2541

The therm al s t a b i l i t y  o f  [251] was o f  i n t e r e s t ;  o th e r  v in y l 

a z ir id in e s  a re  known to  r in g  expand to  p y rro lin e s  on h ea tin g .

However, [251] was unchanged a t  i t s  m e ltin g -p o in t (113°) and 

s tro n g e r h ea tin g  re s u l te d  in  ch a rrin g  and decom position; th e  p y rro lin e  

[254] (and i t s  therm al s t a b i l i t y ) , however, i s  unknown.
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Ref.

Me

Me

N-CO,Et ^ N - C O , E t  121
100®

a \ = 0  180V 40 min.

Y U L „ >
N

0 122 

6 
(85Vo)

With c i s -1 -phenyIpropene [200], exam ination o f th e  n .m .r . spectrum 

o f  th e  crude re a c tio n  product rev ea led  th e  presence o f  s ig n a ls  due to  

th e  tra n s  s u b s t i tu te d  a z ir id in e  [249] as w ell as s ig n a ls  due to  ano ther 

a z ir id in e  which was subsequently  shown to  be th e  c is  isomer [255] ( th is  

re a c tio n  i s  examined in  d e ta i l  in  7 .5 ) .

(b) Chromatographic behaviour o f  [249] and [255]

When th e  crude re a c tio n  product from th e  re a c tio n  o f  [234], [248] 

and lead  te t r a - a c e ta te  was chromatographed over b a s ic  alumina w ith  

l ig h t  p e tro leu m -eth y l a c e ta te ,  th e  a z ir id in e  [249] was no t ob ta ined  b u t 

in s te ad  a 20% y ie ld  o f th e  e th an o ly s is  p roduct [256]. This m a te r ia l

A r^S^ Me
NH— Ch(^

CHOEt
I

Ph
[256]

p o ss ib ly  r e s u l t s  from a sm all co n cen tra tio n  o f  e thoxide ion being

-94-



p re se n t under th e  co n d itio n s  o f  th e  chromatography r e s u l t in g  from 

h y d ro ly s is  o f  e th y l a c e ta te  by th e  b a s ic  alum ina. Indeed, on trea tm en t 

o f  [249] w ith  sodium ethoxide in  e thano l a low y ie ld  o f  [256] was 

ob ta in ed .

VJhen th e  m ixture o f  a z ir id in e s  ob ta ined  from th e  re a c tio n  o f  

sulphenamide [234], c i s -1 -phenyIpropene [200] and lead  te t r a - a c e ta te  

were chromatpgraphed over b a s ic  alum ina w ith  l ig h t  p e tro leu m -e th e r, i t  

was found th a t  th e  tra n s  a z ir id in e  [249] was s e le c t iv e ly  d estro y ed , 

enab ling  convenient i s o la t io n  o f  pure c is  a z ir id in e  [255] in  18% y ie ld .

(c) Trapping o f  [238] w ith  o th e r  reag en ts

N itren e  [238] was trapped  by HISO i f  th e  l a t t e r  was used as so lv en t 

fo r  th e  re a c tio n . Sulphoximine [257] was is o la te d  in  28% y ie ld .  This 

re a c tio n  c o n tra s ts  w ith  th a t  o f  th e  su lph iny ln itrene^^®  d iscu ssed  in

6 .6  where oxygen t r a n s f e r  occurs to  g ive a su lp h o n y lsu lp h ilim in e . In  

th e  case above th e  methyl s in g le ts  o f  [257] re so n a te  a t  63.4 in d ic a tin g  

a sulphoxim ine s t ru c tu r e ,  and th i s  was th e  only adduct ob ta ined . (A 

su lp h in y lsu lp h ilim in e  s tru c tu re  would be expected to  g ive m ethyl s in g le ts  

between 62.5-3 p .p .m .) .

A lly l a ry l  su lph ides a re  e x c e lle n t t ra p s  fo r  [238] as they  a re  fo r  

N -n itren es ; e .g . tra n s  - bu t - 2 - envl 4 -chloropheny 1 su lph ide  gave a 74% 

y ie ld  o f  an orange o i l  id e n t i f ie d  as th e  mixed sulphenim ide [258] 

presumably foimed v ia  a [2 ,3 ] -sigm atrop ic  rearrangem ent o f  th e  i n t e r ­

m ediate su lp h ilim in e  [259]. To d a te , no mixed sulphenim ides have been 

re p o rte d , and th e  above re a c tio n  i s  an easy method o f  g en era tin g  them. 

Assignment o f s tru c tu re  o f [258] was supported  by s p e c tra l  d a ta  and a lso  

is o la t io n  o f  [260] from trea tm en t o f  th e  m a te r ia l w ith  dry  hydrogen 

ch lo rid e  in  e th e r . I n i t i a l l y  th e  two S-N bonds a re  cleaved to  g ive the 

amine s a l t  [261] and th e  two su lphenyl ch lo r id e s  [153] and [262]. 4-
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1 DMSO , n
A rS -N .  ----------  Ar’S °

[2381
'^N=SM# 

[2571

4-ClC-H^SCH,CH=CHMe
C H ,a ,

Ç A C l-A  

Ar’S ®S^

Me

[2591

Ar’S ^ SC^.Cl-A

Me

[2581

Ar S S C jl .ü  -4

Me

[2581

EtjO

4-ClC,H^SCl 4. Me 

[153]

HCl

[Z 6 i]

©

4. Ar SCl 

[2621
©NH,Cl

T
MeOH/ pyridine

© ,©NH3 Cl 

S C A C l - 4

Ar’ S-OMe

[2631

[2601



Chlorobenzenesulpheny 1 c h lo rid e  [153] i s  more re a c t iv e  in  e le c t r o p h i l ic

a d d itio n  to  alkenes than  th e  2 ,4 -d in itro p h en y l analogue as th e  more
78Stable episulphonium sa lt  [264] i s  formed; a dinitrophenyl ring

Ar
© SAr

M  •  —  v L V  -  H

A e
[ 2 6 4 ]

d iscourages form ation o f  a p o s it iv e  charge on th e  ad jacen t su lphur 

atom. Hence [261] re a c ts  w ith  [153] to  g ive th e  is o la te d  s a l t  [260] 

in  46% y ie ld .  Although th e  r e g io s p e c i f ic i ty  o f a d d itio n  has no t been 

proved, i t  i s  probably  anti-M arkovnikov by analogy w ith  [154] (see 

3 .4 ) . The d in itrobenzenesu lpheny l c h lo r id e  formed in  th e  above 

re a c tio n  was trapped  by methanol to  g ive  th e  known c r y s ta l l in e  

su lphenate  e s te r  in  82% y ie ld .

(d) R eaction o f  [238] w ith  te tra p h e n y lp y rro le  [265]

When th e  sulphenamide [234] was o x id ised  in  th e  p resence o f  t e t r a ­

pheny lpyrro le  [265] in  d ichlorom ethane, th re e  p roducts o th e r than  

un reac ted  [265] and a sm all amount o f  [237] were ob ta ined . A c o lo u r le ss  

c r y s ta l l in e  m a te r ia l id e n t i f ie d  as 2 ,4 ,5 ,6 - te trap h en y lp y rim id in e  [266]

was ob ta ined  in  47% y ie ld .  This m a te r ia l was o r ig in a l ly  ob ta ined  by 
123Barton e t. by h ea tin g  tr is (b e n z e n e su lp h e n y l)n itr id e  [267] w ith

[265].
123The au thors proposed a su lp h e n y la z ir id in e  in te rm ed ia te  [268] 

which may undergo h e te ro ly t ic  r in g  expansion to  [266], although th e  

au thors proposed a f re e  ra d ic a l  mechanism fo r  th is  tran sfo rm atio n  under
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SCHEME 15

R eaction o f  t r i s  Çbenzenesulphenyl)n i t r i d e  w ith  te tra p h e n y lp y rro le

H

H

Ph

(PhS),N*

(PhS),N 

1 2 6 7 1

-SPh

(PhS),N‘

N(SPh).

-SPh

N-SPh

H

[2681

Ph

P h ' ^ N ^ P h

+ (PhS),NH

[ 266]

t h e i r  co n d itio n s  (see scheme 15). However, th e  h e te r o ly t ic  mode o f

decom position o f [268] seems more l ik e ly ,  s in ce  concerted  lo ss  o f th e
124m ercaptide anion w ith  d is ro ta to ry  a z ir id in e  r in g  opening gen era tes  

an arom atic r in g  system d ir e c t ly .  I t  seems l ik e ly  th a t  the  2 ,4 -d in i t ro -  

phenyl analogue o f  [268] i s  the  f i r s t  formed p roduct in  th e  re a c tio n  o f  

th e  n itre n e  [238] w ith  te tra p h en y lp y rro le  [265] ; some o f  th i s  then  g ives
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Ph Ph 

H

[ 2 6 5 ]

(PhS),N

C l s / ^ c i

PhS

Ph

H

Ph

Ph

[ 2 6 7 ]
[ 2 6 8 ]

1 
Ph

P h - Y ^ NI  A
P h - ^ N ^ P h

[ 2 6 6 ]

th e  pyrijn id ine [266]. In a d d itio n  to  [266], two coloured m a te r ia ls  

were id e n t i f ie d  by chromatography. One, ob tained  in  low y ie ld  was no t 

id e n t i f ie d ,  bu t th e  second more p o la r  compound was id e n t i f ie d  as a 1:1 

n itre n e - te tra p h e n y lp y rro le  adduct by n .m .r . and elem ental a n a ly s is .

The s tru c tu re  o f  th i s  compound was subsequently  d e tem in ed  by X-ray 

d if f ra c tio n ^ ^  as th e  (2H) p y rro le  d e r iv a tiv e  [269]. [269] is  u n s tab le

NHSAr

[ 2 6 9 ]

in  e thano l s o lu tio n , re v e r tin g  to  th e  pyrim id ine [266]. A probable 

mechanism fo r  th e  form ation o f  [269] from [268] i s  shown below.
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Acid ca ta ly zed  r in g  opening o f  [268] by a c e t ic  a c id  (formed from the 

lead  te t r a - a c e ta te  ox ida tion ) lead s to  [269]. The pyrim id ine [266] i s  

a lso  foimed on h ea tin g  th e  (2H) p y rro le  to  i t s  m elting  p o in t (172°).
125Mien th e  n i t re n e  re a c tio n  was c a r r ie d  ou t in  a c e t ic  ac id  as so lv e n t, 

v i r t u a l ly  no pyrim id ine was formed and th e  y ie ld  o f  [269] in c re a se s , 

thus supporting  th e  id ea  th a t  [269] i s  formed by an ac id  ca ta ly zed  

p ro c e ss .

7.4 Trapping o f  th e  n i tre n e s  d eriv ed  from [230] -[255]

The attem pted trap p in g  o f th e  n i tre n e s  derived  from [230], [232] and 

[233] w ith  a v a r ie ty  o f  reag en ts  a l l  f a i le d .  The benzoyl d e r iv a t iv e  

[230] gave no trap p in g  w ith  methyl a c r y la te ,  s ty ren e  o r 4-chlorophenyl 

c ro ty l  su lph ide  [110], th e  4 -n itro  d e r iv a t iv e  [232] gave no trap p in g  

w ith  [110], s ty ren e  o r DMSO, a lthough w ith  t r a n s -1 -phenvlpropene [248] 

a very  low y ie ld  o f an a z ir id in e  was d e te c ta b le  by n .m .r . - the  

c h a r a c te r is t ic  a z ir id in e  p a t te rn  s ig n a ls  being v is ib le  between 62 and 3. 

The 4 -ch lo ro  d e r iv a tiv e  [233] gave no p roducts w ith  [110], methyl 

a c ry la te ,  tra n s  -1 -phenvlpropene o r b u ta - l ,3 -d ie n e , and in  each case the  

p roducts ob ta ined  were id e n t ic a l  w ith  those  obtained* in  th e  absence o f 

any trap p in g  reag en ts  (7 .2 ) . However, [231] d id  g ive a 58% y ie ld  o f  

th e  a z ir id in e  [270] w ith  tra n s  -1 -phenvlpropene. The n .m .r . spectrum  o f 

[270] i s  very  s im ila r  to  th e  d in itro p h e n y l analogue [249].
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a SNH, Phv Pb(oAc), Ph

NO *  5ÏHT L ANO; Me

[2311 [2UB] Me

[270}

I t  i s  n o t c le a r  why th e  2 -n itro  s u b s t i tu te d  su lp h en y ln itren e  is

tra p p ab le  whereas th e  4 -n itro  s u b s t i tu te d  compound i s  n o t; no r i s  i t

c le a r  why th e  e le c tro n  withdrawing (d i)n itro p h e n y l r in g  i s  n ecessary

fo r  tra p p in g . One p o s s ib i l i ty  i s  th a t  th e  sulphenamide p re cu rso r  [234]

i s  le s s  r e a c tiv e  towards th e  d erived  n i t re n e  [238]. Thus in  th e  cases

o f  th e  4 -ch lo ro  and 4-n itro p h en y lsu lp h en y l n i t r e n e s ,  th e  g re a te r

a f f i n i t i e s  o f th e se  n itre n e s  fo r  th e i r  p re c u rso rs , th e  sulphenamides

[232] and [233] ex p la in s  th e  absence o f  tra p p in g  and subsequent

d isu lp h id e  fo rm ation , whereas th e  presence o f  a n i t r o  group in  th e  o rtho

p o s it io n  o f  [231] and [234] may d e a c tiv a te  them s te r i c a l l y  as w ell as

e le c t ro n ic a l ly  to  a t ta c k  from th e i r  d eriv ed  n i t re n e s .  The s t e r i c  e f f e c t

may be th e  fa c to r  which allow s th e  trap p in g  o f  Haake’s t r i ty I s u lp h e n y l- 
117n itre n e  by tripheny lphosph ine  and EMSO.

Some c la r i f i c a t i o n  o f  th e  behaviour o f  th e se  n i tre n e s  could be 

ob ta ined  by fin d in g  a l te rn a t iv e  methods o f g en era tin g  them which could 

minimise a t ta c k  on th e  p re c u rso r , and which could e lim in a te  th e  p o s s i ­

b i l i t y  o f th e  lead  complex [271] (lead  n itre n o id )  as th e  t ru e  re a c tiv e  

in te rm ed ia te  and n o t th e  f re e  n i t re n e . Such a p o s s ib i l i ty  has been

Ar’SNHPb(OAc)^

■COCH, 
[2711

[ 272]
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e lim in a ted  fo r  p h th a lim id o n itren e  [90] by use o f  i t s  2-acetylbenzo£uran 

adduct which, when h ea ted , i s  a source o f  th e  n i t r e n e . 2-A cety l- 

benzofuran [272] was t r i e d  as a tra p  fo r  [238] b u t, u n fo r tu n a te ly , no 

adduct was is o la te d .

7.5 The sp in  s ta t e  o f  d in itro b en zen esu lp h en y ln itren e  [238]

Good evidence fo r  th e  f re e  n i t re n e  [238] as th e  re a c t iv e  in te rm ed ia te

S - N .

1 2 3 8 }

in  th e  o x id a tio n  o f  sulphenamide [238] r e s u l t s  from th e  study  o f i t s  

r e a c tio n  w ith  c is  and tra n s  -1 -phenvlpropene [200] and [248] in  d e t a i l .

D iscussion

A number o f p o in ts  may be ra is e d  from th e  r e s u l t s  shown in  ta b le  13. 

F i r s t l y ,  re a c tio n  o f th e  n i tre n e  [238] w ith  the  tra n s  alkene [248] is  

s te r e o s p e c if ic  g iv ing  [249] in  a l l  so lv en ts  examined (runs 2, 3, 11 and 

13). The c is  alkene [200], however, g ives a m ixture o f  th e  a z ir id in e s  

[249] and [255]. In  benzene as so lv en t (runs 7 -9 ), th e  r a t io  o f

[249]:[255] ob ta ined  was 50:50 as i t  was a lso  in  n ea t c is  alkene (run 

1 ) , bu t in  dichlorom ethane as so lv e n t, th e  r a t io  o f [249] : [255] ob ta ined  

was approxim ately 3:1 w ith  f iv e  m olar eq u iv a len ts  o f  alkene and 5:1 in  

a more d i lu te  s o lu tio n  o f a lkene, w ith  one m olar eq u iv a len t o f  a lkene .

An unusual fe a tu re  i s  th e  lack  o f a d i lu t io n  e f f e c t  - in  runs 1, 7 , 8  

and 9 th e  same r a t io s  o f [249]:[255] were ob ta ined  d e sp ite  changes in

- 1 0 1 -
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co n c en tra tio n  from 100 to  5 moles %.

These r e s u l t s  c o n tra s t w ith  th e  c la s s ic a l  in c reased  n o n -s te re o sp e c if ic  

a d d itio n  o r in s e r t io n  ob ta ined  w ith  e thoxycarbony ln itrene  o r  cyano- 

n i t r e n e ;  they  could be accounted fo r  by proposing  th e  g en era tio n  o f 

su lp h e n y ln itre n e  [238] in  i t s  s in g le t  s t a t e  (by h e te ro  l y t i c  fragm entation  

o f  th e  in te rm ed ia te  lead  complex [271]) which then  ra p id ly  decays to  th e  

t r i p l e t  s t a t e  befo re  re a c tin g  w ith  th e  a lkene. The f a c t  th a t  th e  same 

r a t i o  o f  a z ir id in e s  a re  n o t formed from bo th  c is  and tra n s  a lk en es , 

even in  dibromomethane, c o n tra s ts  w ith  th e  behaviour o f  cyanonitrene 

and could be accounted fo r  by proposing a slow r a te  o f  C.-Q. bond ro ta t io n  

in  th e  in te rm ed ia te  t r i p l e t  b i r a d ic a l  [273] r e l a t iv e  to  sp in  in v e rs io n ; 

lead in g  to  some re te n t io n  o f  s te r e o s p e c i f ic i ty  (scheme 16). Such an 

ex p lan a tio n  i s  e lim in a ted  by th e  r e s u l t  o f  run 15, a com petition  

experim ent w ith  a l l y l  4-chlorophenyl su lp h id e  [107] in  which th e  change 

in  th e  r a t io  o f a z ir id in e s  produced i s  im possible to  r a t io n a l i s e  w ith  a 

w holly t r i p l e t  s ta t e  re a c tio n  (vide s iç ir a ) .

An a l te r n a t iv e  ex p lan a tio n  involves d ip o la r  a d d itio n  o f th e  n i t r e n e  

to  th e  alkene:

, Ph Me ©
At S - N ,  + \ = /  —  Ar’S -N

Y  [2 7 4 ]
t 2 3 8 ]  Me H

1
[ 2 4 9 ]  *  [ 2 5 5 ]

D ipolar in te rm ed ia tes  a re  very  s e n s i t iv e  to  th e  n a tu re  o f  th e  so lv en t 

employed, and th e  d ip o la r  in te rm ed ia te  [274] ought to  be s ta b i l i s e d  

in te rm o lecu la rly  by a p o la r  so lv en t enab ling  more Ç-Ç bond ro ta tio n s  to
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Scheme 16

Ar’ SNHj + Pb(OAc)^ —  Ar'SNHPb(OAc), + AcOH

®[Ar’S - N j ]
T

[200]

[ 2 7 1 1

I
’ l A r S - N t n  + Pb(OAc)^ + AcOH

H
A r S - N ^  t i

C"C bond 

Ph ro ta tion

(I) spin inversion
(II) recombination

[ 2 5 5 ]

Ph
Ar S ~N . H

y
Me

(!) spin inversion 
(ii) recombination

[ 2 4 9 ]

occur befo re  r in g  c lo su re , lead ing  to  g re a te r  lo ss  o f s te r e o s p e c if ic i ty .  

Hence th e  re a c tio n  o f [238] w ith  [200] in  a c e to n i t r i l e  should g ive 

in creased  amounts o f th e  tra n s  a z ir id in e  [249] i f  th i s  mechanism were 

o p e ra tiv e  b u t,  in  f a c t ,  th e  same r a t io s  o f  [249] : [255] were ob tained  

in  a c e to n i t r i l e  (runs 13, 14) as in  d ichlorom ethane, which appears to  

ru le  out th e  d ip o la r  mechanism o f a d d itio n .

A most unusual fe a tu re  was th e  change in  th e  r a t io  o f  [249] : [255] on
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low ering th e  number o f  e q u iv a len ts  o f  alkene p re s e n t ,  keeping a l l  o th e r  

v a r ia b le s  c o n s ta n t. In  run 6, a s l ig h t  change was n o tic e a b le , bu t th e  

e f f e c t  was more marked in  benzene so lu tio n  (c f . runs 9 and 10). This 

was accounted fo r  by th e  o b serv a tio n  th a t  p a r t i a l  iso m érisa tio n  o f th e  

c i s  alkene occurred  during  th e  r e a c tio n . The c is  alkene [200], i n i t i a l l y  

>98% pure by g . l . c . , was found to  c o n s is t  o f  25% c is  and 75% tra n s  

alkene when recovered  a f t e r  th e  re a c tio n  under co n d itio n s  o f  run  6. 

C ontro l experim ents show th i s  to  be a  genuine re a c tio n  e f f e c t .  Thus, 

w ith  one m olar eq u iv a len t o f  c is  a lkene p re s e n t ,  th e  tra n s  alkene formed 

during  th e  re a c tio n  can compete more e f fe c t iv e ly  w ith  th e  c is  alkene fo r  

th e  n i tre n e  i f  th e  co n cen tra tio n  o f  th e  l a t t e r  p re se n t i n i t i a l l y  i s  

low er. A p o s s ib le  mechanism fo r  th e  iso m érisa tio n  i s  r e v e rs ib le  

a d d itio n  o f th e  t r i p l e t  s ta t e  o f  [238] to  th e  alkene:

3 1 • •  Ph Me
’[ A r S -N t l  + V = /

t
Ar’S

ArS — NJPh 
A rS -N t  ] ♦

* Me

In  p r in c ip le ,  any f re e  r a d ic a l  p re se n t in  th e  re a c tio n  may induce 

iso m érisa tio n  o f  th e  alkene and may a lso  induce p o ly m erisa tio n ; however, 

no evidence fo r  po ly m erisa tio n  o f th e  alkene was observed in  th e  above 

r e a c t io n s .

A most s ig n if ic a n t  r e s u l t  was a com petition  experim ent invo lv ing  th e  

c is  alkene [200] and a l l y l  4-chlorophenyl su lph ide  [107] (run 15). The
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r a t i o  o f  a z ir id in e s  produced was changed from 1:1 to  5:2 tra n s  : c is

w ith  th e  a l l y l  su lph ide  p re se n t and th e  m ajor p a r t  o f  th e  re a c t io n

product was d eriv ed  from th e  a l l y l  su lph ide  d e sp ite  i t s  te n - fo ld  le s s e r

co n c e n tra tio n . R eaction o f  th e  n i t re n e  [238] w ith  th e  su lp h id e  must be

a s in g le t  s ta t e  re a c tio n  invo lv ing  donation  o f  a lone p a i r  o f  e le c tro n s

on su lphur to  a vacan t p o r b i ta l  on th e  n i t re n e  (c f .  th e  re a c t io n  o f
127b is  (ethoxycarbonyl) carbene w ith  a l l y l  su lph ides ) ;  th e  t r i p l e t  s ta t e  

has no s u i ta b le  vacan t low -lying o r b i t a l s  fo r  such a re a c t io n . As a 

r e s u l t ,  i t  i s  d i f f i c u l t  to  r a t io n a l i s e  th e  change in  th e  r a t io  o f the  

a z ir id in e s  [249] and [255] i f  th e  re a c t io n  o f th e  n i t re n e  [238] w ith  

alkenes i s  p u re ly  th a t  o f  th e  t r i p l e t  s t a t e .  I t  seems l ik e ly  th a t  th e  

n i t re n e  i s  generated  in  i t s  s in g le t  s t a t e  and some o f t h i s  i s  being 

syphoned o f f  by th e  a l l y l  su lph ide  lead in g  to  a g re a te r  p ro p o rtio n  o f 

t r i p l e t  d eriv ed  p roducts from th e  a lkene . To re so lv e  th e  c o n f l ic t in g  

evidence i t  may be proposed th a t  th e  s in g le t  and t r i p l e t  s ta te s  o f 

[238] a re  c lo se  in  energy and in  ra p id  therm al e q u ilib riu m , i . e .  ki and 

kz (scheme 17) a re  f a s t e r  than  kg and ki+, and, as a r e s u l t ,  no d i lu t io n  

e f f e c t  would be observed. The r a te  o f  e q u i l ib ra t io n ,  however, may be 

c lo se  to  th e  r a te  o f re a c tio n  w ith  th e  a l l y l  su lph ide  (ks) g iv ing  r i s e  

to  th e  observed e f f e c t .  U n fo rtu n a te ly , experim ental d i f f i c u l t i e s  in  

m easuring th e  r a t io  o f a z ir id in e s  [249] and [255] a t  low c o n c en tra tio n , 

p ro h ib i t  in c rease  in  th e  a l l y l  su lph ide  co n cen tra tio n  any fu r th e r .  

However, i t  seems l ik e ly  th a t  th e  re a c t io n  o f  th e  t r i p l e t  s t a t e  o f  

[238] w ith  [200] g ives only th e  tra n s  a z ir id in e  [249], i . e .  th e  r a te  o f  

bond ro ta t io n  i s  f a s t  r e l a t iv e  to  sp in  in v e rs io n . C onsiderable s t e r i c  

h indrance must be p re se n t in  th e  i n i t i a l l y  formed b ir a d ic a l  from th e  

c is  alkene as iso m érisa tio n  to  th e  tra n s  alkene a t t e s t s ,  and a lso  

re a c tio n  o f th e  n i tre n e  [238] w ith  th e  tra n s  alkene [248] i s  s te re o -
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Scheme 17

ArSNH, 4. Pb(OAc)^ ’[A r S - N t l ]

( 2 5 5 ]

* [A rS “ N f]
kz 1

Ph Me
W k4

( 2 4  9 ]  

4-QCgH^SCH;CH = CHz 

SC,H ,C I-4  

.N 

A rS  CHzCH=CHz 
{ 2 7 5 }

s p e c if ic .  I t  may be proposed th a t  th e  d e l ic a te  balance between th e  

en erg ies  o f th e  s in g le t  and t r i p l e t  s ta t e s  i s  d isp laced  in  benzene 

r e l a t iv e  to  th e  o th e r  so lv en ts  used.

This com petition  experim ent w ith  a l l y l  su lph ide  a lso  e lim in a te s  a 

s in g le t  b i r a d ic a l  in te rm ed ia te  [276] which cou ld , in  p r in c ip le ,  g ive 

r i s e  to  bo th  a z ir id in e  p r o d u c t s I n  th i s  c a se , in tro d u c tio n  o f a l l y l  

su lph ide  in to  th e  re a c tio n  ought n o t to  a f f e c t  th e  r a t i o  o f a z ir id in e s  

produced.

However, th e  above r e s u l t s  do no t p rec lu d e  th e  n itren iu m  ion [277] 

as being th e  tru e  r e a c tiv e  in te rm ed ia te  in  th e  re a c tio n s  d iscu ssed .

I t  seems u n lik e ly  th a t  th i s  sp ec ies  i s  th e  tru e  re a c t iv e  in te rm ed ia te  

as th e  s tro n g ly  e le c tro n  withdrawing 2 ,4 -d in itro p h e n y lth io  group would 

be expected to  d e s ta b i l i s e  an ad jacen t p o s it iv e  charge. I t  a lso  seems
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At’S-NH + A rS —Nt

[ 2 7 6 1

I
[ 2 A 9 )  + [ 2 5 5 ]

Ar’SNHPb(OAc),

[ 2 7 1 ]

1 ® 
ArSNH

t»

Ph Me
W

Ar S—N

Me

Ph

Ar S —N
Me

W[ 2 7 7 ]

[ 2 5 5 ]

Ph

more l ik e ly  th a t  the  s in g le t  n itren ium  ion  would add to  th e  alkene
128[200] in  th e  manner shown below ra th e r  than  in  a concerted  fash io n .

This would lead  to  bo th  a z ir id in e s  being formed from th e  s in g le t  s t a t e ,  

and one would expect a predominance o f  th e  tra n s  - a z ir id in e  [249] to  be 

formed in s te a d  o f  the  50:50 m ixture o f th e  two formed in  benzene.
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Ar’S -N H  4. ^  

[ 2 7 7 ]  1 2 0 0 ]

Ar S “ N
Ph

I - H

[ 2 4 9 M 2 5 5 ]

A s im ila r  ra p id  e q u i l ib ra t io n  o f  s in g le t  and t r i p l e t  s ta te s  has been 

proposed fo r  some a ry lc a rb e n e s , e .g . d ip h e n y I c a rb e n e ^ a n d  9 -xan thy l- 

carbene,^^^ as w e ll as d ih a lo ca rb en es . Here th e  s i tu a t io n  i s  co n p li-  

c a ted  by form ation o f  Ç-H in s e r t io n  p roducts as w e ll as cyclopropanes 

in  re a c tio n s  w ith  a lk en es . As th e  cyclopropanes a re  generated  alm ost 

s te re o  s p e c i f ic a l ly  i t  i s  b e liev ed  th a t  th ese  a re  s in g le t  d eriv ed , 

whereas th e  t r i p l e t  s ta te  g ives in s e r t io n  p ro d u c ts . In  th e  presence 

o f  oxygen (a t r i p l e t  scavenger) th e  amount o f  in s e r t io n  products a re  

reduced. In  th e  case o f  th e  n i tre n e  [238], very  l i t t l e  change i s  no ted  

when oxygen i s  excluded under th e  co n d itio n s  o f run 8 when the  r a t io  

o f  [249]:[255] changed from 50:50 to  54:46, im plying th a t  some t r i p l e t  

s ta t e  i s  being d iv e r te d  by oxygen under th e  normal re a c tio n  c o n d itio n s . 

Such a change w ith  oxygen must be f a s t e r  than  th e  r a te  o f  e q u i l ib ra t io n  

(ki and k z ) , i . e .  the  t r i p l e t  s ta t e  i s  being re a c te d  too f a s t  fo r  

eq u ilib riu m  to  be re -e s ta b l is h e d .
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In stru m en ta tio n

M elting p o in ts  (m .p .'s )  were determ ined w ith  a K ofler h o t s tag e  and 

a re  u n co rrec ted .

I . r .  sp e c tra  o f c r y s ta l l in e  conpounds were determ ined using  Nujol 

m u lls , and l iq u id  compounds as th in  film s using  a P erk in  Elmer 237 

spectrom eter.

N .m .r. sp e c tra  were measured using  V arian T-60, EM 390 and JEOL 

PS-100 sp ec tro m eters , and sp e c tra  using  a JEOL FX-60 F o u rie r-  

transfo rm  sp ectrom eter. 220 MHz sp e c tra  were ob ta ined  by co u rtesy  o f 

PCMJ H arw ell.

Temperatures were measured w ith  a c a l ib ra te d  Comark copper-constan tan  

therm ocouple, and a re  b e liev ed  to  be accu ra te  to  ±2°.

Mass sp e c tra  were ob ta ined  w ith  a V.G. Micromass 16B in s tru m en t,- and 

accu ra te  mass sp e c tra  were ob ta ined  by co u rtesy  o f PCMJ H arwell.

U.v. sp e c tra  were determ ined on a Unicam SP-800 spectrophotom eter.

Gas-Liquid chromatography ( g . l . c . )  was performed on a Pye s e r ie s  

104 gas chromatogram.

O p tica l ro ta tio n s  were measured on a Perkin-Elm er 141 p o la rim e te r .

P hysica l d a ta

I . r .  sp e c tra  a re  measured in  u n its  o f  c m " \ The fo llow ing ab b rev ia ­

t io n s  a re  used in  determ ining i . r .  d a ta :

b r - broad m - medium
s - s tro n g  w - weak

N .m .r. sp e c tra  chemical s h i f t s  a re  expressed  in  p .p .m . on th e  6 s c a le

r e la t iv e  to  in te rn a l  te tra m e th y ls ila n e . The follow ing ab b rev ia tio n s  

a re  used in  reco rd ing  n .m .r . d a ta :
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J  - coupling co n stan t ( in  Hz)

s - s in g le t ;  d - d oub le t; t  - t r i p l e t ;  q - q u a r te t  

m - m u lt ip le t;  dxd - double doub le t 

Ar - arom atic s ig n a ls  

AB - AB system

Mass sp e c tra  were determ ined in  u n i ts  o f  mass r e l a t iv e  to  charge 

(m /e).

B asic experim ental

THF and 1 ,4 -d ioxan  were ob ta ined  pure and dry by re f lu x in g  and 

d i s t i l l a t i o n  from lith iu m  aluminium hydride and used im m ediately.

D iethy l e th e r  was d rie d  over sodium w ire .

IMF, a c e to n i t r i l e  and dichlorom ethane were d r ie d  by d i s t i l l a t i o n  

from calcium  hydride .

T riethy lam ine was d rie d  by re f lu x in g  and d i s t i l l a t i o n  from potassium  

hydroxide p e l l e t s  and s to re d  over potassium  hydroxide p e l l e t s .

L ight petroleum  r e fe r s  to  th e  f ra c t io n  b .p . 60-80° u n less  o therw ise 

s ta te d .

Wet so lv en ts  from aqueous e x tra c tio n s  were d r ie d  w ith  anhydrous 

sodium su lp h a te .

Basic alumina fo r  column chromatography i s  UGl (S. L ancaster § Co.) 

and n e u tra l  alumina is  Woelm (BDH) d e a c tiv a te d  w ith  5% w ater (to  

Brockmann Grade I I I ) . K iese lge l i s  PF2 5 4  (Merck).

A ll sm all sc a le  d i s t i l l a t i o n s  (<2g) were c a r r ie d  out in  a Kugelrohr 

oven and bulb tu b e , and th e  b .p . quoted as th e  oven tem perature .
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N-Aminophthalimide [94]
131- was p repared  by th e  method o f  Drew and H att in  52% y ie ld  from 

ph thalim ide and hydrazine h y d ra te . The crude m a te r ia l was r e c r y s ta l l i s e d  

from a c e to n i t r i l e ,  m.p. 196-200° (decomp.) ( l i t .  200-205°);

i . r .  3370w, 3290w, 1790m, 1730s, 1620m, and 720s.

1 -Aminoquinolin- 2 (IH) - one [119]

- was p repared  by th e  method o f  Rees e t  a l . i n 77% y ie ld  from
132 133q u in o lin -2  (IH) -one and hydroxyl amine -0- su lphonic  a c id . The

p roduct was r e c r y s ta l l i s e d  from e th y l a c e ta te - l ig h t  petro leum , m.p.

128-129° C l i tJ ^ '*  130°);

i . r .  3300w, 3200w, 1660s, 1175m, 900w, 830s, and 700s.

3 -Amino - 2 -m ethylquinazol in - 4 ( 3H) - one

- was prepared  by the  method o f  Rees e t  al.® ^ from m ethyl 2-acetam ido- 

benzoate and hydrazine hy d ra te  in  73% y ie ld .  The p roduct was r e c r y s t a l l ­

ise d  from l ig h t  petroleum -benzene, m.p. 144-146° ( l i t . 152°) ;

n .m .r . (C D C I3 )  8.2 ( d x d ,  J  2x7Hz, qu inaz. H -5), 7 .8 -7 .3  (m, 3xArH),

5.0 (br s ,  -NHz), and 2.7 ( s ,  -CH3 ) .

l-A m inopyridin-2 (IH) - one

P y r id in -2 (IH)-one (6 .6g , 69.5 mmol) was d isso lv ed  in  2M potassium  

hydroxide so lu tio n  (250 ml) and hydroxylam ine-O -sulphonic ac id  (2 3 .4g,

207 mmol) added po rtionw ise  over a p e rio d  o f 20 min. to  th e  s t i r r i n g  

m ixture a t  70°. The so lu tio n  was coo led , th e  p r e c ip i ta te d  potassium  

su lp h a te  se p a ra ted , and the  f i l t r a t e  e x tra c te d  w ith  dichlorom ethane 

(5x50 m l). The combined organ ic  e x tr a c ts  were d r ie d  and evaporated , 

and the  re s id u e  r e c r y s ta l l i s e d  from e th y l a c e ta te - l ig h t  petroleum  to  

g ive th e  t i t l e  compound (0 .6g , 8%) m.p. 63-65° ( lit .^ ^ ®  64-66°).
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2-N itro b en zen e th io l
137- was p repared  by th e  method o f  C laasz by red u c tio n  o f b is (2 -  

n itro p h en y l)  d isu lp h id e  w ith  D(+) Glucose in  a lk a lin e  s o lu tio n . The 

crude m a te r ia l was r e c r y s ta l l i s e d  from carbon te t ra c h lo r id e  (y ie ld  54%) 

m.p. 47° 61°).

t r a n s -But-2 -eny1 2 -n itro p h en y l su lph ide  [127]

A so lu tio n  o f  sodium (1 .05g, 45.65 mmol) in  e thano l (40 ml) was 

p rep ared , and 2-n itro b e n z e n e th io l (7g, 45.16 mmol) added. The m ixture 

was s t i r r e d  a t  0° and t r a n s -1 -bromo-but-2 -ene (7g, 51.86 mmol) added 

dropw ise. A fte r  s t i r r i n g  overn igh t a t  room tem pera tu re , e th an o l was 

evaporated  in  vacuo, th e  m ixture poured in to  w ater and e th e r  e x tra c te d  

(x 2 ) . The e th e r  e x tr a c ts  were d r ie d  and evaporated and th e  re s id u e  

d i s t i l l e d  g iv ing  th e  t i t l e  compound as a yellow  o i l  (b .p . 145-160°/

1 mmHg), pure enough to  be used d i r e c t ly  in  th e  p re p a ra tio n  o f  th e  

sulphenamides below (y ie ld  5 .9g , 63%). An a n a ly t ic a l  sample was 

ob ta in ed  by low ten p e ra tu re  r e c r y s ta l l i s a t io n  from e th a n o l, m.p. 25-26° 

(Found: C, 57.4; H, 5 .35; N, 6 .6 . CioHnNOzS re q u ire s  C, 57.4; H, 5 .3 ;

N, 6.7%);

n .m .r . (CDCI3 ) 8.15 (d, J  8Hz, Ar H -3), 7 .6 -7 .1  (m, 3xArH), 6 .0 -5 .4  

(m, 2xalkene H ), 3 .6  (d , J  6Hz, fu r th e r  s p l i t ,  GHz), and 1.7 (d, J  6Hz, 

- C H 3 ) ;

i . r .  3040w, 1595s, 1565s, 1510s, 1340s, 960s, and 740s; 

m .s. 209 (M+), 179, 155, 139, 138, 125, 124, 91 and 55 (b ase).

2 .4 -D in itro b en zen e th io l
139- was p repared  by th e  method o f  W illgerod t in  67% y ie ld  from

139sodium su lph ide  and 1-c h lo ro -2 ,4 -d in itro b e n z e n e ; m.p. 126-128° ( l i t .  

131°).
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t r a n s -B u t-2-eny 1 2 ,4 -d in itro p h e n y l su lph ide  [128]

- was p repared  by th e  method o f  Bost e t  a l .  in  40% y ie ld  from

2 ,4 -d in itro b e n z e n e th io l and t r a n s -1 -bromobut-2 -ene using  2-methoxy- 

e th an o l as so lv e n t. The crude product was r e c r y s ta l l i s e d  from methanol 

m .p. 89-94° 9 8 .5 -99°);

n .m .r . (CDCI3) 9 .0  (d, J  2.5Hz, Ar H -3), 8 .4  (dxd, J  2 .5x 9 H z, Ar H -5),

7 .6  (d, J  9Hz, Ar H-6 ) , 6 .0 -5 .3  (m, 2 x alkene H ), 3 .7  (br d , J  6Hz,

- Œ 2 ) , and 1.7 (b r d , J  7Hz, - C H 3 ) .

Potassium  2 ,4 ,6 - tr in itro b e n z e n e th io la te ^ ^ ^  and t r a n s -b u t-2 -enyl 
2 ,4 , 6 - t r in i tro p h e n y l  su lph ide  [135]

A s o lu tio n  o f  potassium  hydroxide (4 .56g, 80 mmol) in  methanol (20 

ml) was p repared  and d iv ided  in to  two p o r tio n s . To th e  f i r s t ,  w ater 

(2 .16g, 1 2 0  mmol) was added, and th e  m ixture s a tu ra te d  w ith  gaseous 

hydrogen su lp h id e . The second p o r tio n  o f  potassium  hydroxide s o lu tio n  

was then  added, g iv ing  a m ethanolic so lu tio n  o f K 2 S . 5 H 2 O .  This 

so lu tio n  was added dropwise to  a s t i r r i n g  m ixture o f  1 -c h lo ro - 2 , 4 ,6 - 

tr in itro b e n z e n e  (4.95g, 20 mmol) in  methanol (40 ml) cooled to  10° 

under n itro g e n . A fte r  ad d itio n  th e  m ixture was s t i r r e d  a t  10° fo r

0 . 5h, th e  p r e c ip i ta te d  s o lid s  were sep ara ted  and suspended in  e thano l 

(50 m l), and t r a n s -1 -bromobut-2 -ene ( 3 .2g, 23.7 mmol) added a t  ambient 

tem perature w ith  s t i r r i n g .  S t i r r in g  was continued fo r  4h a t  room 

tem peratu re , then  th e  m ixture was heated  under re f lu x  fo r  0 .5h. The 

s o lu tio n  was then  evaporated  in  vacuo, and p a r t i t io n e d  between d ic h lo ro ­

methane (30 ml) and w ater (30 m l) . The dichlorom ethane la y e r  was 

se p a ra te d , washed w ith  w ater (30 m l), d r ie d , evaporated , and the  

re s id u e  chromatographed over b a s ic  alumina (50g) w ith  l ig h t  p e tro leu m - 

chloroform  (1:1) as e lu a n t, which gave th e  su lph ide  [135] as a yellow  

o i l  (4 .0g , 67%);
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n .m .r . (CDCI3 ) 8 .7  ( s , 2 x ArH), 5 .9 -5 .1  (m, 2 x alkene H ), 3 .5  (br d ,

J  6.5Hz, Œ 2), and 1 .5  (br d, J  6Hz, -CH3) ;

i . r .  3080w, 1595s, 1540s, 1345s, 1055m, 965m, 910m, and 730s.

Benzyl isopropvlam ine

Isopropylam ine (11.0g, 186.4 mmol) and benzyl c h lo rid e  (10 .0g , 79 

mmol) were s t i r r e d  a t  room tem perature fo r  36h. The re a c tio n  product 

was poured in to  d i lu te  h y d ro ch lo ric  ac id  (IM, 2 0 0  ml) and e x tra c te d  

w ith  e th e r  (3 x 3 0  m l) . The aqueous la y e r  was bas i f  led  w ith  sodium 

hydroxide s o lu tio n  (2M, 200 ml) and e x tra c te d  w ith  e th e r  (2 x 50 m l) .

The combined e th e r  e x tra c ts  were washed w ith  w ater (30 m l) , d r ie d , 

evaporated  and th e  re s id u e  d i s t i l l e d  in  vacuo to  g ive benzyl iso p ro p y l­

amine (5 .2g , 44%) b .p . 75-80°/6 mmHg ( l i t . ^ ^ ^  64-66°/4 mmHg); 

n .m .r . (CCI4 ) 7.2 (m, 5 x ArH), 3 .7  ( s ,  -CH2P h ), 2.8 (m, J  6. 5Hz, -CHie2 ) ,

1.05 (d , J  6 .5Hz, 2 x CH3 ) , and 0.8 (b r s ,  exch. D2O, -NH).

N -Benzyl-N -isopropyl-2 -nitrobenzenesulphenam ide [134]
27This was p repared  using  Raban's procedure from benzylisopropylam ine 

( 4 .Og, 26.85 mmol) and 2-n itrobenzenesu lpheny l c h lo rid e  (2 .7g , 14.25 

mmol). The crude p roduct ( 4 .Og, 93%) was r e c r y s ta l l i s e d  from m ethanol, 

m.p. 58-60° (Found: C, 63.6; H, 6 .0 ; N, 9 .3 . C1 6H18N2O2 S re q u ire s

C, 63.55; H, 6 .0 ; N, 9.3%);

n .m .r . (CDCI3) 8 .2 -7 .95  (m, 2 x ArH), 7 .6 -7 .0  (m, 7 xA rH ), 4.16 (b r s ,  

-CH2 P h ), 3.36 (m, J  6. 5Hz, -QMe2 ) , and 1.15 (d, J  6. 5Hz, 2 x CH3) .

At -4 ° , th e  64.16 becomes an AB system , J^B 13.7Hz (Tc 26°), and 61.15

becomes two d o u b le ts , 61.10 and 1.20 (J  6 .5H z);

i . r .  1600m, 1580m, 1510s, 1350m, 1310s, 770s, 750s, and 720s.

A lly l 4-chlorophenyl su lph ide  [1071

- was p repared  by th e  l i t e r a t u r e  method^"^"^ from e th a n o lic  sodium 4-
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ch lo ro b en zen e th io la te  and a l l y l  c h lo r id e  in  87% y ie ld .  The crude 

p roduct was d i s t i l l e d ,  b .p . 74-82°/0 .3  mmHg.

tra n s -B u t-2-enyl 4-chlorophenyl su lph ide  [110]

- was p repared  using  th e  same procedure as fo r  a l l y l  4-chlorophenyl 

su lp h id e  in  87% y ie ld .  I t  was p u r if ie d  by r e c r y s ta l l i s a t io n  from l ig h t  

petro leum  a t  low tem perature as p re v io u s ly  d esc rib ed .

2 - IsopropyIbenzenethiol^"^^

- B enzenethiol (2 7 .5g, 0.25 mol) and anhydrous aluminium t r ic h lo r id e  

(5g, 37.45 mmol) were s t i r r e d  under n itro g e n  in  a th re e  necked f la s k  

(100 ml) f i t t e d  w ith  two dry  ic e  condensers. Propene (5 .25g, 0.125 

mol) was added slow ly v ia  one dry  ic e  condenser over 25 m in ., th e  

m ixture being cooled in  an ic e  s a l t  b a th . A fte r  s t i r r i n g  a fu r th e r

20 m in ., benzene (40 ml) was added, then  w ater (40 ml) c a u tio u s ly . The 

o rgan ic  la y e r  was se p a ra te d , washed w ith  w ater (20 m l), and then 

e x tra c te d  w ith  sodium hydroxide s o lu tio n  (2 x 70 ml, 2M). The combined 

a lk a l in e  e x tra c ts  were a c id if ie d  w ith  co ncen tra ted  hyd ro ch lo ric  a c id , 

and re -e x tra c te d  w ith  e th e r  (2 x 50 m l) . The e th e r  e x tra c ts  were d r ie d  

and evaporated and th e  re s id u a l o i l  d i s t i l l e d  in  vacuo w ith  a Vigreux

column. A fte r  removal o f unchanged b en zen e th io l ( l lg )  b .p . 45-55°/

7 mmHg, 2 -iso p ro p y lb en zen eth io l was ob ta ined  (4 .95g, 26%) b .p . 80-100°/

7 mmHg.

A lly l 2 -isopropyIphenyl su lph ide  [139]

- was p repared  from 2 - isop ro p y lb en zen e th io l (5g, 32.9 mmol) and a l l y l
144c h lo rid e  (3g, 39.2 mmol) using  th e  l i t e r a t u r e  method fo r  the  p re p a ra ­

t io n  o f a l l y l  4-chlorophenyl su lp h id e . The crude product (5 .4g , 85%) 

was d i s t i l l e d ,  b .p . 90-100°/2 mmHg;

n .m .r. (CDCI3) 7 .5 -7 .0  (m, 4 x ArH), 6 .2 -5 .6  (m, :CH), 5 .4 -4 .9  (m, iCHz),
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3 .5  (d, f u r th e r  s p l i t ,  J  7Hz, CHaS superimposed on 3.5 [m, J  6.5Hz, 

-Q ffe z ]) , and 1.2 (d, J  6.5Hz, 2 x CHg) ;

i . r .  3070w, 3050w, 1635m, 1580m, 1470s, 1050s, 980s, 910s, and 750s.

Benzyl t r a n s - b u t- 2-enyl su lph ide  [141]

- was p repared  using  th e  p r o c e d u r e ^ f o r  a l l y l  4-chlorophenyl 

su lp h id e  in  85% y ie ld  from benzyl m ercaptan and tra n s  -1 - bromobut-2- 

ene. The p roduct was d i s t i l l e d ,  b .p . 115-120°/3 mmHg (lit .^ ^ ®  137-139°/ 

18 mmHg);

n .m .r . (CDCI3 ) 7.2 (br s ,  5 x  ArH), 5 .5  (m, 2 x  alkene H ), 3 .6  ( s ,  -CHaPh),

3 .0  (m, -S Œ a), and 1 .7  (d, J  6Hz, -CH3 ) .

R eaction o f  N itren es  w ith  A Ilv l Arvl S ulphides: General Procedure 

The N-amino conpound (1 mol. eq u iv .)  and th e  a l l y l  a ry l su lph ide  

( 1 . 2 - 1 .5 mol. eq u iv .)  were s t i r r e d  in  dichlorom ethane ( 1 0  ml p e r g 

amino compound) and powdered lead  te t r a - a c e ta t e  ( 1  mol. eq u iv .)  was 

added p o rtionw ise  over 15 min. to  th e  m ag n etica lly  s t i r r e d  s o lu tio n .

A fte r  a f u r th e r  20 min. th e  m ixture was f i l t e r e d  and th e  sep ara ted  

s o lid s  washed w ith  dichlorom ethane. The f i l t r a t e  was evaporated , and 

th e  re s id u e  chromatographed over b a s ic  alum ina using  l ig h t  petroleum  - 

e th y l a c e ta te  (9:1) which e lu te d  unchanged a l l y l  a ry l  su lp h id e . F u rth e r 

e lu t io n  w ith  l ig h t  petroleum  - e th y l a c e ta te  (1 : 1 ) y ie ld ed  th e  

sulphenam ides. The follow ing sulphenamides were p repared  in  t h i s  way:

N -(1 ,2 -d ihydro-2 -oxoqu ino lin -1-y1 )-N -(1 -m e th y la lly l) -2 -n itro b en zen e­

sulphenamide [132] - from l-am inoqu ino lin -2  (IH) -one and t r a n s - b u t-2- 

enyl 2 -n itro p h en y l su lph ide  [127] as lemon coloured c ry s ta ls  (59%)

(from ethano l) m.p. 143-143.5° (Found: C, 62.1; H, 4 .7 ; N, 11.4.

C1 9H17N3O3S re q u ire s  C, 62.1; H, 4 .7 ; N, 11.4%);

n .m .r . (CDCI3) 8.72 and 8.20 (2xd, J  8Hz, Ar H-3 and H-6 ) ,  8 .05-7 .05
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(m, 6 X ArH + q u in o lin e  H-4 ) , 6.70 (d, J  9.5Hz, q u in o lin e  H -3), 6 .4 -6 .0  

(m, :CH), 5 .5 -5 .1  (m, :Œ a ) , 5 .1 -4 . 8  (m, NCH), and 1.55 and 1.17 (2xd,

J  7Hz, 2 X CHs); two d iaste reo iso m ers  a re  in d ic a te d  by th e  d u p lic a ted  

m ethyl s ig n a ls  a t  61.55 and 1.17 whose r a t io  in  th e  crude m ixture was 

1 :3 . Repeated r e c r y s ta l l i s a t io n  from a c e to n i t r i l e  gave th e  predominant 

d ia s te reo iso m er (6^© 1 .1 7 ), m.p. 141-142°; 

i . r .  1650s, 1592s, 1560s, 1505s, 1335s, 825s, and 725s.

N- (1 ,2  -Dihydro - 2 - oxoquinol i n - 1 -y 1 ) -N- (1 -m eth y la lly l)  - 2 ,4 -d in i t ro -  

benzenesulphenamide [133] - from l-am inoqu ino lin -2  (IH)-one and tra n s  - 

b u t - 2-eny l 2 ,4 -d in itro p h en y l su lp h id e  [128] as yellow  c r y s ta ls  (18%) 

(from e thano l - a c e to n i t r i le )  m.p. 162-163° (Found: C, 55.2; H, 4 .2 ;

N, 13 .5 . C1 9H1 6 N4O5 S re q u ire s  C, 55.3; H, 3 .9 ; N, 13.6%);

n .m .r . (CDCI3 , 51°) 9.20 (d, J  9Hz, Ar H -6), 9.00 (d, J  2Hz, Ar H -3),

8.50 (dxd, J  2 X 9Hz, Ar H -5), 8 .0 -7 .2  (m, 4 x ArH + q u in o lin e  H -4),

6.70 and 6.68 (2xd, J  9 .5Hz, q u in o lin e  H -3), 6 .4 -5 .7  (m, :CH), 5 .5 -4 .8  

(s tru c tu re d  m, NŒ and :CH2 ) and 1.50 and 1.27 (2xd, J  7Hz, 2 x CH3 ) ; 

two d iaste reo iso m ers  ev id en t as in  [132] above. At -40° and 220MHz, 

fo u r methyl d oub le ts  were observed a t  61 .60, 1 .50 , 1.32 and 1.18 ( r a t io  

4 .3 :2 :1 :7 .3 )  as a r e s u l t  o f  slow N-N and S-N bond ro ta t io n  on th e  n .m .r . 

tim e s c a le ;

i . r .  1660s, 1590s, 1560m, 1510s, 1340s, 830m, 750s, and 730s.

N -A llyl-N -phthalim ido- 2 - isopropyIbenzenesulphenam ide [137 ] - from ^ - 

am inophthalim ide and a l l y l  2 -isopropyIphenyl su lph ide  [139], as c r y s ta ls  

(30%) (from l ig h t  petroleum ) m.p. 93.5-95° (Found: C, 67.9; H, 5 .8 ;

N, 8 .0 . C2 0 H2 0 N2O2S re q u ire s  C, 68 .2 ; H, 5 .7 ; N, 7.95%);

n .m .r . (CDCI3) ,  8.26 (dxd, J  2 x7Hz, Ar H -6), 7 .85-7 .55  (m, 4 x p h th a l-

imido H), 7 .4 -7 .1  (m, 3 x ArH), 6 .2 -5 .8  (m, :CH), 5 .3 -5 .0  (m, :CH2 ) ,

4.20 (d, J  7Hz, NCH2 ) , 2.98 (m, J  6 .5Hz, -CH4e2) and 1.18 (d, J  6 . 5Hz,
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ZxCHa);

i . r .  3070w, 1790w, 1730s, 885s, 795s, 760s, and 720s.

N -A lly l-N -C l,2 -d ih y d ro -2 -o x o q u in o lin -l-v l)-2 -iso p ro p v lb en zen e - 

sulphenamide [1381 - from l-am inoqu ino lin -2  (IH)-one and a l l y l  2 - iso -  

propylphenyl su lph ide  [139] as c r y s ta ls  (36%) (from l ig h t  petroleum  

[b .p . 40-60°]) m.p. 60-61.5° (Found: C, 71.9; H, 6 .3 ; N, 8 .0 .

C2 1 H2 1 N2OS re q u ire s  C, 72.0; H, 6 .3 ; N, 8.0%);

n .m .r . (CeDsCDa) 8 .0 -7 .65  and 7 .30-6 .75  (m, 8  x ArH + q u in o lin e  H-4) ,

6.55 (d, J  9 .5Hz, q u in o lin e  H -3), 6 .1 -5 . 6  (m, :CH), 5 .20-4 .25  

(s tru c tu re d  m, CH2N and :CH2 ) ,  3.40 (m, J  7Hz, -CHMe2 ) , and 1.02 and

0.82 (d, J  7Hz, 2 XCH3) ;

1 . r .  3075w, 1670s, 1600s, 820s, 755s, and 740s.

N- (1 ,2 - Dihydro - 2 - oxoquinol in - 1 -y 1 ) -N- (1 -m eth y la lly l)  -benzylsulphenam ide 

[140] - from l-am inoqu ino lin -2 (lH )-one and benzyl t ra n s  - bu t - 2 - enyl 

su lph ide  [141] as c ry s ta ls  (31%) (from l ig h t  petroleum ) m.p. 84-88° 

(Found: C, 71.3; H, 6 .0 ; N, 8 .35. C2 0 H2 0 N2OS re q u ire s  C, 71.4; H,

6 .0 ; N, 8.3%);

n .m .r . (CDCI3) 7 .8 -7 .0  (m, 9 x ArH + q u in o lin e  H -4), 6.63 and 6.58 ( 2xd,

J  9 .5Hz, q u in o lin e  H -3), 6 .2 -5 . 8  ( s tru c tu re d  m, :CH), 5 .4 -5 .0  

(s tru c tu re d  m, :CH2 ) , 4 .9 -4 .5  (m, NCH), 4.25 (AB, Jab  12.5Hz, -CH2P h ), 

and 1.45 and 0.90 (2xd, J  7Hz, 2 x CH3 ) ; 

i . r .  1650s-, 1595s, 1240m, lOlOw, and 830s.

N -(1 ,2 -Dihydro-2 -oxo p y rid in -1- y l ) -N -(1 -m e th y la lly l) -4 -chlorobenzene- 

sulphenamide [145] - from 1 - aminopyr id in -  2 ( IH) - one and tra n s  - bu t - 2 - enyl 

4-chlorophenyl su lph ide  [110] as c r y s ta ls  (47%) (from l ig h t  petroleum ) 

m.p. 84-86° (Found: C, 58.9; H, 5 .0 ; N, 9 .1 . C1 5H1 5 CIN2OS re q u ire s  

C, 58.7; H, 4 .9 ; N, 9.1%);

n .m .r . (CDCI3 , -40°) 7.35 (br s ,  7 x ArH), 6.64 and 6.58 (2xd, J  9 .5Hz,
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p y rid in e  H-3 ) , 6 .0 5 -4 .4  (s tru c tu re d  m, NCHCĤ CHz) and 1.41 and 1.05 

(2xd, J  6.5Hz, ZxCHg). Coalescence o f  th e  do u b le ts  a t  61.41 and 1.05 

( r a t io  2:1) occurs a t  30-35°, and a t  101° a s in g le  doub le t i s  p re se n t, 

6 (PhCl) 1 .29;

i . r .  3070w, 1660s, 1590s, 1535m, 930w, and 765w.

N -(3 ,4 -Dihydro-2 -m ethyl-4 -oxoqu inazo lin -3-y1 )-N -(1 -m e th y la lly l)-4- 

chlorobenzenesulphenam ide (1461 - from 3 - amino - 2 -m ethylquinazol - 4 (3H) - 

one and t r  ans - bu t - 2 - envl 4 - chloropheny 1 su lph ide  [110] as c r y s ta ls  

(60%) (from l ig h t  petroleum  [b .p . 80-100°]) m.p. 127-129° (Found:

C, 61.2; H, 4 .9 ; N, 11 .4 . C19H1 8 CIN3OS re q u ire s  C, 61.4; H, 4 .9 ;

N, 11.3%);

n .m .r . ( C D C I 3 )  8.20 (d, J  8Hz, quinazolone H -5), 7 .8 -7 .2  (m, 7 x ArH),

6 .2 -4 . 6  (m, NŒCH=CH2 ) , 2.40 (s ,  quinazolone CH3) and 1.65 and 1.10 

(d , J  6 .5Hz, 2 X CH3) . No coalescence o f s ig n a ls  a t  61.65 and 1.10 

occurs up to  100° bu t th e  i n i t i a l  r a t io  o f  1 :3 .3  changes to  1 .84 :1  

a f t e r  Ih  a t  80°;

i . r .  1680s, 1590s, 1000s, 920s, 810s, 760s, and 690s.

N-A llyl-N - ( 3 ,4 -d ihydro -4-oxoquinazol i n - 3-y l)  - 4 - chlorobenzenesulnhenam ide

[147] - from 3-am inoquinazolin-4(3H) -one^'^^ and a l l y l  4-chlorophenyl 

su lph ide  [107] as c ry s ta ls  (29%) (from e thano l) m.p. 85-86° (Found:

C, 59.3; H, 4 .1 ; N, 12.3 . C17H1 4CIN3OS re q u ire s  C, 59.4; H, 4 .1 ;

N, 12.2%);

n .m .r . (C6D5CD3) 8.25 (d, J  7Hz, quinazolone H -5), 7.85 (s ,  quinazolone 

H -2), 7.55 (d, J  8Hz, quinazolone H -8 ), 7 .3 6 -6 .8  (m, 6 x ArH), 5 .8 -5 .4  

(m, :CH), 5 .0 -4 .75  (m, :CH2 ) and 4.15 (b r s ,  NCH2 ) .  The s ig n a l a t  

64.15 sharpens to  a doub le t a t  +50° (J  7Hz) but a t  -42° becomes an ABX 

system (J 7 x 12.5Hz) ;

i . r .  3060w, 1680s, 1600s, 875s, 805s, 770s, and 690s.
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N -A llyl-N - ( 1 ,2 -d ih y d ro -2 -o x o q u in o lin -l-y l)  - 4 - chlorobenzenesulnhenam ide

[148] - from l-am inoqu ino lin -2 (lH )-one and a l l y l  4-chlorophenyl 

su lph ide  [107] as c ry s ta ls  (49%) (from l ig h t  petroleum ) m.p. 83.5-85° 

(Found: C, 63 .1 ; H, 4 .5 ; N, 8 .2 . CisHisClNaOS re q u ire s  C, 63 .1 ;

H, 4 .4 ; N, 8.2%);

n .m .r . ( C D C I 3 )  7 .9 -7 .2  (m, 8 x ArH + q u in o lin e  H-4 ) , 6 .7  (d, J  9.5Hz, 

q u in o lin e  H -3), 6 .4 -5 .0  ( s tru c tu re d  m, 3 x alkene H)^ 4 .5  (b r d , J  6.5Hz, 

NCH2);

i . r .  1650s, 1595s, 1240m, lOlOw, and 830s.

N -(1-M ethylally l)-N -phthalim ido-2-n itrobenzenesu lphenam ide [129]

This was formed from N- am inophthal imide and t r  ans - b u t - 2 - env l 2- 

n itro p h en y l su lph ide  [127]. The crude re a c tio n  m ixture was chrom ato­

graphed over b a s ic  alum ina; e lu tio n  w ith  l ig h t  petroleum  - e th e r  (4:1) 

gave unchanged [127]. F u rth er e lu t io n  w ith  e th e r  gave th e  t i t l e  

compound (32%) as p a le  yellow  c r y s ta ls  (from ethano l) m.p. 125-127° 

(Found: C, 58.5; H, 4 .2 ; N, 11 .3 . Ci8Hi5N3 0 i|S re q u ire s  C, 58 .5 ;

H, 4 .1 ; N, 11.4%);

n .m .r . (CD2CI2 ) 9.06 (d , J  9Hz, Ar H -6 ), 8.26 (d, J  2x 7Hz, Ar H -3), 

7 .96-7 .70  and 7.35 (m and dxd, J  8 x  8Hz, 6 x ArH), 6 .16-5 .76  (m, :CH), 

5.30 (br d , J  5Hz, H-3 c i s ) , 5.05 (d, J  lOHz, H-3 t r a n s ) , 4 .6 -4 .3  (m, 

NCH) and 1.34 (d, J  6.5Hz, Œ 3 ) .  At -24°, two methyl d o u b le ts , 61.36 

and 1 .3 1 , and two a ry l H-6 s ig n a ls ,  69.08 and 9.01 a re  v i s ib l e ,  w ith  

coalescence a t  0°;

i . r .  1780m, 1730s, 1565s, 1500s, 1305m, 945m, 730s, and 705s;

m .s. 396 (M+), 314, 251, 250, 223, 215, 154, 138, 104 (b ase ), 77, and

55.
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N- Ç l-M ethylally l) -N -phthalim ido-2 ,4-d in itrobenzenesulphenam ide [150] 

This was formed from N-am inophthal imide and tra n s  -bu t - 2 - envl 2 ,4 - 

d in itro p h en y l su lph ide  [128]. The crude re a c tio n  m ixture was p u r if ie d  

by chromatography over K iese lg e l; e lu t io n  w ith  l ig h t  petroleum  - e th y l 

a c e ta te  (5 :1) gave unchanged [128] follow ed by th e  t i t l e  compound (39%) 

as yellow  c r y s ta ls  (from methanol -  chloroform ) m.p. 146-147° (Found:

C, 51.7; H, 3 .4 ; N, 13 .4 . CisHmN^OsS re q u ire s  C, 51.2; H, 3 .4 ;

N, 13.5%);

n .m .r . (CDCI3 ) 9 .35 , 9.28 (2xd, J  9 .5Hz, Ar H-6 ) ,  9.05 (d, J  2 .5Hz, Ar 

H -3), 8.60 (dxd, J  2 . 5 x 9Hz, Ar H -5), 7.84 (br s ,  4 x phthalim ido H ), 

6 .16-5 .68  (m, :CH), 5 .45-5 .00  (m, :Œ z ) , 4 .7 -4 .3  (m, ŒCH3 ) ,  and 1.42 

and 1.36 (2xd, J  6. 5Hz, 2 x CH3) . On warming, th e se  l a s t  two s ig n a ls  

coa lesce  a t  39°; those  o f  th e  Ar H-6 do lik ew ise  a t  43°. At 48°, one 

methyl doub le t i s  seen a t  61.40;

i . r .  3100W, 1790w, 1730s, 1590s, 1510s, 940s, 880s, 830s, and 720s.

N -(1 ,2 -Dihydro- 2-oxoqu ino lin -1-y1 ) -N -(1 -m eth y la lly l)-4 -ch lo ro b en zen e- 
sulphenamide [118]

64- was prepared  by th e  method o f A tkinson and Awad from 1-amino- 

qu in o lin -2  (IH) -one and tra n s  - bu t - 2 - envl 4-chlorophenyl su lph ide  [110] 

in  54% y ie ld .  The predominant d ias te reo iso m er (6Me 0.93) was ob ta ined  

by rep ea ted  r e c r y s ta l l i s a t io n  from l ig h t  petroleum  ( th re e  t im e s ) ; m .p. 

7 4 - 7 5 ° ( lit.® '*  7 6 .5 -7 8 °).

N -(2 ,3 -D ihydro -2 -oxobenzoxazo l-3 -y l)-N -(1 -m ethy la lly l)-4 -ch lo robenzene- 
sulphenamide [113]

64- was prepared  by th e  method o f A tkinson and Awad from 3-amino- 

benzoxazol-2(3H)-one^® and t r a n s -b u t-2 -envl 4-chlorophenyl su lph ide  

[110] in  46% y ie ld .  The crude m a te r ia l was r e c r y s ta l l i s e d  from l ig h t  

petroleum , m.p. 72-73° ( l i t . ^ ^  74°).
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Attem pted re a c tio n  o f p h th a lim id o n itren e  w ith  tra n s -b u t-2 -e n y l 2 ,4 ,6 -  
t r in i t r o p h e n y l  su lph ide  [155]

- u s in g  th e  above p rocedure, N-aminophthal imide and tra n s  -bu t - 2 - envl 

2 ,4 ,6 - tr in i t ro p h e n y l  su lph ide  [135] gave a crude p ro d u c t, which on 

chromatography over b a s ic  alumina o r K iese lg e l w ith  l ig h t  petroleum  - 

chloroform  (1:1) as e lu a n t gave f i r s t  un reac ted  a l l y l  su lph ide  [135]; 

f u r th e r  e lu t io n  w ith  chloroform  - e th y l a c e ta te  (1 : 1 ) then  e th y l a c e ta te  

alone gave tra n s  - d iph th a lo y  I t  e trazen e  [95] (24%) m.p. 260° (decomp.) 

( l i t .® ^  265-271°). No o th e r homogeneous product was is o la te d  from th e  

r e a c tio n .

N -( 1 ,2 -D ih y d ro -2 -o x o q u in o lin -l-y l)- 2 ,4-d in itrobenzenesulphenam ide [142]

l-A m inoquinolin-2(IH )-one (1 .42g, 8 . 8 8  mmol) and trie th y la m in e  

(0 .92g, 9.11 mmol) were d isso lv ed  in  dichlorom ethane (70 ml) and a 

s o lu tio n  o f  2 ,4 -d in itrobenzenesu lpheny l c h lo r id e  (2 .13g, 9.08 mmol) in  

dichlorom ethane (70 ml) was added dropwise a t  room tem perature to  th e  

s t i r r e d  m ixture over a p e rio d  o f 0 .5h . The m ixture was heated  under 

re f lu x  fo r  Ih  then  s t i r r e d  overn igh t a t  room tem peratu re . The 

p r e c ip i ta te d  b i s ( 2 , 4 -d in itro p h en y l) d isu lp h id e  was sep a ra ted , and the  

f i l t r a t e  washed w ith  w ate r, d r ie d , and evaporated . Chromatography o f 

th e  re s id u e  over b a s ic  alumina using  dichlorom ethane gave more b i s (2 ,4 - 

d in itro p h en y l)  d isu lp h id e  ( to ta l  0 .5g , 28%). F u rth e r e lu t io n  w ith  

e th y l a c e ta te  and e th y l a c e ta te  -  e th an o l (3 :1) gave th e  t i t l e  compound 

(0 .89g, 28%) as yellow  c ry s ta ls  (from a c e to n i t r i l e )  m.p. 197° (decomp.) 

(Found: C, 50.4; H, 2 .9 ; N, 15.9. C1 5H1 4 N4O5S re q u ire s  C, 50.3;

H, 2 .8 ; N, 15.6%);

n .m .r . ([CD3 ] 2S0 ) 9 .3  ( s ,  exch. D2O -NH), 9 .0 -8 .7  (m, Ar H-3, -5 , - 6 ) ,  

8 .0 (d, J  9.5Hz, q u in o lin e  H -4), 7 .9 -7 .2  (m, 4 x q u in o lin e  ArH), and 

6 . 8  (d, J  9.5Hz, q u in o lin e  H-3);
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i . r .  3200w, 1650s, 1590s, 1510s, 1340s, 840w, and 830w;

m .s. 358 (M+), 200, 199, 183, 159, 145 (b a se ) , 122, 117, and 89.

B is (2 - isopropvlphenvl) d isu lp h id e

2 -Isop ropy lbenzene th io l (4 .95g, 32.57 mmol) and io d in e  (7 .0g , 55.12 

mmol) were shaken in  chloroform  (20 ml) and w ater (20 ml) fo r  1 .5h .

The m ix ture was rendered  b a s ic  w ith  sodium carbonate  s o lu tio n  (2M), 

and sodium th io su lp h a te  s o lu tio n  added u n t i l  th e  excess o f io d in e  was 

removed. The o rgan ic  la y e r  was sep ara ted  and th e  aqueous la y e r  

e x tra c te d  w ith  a fu r th e r  p o r tio n  o f  chloroform  (20 m l) . The chloroform  

e x tra c ts  were d r ie d  and evaporated  and th e  re s id u e  p u r if ie d  by chromato­

graphy over b a s ic  alumina w ith  l ig h t  petroleum  e lu a n t. The product 

r e c r y s ta l l i s e d  from l ig h t  petroleum  (b .p . <40°) m.p. 46-52° ( lit .^ ^ ®

58.5-60°) (4 .0g , 81%). The m a te r ia l was pure as judged by n .m . r . ; 

n .m .r . ( C D C I 3 )  7 .7 -6 .8  (m, 8 x ArH), 3 .5  (m, J  7Hz, 2 x CH), and 1.2 (d,

J  7Hz, 4 XCH3 ) .

2 -Isopropylbenzenesulphenvl c h lo rid e

To a s a tu ra te d  s o lu tio n  o f c h lo rin e  in  carbon te t r a c h lo r id e  (80 ml) 

a t  -5° was added a s o lu tio n  o f b i s (2 -isopropylphenyl) d isu lp h id e  (4 .0g , 

13.24 mmol) in  carbon te t ra c h lo r id e  (20 ml) over a p e rio d  o f  0.25h.

The m ixture was evaporated in  vacuo and th e  re s id u e  d i s t i l l e d  to  g ive 

th e  t i t l e  compound (4 .7g , 95%) as a red  l iq u id ,  b .p . 110-120°/0.7 mmHg; 

n .m .r. (CDCI3 ) 7 .9 -7 .1  (m, 4 xArH), 3.7 (m, J  7Hz, CH), and 1 .3  (d, J  

7Hz, 2 XCH3) .

N- ( 1 ,2 -D ihydro -2 -oxoqu ino lin -l-y l) -2 - isopropylbenzenesulphenam ide [143] 

l-A m inoquinolin-2 (IH)-one (0 .8g , 5 .0  mmol) and trie th y la m in e  (0 .53g,

5.25 mmol) were d isso lv ed  in  dichlorom ethane (20 ml) and a s o lu tio n  o f

2 -isopropylbenzenesulphenyl ch lo rid e  (0 .95g , 5.09 mmol) in  d ich lo ro -
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methane (20 ml) was added over a p e rio d  o f  0.5h w ith  s t i r r i n g  a t  room 

tem peratu re . The m ixture was s t i r r e d  fo r  0.5h then  hea ted  under 

r e f lu x  fo r  0 .5h. The cooled m ixture was washed w ith  h y d ro ch lo ric  ac id  

(1%, 20 m l), w ater (20 m l), d r ie d  and evaporated . The re s id u e  was 

chromatographed over b a s ic  alumina w ith  l ig h t  petroleum  - e th y l a c e ta te  

(5 :1) as e lu an t which gave b i s (2 -isopropylphenyl) d isu lp h id e  (30%). 

E lu tio n  w ith  e th y l a c e ta te  gave the  t i t l e  compound (0 .42g, 27%) as 

c r y s ta ls  (from l ig h t  petroleum  - e th y l a c e ta te )  m.p. 117-119° (decomp.) 

(Found: C, 69.5; H, 5 .7 ; N, 9 .1 . CigHigNzOS re q u ire s  C, 69.65;

H, 5 .85; N, 9.0%);

n .m .r . (CDCI3 ) 7.92 ( s ,  exch. D2O, -NH), 7 .66-7 .04  (m, 8  x ArH + q u ino line  

H -4), 6.60 (d, J  9.5Hz, q u in o lin e  H -3), 3.38 (m, J  6 . 5Hz, CH), and 1.05 

(d , J  6.5Hz, 2 X CH3 ) ; a t  -50° and 220MHz th e  doublet (61.05) sep ara ted  

in to  two doub le ts  61.09 and 1.10 (J  6.5H z);

^^C n .m .r. TCDClcl 160.6 ( ) C = 0 ) ,  150.4-115.7 (14 xArC + C-4, C -3 ),

30.65 (CH), and 23.8 (2 XCH3 ) ;

i . r .  3200m, 1650s, 1595s, 825m, and 755m.

C ross-over experim ent between [113] gnd [148]

N- ( 2 ,3-D ihydro-2-oxabenzoxazol-3-yl) -N- (1 -m eth y la lly l)  -4 -ch lo ro - 

benzenesulphenamide [113] (293mg, 0.846 mmol) and N -a l ly l-N - ( l ,2 -  

d ihydro-2 -oxoqu ino lin -1 -y 1) -4 -chlorobenzenesulphenam ide [148] (116mg,

0.339 mmol) were d isso lv ed  in  benzene (3 ml) and hea ted  under re f lu x  

fo r  2h. Benzene was evaporated and th e  re s id u e  chromatographed over 

b a s ic  alumina (15g). E lu tio n  w ith  l ig h t  petroleum  gave 1 -m eth v l-l- 

vinyl-N - (4 - chloropheny 1) sulpheny lim ine [120] (120mg, 67%) as a yellow  

o i l .  E lu tio n  w ith  l ig h t  petroleum  - e th y l a c e ta te  (1:1) gave unchanged

[148] (lOlmg) in  which no [118] was v i s ib le  by n .m .r.
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I -  ri-M eth v la lly la in in o )q u in o lin -2  (IH) -one [151]

An e th a n o lic  so lu tio n  o f  sodium 4 -ch lo ro b en zen e th io la te  was prepared  

by d is so lv in g  sodium (0 .3g , 13.04 mmol) in  e thano l (50 ml) and adding 

4 -ch lo robenzene th io l (1 .4 g , 9.69 mmol). To th i s  so lu tio n  was added 

N-(1 ,2 -d ih y d ro -2 -o x o q u in o lin - l-y l) -N -(1 -m e th y la lly l) -4 -chlorobenzene­

sulphenamide [118] (2 .2g , 6.17 mmol), and th e  m ixture heated  under 

re f lu x  fo r  1 .5h . The ethano l was evaporated  under reduced p re ssu re  

and th e  re s id u e  p a r t i t io n e d  between chloroform  (50 ml) and sodium . 

hydroxide s o lu tio n  (Di, 30 m l). The chloroform  la y e r  was washed w ith  

w a te r, d r ie d  and evaporated  and the  o i ly  re s id u e  p u r if ie d  by chromato­

graphy over b a s ic  alumina (90g). E lu tio n  w ith  l ig h t  petroleum  - e th y l 

a c e ta te  (9:1) gave b is(4 -ch lo ro p h en y l) d isu lp h id e  (1 .24g, 70%) id e n tic a l  

w ith  au th e n tic  m a te r ia l.  F u rth e r e lu t io n  w ith  e th y l a c e ta te  gave the  

t i t l e  compound (l.O g , 76%) as c r y s ta ls  (from l ig h t  petroleum ) m.p.

80.5-81° (Found: C, 73.0; H, 6 . 6 ; N, 13 .0 . C13H14N2O re q u ire s  C, 72.9;

H, 6 . 6 ; N, 13.1%);

n .m .r. ( C D C I 3 )  7.61 (d, J  9.5Hz, q u in o lin e  H -4), 7 .96-6 .98  (m, 4 x ArH), 

6.67 (d, J  9.5Hz, q u in o lin e  H -3), 6.51 (b r s ,  exch. D2O, -NH), 6 .0 -5 . 6  

(s tru c tu re d  m, :CH), 5 .0 -4 .7  (m,~ :CH2 ) , 4 .08-3 .64  (m, NCH), and 1.23 

(d, J  7Hz, - C H 3 ) ;

i . r .  3240m, J6 5 0 s , 1590s, 1005w, 930s, 830s, and 760s;

m .s. 214 (N f), 199, 160, 159, 146, 145 (b a se ) , 131, 117, 103, 89, and

55.

4-Chlorobenzenesulphenyl ch lo rid e  [153]
149- was prepared  by the  method o f Kharasch e ^  in  90% y ie ld  by

c h lo r in o ly s is  o f  4 -ch lo ro b en zen e th io l. The product was d i s t i l l e d  in  

vacuo. b .p . 85-90°/5 mmHg ( l i t . ^ ^ ^  86-90°/5 mmHg); 

n .m .r. (CC1%) 7.5 (AA'BB', 4 xArH).
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R eaction o f  1 - f l-m e th v la llv la m in o )q u in o lin -2 Ç1H)-one [151] w ith  
4 -chlorobenzenesulphenvl c h lo rid e

l-(l-M e th y la lly lam in o )q u in o lin -2 (lH )-o n e  (0 .45g , 2.10 mmol) and

4-chlorobenzenesulphenyl c h lo rid e  (0 .5 g , 2.79 mmol) were d isso lv ed  in

chloroform  (10 ml) and heated  under re f lu x  fo r  20 min. The chloroform

was evaporated  and th e  re sid u e  chromatographed over b a s ic  alumina

(40g) e lu tin g  w ith  l ig h t  petroleum  - e th y l a c e ta te  (9:1) which gave

b is(4 -ch lo ro p h en y l) d isu lp h id e  (120mg). E lu tio n  w ith  e th y l a c e ta te

gave 1- (5 -ch lo ro -2 - [4-ch lorophenyIth io] -1 -m ethyIpropylam ino)quinolin-

2(lH )-one [154] (380mg, 46%) as c r y s ta ls  (from ethano l) m.p. 139-139.5°

(Found: C, 58.1; H, 4 .5 ; N, 7 .2 . C1 9 H1 8 CI2N2OS re q u ire s  C, 58.0;

H, 4 .6 ; N, 7.1%);

n .m .r . (CDCI3) 8 .2 -7 .2  (m, 8  xArH + q u in o lin e  H -4), 6.92 (d, J  9.5Hz, 

q u in o lin e  H -3), 6.45 (b r s ,  exch. D2O, -NH), 4 .2 -3 . 6  (m, 4 x a l ip h a t ic  

H) and 1.32 (d, J  7Hz, -CH3) ;

i . r .  3265w, 1645s, 1585s, 1090m, 1005m, 815s, and 750s;

m .s. 396/394/392 (M^), 358/356, 233/231, 213, 187, 149, and 145.

Reaction o f  [154] w ith  sodium hydride

1- (3-C hloro-2- [ 4 - chloropheny I th io  ] -1 -methy Ipropylam ino) q u in o lin - 

2(lH )-one [154] (123mg, 0.313 mmol) was s t i r r e d  in  f re s h ly  d i s t i l l e d  

DMF (1 .5  ml) and sodium hydride d isp e rs io n  (50%, 20mg, 0.42 mmol)^added. 

A fte r  Ih  a t  room tem peratu re , the  m ixture was poured in to  w ater (5 ml) 

and t r i t u r a t e d ,  g iv in g  a w hite s o l id  which was r e c r y s ta l l i s e d  from 

ethanol and id e n t i f ie d  as 1- (2- [4 -ch lo ropheny lth io ] -1 -m ethylally lam ino) ■ 

q u ino lin -2 (IH )-one [155] (70mg, 63%) m.p. 119.5-121° (Found: C, 63 .9 ;

H, 4 .8 ; N, 7 .8 . C19H1 7 CIN2OS re q u ire s  C, 63.95; H, 4 .8 ; N, 7.85%); 

n .m .r. ( C D C I 3 )  8.0 (d, J  8Hz, q u in o lin e  H -8), 7 .7 -7 .0  (m, 7 xArH + 

qu ino line  H -4), 6.60 (d, J  9.5Hz, q u in o lin e  H -3), 5.75 (br d , J  4Hz,
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exch. D2 O, -NH), 5.3 (b r s ,  :CH c is  to  su lp h u r) , 4 .7  (b r s ,  :CH tra n s  

to  su lp h u r) , 4 .0  (m, NQfle; becomes q , J  6.5Hz a f t e r  D2 O exchange), 

and 1.28 (d , J  6.5Hz, -CH3) ;

i . r .  3230w, 1660s, 1590s, 1090m, 1010m, 860m, 830s, and 760s.

1- ( 1 -M ethyInroD vlam ino)quinolin-2 (IH) -one [152]

1 - (l-M ethy la lly lam ino)qu ino lin -2 (IH )-one  [151] ( l.O g , 4.67 mmol) 

and 10% pallad ium  on charcoal (0.4g) were s t i r r e d  in  e th an o l (25 ml) 

and hydrogenated a t  atm ospheric p re ssu re  u n t i l  uptake o f  hydrogen 

ceased (2 h ). The re a c tio n  product was f i l t e r e d  and evaporated  and 

passed  down a sh o rt column o f  b a s ic  alumina (lOg) w ith  e th y l a c e ta te  

e lu a n t which gave th e  t i t l e  compound as c r y s ta ls  (from l ig h t  petroleum ) 

m.p. 63-65° (0 .74g , 73%) (Found: C, 72.05; H, 7 .4 ; N, 12.75.

C 13H16N2O re q u ire s  C, 72.2; H, 7 .5 ; N, 12.95%); 

n .m .r . (CDCI3) 8.00 (d , J  9Hz, q u in o lin e  H-8 ) ,  7.75 (d , J  9 .5Hz, 

q u in o lin e  H -4), 7 .7 -7 .1  (m, 3 xArH), 6.75 (d , J  9.5Hz, q u in o lin e  H -3),

5.7 (b r s ,  exch. D2O, -NH), 3.35 (m, NOTle), and 1 .8 -0 .8  (m, 8  x a l ip h a ­

t i c  H) ;

i . r .  3280s, 1655s, 1595s, 1410m, 1230m, 1145m, 830s, 750s, and 740m.

Attempted re a c tio n  o f  [152] w ith  4-chlorobenzenesulphenyl c h lo rid e  

V l-(l-M ethy lp ropy lam ino)qu ino lin -2 (lH )-one  [152] (300mg, 1.39 mmol) 

and trie th y la m in e  ( 2 2 0 mg, 2.18 mmol) were d isso lv ed  in  dry  e th e r  ( 2  ml) 

and a so lu tio n  o f  4-chlorobenzenesulphenyl c h lo rid e  (390mg, 2.18 mmol) 

in  e th e r  (3 ml) added and th e  m ixture s t i r r e d  a t  room tem perature fo r  

3 days. The re a c tio n  product was f i l t e r e d  and evaporated , and th e  

re s id u e  chromatographed over b a s ic  alum ina (lOg) w ith  l ig h t  petroleum  - 

e th y l a c e ta te  (9:1) e lu a n t which gave b is  (4-chlorophenyl) d isu lp h id e  

(144mg). F u rth er e lu tio n  w ith  e th y l a c e ta te  gave back [152] (255mg,

85% re co v e ry ) .
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N- (1,2 -Dihydro - 2 - oxoqu ino lin -1 -y l)  -N- (1-methy Ipropyl) -4 -ch lo ro - 
benzenesulphenamide [150]

N- (1 ,2 -D ih y d ro -2 -o x o q u in o lin -l-y l) -^- (1 -m eth y la lly l)  -4 -ch lo ro - 

benzenesulphenamide [118] (0 .120g, 0.337 mmol, 0.93 d iaste reo iso m er) 

and hydrazine h ydra te  (0 .9g , 18.0 mmol) were d isso lv ed  in  methanol (7 ml) 

a t  0°, and a so lu tio n  o f  N -ch lo rod i- isopropylam ine^^^ (2 .44g, 18.0 mmol) 

in  methanol (4 ml) added very  slow ly w ith  s t i r r i n g .  A fte r  1 .5h  a t  0°, 

th e  methanol was removed and dichlorom ethane ( 1 0  ml) and w ater ( 1 0  ml) 

added. The dichlorom ethane la y e r  was washed w ith  w a te r, d r ie d  and 

evaporated . N .m .r. rev ea led  p a r t i a l  conversion  to  [150]. The above 

m a te ria l was re -d is so lv e d  in  methanol ( 8  ml) and hydrazine hydrate  

(l.O g, 20 mmol) added and th e  m ixture cooled to  0°. N -ch lo ro d i-iso - 

propylamine (2 .70g, 20 mmol) in  methanol (5 ml) was added slow ly as 

above. The above work up procedure gave an o i l  whose n .m .r . spectrum 

showed the  absence o f  o le f in ic  p ro to n s . The re s id u e  was p u r if ie d  by 

chromatography over K iese lg e l (5g) w ith  dichlorom ethane e lu a n t which 

gave b is(4 -ch lo ro p h en y l) d isu lp h id e  (15mg, 31%). F u rth e r e lu tio n  gave 

the t i t l e  compound [150] (52mg, 43%) as a g la s s . F u rth e r e lu tio n  w ith  

dichlorom ethane gave 1- (1 -me thy Ipropylam ino) q u in o lin -  2 (IH) -one [152] 

(25mg, 34%) id e n t ic a l  w ith  a u th e n tic  m a te r ia l.

S p ec tra l d a ta  fo r  [150] :

n .m .r. (CDCI3) 8 .0 -7 .0  (m, 8 xArH+ q u in o lin e  H -4), 6.70 (d, J  9.5Hz, 

q u ino line  H -3), 4.10 (m, NCMe), and 2 .2 -0 .8  (m, 5 x  a l ip h a t ic  H inc lud ing  

d, J  7Hz a t  61.00, -CH3) ;

m.s. 360/358 (M+), 303/301, 215/213, 188/186, 145 (b ase ), 117, and 108; 

accu ra te  mass - m/e 301.0205. Calc, fo r  C15H1 0CIN2OS 301.0202, and 

m/e 213.0375. Calc, fo r  C1 0H1 2CINS 213.0377.
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EXPERIMENTAL
CHAPTER 4



R eaction o f  1 - C l-m ethylallylam ino) q u in o lin -2 (IH)-one [151] w ith  
benzyl bromide

1 -(1 -M eth y la lly lam in o )q u in o lin -2 (IH)-one [151] (117mg, 0.547 mmol) 

was h ea ted  a t  re f lu x  under n itro g e n  w ith  benzyl bromide (2 ml) fo r  Ih . 

Benzyl bromide was removed in  vacuo. and t . l . c .  o f  th e  re s id u e  

(n e u tra l alum ina, l ig h t  petroleum  - e th y l a c e ta te  3:1) showed f iv e  

components to  be p re s e n t,  one o f  which had th e  same Rf as q u in o lin -2- 

(IH )-one. Examination o f  th e  60MHz n .m .r . spectrum  o f  th e  crude 

re a c tio n  p roduct showed th e  absence o f  o le f in ic  p ro tons and methyl 

doublets  which would have been found in  th e  expected product [157]. 

S hortening th e  re a c tio n  tim e lead  to  s u b s ta n tia l  recovery  o f  the  

s ta r t in g  m a te r ia l [151].

3- (Dibenzylamino)benzoxazolin-2(3H) -one [158]

3-Aminpbenzoxazolin-2(3H)-one (400mg, 2.67 mmol) and benzyl bromide 

(2 ml) were hea ted  under re f lu x  (201°) fo r  0.75h under n itro g e n . Excess 

benzyl bromide was d i s t i l l e d  o f f  in  vacuo and th e  re s id u e  poured in to  

50% co n cen tra ted  ammonia so lu tio n  (20 m l) , and e x tra c te d  w ith  d ic h lo ro ­

methane (2 X 15 m l). The o rgan ic  e x tr a c ts  were d r ie d  and evaporated , 

and th e  re s id u e  p u r if ie d  by chromatography over K iese lg e l (25g) w ith  

l ig h t  petroleum  - e th y l a c e ta te  (2:1) as e lu a n t, which gave, a f t e r  

e lu tio n  o f  re s id u a l benzyl bromide, th e  t i t l e  compound as c ry s ta ls  

(from e th a n o l) , m.p. 112-114° (167mg, 19%) (Found: C, 76.3; H, 5 .55;

N, 8 .4 . C2 1 H18N2O2 re q u ire s  C, 76 .3 ; H, 5 .5 ; N, 8.5%);

n .m .r. (CDCI3) 7 .5 -7 .0 , 6 . 8  (m, 14 xArH), and 4.40 (AB, Jab 1 2 .5Hz,

2 X CH2Ph) ;

i . r .  1750s, 1250m, 1120m, 1010m, 990m, 750s, 700s, and 670s.

l-(B enzy lam ino)qu ino lin -2 (IH) -one [159]

l-A m inoquinolin-2 (IH) - one (0 .6g , 3.75 mmol) was hea ted  w ith  benzyl
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bromide (4 ml) under n itro g e n  a t  150° fo r  0 .5h. Excess o f  benzyl 

bromide was removed by d i s t i l l a t i o n  in  vacuo. and th e  re s id u e  

p a r t i t io n e d  between dichlorom ethane ( 2 0  ml) and sodium hydroxide 

so lu tio n  (IM, 20 m l) . The dichlorom ethane la y e r  was washed w ith  w ater, 

d r ie d , evaporated , and the  re s id u e  chromatographed over K iese lg e l 

(20g). Excess o f  benzyl bromide was e lu te d  w ith  l ig h t  petro leum , then 

fu r th e r  e lu t io n  w ith  l ig h t  petroleum  - e th y l a c e ta te  ( 2 :1 ) gave i n i t i a l l y  

the  dibenzylamino compound [160] in  low y ie ld ,  then  th e  t i t l e  compound 

(216mg, 23%) as c r y s ta ls  (from l ig h t  p e tro leum ), m.p. 64-65°; 

n .m .r. ( C D C I 3 )  8 .2 -7 .1  (m, 9 xArH + q u in o lin e  H -4), 6.70 (d , J  9 .5Hz, 

q u in o lin e  H -3), 6.2 (b r t ,  J  7.5Hz, exch. D2O, -NH), 4 .2  (b r d , J  

7 .5Hz, becomes s in g le t  a f t e r  D2O shake, -CH2P h ).

1 - (Dibenzylamino) q u in o lin -2 (IH) - one [160]

1 -Aminoquinol in -  2 ( IH) - one ( 0. 6 g , 3.75 mmol ) was heated  under re f lu x  

w ith  benzyl bromide ( 6  ml) under n itro g e n  fo r  0 .5h . Excess o f  benzyl 

bromide was removed by d i s t i l l a t i o n  in  vacuo and th e  re s id u e  worked up 

as fo r  [159] above. Chromatography over K iese lg e l (20g) w ith  l ig h t  

petroleum  - e th y l a c e ta te  ( 2 :1 ) e lu a n t, gave, a f t e r  e lu tio n  o f  re s id u a l 

benzyl brom ide, th e  t i t l e  compound (160mg, 1 2 %) as c ry s ta ls  (from l ig h t  

petroleum  - chloroform ) m.p. 81-82° (Found: C, 81 .0 ; H, 6 .0 ; N, 8 .2 .

C2 3 H2 0 N2O re q u ire s  C, 81.15; H, 5 .9 ; N, 8.2%); 

n .m .r. (CDCI3 ) 8 .0  (d, J  9Hz, q u in o lin e  H-8 ) ,  7.54 (d , J  9.5Hz, 

qu in o lin e  H -4 ), 7 .4 -6 .9  (m, 13 x ArH), 6.64 (d, J  9.5Hz, q u in o lin e  H -3), 

and 4.58 (AB, Jab 12.5Hz, 2 x -CH2Ph) ; 

i . r .  1655s, 1600s, 990m, 830s, 750s, and 700s.

N -(1 ,2 -D ih y d ro -2 -o x o q u in o lin -l-y l)g ly c in e  e th y l e s te r  [162]

l-A m inoquinolin-2 (IH)-one (5 .0g , 31.25 mmol) and e th y l brom oacetate 

(25 ml) were hea ted  under re f lu x  fo r  1.25h under n itro g e n . E thyl
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brom o-acetate was removed by d i s t i l l a t i o n  in  vacuo and dichlorom ethane 

(20 ml) added. The o rgan ic  la y e r  was washed w ith  50% co ncen tra ted  

ammonia so lu tio n  ( 2  x 2 0  m l), w ater ( 1 0  m l), d r ie d , evaporated and the  

re s id u e  p u r if ie d  by chromatography over b a s ic  alumina (230g) w ith  

l ig h t  petroleum  - e th y l a c e ta te  (4:1) e lu a n t which gave im p u ritie s .

F u rth e r e lu t io n  w ith  e th y l a c e ta te  and e th y l a c e ta te  - e th an o l (19:1) 

gave th e  t i t l e  compound (2 .5g , 33%) c ry s ta ls  (from l ig h t  petroleum  - 

chloroform ) m.p. 74-75° (Found: C, 63 .2 ; H, 5 .8 ; N, 11 .2 . C13H1 4N2O3

re q u ire s  C, 63 .4 ; H, 5 .7 ; N, 11.4%);

n .m .r . ( C D C I 3 )  8 .1 -7 .1  (m, 4 x ArH + q u in o lin e  H -4 ), 6.7 (d , J  9.5Hz, 

q u in o lin e  H - 3) ,  6.1 ( t ,  J  6Hz, exch. D 2 O ,  -NH), 4.2 (q , J  7Hz, - C H 2 C H 3 ) ,

з .8  (d , J  6Hz, -NHCH2 CO), and 1.2 ( t ,  J  7Hz, -CH3 ) ;

i . r .  3280m, 1735s, 1650s, 1590s, 1220s, 1200s, 1010m, 830s, and 730s;

и .v . Xmax 270, 278 and 332 nm.

N-Benzyl-N -(1 ,2 -d ihydro-2 -o x o qu ino lin -1-y1)gly c in e  e th y l e s te r  [163]

The above e s te r  [162] (1 .82g, 7.40 mmol) was hea ted  w ith  benzyl 

bromide (10 ml) a t  160-170° ( o i l  ba th ) fo r  1 .5h w ith  s t i r r i n g  under 

n itro g e n . The benzyl bromide was removed in  vacuo and dichlorom ethane 

(15 ml) added. The o rgan ic  la y e r  was washed su ccess iv e ly  w ith  sodium 

hydroxide so lu tio n  (IM, 2 x 1 0  m l), w a te r, and d r ie d . E vaporation gave 

an o i l  which was p u r if ie d  by chromatography over b a s ic  alumina (60g) 

w ith  l ig h t  petro leum  - e th y l a c e ta te  (4 :1) as e lu a n t which gave re s id u a l 

benzyl brom ide. F u rth er e lu tio n  w ith  l ig h t  petroleum  - e th y l a c e ta te  

(1:1) gave th e  t i t l e  e s te r  as an o i l  which was d i s t i l l e d  in  vacuo. 

b .p . (Kugelrohr) 195-200°/0.15 mmHg. Y ie ld  1.03g (41%);

n .m .r. ( C D C I 3 )  8.40 (d , J  9Hz, q u in o lin e  H -8), 7.65 (d , J  9.5Hz,

qu in o lin e  H -4 ), 7 .65-7 .10  (m, 8 xArH), 6.68 (d, J  9 .5Hz, q u in o lin e  H -3 ), 

4.57 (AB, Jab 12.5H z , -CH2P h ), 4.25 ( s ,  COCH2N ), 4.05 (q, J  7Hz, -CH2 CH3) ,
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and 1.15 ( t ,  J  7Hz, -CH3) .

R eaction o f  1 - rbenzylam ino)quinolin-2 (IH )-one [159] w ith  e th y l 
b rom o-acetate

1 - (B enzylam ino)quinolin-2(IH)-one (200mg, 0 .8  mmol) and e th y l bromo­

a c e ta te  (2 ml) were hea ted  a t  r e f lu x  under n itro g e n  fo r  1 .5h . Excess 

o f  e th y l brom o-acetate was removed in  vacuo and th e  re s id u e  p a r t i t io n e d  

between dichlorom ethane (10 ml) and 50% concen tra ted  ammonia so lu tio n  

(10 m l) . The dichlorom ethane la y e r  was washed w ith  w ater (10 m l) , 

d r ie d  and evaporated . Examination o f th e  n .m .r . spectrum  o f  th e  crude 

re a c tio n  p roduct showed i t  co n s is ted  m ainly o f  s ta r t in g  m a te r ia l w ith  

a sm all amount (~10%) o f th e  d e s ire d  p roduct [163]. Examination o f 

t . l . c .  p la te s  o f  th e  m ixture in  a v a r ie ty  o f so lv en t systems f a i le d  to  

sep a ra te  th e  two components w idely enough to  enable v ia b le  chromato­

graphic se p a ra tio n  in  comparison to  the  a l te r n a t iv e  sy n th e s is  o f  [163].

N-Benzyl-N-(1 ,2 -d ih y d ro -2 -o x o q u in o lin -l-y l)g ly c in e  [161]

The e th y l e s te r  [163] (1 .50g, 4.46 mmol) and sodium hydroxide 

so lu tio n  (2M, 11 ml) were heated  under re f lu x  fo r  4h w ith  s u f f ic ie n t  

e thano l to  ensure homogeneous so lu tio n  (30 m l) . The e th an o l was 

removed in  vacuo and the  so lu tio n  e x tra c te d  w ith  dichlorom ethane 

(2 X1 0  m l) ; th e  aqueous lay e r  was then  a c id i f ie d  w ith  co n cen tra ted  

hydroch lo ric  ac id  (3 ml) and e x tra c te d  w ith  dichlorom ethane (3 x 15 m l). 

The dichlorom ethane e x tra c ts  were d r ie d  and evaporated , and th e  re s id u e  

(foam) r e c r y s ta l l i s e d  from l ig h t  petroleum  - e th y l a c e ta te  to  g ive w hite 

c ry s ta ls  o f  th e  t i t l e  a c id , m.p. 147-148° (980mg, 71%) (Found: C,

69.9; H, 5 .3 ; N, 8 .9 . C18H16N2O3 re q u ire s  C, 70.1; H, 5 .2 ; N, 9.1%);

n .m .r. ( C D C I 3 )  8.9 (br s ,  -CO2H ), 8.2 (d , J  8Hz, q u in o lin e  H -8), 7.8 

-7 .0  (m, 8 XArH + q u in o lin e  H -4), 6.75 (d , J  9.5Hz, q u in o lin e  H -3), 4 .5  

( s , -CH2 P h ), and 4.25 ( s ,  -CH2 CO2H ). In  PhCl as so lv e n t, the 64.5
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s ig n a l appears as an AB system a t  64.25 (Jab = 12.6Hz) and th e  64.25 

s ig n a l lik e w ise , a t  63.97 ( J a b  = 17.4H z);

i . r .  2600br m, 1720s, 1650s, 1580s, 1280s, 1260s, 765s, 750s, 740s, 

and 700s.

L -( - ) -1 -pheny le thy lamine s a l t  o f  the  ac id  [161], [164]

The a c id  [161] (400mg, 1.30 mmol) and L -( - ) -1-phenylethylam ine 

(158mg, 1.305 mmol) were d isso lv ed  in  dichlorom ethane (5 m l). The 

s o lu tio n  was f i l t e r e d  and evaporated  and examined by n .m .r . s p e c tro s ­

copy. The m a te r ia l could n o t be induced to  c r y s t a l l i s e ;  

n .m .r . (CeDe) 4.60 and 4.65 (2 xAB, Jab  12.5 and 12Hz re s p e c t iv e ly , 

-CHzPh) and 4.06 and 4.02 (2 xAB, Jab  16.4 and 16.6Hz re s p e c tiv e ly ,  

-CH2 CO2 ^ ) . A fte r  re so lu tio n  o f  th e  a c id  [161] (below) and re -fo rm atio n  

o f  [164], n .m .r . rev ea led  th e  AB systems a t  64.02 and 4.65 had been 

removed.

R eso lu tion  o f  th e  ac id  [161] w ith  L -( - ) -qu in ine

The a c id  [161] (460mg, 1.494 mmol) and d r ie d  L -( -) -q u in in e  (4 8 3 .5mg, 

1.494 mmol) were d isso lv ed  in  chloroform  (5 ml) and heated  under re f lu x  

fo r  5 min. On co o lin g , th e  so lu tio n  was f i l t e r e d  and evaporated , and 

the  r e s u l t in g  foam had [a]p^°= -75.6° (c = 1 .3 7 , EtOH). I t  was d isso lv ed  

in  e th an o l (2 ml) and e th e r  (15 ml) added. The m ixture was cooled in  

ice  and sc ra tch ed  to  i n i t i a t e  c r y s ta l l i s a t io n .  A fte r  some c r y s t a l l i s a ­

t io n  had occu rred , more e th e r  (5 ml) was added and th e  so lu tio n  stood 

overn igh t a t  -5°. The re s u l t in g  s o l id  (400 .6mg) was sep ara ted  and had 

[a]j)^^= -99 .0° (c = 0 .3 , EtOH). A fte r  two more c r y s ta l l i s a t io n s  from 

ethano l - e th e r  (1 :1 2 ), the  re s u l t in g  qu in ine  s a l t  (233 .7mg, 25%) had 

m.p. 128-132° and [a]jj^‘*= -101.3° (c = 0 .3 , EtOH). I t  was d isso lv ed  in  

dichlorom ethane (5 m l) , washed w ith  d i lu te  su lp h u ric  a c id  (2M, 3 x 5  m l) ,
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w ater (5 m l), d r ie d  and evaporated  to  g ive th e  a c id  [161] (117 .7mg) 

which was c a r e fu l ly  r e c r y s ta l l i s e d  from e th y l a c e ta te  - l i g h t  petroleum . 

A fte r  removal o f  some racemic [161] (4.4mg, m.p. 141-142°) the  

o p t ic a l ly  pure (n .m .r .)  la ev o ra to ry  a c id  c r y s ta l l i s e d ,  m.p. 88-90°

(100 .Omg, 22%), [a]i3^^= -64.8° (c = 1.175, EtOH).

The mother liq u o rs  o f th e  r e c r y s ta l l i s a t io n  o f  th e  qu in ine  s a l t  

were converted  to  th e  ac id  [161] as d escrib ed  above, and contained  

(approxim ately) a 30% enantiom eric excess o f  th e  (+) a c id  (from n .m .r. 

exam ination o f  th e  L -( - ) -1-phenylethylam ine s a l t ) .

Rate o f racém isa tio n  o f  th e  ac id  [161]

A sample o f  o p t ic a l ly  a c tiv e  (+) a c id  (400mg) was d isso lv ed  in  

ethanol and hea ted  under re f lu x . At measured in te rv a ls ,  th e  m ixture 

was evaporated in  vacuo a t  room tem perature and made up to  10 ml w ith  

ethano l in  a vo lum etric  f la s k ,  and th e  o p t ic a l  r o ta t io n  measured. The 

above procedure was rep ea ted  u n t i l  fo u r read ings o f  r o ta t io n  a t  known 

tim es were ob ta ined . The above process was rep ea ted  (on a fre sh  

sample o f ac id ) in  b o ilin g  methanol.
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N-P h th a limido - 4 - chlorobenzenesulphenam ide [168]

N-Aminophthal imide (5 .0g , 30.87 mmol) was suspended in  d ic h lo ro ­

methane (150 ml) co n ta in in g  tr ie th y la m in e  (3 .5 g , 34.65 mmol) w ith  

s t i r r i n g  a t  0°. 4-Chlorobenzenesulphenyl c h lo rid e  (5 .5 g , 30.73 mmol) 

in  dichlorom ethane (80 ml) was added over a 40 min. p e rio d . A fte r  a 

fu r th e r  2h, th e  m ixture was f i l t e r e d  to  remove unchanged N-amino­

p h th a l imide (0 .2 8 g ), washed w ith  w ater ( 2  x 2 0  m l) , d r ie d  and then  

evaporated , and th e  re s id u e  p u r if ie d  by chromatography over b a s ic  

alumina. E lu tio n  w ith  l ig h t  petroleum  - e th y l a c e ta te  (4:1) gave 

b is  (4-chlorophenyl) d isu lp h id e  (1 .32g , 30%) m.p. 69-70° (from l ig h t  

petroleum ) id e n t i f ie d  by i . r .  and mixed m.p. comparison w ith  au th e n tic  

m a te r ia l. E lu tio n  w ith  e th y l a c e ta te  gave th e  t i t l e  compound (3 .45g, 

37%) as c r y s ta ls  (from e thano l) m.p. 156° (decomp.) (Found: C, 55.2;

H ,  3 .0 ; N ,  9 .2 . C ^ H g C l N z O z S  re q u ire s  C, 55.2; H ,  3 .0 ; N ,  9.2%); 

n .m .r. ( C D C I 3 )  7.87 ( s ,  4 xphthalim ido  H ) , 7 .68-7 .24  (AA'BB\ 4-Cl 

CsH^S), and 6.30 ( s ,  exch. D 2 O ,  - N H ) ; 

i . r .  3260s, 1795w, 1725m, 885s, 840s, 800s, and 705s; 

m .s. 306/304 (M" )̂, 162, 161, 158, 147, 144, 143, 104 (b a se ) , and 77.

N-(1 ,2 -D ih ydro -2 -oxoqu ino lin -l-y l) -4 -chlorobenzenesulphenam ide [169]

l-A m inoquinolin-2 (IH)-one (1 .5g , 9.38 mmol) was d isso lv ed  in  dry 

THF con ta in ing  trie th y la m in e  (l.O g , 9.90 mmol) and a so lu tio n  o f  4- 

chlorobenzenesulphenyl ch lo rid e  (1 .7 g , 9.49 mmol) in  dry THF (30 ml) 

added dropwise w ith  s t i r r i n g  over a 20 min. p e rio d . A fte r  a fu r th e r  

Ih , the m ixture was f i l t e r e d  and evaporated  and th e  re s id u e  r e c r y s t a l l ­

ised  from l ig h t  petroleum  - e th y l a c e ta te  to  give the  t i t l e  compound 

(1.25g, 44%) m.p. 143-145° (decomp.) (Found: C, 59.6; H, 3 .7 ; N, 9 .3 .

C15H1 1 CIN2OS re q u ire s  C, 59.5; H, 3 .7 ; N, 9.25%);

n .m .r. (CDCI3) 8.0 (br s , exch. D2O, -NH), 7.66 (d, J  9.5Hz, q u in o lin e
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H -4), 7 .6 -7 .1  (m, 8 x ArH), and 6.64 (d , J  9.5Hz, q u in o lin e  H -3);

i . r .  3220m, 1650s, 1595s, 850s, 820s, 760s, and 750s;

u .v . Xmax ( C H 3 C N )  272 (e = 8465) and 334 (e = 3950) nm. ;

m .s. 304/302 (M^), 288/286, 160, 159, 158, 145 (b a se ) , 144, 143, 117,

108, 90, 89, and 62.

Thermal decom position o f  [168]

The sulphenamide [168] (130mg, 0.427 mmol) was hea ted  in  a sublim a­

tio n  tube a t  190° and 15 mmHg fo r  5 min. E ffervescence was observed 

and a w hite  s o l id  (2 6 .5mg) sublimed o v er, subsequently  id e n t i f ie d  as 

p h th a l imide by comparison w ith  an a u th e n tic  sample. The re s id u e  was 

chromatographed over b a s ic  alumina w ith  l ig h t  petroleum  - e th y l a c e ta te  

(9:1) as e lu a n t which e lu te d  b is  (4-chlorophenyl) d isu lp h id e , id e n t ic a l  

w ith  an a u th e n tic  sample (45mg, 73%). F u rth e r e lu tio n  w ith  e th y l 

a c e ta te  gave more p h th a l imide ( to ta l  35mg, 56%).

P y ro ly sis  o f  [168] (50mg) in  re f lu x in g  xylene (1 ml) fo r  0.25h gave 

only a sm all amount o f  the  above decom position p ro d u c ts , w ith  much 

[168] rem aining (by t . l . c . ) .

Thermal decom position o f  [169]

The sulphenamide [169] (106mg, 0.35 mmol) was h ea ted  in  a sub lim ation  

tube a t  150° and 15 mmHg fo r  10 m ins. E ffervescence occu rred , bu t no 

sub lim ation  was observed. The re s id u e  was chromatographed over b a s ic  

alumina (4 g ). E lu tio n  w ith  l ig h t  petroleum  - e th y l a c e ta te  (9:1) gave 

b is  (4-chlorophenyl) d isu lp h id e  (16mg, 32%) id e n t ic a l  w ith  a u th e n tic  

m a te r ia l. E lu tio n  w ith  e th y l a c e ta te  - e th an o l (1:1) gave q u in o lin -2- 

(IH)-one (20.7mg, 41%) as a c r y s ta l l in e  s o l id  (from w ater) m.p. 196- 

198° (lit.* ® 2  199-200°); 

i . r .  3400br m, 1670s, 1560m, 830s, and 770s.
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On conducting th e  p y ro ly s is  o f  [169] [4Omg) in  b o ilin g  xylene (1 ml) 

fo r  0 .25h, t . l . c .  exam ination rev ea led  complete decom position to  the  

above p ro d u c ts .

Benzaldehyde m ethylphenylhydrazone [174]

1-M ethyl-1 -phenyIhydrazine^^^ (9 .8 g , 80.33 mmol) was d isso lv ed  in  a 

m ixture o f  g la c ia l  a c e t ic  a c id  (15 ml) and w ater (10 ml) and f re s h ly  

d i s t i l l e d  benzaldehyde (9 .8g , 92.45 mmol) in  g la c ia l  a c e t ic  a c id  

(50 ml) added. The m ixture was heated  on a steam b a th  fo r  2h. The 

m ixture was cooled in  ic e  and th e  p r e c ip i ta te d  hydrazone (1 3 .7g, 81%)
152sep a ra ted , washed w ith  w a te r, and d r ie d , m.p. 103-104.5° ( l i t .  104- 

104 .5°);

n .m .r. ( C D C I 3 )  7.8 (m, PhCH: ) ,  7 .4 -6 . 8  (m, 10 x ArH), and 3.25 ( s ,  - C H 3 )  ; 

i . r .  1590s, 1110m, 930s, and 760s.

2-Benzyl-1 -m ethyl-1 -phenyIhydrazine [173]

Benzaldehyde m ethylphenylhydrazone (2 .2g , 10.48 mmol) in  1 ,4 -d ioxan  

(40 ml) was added to  a s t i r r e d  suspension o f  lith iu m  aluminium hydride 

(950mg, 25 mmol) in  1 ,4-d ioxan  (40 ml) under n itro g e n  and th e  m ixture 

heated  under re f lu x  fo r  17h. A ddition  o f  e th y l a c e ta te  and w ater 

destroyed  excess lith iu m  aluminium h y d rid e , then  th e  m ixture evaporated  

in  vacuo. E th er (50 ml) was added and th e  in o rg an ic  s o lid s  sep ara ted . 

The so lu tio n  was d r ie d , evaporated and th e  r e s u l t in g  o i l  d i s t i l l e d ,  

b .p . 175-195°/3 mmHg (Kugelrohr) g iv ing  th e  t i t l e  compound as an o i l

(2 .16g, 97%). The hydrazine was f a i r l y  ra p id ly  o x id ised  in  a i r  back

to  the hydrazone [174];

n .m .r. (CCI4 ) 7 .5 -6 .5  (m, 10 xArH), 3.8 ( s ,  -CHzPh), 3.2 (b r s ,  exch.

D2O, -NH), and 2.8 (s , - Œ 3 )  ;

i . r .  3300w, 1600s, 1500s, 1030m, 760s, and 700s.
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2 -Benzyl- 1 -m ethyl- 1 -phenvlhvdraz ine hydroch loride

The above hydrazine (600mg, 2.83 mmol) was d isso lv ed  in  dry l ig h t  

petroleum  (b .p . 40-60°, 20 ml) and dry hydrogen c h lo rid e  was passed  

in to  the  m ixture fo r  2 mins. The s o lu tio n  was evaporated  under reduced 

p re ssu re  and th e  re s id u e  r e c r y s ta l l i s e d  from e th y l a c e ta te ,  m.p. 117- 

122° (330mg, 46%) (Found: C, 67 .4 ; H, 6 . 8 ; N, 11 .4 . C14H1 7 CIN2

req u ire s  C, 67 .6 ; H, 6 .9 ; N, 11.3%).

R eaction o f hydrazine [1731 w ith  4-chlorobenzenesulphenyl c h lo rid e

jm
The hydrazine [173] (420mg, 1.98 mmol) and p y rid in e  (313mg, 3.96 

mmol) were d isso lv ed  in  dry  e th e r  (30 m l) , and a s o lu tio n  o f  4 -ch lo ro ­

benzenesulphenyl c h lo rid e  (709mg, 3.96 mmol) in  dry  e th e r  (30 ml) added 

slow ly to  the  s t i r r i n g  m ixture over a p e rio d  o f  0.5h a t  0° under 

n itro g en . A fte r  a f u r th e r  0 .5h , th e  p r e c ip i ta te d  p y rid in e  hydroch loride 

was sep ara ted , and th e  f i l t r a t e  evaporated . The re s id u e  was chromato­

graphed over b a s ic  alumina (40g). E lu tio n  w ith  l ig h t  petroleum  - e th y l 

a c e ta te  (9:1) gave b is  (4-chlorophenyl) d isu lp h id e  (SOOmg, 88%).

F urther e lu tio n  affo rd ed  benzaldehyde methylphenylhydrazone [174]

(316mg, 76%) id e n t ic a l  w ith  a u th e n tic  m a te r ia l .

The same p roducts were id e n t i f ia b le  by n .m .r . when the  re a c tio n  was 

conducted a t  -40° w ithout allow ing th e  s o lu tio n  tem perature to  r i s e  

over -35°.

Control experim ent : trea tm en t o f  sulphenamide [134] w ith  t r i e t h y l ­
amine

N -B enzyl-N -isopropyl-2-nitrobenzenesulphenam ide [134] (10Omg) was 

s t i r r e d  in  trie th y lam in e  (2 ml) fo r  Ih  a t  ambient tem perature. 

Examination by t . l . c .  a f t e r  th is  p e rio d  (AI2O3 ; l i g h t  petroleum  - e th y l 

a c e ta te  5:1) showed only  th e  p resence o f  s ta r t in g  sulphenamide [134]
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a t  Rf 0 .8 . On evaporation  o f  th e  trie th y la m in e  under reduced p re ssu re , 

[134] was recovered  in  q u a n ti ta t iv e  y ie ld .

1 ,1 -Dibenzylhydraz ine

- was p repared  by th e  method o f  Dewar and Jennings in  24% y ie ld  

from benzyl c h lo r id e  and hydrazine h y d ra te . The p roduct a f t e r  

r e c r y s ta l l i s a t io n  from l ig h t  petroleum  (b .p . 40-60°) m elted a t  52-54° 

(lit.*® ®  55°);

i . r .  3400w, 3330w, 1610s, 1500s, 760s, and 700s.

Reaction o f  1 ,1 -d ibenzylhydrazine w ith  4-chlorobenzenesulphenyl 
c h lo rid e

1 ,1 -D ibenzylhydrazine (1 .9g , 8.96 mmol) and tr ie th y la m in e  (l.O g ,

9.90 mmol) were d isso lv ed  in  dry e th e r  (20 ml) w ith  s t i r r i n g  a t  0° 

under n itro g e n . 4-Chlorobenzenesulphenyl c h lo r id e  (1 .6 g , 8.94 mmol) 

in  dry e th e r  (30 ml) was added over a p e rio d  o f  0 .5h , then  s t i r r i n g  

continued fo r  a f u r th e r  3h. The m ixture was f i l t e r e d  and evaporated , 

and the re s id u e  chromatographed over K iese lg e l (lOOg) w ith  l ig h t  

petroleum  e lu a n t,  which gave i n i t i a l l y  b is(4 -ch lo ro p h en y l) d isu lp h id e  

(1.19g, 93%) id e n t ic a l  w ith  a u th e n tic  m a te r ia l.  F u rth e r e lu tio n  gave 

c o lo u rle ss  c r y s ta ls  o f  1 ,2 -d iphenylethane [177] (385mg, 43% co rre c te d  

fo r  un reac ted  1 ,1 -d ibenzylhydrazine) m.p. 47-49° (from ethanol)

( lit.^ ® ^  53°) w ith  n .m .r . and i . r .  id e n t ic a l  to  a u th e n tic  m a te r ia l;  

n .m .r. ( C D C I 3 )  7.20 (br s ,  10 xArH), and 2.90 ( s ,  2 x -CHzPh) ; 

i . r .  308Ow, 3040w, 3010w, 1600m, 1060u^, 1020w, 740s, and 690s.

F u rther e lu tio n  w ith  l ig h t  petroleum  - e th e r  (9:1) gave a second 

c r y s ta l l in e  s o l id  subsequently  id e n t i f ie d  as benzaldehyde d ib en zy l- 

hydrazone [178] (672mg, 45% co rrec te d  fo r  u n reac ted  1 ,1 -d ib en zy l- 

hydrazine) m.p. 79.5-81° (from e thano l) ( l i t . ^ ^ ^  85°), id e n tic a l  in  a l l  

re sp ec ts  w ith  th e  m a te r ia l sy n th esised  below. F u rth e r e lu tio n  w ith
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e th e r  gave u n reac ted  1 ,1 -d ibenzy lhydraz ine  (855nig).

Benzaldehyde dibenzylhydrazone [1781

1 .1 -D ibenzylhydrazine (SOOmg, 1.415 mmol) was d isso lv ed  in  a warm 

m ixture (^^50°) o f  g la c ia l  a c e t ic  a c id  ( 6  ml) and w ater (4 m l), and 

f re s h ly  d i s t i l l e d  benzaldehyde (150mg, 1.415 mmol) in  g la c ia l  a c e tic  

a c id  (7 ml) added. The m ixture was heated  a t  70° fo r  10 m in ., then 

coo led , and th e  p re c ip i ta te d  p roduct sep a ra ted  and r e c r y s ta l l i s e d  

from ethano l to  g ive benzaldehyde dibenzylhydrazone (306mg, 72%) m.p. 

81-83° (lit.*® ®  85°);

n .m .r . ( C D C I 3 )  7.8 (m, PhCH:), 7 .4 -6 . 8  (m, 15 x ArH), and 3.25 ( s ,

2 X -CHzPh) ;

n .m .r . (CDCI3) 137.5, 131.7, 128.4-125.4 (1 5 xA rC + PhC=N) and

57.8 (2 x P h Œ z );

i . r .  1600m, 1570m, 1500s, 1130m, 880m, 760s, and 695s; 

m .s. 300 (base, M'*'), 209, 181, 166, and 91.

T e trab en zy l-2 - te tra z e n e  [180]

1 .1 -D ibenzylhydrazine (210mg, 0.991 mmol) was d isso lv ed  in  d ic h lo ro ­

methane (2 ml) and cooled to  5°. A so lu tio n  o f  lead  te t r a - a c e ta te  

(500mg, 1.128 mmol) in  dichlorom ethane (10 ml) was added slow ly over a 

p e rio d  o f  0.25h w ith  s t i r r i n g .  A fte r  a fu r th e r  0.5h the  p re c ip i ta te d  

lead  s a l ts ,  were se p a ra ted , the  f i l t r a t e  evaporated  and th e  resid u e  

r e c r y s ta l l i s e d  from l ig h t  petroleum  to  g ive the  t i t l e  compound (85mg, 

41%) m.p. 94-98° (lit.*® ®  98-99°);

n .m .r. (CDCI3) 7.1 (b r s ,  20 xArH) and 4 .3  ( s ,  4 x-CHzPh).

NN- Dibenzyl - 4 - chlorobenzenesulphenam ide [182]

Dibenzylamine (500mg, 2.525 mmol) was d isso lv ed  in  dry e th e r  (10 ml) 

co n ta in in g  tr ie th y la m in e  (250mg, 2.475 mmol) w ith  s t i r r i n g  a t  room
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tem perature . A s o lu tio n  o f  4-chlorobenzenesulphenyl c h lo r id e  (450mg, 

2.514 mmol) in  dry e th e r  (10 ml) was added over a 10 min. p e rio d . 

A fte r  a fu r th e r  Ih , th e  p r e c ip i ta te  was sep ara ted  and th e  e th e r  

removed to  give th e  crude product (606mg, 71%) as a c o lo u r le ss  o i l ;  

n .m .r . ( C D C I 3 )  7.15 (AA'BB', 4 x p C l C s H H  - superimposed on m, 10 x ArH) 

and 4.00 (s ,  2 x - ^ P h ) .
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2-N itrobenzenesulphenam ide [2511 and 2 ,4-d in itrobenzenesulphenam ide 
[254]

A so lu tio n  o f  th e  ap p ro p ria te  su lphenyl c h lo rid e  (20 mmol) in  

a c e to n i t r i l e  (50 ml) was added a t  ambient te n p e ra tu re  over a p e rio d  

o f  O.Sh to  a s t i r r e d  m ixture o f  ammonia s o lu tio n  (d, 0 .88 , 40 ml) and 

a c e to n i t r i l e  (30 m l). A fte r  a f u r th e r  O.Sh, s a tu ra te d  sodium c h lo rid e  

s o lu tio n  ( 1 0 0  ml) was added, and th e  o rgan ic  la y e r  se p a ra te d , washed 

w ith  s a tu ra te d  sodium ch lo rid e  s o lu t io n , d r ie d  and evaporated  and th e  

re s id u e  r e c r y s ta l l i s e d  from e th an o l to  g iv e :

2-N itrobenzenesulphenam ide [251] (80%) m.p. 122-125° ( li t .^ ^ ®  128°); 

n .m .r . ( C D C I 3 )  8 .2 -7 .2  (m, 4 xArH) and 2.75 (hr s ,  exch. D2 O, -NH2 ) ; 

i . r .  5580w, 5500w, 5100w, 1590m, 1560m, 1540s, 1510s, and 750s.

2 ,4 -D initrobenzenesulphenam ide [254] (85%) m.p. 119-120° ( l i t . ^ ^ ^  119- 

120°) ;

n .m .r . ( C D C I 3 )  9.15 (br d ,  J  2Hz, Ar H -5 ), 8 .5  (b r d ,  J  2Hz, Ar H-5

and H-6 ) ,  and 2.85 (b r s ,  exch. D2O, -NH2 ) ;

i . r .  5410W, 5520w, 5100w, 1590s, 1500s, 1540s, 1500m, and 750s.

Benzoylsulphenamide [250]

- was p repared  by th e  method o f  Raasch from th io b en zo ic  a c id  and 

hydroxylam ine-0-sulphonic a c id . The crude m a te r ia l  (65%) was 

r e c r y s ta l l i s e d  from e th an o l m.p. 81-84° (lit.^® ®  8 8 .5 -9 0 °).

4-Nitrobenzenesulphenam ide [252]

4 -N itro b en zen eth io l (1.55g, 10 mmol) was d isso lv ed  in  w ater 

(100 ml) co n ta in in g  potassium  hydroxide (700mg, 12.28 mmol) and to  

th e  f i l t e r e d  so lu tio n  was added a so lu tio n  o f  hydroxylam ine-0 - 

su lphonic ac id  (2 .5g , 22.12 mmol) and potassium  hydroxide (1 .5g , 

26.52 mmol) in  w ater (20 ml) (cooled to  10°) w ith  s t i r r i n g .

The re s u l t in g  p r e c ip i ta te  (the  t i t l e  compound) was sep a ra ted .
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washed w ith  w ater and d r ie d  ( 1 .44g, 85%) m.p. 105-106° ( l i t . ^ ^ ^  101- 

103°).

4-Chlorobenzenesulphenamide [255]

To a s o lu tio n  o f  potassium  hydroxide (1 .85g, 52.46 mmol) and 4- 

ch lo ro b en zen e th io l (5 .5 g , 22.84 mmol) in  w ater (50 ml) was added w ith  

s t i r r i n g  a t  ambient te n p e ra tu re  a cooled (10°) so lu tio n  o f  hydroxyl­

amine-0- su lphonic  a c id  (5 .1g , 27.45 mmol) and potassium  hydroxide 

(1 .55g, 27.19 mmol) in  w ater (10 m l). The r e s u l t in g  m ixture was 

e x tra c te d  w ith  dichlorom ethane (2 x 2 0  m l) , and th e  combined e x tra c ts  

were washed w ith  w a te r, d r ie d  and evaporated  to  g ive th e  t i t l e  compound 

as a h ig h ly  u n s tab le  co lo u rle ss  o i l  (1 .67g, 46%).

This m a te r ia l decomposes to  th e  b is(su lphen im ide) [256] m.p. 157- 

158° over a p e rio d  o f  a few hours a t  room tem pera tu re , b u t i s  s ta b le  

fo r  se v e ra l weeks a t  -40°;

n .m .r . ( C D C I 3 )  7.2 (m, 4 x  ArH) and 2.65 (br s ,  exch. D 2 O ,  -NH2 ) ;  

i . r .  5580s, 5500s, 1470s, 1590s, 1090s, 1010s, 810s, and 785m.

D e r iv i t is a t io n  o f  [255] w ith  acetone

The sulphenamide [255] (l.O g , 6.27 mmol), ammonium c h lo rid e  

( c a ta ly s t ,  200mg) and acetone (2 .5  ml) were s t i r r e d  in  ethano l (10 ml) 

fo r  18h a t  ambient tem perature . The m ixture was f i l t e r e d  and evapor­

a ted  and th e  re s id u e  chromatographed over b a s ic  alum ina (55g) w ith  

l ig h t  petroleum  - e th y l a c e ta te  (9:1) as e lu a n t,  which gave th e  acetone 

d e r iv a tiv e  o f  [255], 1 ,1-dim ethyl-N - (4-chlorophenyl) sulphenylim ine 

(220mg, 18%) m.p. 51-55° (from l ig h t  petro leum , b .p . <40°) ( l i t .^ ® °  

40-41°);

n .m .r . ( C D C I 3 )  7.4 (AA'BB', 4 x  ArH), and 2.10 and 2.05 (2 x  s ,  2 x  C H 3 ) . 

F u rth er e lu t io n  w ith  l ig h t  petroleum  - e th y l a c e ta te  (5:1) gave b is -

-145-



(4-chlorophenyl) sulphenim ide [236] (390mg, 41%) r e s u l t in g  from therm al 

decom position o f  [233];

n .m .r . (CDCl3) 7.2 (br s ,  8  x ArH), and 4 .7  (b r s , -NH).

O xidation o f  [250]-[234] by lead  te t r a - a c e ta te  in  th e  absence o f  
tra p p in g  reag en ts

The sulphenamide (1 mol. eq u iv .)  was s t i r r e d  in  dichlorom ethane

( 1 0  ml p e r  gm) and powdered lead  t e t r a - a c e ta te  ( 1  mol. eq u iv .) added

portionw ise  over a p e rio d  o f  15 m ins. Gas ev o lu tio n  was no ted  in  a l l

cases . S t i r r in g  was continued a fu r th e r  15 m in s ., then  dichlorom ethane

was added. The m ixture was f i l t e r e d  and evaporated  and th e  re s id u e

chromatographed over b a s ic  alumina w ith  co n d itio n s  shown fo r  each

sulphenam ide.

Benzoylsulphenamide [250] - e lu tio n  w ith  l ig h t  petroleum  gave a p a le  

yellow  s o lid  id e n t i f ie d  as elem ental su lphur (55%) m.p. 116-119°. The ■ 

rem ainder o f  th e  product was in t r a c ta b le .

4-Chlorobenzenesulphenamide [255] - e lu t io n  w ith  l ig h t  petroleum  - e th y l 

a c e ta te  (9:1) gave b i s (4 -chlorophenvl) d isu lp h id e  (75%) m.p. 68-70° 

(from l ig h t  petroleum ) (lit .^ ® ^  7 1 .5 °); 

i . r .  1900w, 1100s, 1010s, and 820s.

No o th e r  p roduct was ob ta ined .

4-N itrobenzenesulphenam ide [252] - e lu t io n  w ith  l ig h t  petroleum  - e th y l 

a c e ta te  (1:1) gave b is (4 -n itro p h e n v ll d isu lp h id e  (55%) m.p. 191° (from 

a c e tic  ac id ) ( lit .^ ® ^  181°).

No o th e r  p roduct was is o la te d .  

n .m .r . (CDCl3 ) 8.20 and 7.55 (J  9Hz, AA'BB'); 

i . r .  1590m, 1560m, 1500s, 1550s, 1090m, 840s, 850s, and 725s.

2-N itrobenzenesulphenam ide [251] - e lu t io n  w ith  e th e r  gave b is ( 2 - n i t r o -  

phenyl) d isu lp h id e  (49%) m.p. 191-196° (from a c e t ic  ac id ) ( l i t . ^ ^ ^  192-
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195°). The rem ainder o f th e  m a te r ia l was polym eric.

i . r .  1590m, 1560m, 1510s, 1335s, 1310s, 1250m, 1100m, 1035m, 850m, and

730s.

2 ,4 -D initrobenzenesulphenam ide [254] - e lu t io n  w ith  e th y l a c e ta te  - 

m ethanol (99:1) gave a yellow  s o l id  id e n t i f ie d  as N-2,4 -d in itro b en zen e-

S-2 ,4-din itrobenzenesulphenam ide [257], (41%) m.p. 251° (decomp.) (from 

n itrobenzene) (Found: C, 58 .5 ; H, 2 .0 ; N, 17 .9 . C12H7N5O8 S req u ire s

C, 57.8; H, 1 .85; N, 18.4%; f ig u re s  a re  c o r re c t  fo r  6 % occluded n i t r o ­

benzene) ;

n .m .r . (EMSO) 9.80 (s ,  -NH), 8.98 and 8.90 (2xd, J  5Hz, Ar H-5 and H -5 ') ,  

8.40 and 8.20 (2xdd, J  5x9H z, Ar H-5 and H -5 ') ,  and 7.80 and 7.65 (2xd, 

J  9Hz, Ar H- 6  and H-6 ')  ;

i . r .  5550w, 5520w, 5100w, 1620s, 1600s, 1520s, 1550s, 1520s, 860m, 850s, 

740s, and 750s;

m .s. 581 (M^), 199 (b ase ), 185, 155, 150, and 125.

A lte rn a tiv e  sy n th e s is  o f  [257]

2 ,4 -D in itro a n ilin e  (500mg, 2.752 mmol) was added to  a s t i r r i n g  

suspension o f sodium hydride (150mg, 50% d isp e rs io n , 5.125 mmol) in  

a c e to n i t r i l e  (80 m l). A so lu tio n  o f 2 ,4 -d in itrobenzenesu lpheny l 

ch lo rid e  (650mg, 2.772 mmol) in  a c e to n i t r i l e  (50 ml) was added dropwise 

over a p e rio d  o f  0 .5h . A fte r  a fu r th e r  0 .5h , d i lu te  hyd ro ch lo ric  ac id  

(2M, 5 ml) was c a u tio u s ly  added, then w ater (50 m l). The p r e c ip i ta te  

was sep a ra ted , and th e  f i l t r a t e  co n cen tra ted  g iv ing  more s o lid .  The 

combined s o lid s  were chromatographed over b a s ic  alum ina (60g).

E lu tio n  w ith  e th y l a c e ta te  - methanol (4 :1) gave th e  t i t l e  compound 

(200mg, 19%) as c ry s ta ls  (from n itro b e n z e n e ) , id e n t ic a l  in  a l l  

re sp e c ts  w ith  the  m a te r ia l ob ta ined  above.
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C is-l-pheny lp ropene [200]
164- was p repared  by the  method o f  Coussement e ^ a l .  in  67% y ie ld  

from decarboxy la tion  o f  Z-methylcinnamic a c id  w ith  copper and 

q u in o lin e . The crude product was d i s t i l l e d ,  b .p . (Kugelrohr) 120-125° 

/80  mmHg;

g . l . c .  (3% OV 225, 75°, N2 flow r a te  48 ml m in '^ ) .

Rt 5 .2  (c is )  and 7.2 ( tra n s )  min. R atio  98:2. 

n .m .r . (CDCl3 ) 7.20 (b r s ,  5 x ArH), 6.40 (dxd, J  1 .6  x 11.5Hz, H -1),

5.70 (dxq, J  7 X 11.5Hz, H -2), and 1.78 (dxd, J  1 . 6  x 7Hz, - C H 3 ) .

T etrapheny lpy rro le  [265]

- was p repared  by the  method o f  Davidson^®^ in  58% y ie ld  from 

benzoin , ammonium a c e ta te ,  a c e t ic  a c id  and zinc  d u s t. The product was 

r e c r y s ta l l i s e d  from a c e to n i t r i l e ,  m.p. 217-217.5° ( li t .^ ® ^  214°).

Trapping o f  n i t r e n e s  derived  from [230]-[254] by a lk en es . General 
p rocedure .

The sulphenamide (1 mol. eq u iv .) and the  alkene (5 mol. eq u iv .) 

(gaseous alkenes were condensed and measured d i r e c t ly  in to  the  re a c tio n  

f la s k  a t  0°) were d isso lv ed  in  dichlorom ethane (7 ml p e r gm. su lphen­

amide) and powdered lead  te t r a - a c e ta te  ( 1  mol. eq u iv .)  added p o r tio n -  

w ise over 15 m in s ., w ith  s t i r r i n g  a t  room tem perature (0° fo r  gaseous 

a lk en es). A fte r  a f u r th e r  15 m in s ., th e  m ixture was d i lu te d  w ith  

d ichlorom ethane, f i l t e r e d  and evaporated , and th e  re s id u e  chromato­

graphed over n e u tra l  alumina (Brockmann Grade 5 ). E lu tio n  w ith  l ig h t  

petroleum  gave u n reac ted  alkene. F u rth er e lu t io n  w ith  e th e r  gave th e  

a z i r id in e s .  The fo llow ing a z ir id in e s  were o b ta in e d - in  th i s  way:

1 - (2 ,4 -d in itro b en zen esu lp h en y l)-2 -p h en y laz irid in e  [246] from 2 ,4 - 

dinitrobenzenesulphenam ide and s ty ren e  (58%) as yellow  c r y s ta ls  (from 

l ig h t  petroleum  - ch lo ro fo rm ), m.p. 110-112° (Found: C, 52.8; H, 5 .5 ;

146-



N, 13 .1 . C14H11N3O4S re q u ire s  C, 53 .0 ; H, 3 .5 ; N, 13.2%);

n .m .r . (CDCl3) 9.10 (b r s ,  Ar H -3), 8.35 (b r s ,  Ar H-5 and H-6 ) ,  7.35 

(m, 5 X phenyl H), 3.15 (dxd, J  4 x 7Hz, a z i r id in e  H -2), 2.65 (d, J  4Hz, 

a z ir id in e  H-3 c is  to  p h en y l), and. 2.60 (d , J  7Hz, a z ir id in e  H-3 tra n s  

to  p h e n y l) ;

i . r .  3100w, 1590s, 1510s, 1330s, 1300s, 1050m, 740s, 730s, and 695s; 

m .s. 317 (Nt*), 188, 180, and 119.

t r a n s - 1- (2 ,4 -D initrobenzenesulphenyl) -2 -m ethyl- 3 -p h en y laz irid in e  [249] 

from 2 ,4 -dinitrobenzenesulphenam ide and trans-1 -pheny lp ropene (64%) as 

orange c r y s ta ls  (from ethano l) m.p. 115-117° (Found: C, 54.4; H, 4 .0 ;

N, 12.7 . C15H13N3O4S re q u ire s  C, 54.4; H, 3 .95 ; N, 12.7%);

n .m .r . (CDCl3) 8.95 (d , J  2 .5Hz, Ar H -3), 8.45 (d, J  8.5Hz, Ar H-6 ) ,

8.25 (dxd, J  2 .5 x 8 .5 H z , Ar H -5), 7.25 (b r s ,  5 x phenyl H), 3.00 (d,

J  3.5Hz, a z ir id in e  H -3), 2.85 (dxq, J  3 .5 x 5 .5 H z , a z ir id in e  H -2), and 

1.60 (d, J  5.5Hz, - C H 3 ) ;

i . r .  3100w, 1595s, 1520s, 1330s, 1300s, and 730s.

When th e  crude re a c tio n  m ixture in  th e  p re p a ra tio n  o f  [249] was 

chromatographed over b a s ic  alumina in s te a d  o f  n e u tra l  alum ina, w ith  

l ig h t  petroleum  - e th y l a c e ta te  (4:1) as e lu a n t,  N -(2 -e thoxy-1-m ethyl-

2-phenylethy l) - 2 ,4 -dinitrobenzenesulphenam ide [256] was ob ta ined  (20%) 

as yellow  c ry s ta ls  (from l ig h t  petroleum  - e th y l a c e ta te )  m.p. 88-89° 

(Found: C, 53.9; H, 5 .0 ; N, 11 .2 . C17H1 9N3O5S re q u ire s  C, 54.1;

H, 5 .1 ; N, 11.1%);

n .m .r . (CDCl3 ) 9 .0  ( s ,  Ar H -3), 8.2 (s tru c tu re d  m, Ar H-5 and H-6 ) ,

7.25 (m, 5 Xphenyl H ), 4.40 (d, J  5Hz, -CHOEt), 3 .75-2 .85  (m, QMe + 

N-H+OCH2), and 1.35 and 1 . 1 0  ( s tru c tu re d  m, 2 x CH3) ;

i . r .  3340W, 3080w, 1580s, 1520s, 1500m, 1340s, 1300s, 1070s, 910s, 

755s, and 700s.
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1  - c 2 ,4 - d in itrobenzenesu lpheny l) - 2 -methyl - 2 -pheny laz  i r  id in e  [247] from

2 .4 -dinitrobenzenesulphenam ide and 2 -phenyIpropene as an orange g la ss  

( 61%);

n .m .r . (CDCl3 ) 9 .0  (d , J  1.5Hz, Ar H -3), 8.30 (m, Ar H-5 and H-6 ) ,

7.35 (m, 5 Xphenyl H), 2.75 (b r s ,  a z i r id in e  H-3 c is  to  p h en y l) , 2.40 

(b r s ,  a z i r id in e  H-3 tra n s  to  p h en y l) , and 1.80 ( s ,  - C H 3 )  ; 

i . r .  3100w, 1585s, 1515s, 1335s, 1300s, and 740s.

t r a n s - 1- (2 ,4 -d in itro b en zen esu lp h en y l)- 2 ,3 -d im e th y laz ir id in e  [250] from

2 .4-dinitrobenzenesulphenam ide and tra n s  b u t-2 -en e  (38%) as orange 

c ry s ta ls  (from ethano l) m.p. 137-138.5° (Found: C, 44 .7 ; H, 4 .2 ;

N, 15.65. C10H1 1 N3O4 S req u ire s  C, 44 .6 ; H, 4 .1 ; N, 15.6%);

n .m .r . (CDCl3 ) 9.10 (d , J  2.5Hz, Ar H -3), 8.50 (d, J  8Hz, Ar H -6),

8.30 (dxd, J  2 .5 x 8 H z, Ar H -5), 2 .40-2 .10  (m, 2 x a z ir id in e  H), and 

1.40 (d, J  5.5Hz, 2 XCH3 ) ;

i . r .  3110W, 1590s, 1510s, 1340s, 1300s,. 1080m, 1050m, 1030m, 910s,

820s, and 730s.

1 - (2 ,4 -d in itro b e n z e n e su lp h e n y l)-2 -v in y la z irid in e  [251] from 2 ,4 - 

d initrobenzenesulphenam ide and b u ta - l ,3 -d ie n e  (58%) as orange c ry s ta ls  

(from e thano l) m.p. 113-115° (Found: C, 45 .1 ; H, 3 .45; N, 15.8. 

CioHgN3 0 ttS re q u ire s  C, 44 .9 ; H, 3 .4 ; N, 15.7%);

n .m .r . (CDCl3 ) 9.10 (d, J  1.5Hz, Ar H -3), 8.40 (d, J  1.5Hz, Ar H-5 + 

H-6), 5 .9 -5 .2  (s tru c tu re d  m, 3 x alk en e  H), 2.70 (dxdxd, J  3.7 x 6 .8  x 6.8 

Hz, a z ir id in e  H -2), 2.40 (d, J  3.7Hz, a z ir id in e  H-3 c is  to  v in y l) ,  and 

2.38 (d, J  6 .8Hz, a z ir id in e  H-3 tra n s  to  v in y l ) ; 

i . r .  3100W, 1590s, 1515s, 1380s, 1300s, 1050s, 920m, 740s, and 730s. 

t r a n s - 1 - (2 -n itro b en zen esu lp h en y l)-2 -m eth y l-3 -p h en y laz irid in e  [270] from

2-nitrobenzenesulphenam ide and tra n s  -1 -phenyIpropene as a yellow  o i l  

( 5 8 % ) ;
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n .m .r . (CDCl 3) 8.30 (dxd, J  2 .5 x 8 H z, Ar H -3 ), 7 .65-7 .10  (m, 8  x  ArH),

2.90 (d, J  4Hz, a z ir id in e  H -3), 2.75 (dxq, J  4 x 6Hz, a z ir id in e  H -2), 

and 1.55 (d, J  6Hz, -Me).

With th e  sulphenatnides [230], [232] and [233] no tra p p ab le  p roducts 

were ob ta in ed  using  th e  above procedure and th e  same p roducts were 

is o la te d  as in  th e  absence o f  trap p in g  re ag en ts .

R eaction o f  tra n s  -1- (2 ,4 -d in itrobenzenesu lpheny l) - 2 -methyl - 3-phenyl - 
a z ir id in e  [249] w ith  sodium e th o x id e /e th an o l

Sodium (50mg, 2.174 mmol) was d isso lv ed  in  e th an o l (10 ml) and th e  

a z ir id in e  [249] added (200mg, 0.604 mmol), and th e  m ixture s t i r r e d  a t  

ambient tem perature fo r  0 .5h . D ilu te  h y d ro ch lo ric  a c id  (2M, 3 ml) 

was then added and th e  m ixture e x tra c te d  w ith  dichlorom ethane (2 x 5  m l) . 

The o rgan ic  e x tra c ts  were d r ie d  and evaporated , and exam ination o f  the  

n .m .r . spectrum  o f  th e  re s id u e  showed th e  p resence o f  th e  sulphenamide 

[256], (ça . 10%) w ith  th e  r e s t  o f  the  m a te r ia l being unchanged [249].

R eaction o f  2 ,4-din itrobenzenesulphenam ide [234], lead  te t r a - a c e ta te  
and c is -l-p h en y lp ro p en e  [2 0 0 ]

Using th e  genera l procedure given above, a m ixture o f  two a z ir id in e s  

was rev ea led  by n .m .r . o f  th e  crude re a c tio n  m ix tu re . On chromato­

graphy over n e u tra l  alum ina, the  m ixture o f a z ir id in e s  could be 

ob ta ined  pu re . One component could be id e n t i f ie d  as th e  tra n s  isomer 

[249]. The o th e r  isomer could be ob ta ined  by chromatography over b a s ic  

alumina w ith  e th e r  as e lu a n t ( a f te r  removal o f excess alkene w ith  l ig h t  

petroleum ) and was id e n t i f ie d  as c i s - 1 - ( 2 , 4 -d in itro b en zen esu lp h en y l)- 2 - 

m eth y l-3 -p h en y laz irid in e  [255] (18%) as yellow  c r y s ta ls  (from e thano l) 

m.p. 109-110° (Found: C, 54.3; H, 3 .9 ; N, 12 .7 . C15H1 3N3O4S re q u ire s

C, 54.4; H, 3 .95; N, 12.7%);
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n .m .r . (CDCl3) 9.05 (d, J  2.5Hz, Ar H -3), 8.50 (d, J  9Hz, Ar H-6 ) ,

8.35 (dxd, J  2 .5 x 9 H z, Ar H -5), 7.35 (b r s ,  5 x phenyl H), 3.40 (d , J  

7 .3Hz, a z i r id in e  H -3), 2.65 (dxq, J  5 .5 x 7 .3Hz, a z ir id in e  H -2), and 

1 . 2 0  (d , J  5.5Hz, -CH3) ;

i . r .  3120w, 3090w, 1595s, 1515s, 1330s, 1300s, 1050m, 910s, 830m, 740m, 

and 730s.

R eaction o f  su ln h en v laz ir id in e s  w ith  sodium borohvdride

The su lp h e n y la z ir id in e  (0 .3  mmol) was s t i r r e d  in  e th an o l (1 .5  ml) 

and dichlorom ethane (2 ml) a t  room tem pera tu re , and powdered sodium 

borohydride (1 .2  mmol) added p o rtionw ise  over a 2 min. p e rio d . A fte r  

s t i r r i n g  a fu r th e r  10 min. th e  m ixture was poured in to  w ater (10 ml) 

and ra p id ly  e x tra c te d  w ith  dichlorom ethane (2 x 5  m l) . The o rgan ic  

e x tra c ts  were d r ie d , evaporated and d i s t i l l e d  to  g ive th e  a z i r id in e s :-

2-p h en y laz irid in e  - from 1 - (2 ,4 -d in itro b en zen esu lp h en y l)-2 -phenyl­

a z ir id in e  [246] as a c o lo u rle ss  o i l  (45%) b .p . (Kugelrohr) 95-100°/2 

mmHg ( l i t . ^ ^ ^  94-95°/10 mmHg);

n .m .r. (CDCl3 )  7.25 ( s ,  5 x  ArH), 3.00 (dxd, J  3 .3  x6Hz, a z ir id in e  

H -2), 2.15 (d, J  6Hz, a z ir id in e  H-3 tra n s  to  p h en y l), 1.75 (d, J

3 .3Hz, a z ir id in e  H-3 c is  to  p h en y l), and 1.10 ( s ,  -NH) ; 

i . r .  3300w, 1580s, 1495s, 750s, and 700s.

tra n s  - 2 -m ethyl - 3 -p h en y laz irid in e  - from t r a ^ - 1 - (2 ,4 -d in itro b en zen e ­

su lp h en y l)-2 -m e th y l-3 -p h en y laz irid in e  [249] as a c o lo u rle ss  o i l  (56%) 

b .p . (Kugelrohr) 110-115°/2 mmHg ( l i t . ^ ^ ^  96-97°/10 mmHg); 

n .m .r. (CDCl3) 7.20 (m, 5 xphenyl H ), 2.65 (d , J  2.8Hz, a z ir id in e  

H -3), 2.10 (dxq, J  2 .8 x 5 .5 H z , a z ir id in e  H -2), 1.35 (d , J  5.5Hz, -Me), 

and 1.20 (br s ,  -NH) ;

i . r .  3300w, 1600m, 1490s, 1450s, 840m, and 740s.
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R eaction o f  2 ,4-dinitrobenzenesulphenam ide [2341 , le ad  te t r a - a c e ta te  
and I ÎSQ

The sulphenamide [234] (0 .5g , 2.326 mmol) was d isso lv ed  in  IMSO 

(3 ml) w ith  s t i r r i n g  a t  ambient tem pera tu re , and lead  t e t r a - a c e ta te  

(1 .04g , 2.346 mmol) added po rtionw ise  over a p e rio d  o f  10 m ins. A fte r  

a fu r th e r  1 0  min. th e  m ixture was poured in to  w ater ( 2 0  ml) and 

e x tra c te d  w ith  dichlorom ethane (2 x 30 ml) . The combined d ic h lo ro ­

methane e x tr a c ts  were washed w ith  w ater ( 2 0  m l) , d r ie d  and evaporated , 

and the  re s id u e  p u r if ie d  by chromatography over n e u tra l  alumina (40g). 

E lu tio n  w ith  e th e r  - e th y l a c e ta te  (9:1) gave N -(2 ,4 -d in itro b e n z e n e )-

2 ,4 -dinitrobenzenesulphenam ide [237] ( lllm g , 25%). F u rth e r e lu tio n  

w ith  e th y l a c e ta te  and e th y l a c e ta te  - m ethanol (4:1) a ffo rd ed  N -(2 ,4 - 

d in itrobenzenesu lpheny l) -SS-dim ethylsulphoxim ine [257] (190mg, 28%) 

as chocolate-brow n c r y s ta ls  (from ethano l) m.p. 212-215° (decomp.) 

(Found: C, 33 .2 ; H, 3 .1 ; N, 14 .4 . C8H9N3O5S2 re q u ire s  C, 33.0;

H, 3 .1 ; N, 14.4%) ;

n .m .r. ([CD3 ] 2 S0 ) 8.85 (d, J  2.5Hz, Ar H -3), 8.37 (dxd, J  2 .5x9H z,

Ar H -5), 8.20 (d , J  9Hz, Ar H-6 ) ,  and 3.30 ( s ,  2 xCHg) ;

i . r .  3120W, 1600s, 1590s, 1510s, 1345s, 1220m, 1030s, 830m, 745m, and

740s;

m .s. 291 (M*), 197, 181, 147, 119, and 76 (b ase ).

R eaction o f  2 ,4 -d initrobenzenesulphenam ide [2541. tra n s -b u t-2 -e n y l
4-chlorophenyl su lph ide  [110] and lead  te t r a - a c e ta te

2 ,4 -D initrobenzenesulphenam ide (450mg, 2.093 mmol) and t r a n s - b u t-2-

enyl 4-chlorophenyl su lph ide  (600mg, 3.031 mmol) were s t i r r e d  in

dichlorom ethane (3 .5  ml) a t  room tem perature and lead  te t r a - a c e ta te

(1.09g, 2.46 mmol) was added portionw ise  over a p e rio d  o f  10 m ins.

A fte r  a fu r th e r  30 m ins. ,  the  m ixture was f i l t e r e d  and evaporated and

-151-



chromatographed over b a s ic  alum ina [50g) w ith  l ig h t  petro leum  - e th e r  

(9 :1) as e lu a n t which gave back unchanged a l l y l  su lph ide  (250mg). 

F u rth e r e lu t io n  w ith  e th e r  gave N- (1 -m eth y la lly l)  -S- (4-chlorobenzene) -

S - (2 ,4 -d in itrobenzene)su lphen im ide [258] (640mg, 74%) as an orange o i l ;  

n .m .r . ( C D C I 3 )  9.0 (d, J  2Hz, Ar H -3), 8.35 (dxd, J  2 x Q H z ,  Ar H -5), 

7.80 (d , J  9Hz, A rH - 6 ) ,  7.30 (AA'BB', 4 xArH), 6 .10-5 .70  ( s tru c tu re d  

m, CH=CH2 ) , 5 .3 0 -5 .0  ( s tru c tu re d  m, CH=CH2 ) ,  4.05 (m, N Œ ), and 1.35 

(d , J  7Hz, - C H 3 ) ;

i . r .  3100W, 2850W, 1590s, 1510s, 1470m, 1340s, 1300s, 1080m, 1040m, 

910m, 825s, 735s, and 725s.

R eaction o f  [258] w ith  hydrogen c h lo rid e

The sulphenim ide [258] (680mg, 1.653 mmol) was d isso lv ed  in  dry 

e th e r  (25 ml) and dry hydrogen c h lo r id e  passed  in to  the  ic e -co o le d  

m ixture fo r  0 .5h . A fte r  a fu r th e r  Ih  a t  0°, th e  p r e c ip i ta te d  w hite 

s o lid  which had formed was se p a ra te d , and th e  f i l t r a t e  evaporated  and 

re -d is so lv e d  in  dry  e th e r  (10 m l) . This so lu tio n  was added slow ly to  

a s t i r r i n g  m ixture o f  methanol (1 m l), p y r id in e  (0 .5  ml) and dry e th e r  

(10 ml) a t  ambient tem peratu re , over a 10 min. p e rio d . A fte r  a fu r th e r  

1 0  m in ., th e  m ixture was f i l t e r e d  and evaporated , and th e  re s id u e  

r e c r y s ta l l i s e d  from methanol to  g ive yellow  c r y s ta ls  o f  0 -m ethyl-S-

2 ,4 -d in itro b en zen esu lp h en ate  [262] (310mg, 81%) m.p. 120-122° ( li t .^ ^ ®  

125°);

n .m .r . (CDCl3) 9.05 (d, J  2Hz, Ar H -3), 8.50 (dxd, J  2x9H z, Ar H -5),

7.90 (d, J  9Hz, Ar H-6 ) ,  and 4 .0  ( s , - C H 3 ) .

The i n i t i a l l y  p r e c ip i ta te d  w hite s o l id  was id e n t i f ie d  as 1 -ch lo ro -

2 - (4 -ch lo ropheny lth io )-3 -bu ty lam ine h y d roch lo ride  [260] (215mg, 45%) 

m.p. 131-134° (from l ig h t  petroleum  - acetone) (Found: C, 41.9; H,

4 .9 ; N, 4 .9 . C10H1 4 CI3NS req u ire s  C, 4 1 .9 ; H, 4 .9 ; N, 4.9%);
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n .m .r . (CDCl3) 8.80 (b r s ,  -NH3 ® ) ,  7.40 (M 'B B ', 4xA rH ), 4 .10-3 .40

(m, 4 X a lip h a tic  H ), and 1.57 (d, J  6Hz, - C H 3 ) ;

i . r .  3200-2800br, 1600m, 1520s, 1100s, 1020s, 970m, and 830s.

R eaction o f  2 .4 -dinitrobenzenesulphenam ide [234] w ith  te tra p h e n y l­
p y rro le  [265] and lead  te t r a - a c e ta te

2 ,4 -D initrobenzenesulphenam ide (1 .2 g , 5.582 mmol) and te tra p h e n y l­

p y rro le  (2 .1 g , 5.792 mmol) were s t i r r e d  in  dichlorom ethane (24 ml) 

a t  ambient tem perature and powdered lead  t e t r a - a c e ta te  (2 .5g , 5.64 

mmol) added over a 10 min. p e rio d . A f te r  a fu r th e r  30 m in ., d ic h lo ro ­

methane (50 ml) was added, and th e  m ix ture  f i l t e r e d  and evaporated .

The re s id u e  was p u r if ie d  by chromatography over K iese lg e l (llOg) w ith  

l ig h t  petroleum  - dichlorom ethane (2 :1 ) as e lu an t which e lu te d  a 

m ixture o f  two c o lo u rle ss  compounds (1 .8 g ). On f r a c t io n a l  r e c r y s t a l l ­

i s a t io n  from dichlorom ethane - e th a n o l, 2 .4 .5 , 6 - t e traphenvlpvrim id ine 

[266] was ob ta ined  (1 .08g, 48%) m.p. 195-196° ( l i t .^ ^ S  195-196°) w ith
123s p e c tra l  d a ta  id e n t ic a l  to  th a t  re p o rted  by Barton et. a l .  The 

mother liq u o rs  gave un reac ted  te tra p h e n y lp y rro le  (588mg, 28%).

F u rth er e lu t io n  w ith  l ig h t  petroleum  - e th e r  (1:1) gave an orange s o lid  

(lOOmg), which was n o t id e n t i f ie d ,  follow ed by a yellow  c r y s ta l l in e  

s o lid  (from dichlorom ethane - e th an o l) m.p. 172-174°, id e n t i f ie d  by 

X-ray c ry s ta llo g ra p h ic  s tu d ie s  as 2 - (2 ,4 -d in itrobenzenesu lphenylam ino)- 

2 ,3 ,4 ,5 - te tra p h e n y l-(2 H )-p y rro le  [269] (600mg, 18%) (Found: C, 70.3;

H, 4 .3 ; N, 9 .1 . C3 4H2 4 N4O4 S re q u ire s  C, 69.85; H, 4 .1 ; N, 9.6%);

n .m .r . (CDCl3 ) 8.85 (d, J  2.5Hz, Ar H -3), 8.15 (d , J  8Hz, Ar H-6 ) ,

7.85 (dxd, J  2.5 X 8.5Hz, Ar H -5), 7 .7 -6 .4  (m, 2 0  x phenyl H ), and 4.8 

( s ,  -NH);

i . r .  3300W, 3100m, 1600s, 1520s, 1340s, 1300s, 1045s, 910m, 740m, 730m, 

and 695s;
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m .s. 385, 384 (b ase ), 371, 304, 279, 187, and 177;

u .v . Xmax (CH2CI2 ) 271 and 332 nm.

C ontrol experim ents on c is-l-p h en y lp ro p en e  [200]

( i)  C is-l-pheny lp ropene (lOOmg, 97:3 c is  : tra n s  by g . l . c . )  and a c e t ic  

a c id  (two drops) were s t i r r e d  a t  room tem perature fo r  0 .5h. D iethy l 

e th e r  (10 ml) was added, and th e  m ixture e x tra c te d  w ith  8% sodium 

b ica rb o n a te  so lu tio n  (5 m l) , washed w ith  w ater (5 ml) and d r ie d .

G .l .c .  o f  th e  so lu tio n  (3% OV 225, 75°, N2 flow r a te  48 ml m in '^) 

rev ea led  no change in  the  p ro p o rtio n  o f  tra n s  alkene p re se n t (3%).

(ii) C is-l-phenylpropene (lOOmg, 97:3 c i s : tra n s  by g . l . c . )  and lead  

te t r a - a c e ta te  (lOOmg) were d isso lv ed  in  dichlorom ethane (1 ml) and 

s t i r r e d  a t  room tem perature fo r  0 .5h. E ther (3 ml) was added, and the  

s o lu tio n  allow ed to  p e rc o la te ' through a sm all column o f  alumina (5 g ) . 

G .l .c .  o f  the  r e s u l t in g  so lu tio n  rev ea led  no change in  th e  p ro p o rtio n  

o f  the  tra n s  alkene p re se n t (3%).

C ontrol experim ent on a z ir id in e s  [249] and [255]

A m ixture o f  a z ir id in e s  [249] and [255] (250mg, r a t io  1 :1 ) ,  a l l y l  

4-chlorophenyl su lph ide  [107] (220mg) and lead  te t r a - a c e ta te  (310mg) 

were s t i r r e d  in  dichlorom ethane (2 ml) a t  room tem perature fo r  2h.

The s o lu tio n  was p e rco la ted  through a sm all column (5g) o f  n e u tra l  

alumina and evaporated . N.m.r. o f  th e  re s id u e  rev ea led  no change in  

the  p ro p o rtio n  o f  [249]:[255].

A ddition o f  p h th a lim id o n itren e  [90] to  c is-l-p h en y lp ro p en e  [200]

N- aminophthal imide (0.81g, 5.0 mmol) and c is  -1 -pheny Ipropene [200] 

(0 .6g , 5.085 mmol) were d isso lv ed  in  dichlorom ethane (4 ml) and 

powdered lead  te t r a - a c e ta te  (2 .2g , 4.966 mmol) added over a p e rio d  o f

0.25h, a t  room tem perature . A fte r  a f u r th e r  Ih , th e  p r e c ip i ta te d  lead
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s a l t s  were sep ara ted  and th e  re s id u e  chromatographed over n e u tra l  

alumina (2 5 g ). E lu tio n  w ith  l i g h t  petroleum  y ie ld e d  unchanged alkene, 

F u rth e r e lu t io n  w ith  l ig h t  petroleum  - e th y l a c e ta te  (1 :1) a ffo rd ed  

c i s -2 -m ethyl-5 -phenyl-1 -p h th a lim id o az ir id in e  [201] (270mg, 20%) as 

p a le  yellow  c r y s ta ls  (from ethanu l) m .p. 81-82° (Found: C, 73.4;

H, 5.05; N, 10 .1 . C17H14N2O2 re q u ire s  C, 73.4; H, 5 .1 ; N, 10.1%);

n .m .r . (CDCl3) 7 .8 -7 .2  (m, 9 x ArH), 3.70 (d, J  8.0Hz, a z i r id in e  H -3), 

2.95 (dxq, J  6  x 8Hz, a z ir id in e  H -2), and 1.25 (d, J  6Hz, - C H 3 ) ;

i . r .  1765w, 1730s, 1700s, 1610w, 1160m, 1030m, 1020m, 895s, and 710s.
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APPENDIX I

Raw k in e t ic  d a ta  fo r  de term ina tion  o f  energy b a r r i e r  se p a ra tin g  
th e  d iaste reo iso m ers  o f  [1181 and [152]

In  o rd er to  ev a lu a te  th e  energy b a r r ie r s  fo r  th e  sulphenamides 

[118] and [132], th e  fo llow ing eq u a tio n s , v a l id  fo r  f i r s t  o rd er 

r e v e rs ib le  re a c tio n s  were ap p lied :

Isomer A  ̂  ̂ Isomer B K = . . . .  (a)
k - 1 k - 1

(ki + k _ i) t  = 2.303 log 10

% B in  _ % B in
eq u ilib riu m  m ixture s ta r t in g  m ixture

% B a t
_eq u ilib riu m  m ixture tim e t

when the  log term  i s  p lo t te d  a g a in s t tim e, a s t r a ig h t  l in e  w ith  slope

ki + k -i r e s u l t s .
2.303

The r e s u l t s  from th e  graph in  con junction  w ith  re la t io n s h ip  (a) 

enable th e  forward and rev e rse  r a te  co n s ta n ts  to  be c a lc u la te d  a t  th e  

tem perature in  q u es tio n . A le a s t  squares l i n e - f i t t i n g  computer program 

was used to  ev a lu a te  the  r a te  co n s ta n ts .

The A rrhenius equation  (c) was then employed to  ev a lu a te  th e  

a c t iv a t io n  e n e rg ie s :

2.303 log 10 k = -Ea . . . .  (c)
RT

On p lo t t in g  logic k a g a in s t 1/T, the  slope o f  th e  re s u l t in g  s t r a ig h t  

l in e  = -Ea/ 2.303 R where R = the  gas c o n s ta n t.
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From the  a c tiv a tio n  energy, E^, the a c tiv a tio n  en thalpy , AH* may 

be d i r e c t ly  evaluated :

Ea = 4H* + RT   (d)

(fo r  f i r s t  o rder reac tio n s  in  so lu tio n )

The a c tiv a tio n  entropy, AS*, can be evaluated  using re la tio n sh ip

(e) :

log 10 k = log 10 ek g T + AS* - Ea . . . .  (e)
2.303R 2.303RT

where kg = Boltzmann's constan t and h = P lanck 's  co n stan t.

Having obtained  the  enthalpy and entropy, the fre e  energy o f 

a c tiv a tio n  may be evaluated  using :

AG* = AH* - T.AS*   (f)

Experimental

The sulphenamide (ISmg) was d isso lved  in  chlorobenzene (0.6 ml) 

in  an n .m .r. tube and p laced  in s id e  the  n .m .r. probe. A fte r a period  

o f 5 min. to  allow  tem perature e q u il ib ra tio n , the  d iastereo isom eric  

methyl doublets o f  the  sample were rep ea ted ly  in te g ra te d  u n t i l  

equ ilib rium  was achieved.

Results

N- (1 ,2 -dihydro - 2 -oxoquinolin-1 -y 1) -N- (1 -m ethy la lly l) -2 -n itrobenzene­
sulphenamide [132]

Isomer A 6j|e 1.17 p.p.m . A B
Isomer B ôjje 1.55 p.p.m .

In th i s  case K = 1 .5  ( i . e .  40% A, 60% B a t  eq u ilib riu m ).
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( i )  T  =  5 2 ‘

Time N.m .r. in te g ra tio n % '  5 4 .9 “ log  10 ’ 54.9 “
t / s A : B A • B (60-x) (60-x)

0 157 8.5 94.9 5.1 1 0

1260 108 14 88.5 11.5 1.1320 0.0539
2160 1 0 1 2 1 82.8 17.2 1.2827 0.1081
3060 97 27 78.2 2 1 . 8 1.4371 0.1575
3720 92 32 74.8 25.2 1.5776 0.1980
8580 75 51 59.5 40.5 2.8154 0.4495
9660 67 51 56.8 43.2 3.2679 0.5143

10800 60 51 54.0 46.0 3.9214 0.5934
1 2 0 0 0 64 57 52.9 47.1 4.2558 0.6290
13020 59 55 51.8 48.2 4.6525 0.6677
14130 58 59 49.6 50.4 5.7188 0.7573

00 T = 60°

Time N.m .r. in te g ra tio n % 54.9 logic 54.9
t / s A : B A • B (60-x) ^(60-x)_

0 157 8.5 94.9 5.1 1 0

1 1 0 0 1 0 2 29 77.9 2 2 . 1 1.4485 0.1610
1560 99 36 73.3 26.7 1.6486 0.2171
2460 8 6 45 65.6 34.4 2.1445 0.3313
3325 75 52 59.0 41.0 2.8895 0.4608
4290 6 8 58 54.0 46.0 3.9214 0.5934
5190 64 63 50.4 49.6 5.2788 0.7225
6360 67 72 48.2 51.8 6.6951 0.8257

- 1 5 8 -



Oii) T = 67*

Time
t / s

N .m .r . in te g ra tio n  
A : B

%
A : B

54.9
(60-x)

log 10 54.9
(60-x)

0 9 4 .9 , 5.1 1 0

870 71 25 74.0 26.0 1.6147 0.2081
1560 61 39 61.0 39.0 2.6143 0.4173
2160 54 45 54.5 45.5 3.7862 0.5782

E valua tion

T
no. o f  
p o in ts r k i / 1 0 '"  s - i k - i / 1 0 ’ " s ' 1

52 1 1 0.999 0.7371 0 .4914
60 8 0.998 1.834 1 .223
67 4 0.999 3.735 2 . 490

r  = c o r re la t io n  c o e f f ic ie n t  

For a c t iv a t io n  param eters , see 3 .2 .

N -( 1 ,2 -d ih y d ro -2 -o x o q u in o lin - l-y l) -N -(1 -m e th y la lly l) -4 -chlorobenzene­
sulphenamide

Isomer A ÔMe 0.93
Isomer B ÔMe 1.48

ki
A T = = ^  B

k - i

In th i s  case K= 1 .25.
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( i )  T  =  6 3 . 5 *

Time
t / s

0
2220

3780
5580
7620

12300
13980

(ii) T = 70

Time N.m. 
t / s

0

540
2100
2880
3780
4860
5880
6600
7380

(iii) T = 76

Time N.m. 
t / s

0

780
1320
1980
2580
3060

- r - 1 n t e ara 11 nn % 39.8 log  10 39.8
A : B A : B (55.7-x) _(55.7-x)_

74 14 84.1 15.9 1 0

65 2 1 75.6 24.4 1.272 0.0976
55 2 2 71.4 28.6 1.469 0 . 1670
46 23 66.7 33.3 1.777 0 . 2497

. 44 31 58.7 41.3 2.764 0 . 4415
40 36 52.6 47.4 4.795 0 . 6808
36 35 50.7 49.3 6.219 0 . 7937

o

r infAarafinn % 43.3 log  10 43.3
A : B A : B (55.7-x) (55.7-x)

106 15 87.6 12.4 1 0

124 26 82.7 17.3 1.128 0 . 0522

1 0 2 46 68.9 31.1 1.760 0.2455

95 52 64.1 35.9 2.187 0 . 3399

87 57 60.4 39.6 2.689 0 . 4296

89 71 55.6 44.4 3.832 0 . 5834

77 70 52.4 47.6 5.346 0 . 7280

65 61 51.6 49.4 5.932 0 . 7732

60 61 49.6 50.4 8.170 0 . 9912

°

r. integration % 39.7 log 10 39.7
A : B A : B _(55.7-x)_ _(55.7-x)_

63 1 2 84.0 16.0 1 0

54 2 0 73.0 27.0 1.383 0 . 1409

50 26 65.8 34.2 1.847 0 . 2665

46 33 58.2 41.8 2.856 0 . 4557

45 36 55.6 44.4 3.513 0 . 5457

40 37 51.9 48.1 5.224 0 . 7180

-16  0  -



( iv )  T  =  8 2 °

Time N .m .r. in te g ra tio n
t / s A ;: B

0 153 48
600 117 62

1080 104 78
1620 94 90
2040 8 6 95

76.1
67.2
57.2 
52.1 
47.5

B

23.9
32.8
42.8
48.9 
52.5

31.8
(55.7-x)

1
1.389
2.465
4.676
9.937

log 10 31.8
(55.7-x) 

0

0.1428
0.3918
0.6699
0.9972

E valuation

no. o f
T p o in ts r k i/1 0 -4  s - i k_ i/10-4  s

63.5 7 0.996 0.7441 0.5993
70 9 0.999 1.570 1.256
76 6 0.995 2.978 2.383
82 5 0.982 6.261 5.009

- 1

For a c t iv a t io n  param eters , see 3 .2 .
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APPENDIX 2

125The sulphenamide [278] has been sy n th es ised  and i t s  n .m .r,

behaviour in v e s tig a te d :

1
Me N

/ \

0 [278]

4-CIC6H4-S
CH

I t  was found th a t  th i s  conpound e x h ib ite d  two d i s t i n c t  C-1 methyl 

doub le ts  (61.18 and 1 .50 , CDCl3 ) a t  room tem p era tu re , which were 

i n i t i a l l y  in  th e  r a t io  3:1 bu t over a p e rio d  o f  e leven  hours a t  room 

tem perature  th i s  changed to  1 :1 . This in d ic a te s  an approxim ate AG"*" 

value o f  »23 kca l m o l"S  which i s  ap p rec iab ly  h ig h er than  th e  analogue 

[113] lack in g  th e  4-methyl s u b s t i tu e n t  (see 2 .4 , 2.5 and 3 .4 ) ,  fo r  

which coalescence o f  th e  C-1 methyl doub lets  occurs a t  27° (AG* ~15.5 

k ca l m o l'^ ) . This evidence shows th e  p rocess which in te rc o n v e rts  th e  

d iaste reo iso m ers  o f  [113] and [278] i s  r o ta t io n  around the N-N bond, 

and n o t th e  N-N homo ly s is  - recom bination mechanism. This h igher 

b a r r i e r  r e s u l t s  owing to  g re a te r  s t e r i c  h indrance in  th e  t r a n s i t io n  

s ta t e  fo r  r o ta t io n  caused by in te ra c t io n  o f  th e  su lphur o r  m e th y la lly l 

s u b s ti tu e n ts  on n itro g e n  w ith  the  4-methyl s u b s t i tu e n t  o f  the  

benzoxazolinone r in g .

For th e  N-N homo ly s is  - recom bination mechanism, a lower energy 

b a r r ie r  would be p re d ic te d  as the 4-m ethylbenzoxazolinone ra d ic a l  

would be more thermodynamically s ta b le  than  th e  analogous benzoxazolin ­

one r a d ic a l .  A lso, i t  i s  b e liev ed  th a t  the  i n i t i a l  s tep  in  the
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hom olysis mechanism i s  th e  deform ation o f  the  N-N bond ou t o f  th e  

p lane  o f  th e  h e te ro c y c le , re l ie v in g  th e  p e r i  in te ra c t io n  w ith  the  

4-methyl s u b s t i tu e n t .  In  f a c t ,  th e  sulphenamide [278] decomposes 

re a d ily ;  s tand ing  in  so lu tio n  a t  room tem perature  fo r  5 days is  

s u f f ic ie n t  fo r  complete decom position, to  4-m ethylbenzoxazolinone 

and th e  th io-oxim e [120].
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