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Abstracr - Irradiation of semlcyci~c- (4) and acyclic thloimides (9) gave 

thietanes (6, 7, and 10) andlor a-cieavaged products (8 and 111, formations of 

those were explained in terms of Paterno-Biichi type and Norrish type I 

processes. 

As a part of our continuing program to  investigate imide phatachemlstry.2 we have explored photo- 

reactions of thioimlde systems,3 a new amalgamation of imide and sulfur. Generally, thiaimides a re  

classifted lnto three structural classes; cyclic ( I ) ,  N-acyllactam (semicyclic, 21, and acyclic (3) systems 

(Scheme I). Although the  photochemistry of the  thloimides has been extensively studied, most of the 

Scheme 1 

reports have been concerned with that of the  cyclic thioimldes i l l3  except for the work of Omote e t  

We have found that  the photochemical behavlor of the  cyclic thioimides is strikingly different  from 

that of the imides, the oxygen counterparts; i.e., these thiolmldes exclusively undergo photocycioaddition 

with olefins, and are substantially inert t o  Norrish type i la-cleavage) and 11 p r o c e ~ s e s . ~  Recently, it has 

been found that certain cyclic thiolmldes having a benzyiic hydrogen a t  t h e y  , S  , and E-pos~tions in the  

side chams, as a speclai case, undergo Norrlsh type I1 reaction t o  give cyciized products. 5 

In order t o  systematically investigate the scope and ilmltation of the photoreaction, the generality of the  

intermolecular photocycloadditm~ with olefin in N-acyiiactam (4) and acyclic thioimide 19) systems were 



studied and the results a re  reported In this paper. 

Photolyses of the thioimides (4a-c) ~n benzene were carried out in the  presence of an excess of 2,3-di- 

methyl-2-butene (5). The results a re  listed in Table i. Photolysis of N-acetyithlapyrrolidone 4a gave 

spiro-thietane (6, 38%). and a small amount of thiapyrrolidone (8% 5%), an a-cleavage product. 

Thloacetylpyrrolidone 4b gave also an addition prdduct (2, 24%) having a thietane located in the N-side 

chain. However, in the  case of N-th~oacetylthiopyrrolidone 42, no cycloadditlon products due t o  the 

Paterno-Biichi type reaction were isolated, while only thlopyrroi~done (8c=8a), the  a-cleavage product, was 

obtained in 82% yield. 

Table 1 Photoreact ion of 4 

5h 

- NO* de tec ted .  

The structures of thietsnes 6, 7 were determined an the  basls of analytical and spectral data. For a 

typical example, in the  mass spectrum of 7 the  molecular ion peak (M+-227) indicated the  addition of 

i 
olefin 5 t o  4b. The H-nmr spectrum showed signals due t o  five methyl groups a t  1.25, 1.30, 1.35, 1.60, 

and 2.00 ppm, respectively. The 1 3 ~ - n m r  spectrum showed the  peaks due t o  a carbonyl, two di- 

methyl-substituted carbons , and a quaternary carbon adjacent t o  a sulfur and a nitrogen atoms a t  173.9 

(s), 53.5 (4, 46.1 (s), and 75.9 (s), respectively. 

Table 2  Photoreact ion of 9 

u 

R ' R 2  

a: H CH 3 27 % 20 % 18 % - 
b: H P h  22 % - - 6 6  % 

C: CH. CH 3 10 % 2 1  % - 11 % 

d: CH, Ph 2 1  % 1 2  % - 16 % 

e: Ph CH a - 4 8  % - 12 % 

f :  Ph Ph - 46 % - 22 % 

-  NO^ de tec ted .  
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Next, in order t o  see photoreaction of acyclic thlolmide system, phatolyses of N-acylthiobenzamides 

(9a-f) were exammed under the  stmliar conditions. The results are listed in Table 2. In the photoiysis 

1 2 
of 9a (R =H, R =CH ), two adducts (IOa and 1 2 4  were obtained, while 9b gave only thletane (lob). In 

3 
I 

the  cases of 9c.d (R =CH3), thietanes (IOc and 10d) and N-methyithiobenzamide ( l l c = l l d )  were obtained. 

respectively. Photolyses of 9 e  and 9f (when R ' = P ~ )  gave only the  a-cleavage product, 

N-phenyithlobenzamlde ( I l e = l l f )  In moderate yields, respectively. 

In the  ir spectrum of 12% the  peaks at 1600 and 1680 cm-I suggested the  presence of a carbon-nitrogen 

double band and an amide moiety, respectively. In the mass spectrum, the molecular ion peak ( ~ + = 2 6 3 )  

mdlcated the  adduct of 9a t o  5, and in addition the  fragment peak wlth mlz 178 indicated e lmmat ion  

of CICH312-CH(CH3)2 group from the  sulfide 12a. Further, the I3c-nmr spectrum of 12a showed the  

peaks due t o  an amide carbonyi, two dlmethyi-substituted carbons, and a carbon of carbon-nitrogen double 

bond a t  167.1 Is), 57.3 (4, 35.7 (dl, and 182.5 (s) ppm, respectively. 

In conciusian, although endo O n  a lactam moiety) and e m  (in an acyi moiety) thmcarbonyl groups in 

semicyclic manothmimides (4a and 4b) are both essentmliy photoreactive t o  olefin, the dlthioimide ( 4 4  

having two thiocarbonyi groups rather undergoes formal a-cleavage reaction in competition with cyclo- 

addition t o  oiefm to  give thropyrrolidane (84 .  The formation of the  thiopyrrolidone seems t o  take dual 

pathways, Narrish type I and type I1 ellmination processes, on the  analogy of photochemlcai behavior of 

hemicyclic imldes ( the  oxygen counterparts).6 However, no simple explanation for thls preferential 

I 1 Norrish 
type I . 

Scheme 2 



formation of 8c in the case of 4c can be offered a t  the present time. Llkewlse, mvolvement of this 

formal a-cleavage reaction was observed also with acycilc monothioimides 9 (Scheme 2). in the case of 

1 2  91 (R =R =Ph) lacking s hydrogen in accessible locations, a possiblity of a-cleavage y& the Norrish type 

I1 process due to  hydrogen abstraction is excluded. Therefore, the formation of 8 and I1  may be 

2 explained In terms of the Narrish type I reaction. In N-unsubstituted acyclic thioimides (9a,b, R =HI, none 

of u-cleavage products were isolated, therefore N-substituents seem t o  enhance the reactivity to  

a-cleavage. On the other hand, in the thmne photochemistry, involvement of a-cleavage has been limited 

7 8 9 to  strained systems such as cyciobutaneth!ones and to  thioesters. Recently, Omote e t  ai. found that 

thioxo-8-iactams (four membered monathioimides), which were produced by ring openmg reactmn of 

t h i a m e  rlng of Elactams, undergo a-cleavage. Thus, a-cleavage in thioimides also would seem restricted 

to  internally strained systems. However, as shown in Scheme 2, processes of a-cleavage (9' 11) were 

3 observed with unstrained acyclic thioimides (9) in contrast with inertness of the c y c l ~ c  thioimides to  the 

Norr i~h  type i reactton. An addltion of oiefin (9 * 13 * 12) is also an interesting example of the rhiotmide 

photoreactions.1° i t  is noteworthy that  in unstrained thioimide systems such as 4 and 9, the Norrtsh type 

I a-cleavage (9*11) occurs in competition with Paterna-Biichi type reaction (9+14*10),  which is 

representative in the cyclic thiaimide systems. 3 

EXPERIMENTAL 

Ail melting points were determmed on Yamato meltmg pomt apparatus model MP-21 and are un- 

corrected. Ir spectra were recorded on a Shimadzu IR-400 spectrometer. Nmr spectra were taken on a 

Hitachi R-40 spectrometer and a JEOL-FX 90Q spectrometer. Chemical shifts are reported in part per 

miiilon (6) relatlve to  tetramethylsiiane (TMS, 0.Oppm) as an internal standard. The abbreviations used are 

as follows : s, singlet; d, doublet; t ,  triplet; q, quartet; sep, septet; m, muitlpiet. Mass spectra were 

determined wlth a JEOL JMS-QH 100 gas chromatograph-mass spectrometer with a direct inlet system. 

General Procedure far  Prepration of Thioimides (4 and 9) 

The Thioimides 4a-c,I2 9a.b,I3 9c-f,I4 were prepared according to  the reported procedures. 

General Procedure for Irradiation of Thioimides (4 and 9) 

A solution of the thioimide ( 5  mmoi) and 2,3-dimethyl-2-butenes (2.lg. 25 mmol) in benzene (500rnl) was 

Irradiated through a Pyrex fllter in a nitrogen atmosphere a t  room temparature using a IkW high-pressure 

mercury lamp. After removal of the solvent in the products were separated by column chromato- 

graphy on silica gel (using benzene a s  solwnt). The spectral data were listed in Table 3. 



Table 3. Photoproducts 

Comoound Aooearance ir mass Formula Analyses ( % )  

7 oil 

12a oil 
I 

1Oc oil 

22.5(q) ,23.5(q) ,26.5(q). C21H25NOS C :  74.29 74.32 
28.4(q) ,35.7(q) ,45.3(s), H: 7.42 7.18 
55.8(s) ,78.5(s) ,127.5 N: 4.13 4.01 
(dx2) ,l27.5(dxZ) ,127.8 
(d) ,128.4idxZ) ,129.8(d), 
l3l.Z(dx2) ,138.O(sI, 
141.5(s) ,171.7(s). 
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