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A b s t r a c t - - P h o t o r e a c t i o n  o f  benzenecarboth ioamide (1)  i n  t h e  presence o f  o l e f i n s  gave 

i s o t h i a z o l e  d e r i v a t i v e s  (10. 12. and 13) and 3.5-diphenyl-1.2.4-thiadiazole (11) under  

a e r o b i c  c o n d i t i o n s ,  whereas under  n i t r o g e n  atmosphere gave phenanes ( 3  and 4). 

A l though  t h e  p h o t o c h e m i s t r y  of t h i o n e  has been e x t e n s i v e l y  s tud,edq2 few r e p o r t s  have d e a l t  w i t h  

t h e  photochemica l  p r o p e r t i e s  of t h i o a m i d e r :  namely, t h i a b e n z a n i l ~ d e s ~  and 4 - t h i o u r a c i l s 4  have 

been m a j o r  s u b j e c t s  i n  l i t e r a t u r e ,  and l i t t l e  had been known o f  p h o t o r e a c t i o n s  o f  

arenecarboth ioamides.  As a l o g i c a l  e x t e n s l o n  of our photochemica l  s t u d i e s  o f  t h e  n i t r o g e n - c a r b o n y l  

~ y s t e r n s . ~  we have a l r e a d y  r e p o r t e d  an t h e  1n te r rno lecu la r  p h o t o r e a c t i o n  of a r e n e c a r b o t h i o a m d e s  

w i t h  unsa tu ra ted  Recent ly .  Couture e t  a l .  have r e p o r t e d  i n t r a m o l e c u l a r  p h o t o r e a c t ~ o n s  

o f  t h ienamide  (Scheme 11.' The p r e s e n t  r e p o r t  i s  concerned w i t h  f u l l  d e t a i l s  o f  f u r t h e r  r e s e a r c h  

on t h e  p h o t o r e a c t i o n  o f  benzenecarboth ioamide w i t h  unsa tu ra ted  systems. 

Scheme 1 

I r r a d i a t i o n  o f  benzenecarboth ioamide w i t h  o l e f i n s  was c a r r i e d  o u t  i n  benzene u s i n g  a 1 kW 

h igh -p ressu re  mercu ry  lamp t h r o u g h  a Pyrex f i l t e r .  The r e s u l t s  under  n i t r o g e n  atmosphere ( i n  

t h e  absence of  oxygen) are l i s t e d  i n  Tab le  I. I r r a d i a t i o n  of  benzenecarboth ioamide (1 )  and f i v e  

e q u i v a l e n t s  o f  2 .3-d imety l -2-butene (2.3) f o r  20 h gave e x c l u s i v e l y  isobutyrophenone (3a)  i n  18% 

y i e l d  (SchemeZ). S i m i l a r l y ,  i n  t h e  case o f  t h e  presence o f  2-methyl-2-butene (Zb) or t r ans -2 -bu tene  

( Z C ) ,  t h e  p h o t o r e a c t i o n s  gave i sobu ty rophenane(3a )and  propiophenone (3") i n  12 and 16% y i e l d s .  



Scheme 2 

Tab le  I .  Photoreac t ion  o f  1 i n  t h e  Presence o f  O l e f i n s  (2) Under N i t rogen Atmosphere 

Mole r a t i o  i r r a d i a t i o n  Y i e l d  (%) Recovery 
O l e f i n  211 t ime ( h )  3 4 5 1 - 

r e s p e c t i v e l y .  I n  each case, benzenecarbothioamide 1 was recovered unchanged i n  58-68% y i e l d s  even 

a f t e r  prolonged i r r a d i a t i o n  f o r  20 h. Fur ther ,  t a k i n g  i n t o  account t h a t  o l e f i n s  are v o l a t i l e .  

30 equ iva len ts  o f  2a toward 1 wereused. The y i e l d  o f  3a i nc reased up t o  76% upon s h o r t  i r r a d i a t i o n  

f o r  2 h. With aromat ic  conjugated o l e f i n  such as s ty rene  (Zd), two phenones, deoxybenzoine (3d) 

and acetophenone (4d), were obta ined i n  a 10: l  r a t i o .  However i n  t h e  case o f  a c r y l o n i t r i l e  (Ze) 

having an e l e c t r o n  wi thdrawing group. 1 gave e f f i c i e n t l y  amino t h i o l  compound (5). as  a m i x t u r e  

o f  two geometr ica l  isomers which are inseparable,  and none of phenones and o ther  products were 

i s o l a t e d .  Thus, by use o f  a l a r g e  excess o f  o l e f i n s  (30 equ iva len ts ) ,  benzenecarbothioamide 1. 

i n  the  absence o f  oxygen, underwent e f f i c i e n t l y  t h e  Paterno-%chi t y p e  r e a c t i o n  l e a d i n g  u l t i m a t e l y  

t o  phenones 3, 4. o r  5. The format ion o f  3. 4. and 5 may be expla ined as i l l u s t r a t e d  inscheme 

3. F o r  example M and 4d a r i s e  from t h e  i n i t i a l l y  formed t h i e t a n e s  (7-i and 7 - i i )  fo l lowed by 

subsequent photochemical f i s s i o n  of t h e  t h i e t a n e  r ings ,  and then by h y d r o l y s i s  o f  generated irnines 

(8-i and aii) d u r i n g  i t s  workup such as chromatography. The t h i e t a n e  fo rmat ion  may be exp la ined  

i n  t e r m s  of in te rmed ia ry  b i r a d i c a l s  (6-i and 6 - i i )  i n  p a r a l l e l  t o  t h e  pho to reac t ions  o f  t h i o i m i d e  

systems.' The p r e f e r e n t i a l  format ion of 3d seems t o  r e f l e c t  t h e  s t a b i l i t y  o f  t h e  generated 

b i r a d i c a l  6 -  which should be more s t a b l e  than 6-ii. For t h e  fo rmat ion  of 5, o n l y  an 

in te rmed ia ry  t h i e t a n e  (9-i) would be p o s t u l a t e d  r e g i a z e l e c t i v e l y ,  l e a d i n g  t o  5, which has a 

favorable o l e f i n  system conjugated bo th  w i t h  n i t r i l e  and a phenyl group, by photochemical 



HETEROCYCLES, V o l  30, No. 2, 1990 

4 r h  J 4 fission 
9-ii r 4 

1 

hydrolysis 

Scheme 3 

f i s s i o n  o f  S-C bond a t  a b e n r y l i c  p o s i t i o n .  Such a f i s s i o n  o f  t h i e t a n e  r i n g  was d iscussed i n  the 

pho ta reac t ion  o f  4 - t h i o u r a c i l  w i t h  a c r y l o n i t r i l e .  4b 

The s t r u c t u r e s  o f  t h e  products 3a. 3c, 3d, and 4-3 were assigned on t h e  bas is  o f  t h e  s p e c t r a l  and 

phys ica l  da ta  which a re  reported.' The s t r u c t u r e  o f  5  was a l s o  determined on t h e  b a s i s  o f  the 

s p e c t r a l  data. The mass spectrum (ms) o f  5  showed a  molecular  i o n  peak a t  mlz 190, which 

corresponds t o  an adduct o f  1 w i t h  2e. I n  t h e  i n f r a r e d  ( i r )  spectrum, two absorpt ions due t o  a 

1  n i t r i l e  group appeared a t  2380 and 2500 cm- , suggest ing ex is tence  o f  two geometr ica l  isomers. 

1  The p ro ton  nuc lear  magnetic resonance ( H-nmr) spectrum o f  5  a l s o  showed t o  be a 3:2 m i x t u r e  o f  

two geometr ica l  isomers (E-5 and Z-5): 1.70. 1.80 (1H. t. 5=6 Hz, SH). 2.15. 2.35 (ZH, d. 5.6 

Hz. CE2-SH). 4.75, 4.90 (2H. b r  s. NH?). 7.2-7.5 (5H. m. aromat ic  H). Thus. each s l g n a l  appeared 

as a p a i r  o f  one except f o r  s i g n a l  due t o  aromat ic  protons.  

In c o n t r a s t  t o  t h e  pho ta reac t ion  under nitrogen atmosphere, i r r a d i a t i o n  of 1 and Za, under ae rob ic  

c o n d i t i o n s  ( i n  t h e  presence af oxygen) f o r  20 h, gave t h r e e  products, 3-phenyl te t rarnethy l iso-  



. . 
10 11 

1 2  3 4 
f-i: R =R =CH , R  =H.R =(CH3)2C=CH- 

1 3 2 f - i i : R  =(CH ) C-CH .R =H.R3=R4=CH3 3 2 -  - 

Scheme 4 

Table 11. Pho to reac t ion  o f  1 i n  t h e  Presence o f  O l e f i n  (2) or Acety lene (13) 
D e r i v a t i v e s  Under Aerobic Condi t ions.  

Mole r a t i o  I r r a d i a t i o n  Y i e l d  (%) 
O l e f i n  2.1311 t i m e  (h )  10 11 12 o r  15 3.3 

2a 5 20 48 22 8 

t h i a z o l i n e  (10a). 3.5-d~phenyl-1.2.4-thiadiarole (11). and isobutyraphenone 3a i n  48. 22, and 

8% y i e l d s ,  r e s p e c t i v e l y  (Scheme4 and Table 11). Compound 11 has been ob ta ined  i n  t h e  absence 

o f  o l e f i n  under s i m i l a r  c o n d i t i o n s  as r e p o r t e d  prev iously .1°  Fur ther ,  i n  t h e  presence o f  30 

e q u i v a l e n t s  o f  Za, on i r r a d i a t i o n  f o r  1 h, 1 gave 10a and 3a i n  a s i m i l a r  manner as descr ibed  
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above, and t h e  f o r  3a  inc reased  up t o  34% b u t  none o f  t h i a d i a z o l e  was obta ined.  T h i s  

suggested t h a t  t h e  f o r m a t i o n  of 11  i s  s lower  than  those o f  o t h e r  p r o d u c t s  such as 10a and t h e  

co r respond ing  t h i e t a n e  l e a d i n g  t o  3a. The s t r u c t u r e  of 10a war determined on t h e  b a s i s  o f  t h e  

s p e c t r a l  data. The mass spectrum of 10a showed t h e  mo lecu la r  i o n  peak a t  m/z 219, which corresponds 

t o  t h e  l a s s  o f  two hydrogens f rom t h e  m o l e c u l a r  we igh t  o f  an adduct  of 1 w i t h  2a. The i r  spectrum 

1 i n d i c a t e d  a band due t o  C=N doub le  bond a t  1680 cm-l. I n  t h e  H-nmr spectrum, peaks due t o  f o u r  

methy l  groups appeared a t  1.20 (6H. sn2)  and 1.30 (6H. sx2 )  ppm. The 13~-nrnr spectrum also 

suppor ted t h e  presence of f o u r  methy l  groups (24.8 ppm, q r 2  and 18.8 ppm, qx2). and showed th ree  

s i n g l e t  a t  55.8, 62.1, and 174.8 ppm, sugges t ing  t h e  presence o f  two qua te rnary  carbons and a 

carbon o f  t h e  C=N double bond, r e s p e c t i v e l y .  In a d d i t i o n ,  i n  o r d e r  t o  i n v e s t i g a t e  t h e  

r e g i o s e l e c t i v i t y  f a r  i s o t h i a z o l i n e  format ion,  unsymmet r i ca l l y  s u b s t i t u t e d  a l e f i n  (Zb) was 

i r r a d i a t e d  w i t h  1. Three products ,  a s i n g l e  reg io i somer  ( l ob ) ,  t h i a d i a z o l e  11, and 3a were 

o b t a i n e d  i n  t h e  same manner as t h e  p roduc t  d i s t r i b u t i o n  i n  t h e  case o f  2a. The s t r u c t u r e  o f  l o b  

was determined on t h e  b a s i s  of s p e c t r a l  data. The mass spectrum o f  l o b  showed t h e  m o l e c u l a r  >on 

peak a t  mlr 205 and fragment peaks a t  m/z 135, 102. 74. 69 ( s e l e c t e d  d a t a ) .  These f ragmenta t ions  

a r e  i l l u s t r a t e d  i n  Scheme 4, i n  which t h e  f ragment  peak w i t h  n& 74 i s  due t o  e l i m i n a t i o n  o f  

S-C(CH ) from t h e  mo lecu la r  i on ,  i n d i c a t ~ n g  t h a t  @ d i m e t h y l  group i s  a t t a c h e d  t o  t h e  carbon 3 2 

a d j a c e n t  t o  s u l f u r  i n  t h e  i s o t h i a z o l i n e  r i n g .  The o b s e r v a t i o n  o f  t h i s  peak was used t o  d i s c r i m i n a t e  

each o f  two r e g i a ~ s o m e r s .  The l ~ - n r n r  spectrum a l s o  suppor ted t h e  s t r u c t u r e  o f  l ob ,  i n  which a 

meth ine  p r o t o n  resona ted  a t  1.60 ppm as a q u a r t e t  w i t h  t h e  c o u p l i n g  c o n s t a n t  o f  5=7 Hz. S i m i l a r l y ,  

p h o t a l y s i s  o f  a m i x t u r e  o f  con juga ted  d i e n e  (Z f :  30 e q u i v a l e n t s )  and 1 gave a l s o  i s o t h i a z o l i n e  

(10f). 11, and 3a. The r e s u l t i n g  i s o t h i a z o l i n e  was a 2 : l  m i x t u r e  o f  two inseparab le  reg io i somers  

1 (10f - i  and 1 0 f - i i )  by means o f  H-nmr spectroscopy.  

I n  t h e  case of o l e f i n s  such as Zg, h, which have a hydrogen b o t h  a t  t h e  o l e f i n i c  carbons (C1 and 

C2). i s o t h i a z o l e  (12) and 11 were o b t a i n e d  i n  moderate y i e l d s .  The i s o t h i a z o l e s  (12g-j) seem 

t o  a n s e  from t h e  i n i t i a l l y  formed i r o t h i a z o l i n e z ,  which a r e  e a s i l y  ox id i zed .  Wi th  s ty rene  (Zh). 

a s i n g l e  r e g i o i s o m e r i c  i s o t h i a z o l e  (12h) was ob ta ined  t o g e t h e r  w i t h  11. Ace ty lene  d e r i v a t i v e s  

(13a and 13b) which have a t r i p l e  bond a l s o  gave, i n  each case, r e g i o ~ e l e c t i v e l ~  4 - s u b s t i t u t e d  

i s o t h i a r o l e s  (14a=12h and 14b, r e s p e c t i v e l y ) .  

1 The s t r u c t u r e  of 12h (=14a) was ass igned on t h e  b a s i s  o f  t h e  H-nmr spectrum. A s i n g l e t  appeared 

a t  8.50 ppm. i n d i c a t i n g  t h e  presence o f  one a romat i c  p ro ton ,  whose chemical  s h i f t  v a l u e  i s  very 

c l o s e  t o  t h a t  (8.53 ppm) o f  C5-proton an t h e  i s o t h i a z o l e  r i n g  i n  t h e  repor ted  

3.4-diphenylisoth~arale, whereas t h e  chemical  s h i f t  of C -p ro tan  i n  t h e  3 .5 -d ipheny l i so th iaza le  
4 

was r e p o r t e d  t o  be 7.76 pprn.ll Thus, two reg io i somers .  4 -unsubs t i tu ted  and 5 -unsubs t i tu ted ,  could 

1 be e a s i l y  d i s c r i m i n a t e d  from each o t h e r  b y  means o f  H-nmr spectroscopy.  



On t h e  o t h e r  hand, w i t h  a l i p h a t i c  th ioamide  such as t h ioace tamide  i n  t h e  presence of 2a under 

a e r o b i c  c o n d i t i o n s ,  none of p roduc ts  were ob ta ined ,  and th ioace tamide  was recovered  unchanged. 

Also,  i r r a d i a t i o n  of k a l k y l  th ioamide  such as N-methylbenzenecarbothioamide was c a r r i e d  o u t  i n  

t h e  presence o f  2a under s i m i l a r  c o n d i t i o n s ,  b u t  N-methylbenzenecabothiaamide was q u a n t i t a t i v e l y  

recovered  unchanged. Thus, i n  t h e  p h o t o r e a c t i o n  o f  th ioamide,  b o t h  a p r i m a r y  amino group (NH2) 

and an aromat i c  r i n g  a t t a c h e d  t o  a t h i o c a r b o n y l  a s  seen i n  t h e  s t r u c t u r e  of 1 seem t o  be e s s e n t i a l  

f o r  t h e  f o r m a t i o n s  o f  i s o t h i a z o l i n e  and t h i a d i a m l e .  

I n  genera l ,  n i t r i l e  s u l f i d e  i s  b e l i e v e d  t o  undergo t h e  c y c l o a d d i t i o n  t o  unsa tu ra ted  systems l e a d i n g  

t o  i s o t h i a z a l e s  and t h i a d i a r o l e . 1 2  The fo rmat ion  o f  n i t r i l e  and s u l f u r ,  by-products, i s  common 

f e a t u r e  o f  n i t r i l e  s u l f i d e  c h e m i s t r y  and i s  a t t r i b u t e d  t o  f ragmenta t ion  compet ing w i t h  1 .3 -d ipo la r  

c y c l o a d d i t i o n  t o  u n s a t u r a t e d  systems." In t h i s  experiment, e x t r u s i o n  o f  s u l f u r  by i r r a d i a t i o n  

o f  th ioamides suggests t h e  g e n e r a t i o n  of n i t r i l e  s u l f i d e  (16) as an i n t e r m e d i a t e  which decomposed 

i n t o  n i t r i l e  and s u l f u r .  In an a t t e m p t  t o  t r a p  an expected n i t r i l e  s u l f i d e ,  c rossed  photochemical  

r e a c t i o n  between 1 and p - t o l u n i t r i l e 1 3  was  examined, b u t  none o f  crossed p roduc ts  were found i n  

t h e  r e a c t i o n  m i x t u r e .  

s phenone ( 3 or 4 )  
II 

Ph-C-NH, 7 

Scheme 5 
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Thus, a l t h o u g h  ev idence f o r  i nvo lvement  of n i t r i l e  s u l f i d e  c o u l d  n o t  be ob ta ined ,  p o s s i b i l i t y  

of i t s  generation s t i l l  remains. On t h e  o t h e r  hand, a g e n e r a t i o n  o f  p h e n y l t h i a z i r i n e  (15) as an 

in te rmed ia te ,  p r o b a b l y  by o x i d a t i o n  of 1 ,  seems t o  be l i k e l y  i n  t h e  a e r o b i c  p h o t o r e a c t i o n  of 

benzenecarbothioamide a l t h o u g h  none of t h e  spec t roscop ic  and chemical  ev idences a r e  so f a r  

obta ined.  The g e n e r a t i o n  o f  p h e n y l t h i a z i r i n e  15  was suggested by t h e  i s o l a t i o n  of a s i n g l e  

Pegioisomer 14 as seen i n  t h e  p h o t o r e a c t ~ o n  o f  1 w i t h  13, s i n c e  generated n i t r i l e  s u l f i d e  may 

undergo c y c l o a d d i t i a n  w i t h  unsymmetr ica l  ace ty lene  d e r i v a t i v e s  such as 13 t o  g i v e  two r e g i o ~ s o m e r s .  

4- and 5 - s u b s t i t u t e d  i s o t h i a z o l e s .  I n  fact ,  n i t r i l e  s u l f i d e  generated by severa l  routes,  has g i ven  

two r e g i o i s o m e r i c  i s o t h i a r o l e ,  4- and 5 -subs t i tu ted ,  i n  0.6-2.3 : 1.0 r a t i o s  upon r e a c t i o n  w i t h  

unsymmetrical acety lenes,  t h e r m a l l y  o r  p h o t o c h e m ~ c a l l y .  14 

From above r e s u l t s  p l a u s i b l e  pathways for  p h a t o l y s i s  o f  benzenecarbothioamide a r e  o u t l i n e d  i n  

Scheme5. Under a e r o b i c  c o n d i t i o n s ,  i nvo lvement  o f  t h i a z i r i n e  15 was suggested i n  c o m p e t i t i o n  w i t h  

fo rmat ion  o f  t h i e t a n e  (7). The generated t h i a z i r i n e  15 may produce a b i r a d i c a l  (17) b y  f i s s i o n  

of C-S bond, undergoing c y c l o a d d i t i o n  w i t h  o l e f i n s  t o  g i v e  i s o t h i a z o l i n e s  (10) or i s a t h i a r o l e r  

1 14). I n  t h e  absence o f  o l e f i n s .  t h i a z i r i n e  15 seems t o  produce t h i a d i a z a l e  (11) by 

d i m e r i z a t i o n  (18a) o r  a d d i t i o n  o f  1 (18b) .  Thus, i t  i s  no tewor thy  t h a t  i n  t h e  presence o f  o l e f i n s  

under n i t r o g e n  atmosphere, t h i e t a n e  fo rmat ion  o f  th ioamide  was observed, whereas under  ae rob ic  

c o n d i t i o n s  d i f f e r e n t  o x i d a t i v e  pathway appears l e a d i n g  t o  i s o t h i a z o l i n e s  or i s a t h i a z o l e s .  There 

r e s u l t s  i l l u s t r a t e  examples o f  t h e  marked d i f f e r e n c e s  i n  t h e  photochemical behav io r  o f  

arenecarboth iaamides and arenecarboamides, t h e  l a t t e r  b e i n g  incapab le  of pe r fo rm ing  these  

t rans fo rmat ions .  I n  a d d i t i o n ,  these  p h o t o r e a c t i o n s  may p rov ide ,  by u s i n g  a v a r i e t y  o f  o l e f i n s  

or  acety lenes,  a s imp le  r o u t e  t o  t h e  s y n t h e s i s  o f  c e r t a i n  s u l f u r - c o n t a i n i n g  n i t rogen-he te rocyc les ,  

which would s e r v e  as p o t e n t i a l  cand ida tes  f o r  a n t i m i c r o b i a l  and o t h e r  b i o l o g i c a l l y  a c t i v e  

agents. 15 

EXPERIMENTAL 

A l l  m e l t i n g  p o i n t s  were determined on Yamato m e l t i n g  p a i n t  aPParatus(mode1 MP-21) and were 

uncorrected.  I n f r a r e d  ( i r )  s p e c t r a  were recorded on a JASCO A-102 spectrophatometer .  Nmr spec t ra  

were taken  on a JEOL JNM-FX-904 spectrometer .  Chemical s h i f t s  a r e  r e p o r t e d  i n  ppm ( 6 )  r e l a t i v e  

t o  TMS (0.Oppm) as an i n t e r n a l  standard. The a b b r e v i a t i o n s  used a r e  as fo l l ows :  s, s i n g l e t :  d, 

doub le t :  t, t r i p l e t :  q, q u a r t e t :  m. m u l t i p l e t .  Mass s p e c t r a  (ms) were o b t a i n e d  on a JEOL JMS-QH- 

100 gas chromatograph-massspectrometer. P r e p a r a t i v e  i r r a d i a t i o n s  were conducted by u s i n g  a 1 kW 

high-pressure mercury lamp (Eikosha EHB-W-1000) th rough  a Pyrex f i l t e r  a t  room temperature.  



The i r r a d i a t i o n  of t h e  s o l u t ~ o n s  was  performed under c o n d i t i o n s  of a stream o f  n i t r o g e n  a t  t h e  

bot tom o f  o u t e r  j a c k e t  ( n i t r o g e n  atmosphere) o r  w i t h o u t  a stream o f  n i t r o g e n  (aerob ic  c o n d i t i o n s ) .  

Column chromatography was conducted u s i n g  s ~ l i c a  g e l  (Merck. K i e s e l g e l  60. 70-230 mesh). 

( 

A s o l u t i o n  o f  1 (0.735g 5rnmol) and 2.3 ( 1 0 . 5 ~ .  25mmol) ? n  benzene (500ml) was i r r a d i a t e d .  The 

s o l v e n t  was  removed in and t h e  theresidue was chromatographed on s i l i c a  g e l  u s i n g  a m i x t u r e  

o f  benzene-n-hexane ( 1 : l  ; v / v )  (Tables 111. I V ) .  The p h y s ~ c a l  and s p e c t r a l  d a t a  f o r  photoproducts 

3. 4. 12. and 14  were i d e n t i c a l  w i t h  those  o f  a u t h e n t i c  samples. 9 

Table 111. Photoproducts 

Photoproduct  Appearance mp ('C) Formula AnaIys7s (%) 
Calcd (Found) 

C H N S 

5 C o l o r l e s s  o i l  C 1 ~ H 1 ~ N 2 S  63.16 5.26 14.74 16.84 
(63.40 5.33 14.78 16 69)  

10a C o l o r l e s s  p l a t e s  42-43 CI3HI7NS 71.18 7.18 6.39 14.16 
(70.98 7.22 6.45 14.28) 

l o b  C o l o r l e s s  o i l  C12H15NS 70.20 7.36 6.82 15.62 
(70.28 7.41 6.66 15.78) 

1 0 f  C o l o r l e s s  o i l  C15H19N2S 73.47 7.76 5.71 13.06 
(73.59 7.79 5.83 13.25) 

Table I V .  S ~ e c t r a i  Data f o r  Photoproducts 

5 3450 190 1.7O(lH.t.J=6Hr,-SH). Z.lS(ZH.d.J=6Hr,-CH2). 23.7(t).  77.4(s). 119.8(s). 
3350 4.75(2H, b r  s ,NH2), 7.2-7,5(4H,m,aromatic H). 127.2(dx2), 128.4(dx2), 
3200 129.8(d). 133.6(s). 158.5(s) 
2500 
2380 1.80(1H,d. J=6Hz.-SH). 2.35(2H.d.J=6Hz.-CH2). 23.0(t),  77.1(s), 122.3(s). 
1620 4.90(2H, b r  s ,NH2). 7.2-7.5(4H,m,aromatic H). 127.5(dx2). 128.l(dx2), 

130.0(d). 135.1(s). 158.0(s). 

lOf  1680 245 1.15(3H.s.Me). 1.35(3H. s.Me). 1.60(6H. s. 
Mex2). 3.40(1H.d.J=9Hr). 5.2O(lH.d, J=gHz). 
7.0-7.7(5H.m.aromatic H). 

1.55(3H,s.Me), 1.65(3H.s,Me). 1.70(6H.s, 
Mex2). 2.6O(lH. d. J=9Hz), 5.2O(lH,d. J=9Hz), 
7.0-7.7(5H.m.aromatic H ) .  
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