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Abstract- Photolysis of N-methylmonothiophtha1~m~de 111 in the 

presence of thletane 141 gave 1.2-d~thiane 15) and 1.3-dithiane 

( 6 ) .  The formation of 1.2-dithianes in the photoreaction of 1 

with styrene derivat~ves (21 IS explained in terms of the 

intermediacy of the phthal~mide-thietanes. Photolysis of the 

thietane ring is also described. 

In a previous paper2 of this series, we reported that in the photocycloaddition 

of N-methylmonothiophthalimide 11) with styrene derlvatzves ( 2 )  certa~n d~thianes 

were obtained in addition to thietanes (2), often in comparable yields (Scheme 1 ) .  

The dithianes were assumed to be formed by subsequent photochemical fisslon of the 

thietanes followed by addition of the aromatic monothioimide. We now wish to 

report that the f~ssion of the thietane rings in fact leads to formation of 

1.2-dithianes. 

@ NCH, + &R hv &:: NCH, + NCH. + dithianes 

0 2 0 0 - 
1 - 

a: R'=H. R'=P~ . 3-i - 3-ii - 
b: Rx=Ph, RZ=H 

scheme 1 

- 1 4 7 -  



The dith~anes formed in the photoreactions of 1 wlth phenyl derivatives of styrene 

(21 were determined to be consisting of two molecules of 1 and one molecule of the 

styrene derivative (2) on the basis of their spectral data. Therefore, to confirm 

a possible reactivity of N-methylmonoth~oim~de (1) toward thietanes, a simple 

thietane (4)  was selected and irradiation of a solution of 4 and 1 in benzene was 

examined. After irradiation for 20 h, 1,2-dithiane (5) and 1.3-dlthiane (6) were 

isolated in 22 and 12% yields, respectively, together w ~ t h  recovery of 1 (28%). 

1 1.2-dithiane 1,3-dithiane 

Scheme 2 

The mass spectra of the products 5 and 5 showed the molecular Lon peak at m/z 251. 

consistent with the molecular weight of addition product of 1 with 4. The IR 

spectra indicated the presence of lactam rnolety. In the 13c-NMR spectra of the 

adducts, the presence of a spiro-carbon was suggested on the basis of generation 

of a new quaternary carbon instead of disappearance of a thiocarbonyl. The 

structures of the products (5 and 6) were inferred to be consisting of dithianes, 

and were easily discriminated on the basis of the 'H-NMR and 13c-NMR spectra. In 

the 'H-NMR spectrum of 5, a four-protons triplet at 6 3.20 with a coupling 

constant of 6 Hz suggested the presence of two magnetically equivalent methylenes 

adjacent to a sulfur atom. In addition, the 13c-NMR spectrum of 6 showed two 

peaks It) at 6 22.1 and 27.9, and the latter peak is due to two magnetically 

equivalent carbons. As contrasted, in 'H-NMR spectrum of 5, three methylene 

protons appeared as multiplets at 6 2.1-2.6 and 3.1-3.4 regions. The 13c-NMR 

spectrum showed three peaks at 6 31.6 (t), 35.3 It), and 41.6 It), lndicatlng the 

presence of three magnetically nonequivalent carbons in the dithlane ring (Scheme 

2). 

To obtain the informatlo" on the pathway of the dithiane formation, thietane 3a-i 

was irradrated in the presence of 1. As expected, a mixture of d~thianes was 

obtained, and the 1 ~ - ~ ~  spectrum suggested the presence of,four isomers I-) 

on the basis of a signal due to N-CH3 protons. After column chromatography, two 
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components (u and w) were separated in 33 and 34% yields accompanied by 3a-i 

(1 3%), but further separation of their components was difficult. Similarly, 

photolys1s of the other isomer 3a-ii with 1 also gave an ""separable mixture of 

dithianes (7e-h) which are different from the mixture (7a-d) on the basis of the 

13c-N~R spectrum. On standlng the mixture of 7a and 7h in deuterochloroform 

conta~n~ng one drop of conc. hydrochloric acid, equlibrium between and 3 was 

observed in the 'H-NMR spectrum. Similarly, each equilibrium between 7c.7e.79 and 

7d,7f37h, was also observed. Thls equllzbrium seems to be due to mobll~ty of 

benzylic protons of 1 under acidlc condltzons (Scheme 3). 9 Ph o%vqph CH 9 CHPh 

hw 0 . CH 3 1 Ph NCH. 
NCH, 7=,b RaneY Ni, 8-i - - 
0 

(W-2) 0 - 8-ii 
1,2-dithiane 

0 

3a-i Scheme 3 

To see the locatlon of sulfur atoms in the dithiane ring, chemical desulfurlzation 

was carried out. Treatment of the mixture ( 3  and -1 with Raney nickel gave a 

s~mple biphthalimidine 8-i in 42% yield together with the unchanged dithianes 

(32%). Similarly, from the mixture of and 3 a desulfurized product 8-ii was 

obtained in 54% yield with unchanged dithiane (11%). The mass spectra of both 

compounds 8-i and 8-ii showed a similar fragmentation pattern which consisted of 

two characteristic peaks at mlr 326 (M+-phthalimidine) and 291 (M+-P~CH~CHP~I. 

In addition, their elemental analyses and spectral data were in accord with the 

structure of s.  Thus in the 'H-NMR spectrum of U, two singlets due to N-CH3 

protons appeared at 6 3.53 and 3.68, and a singlet at 6 5.46 in a lower fleld 

region indicated the presence of a methine proton adjacent to both a nltrogen atom 

and a phenyl ring. Three protons at two benzylic positions appeared at 6 3.6-4.4 

as a multiplet. Further, in the off-resonance decoupled l3c-N!4~ spectrum of 8-i. 

one triplet and two doublets appeared at 6 36.2, 52.6, and 63.3, indicating the 

presence of one methylem and two methine groups, respectively. In the higher 

fleld region, two quartets appeared at 6 30.3 and 33.1, supporting the presence 



of two N-CH3 groups. L~kew~se, the 'H- and 13c-Nhl~ spectra of Isomer 8-ii were 

analogous to those of 8-i. Although the stereochemistry of 8-i and 8-ii was 

unknown, it was deduced from these results that 8-i is a dlastereoisomer of u, 
and the orlginal mixtures (7a-d) conslst of the 1.2-dlthianes, since 1.3- and 

1.4-dithianes should lead to different desulfurized products (Scheme 3 ) .  A 

posslhillty of the other 1,2-dithlane (7-iii in Scheme 7) is excluded in view of 

the structure of the desulfurized product 8.  However, the stereochem~stry of 

1.2-dithiane (1) has been left unsolved. 

Next, to see the photochemical properties of the thletane itself, an acetonitr~le 

solution of 3a-i was irradiated in the absence of 1 for 30 h. The products were 

the steroisomer 3a-ii (lo%), - and trans-stilbenes & (16%), enamlde 2 (1 4%)' 

and N-methylphthalimide 10 (21%) together wlth unchanged 3a-i (30%). Similarly, 

upon photolysis for 35 h, the isomeric thietane =la gave a major product 11 (71%) 

accompanied by 1,l-diphenylethylene 2 (6%) and 10 (9%). The structures of the 

enamides 9 and 11' were determined on the basis of elemental analysis and spectral 

data. Thus, the thietanes with aromatic substituents 3, initially formed from 1 

and the phenyl derivatives of styrene, suffer from secondary photolys~s by 

prolonged irrad~ation and may be converted to enamides (2 and 11) andlor undergo 

retro-Paterno-Biichi reaction to regenerate 1, which was further oxidized to 10 in 

analogy with the oxidation of thiones4 (Scheme 4). 

cis- and 
N-CH.+ 3a-i 

stilbenes 
3a-i 3a-ii 10 

0- 0- 2a 0 - 0 - - 

1, l-diphenyl- 
ethylene 

+ 10 - 

2b - 
0 g 0 11 

Scheme 4 

In the photoreactlons of th~ones with olefins having electron-releasing 

substituents, the formation of 1.4-dith~anes (15) from two molecules of a thione 

and one molecule of an olefin was established by the studies of Tsuchihashi and 

Ohno et a1.5r6 de Mayo et a1.7 have also reported that such reaction gives 
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1,4-dithianes (151 and unstable 1.3-dithianes (161, the latter of which undergoes 

thermal decomposit~on to form thietanes (11) (Scheme 51. Whether the dithiane 

( 5 1  or thletane (11) 1 s  formed depends both on the specific olefin and the con- 

centratla" of thione, and the formation is believed to be a consequence of the 

effic~ent radical-trapping a b i l ~ t ~ e s  of thiobenzophenone. The high reactivity of 

thiobenzophenone to biradical 12, highly stabilized by two phenyl group and a 

sulfur atom, results in the formation of b~radical 14 leadlng to 1.4-dithiane 

Ph 

Ph j.1 ,- Ph 

1, ' ph 14 

R=CN 
Ph R 

Ph 
Ph Ph 

16 - 
13 - 

Scheme 5 

In the present study photoexcited 1 rnitially attacks the styrene derivatives to 

generate a blradical 11 in analogy wlth photochemcal behavior of s~mple thiones 

(Scheme 6 ) .  '-' Subsequently, the biradical immediately collapses leading to 

thietane 3 a pathway A in competition with a pathway B in which the traps 

another molecule of 1 to form dithianes 18 andlor 2. In contrast to the case of 

th~obenzophenone (Scheme 51 preference of the thietane formation with the mono- 

thlophthalimlde was supported by monitoring fast appearance of products ( 3 )  using 

Scheme 6 

- 1 5 1  - 



thin layer chromatography. 

From above results coupled wlth general information on photodecomposition of 

thietanes, 8,9,10 possible pathways of the phthalimide-dith~ane formation may be 

illustrated as follows (Scheme 7). At first, the key intermedrate 1s the 

initially formed thietane 3. Secondary photolysis of the thietane rlng will 

generate two possible blradical ~ntermediates 3 and 21, presumably both involving 

a thiyl radical due to homolysis of a sulfur-carbon bond, as affected by a 

substitution mode on the thletane ring. A blradical (20) either undergoes 

additlon wlth 1 to lead to dithiane 7-i andlor 7-ii via an intermediate 22, or 

leads to the enamide 9 by elimination of a thiocarbonyl fragment. The other one 

(Gl also farms the addncts with 1 to give 7-ii and/or m, or undergoes 
retro-Paterno-Biichi reaction to glve 1. Thus, the two biradzcal intermediates 3 

and 21 are likely to undergo efficient addition with another molecule of the thio- 

mide. Generally bond dissociation energies of C-S bond are relatively low. 
8 

Although a formation of 1,3-dlthiane (-1 was suggested on the basis of the 

competitive generation of biradicals 9 and c, the 7-ii was not isolated even in 

CHPh 

N-CH, &? - 20 I: 22-i 0 - 

22-iii 
0 -- 
s t \  Phth 

0 

1 Ph'h 

0 "iii 

1 - 
Scheme 7 

- 1 5 2 -  
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the presence of an e x c e s s  th~oimide 1, but 1.2-dithiane 2 was predominantly 

obtained probably an Intermediate m. However, the formation of 

1.3-dithiane 7-ii may not be excluded because on photolysis of 1 and o-methyl- 

styrene, an unstable adduct'' was obtained, which was easily converted to the 

thietane derlvatlve and 1 at room temperature in analogy with the behavior of 
7 thlones . 

As for the dithlane formation there is a marked difference in the behavior of the 

thiones and thzolmides: 1 . 3 -  and 1.4-dithianes from the former and 1.2-dithianes 

from the latter. This dzfference is reasonably explained by the proposed 

assumption: in the thione photoreactions the major pathway is the reaction of the 

biradical with the second molecule of the thione (due to its high reactivity) 

leading to the 1,4-dithianes 15 in preference to the thietane 9, while in the 

thioimides the major pathway is formation of the thietane 2 which subsequently 

produces 1.2-dithianes 7-i (7a-dl. In conclusion, the photoreactions of N-methyl- 

monothiophthalimide 1 with styrenes provide a first example of the 1.2-dithiane 

formation in the photochemistry of the thiocarbonyl systems. 

EXPERIMENTAL 

A l l  m e l t i n g  p o i n t s  were determined on a Yamato m e l t ~ n g  p o ~ n t  apparatus (model MP-21) and are 

uncorrected. IR spec t ra  were recorded on a JASCO-A-102 spectrometer. NMR spectra were taken on 

a H i t a c h i  R-40, a JEOL FX-60, and a JEOL JNM-FX-90Q spectrometers. Chem~cal s h ~ f t s  are reported 

i n  ppm ( 6 )  r e l a t ~ v e  t o  TMS (0.0 ppm) as an ~ n t e r n a l  standard. The a b b r e v ~ a t ~ o n s  used are as 

fo l lows:  s, singlet: d, doublet :  t, t n p l e t :  q, q u a r t e t :  rn. m u l t i p l e t .  Mass spec t ra  (MS) were 

obta ined on a JEOL JMS-QH-100 mars spectrometer. P r e p a r a t ~ u e  I r r a d i a t i o n s  were conducted by  us ing  

a 500 W h?gh-pressure mercury lamp (Elkosha PIH-500) through Pyrex g lass a t  room temperature 

unless otherwise noted. S t ~ r n n g  o f  the  r e a c t ~ o n  m i x t u r e  was e f fec ted  by t h e  i n t r o d u c t ~ a n  o f  a. 

stream o f  nitrogen a t  t h e  bottom o f  o u t e r  jacke t .  Column chromatography was conducted us?ng s117ca 

g e l  (Merck. K l e s e l g e l  60. 70-230 mesh). 

Prepara t ion  of compounds 1 and 3a.b. 

Preparation of compounds 1 and 3a.b was described i n  a previous paper. l a  

I r r a d ~ a t i o n  o f  N-methy lmonoth~oph tha l~m~de 1 i n  the  presence of t h ~ e t a n e  4. 

A solut7on of 1 ( 1  g. 5.6 mmol) and 4 (2.1 g. 28 mmol) I n  500 ml o f  benzene was i r r a d ~ a t e d  w i t h  

a 1 kW high-pressure mercury lamp (Eikasha EHB-W-1000) f o r  2 h and worked up as descr ibed i n  t h e  

previous paper. la  1 . 2 - O ~ t h ~ a n e  (3) and 1.3-d,th?ane ( 5 )  were obta ined i n  22 and 12% y i e l d s .  

respec t?ve ly ,  toge ther  w t h  recovery o f  1 i 2 8 X ) .  



1 Compound 5:  m p 69-71-C. IR ( n u j o l ) :  1690 cm- . 'H-NMR (CDCI3): 6 2.1-2.6 (4H, m. -(CH2)2-). 

2.1-3.4 (2H, m. SCH2). 3.50 (3H. s. N-Me). 7.2-7.9 (4H. m. A r  H). (CDC13): 6 24.8 (q) .  

31.6 ( t ) .  35.3 ( t ) .  41.6 ( t ) .  82.3 ( s ) .  122.4 (d), 122.9 (d), 130.1 ( 5 ) .  132.1 (s), 150.5 ( s ) ,  

166.6 ( 5 ) .  MS mlz:  251 (M'). Found: C. 57.16: H. 5.17: N. 5.52: 5. 25.37. Calc  f o r  C12H13NOS2: C. 

57.34: H. 5.21: N. 5.57: S. 25.51. 

Compound 6 :  m p 88-90DC. IR ( n u j o l ) :  1690 c m l .  'H-NMR (CDC13): 6 1.9-2.3 (2H, m. -CH2CH2CH2), 

3.20 (4H. t. J=6 Hz. CH2Sx2). 3.30 (3H. s. N-Me), 7.2-7.9 (4H, m. A r  H). ' ~ N M R  (CDC13): 6 22.1 

( t ) .  25.7 ( q ) .  27.9 ( t ) .  71.8 ( 5 ) .  122.4 (d) .  123.5 (d). 129.4 (S). 129.4 (d) .  132.3 (d). 149.7 

( 5 ) .  165.7 ( 5 ) .  MSrn /z :  251 ( M ~ ) .  Found: C. 57.16: H. 5.17: N. 5.52: S. 25.37. Calc  f o r  

CI2Hl3NOS2: C. 57.34: H. 5.21: N. 5.57: S. 25.51. 

I r r a d ~ a t i o n  o f  t h i e t a n e  3a-i i n  t h e  presence o f  t h ~ o ~ m ~ d e  1. 

A r a l u t ~ o n  o f  3a-i (1 .788 g. 5 mmol) and 1 (1.772 g, 10 mmol) ~n 500 ml o f  a c e t o m t n l e  was 

~ r r a d ~ a t e d  f o r  15 h. Work up of t h e  r e a c t ~ a n  m i x t u r e  gave two components. d i t h i a n e s  (z and 

7c.d) ~n 33 and 34% ~ l e l d s ,  r e s p e c t ~ v e l y .  accornpamed by 3a-i (13%) and unchanged 1 (59% y i e l d .  - 

based on t h e  amounts o f  1). 

I r r a d ~ a t i o n  o f  t h i e t a n e  3 a - i i  i n  t h e  presence of t h ~ o i m ~ d e  1. 

A s o l u t ~ a n  o f  )a-ii (1.788 g. 5 mmol) and l ( 1 . 7 7 2  g. 10 mmol) i n  500 ml o f  a c e t o n i t n l e  was 

~ r r a d ~ a t e d  f o r  1 0  h. Work up o f  t h e  r e a c t ? a n  m i x t u r e  gave a m i x t u r e  o f  d ~ t h ~ a n e s  (&.f.g.h) I n  39% 

y l e l d  accompanied by )a-ii (11%) and unchanged 1 (64% y e i d .  based on t h e  amounts of 1). 

Raney m c k e l  r e d u c t ~ v e  d e s u l f u n r a t ~ o n  o f  d7 th lane  7a.b. 

A s a l u t ~ o n  o f  d7th1ane (z. 535 mg. 1 rnmol) ~n abs. e thano l  was added t o  Raney mcke:  (W-2. 

prepared from 10 g o f  Raney m c k e l  a l u m ~ m u m  a l l o y )  ~n 5 ml o f  abs. e thano l .  The s o l u t 7 o n  was  

r e f l u r e d  f o r  3 h and t h e  r e s ~ d u a l  011 o b t a ~ n e d  from t h e  f i l t r a t e  was chromatographed on s111ca g e l  

t o  give 42% o f  8-1 t o g e t h e r  w t h  unchanged 7a.b (32%). 

Compound 8-i :  rn p 229-231°C. IR ( n u j o l )  1675 cm-'. 'H-NMR (CDC13): 6 3.53. 3.68 (3Hx2, 3x2. N-Me). 

3.6-4.4 3 m. PhCH2-PhCH). 5.46 (1H. s. NCH). 6.6-7.6 (18H. m. A r  H). 13c-~MR (CDC13): 6 30.3 

(9). 33.1 ( q ) .  36.2 (t). 52.6 (d). 63.3 (d). 72.7 ( 5 ) .  122.1 ( d ) .  122.7 (d). 122.8 ( d l .  123.6 (d). 

126.6 ( d ) .  127.0 (d) .  127.8 ( d ) .  128.1 (d)x2, 128.4 (d)x2. 128.5 (d)x2. 128.6 (d)x2. 129.5 (d)xZ. 

130.8 ( d ) .  131.8 (d ) .  132.2 ( 5 ) .  137.6 ( 5 ) .  138.4 ( s ) .  142.0 ( 5 ) .  144.0 (s). 169.7 (1). 171.3 (1). 

MS mlz: 326 ( M c - p h t h a l ~ m d ~ n e ) .  291 ( M + - P ~ C H ~ C H P ~ ) .  Found: C. 81.34: H, 5.94: N. 5.79. Calc  f o r  

C32H28N202: C. 81.33: H. 5.97: N, 5.93. 

Raney m c k e l  r e d u c t ~ u e  d e s u l f u n z a t ? o n  o f  d ~ t h i a n e  7c.d. 

The procedure used f o r  t h e  r e d u c t l o o  o f  d ~ t h ~ a n e  (m) was i d e n t ~ c a l  w t h  t h a t  used f o r  7a.b. 

Separat ion by calumn chromatography gave 54% o f  w t h  unchanged 7c.d (11%). 

Compound Sii: rn p 232-233'C. IR ( n u j o l ) :  1675 cmKi. 'H-NMR (CDCI3): 6 2.80. 3.66 (3Hx2, sx2. 
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N-Me). 3.8-4.3. 5.5-5.8 (4H. m. PhCH2-CHPh. NCH). 6.5-7.9 (18H. rn. Ar  H ) .  1 3 ~ - ~ ~ ~  (CDC13): 6 30.1 

(q)n2, 36.0 (t). 52.6 (d) .  62.6 (d). 74.5 (s). 121.2 (d). 123.3 (d). 124.1 (d). 124.4 ( d ) .  126.8 

( d l .  126.9 (d)x2. 127.7 (dIx2.  128.3 ( s ) .  128.6 (d)x4. 129.4 (d)n2. 130.8 (d) .  131.2 (d). 131.5 

(d). 134.4 (s). 136.8 ( s ) .  138.1 (s). 141.2 ( s ) .  143.7 ( 5 ) .  168.5 ( r ) .  169.3 ( s ) .  MS m/z: 326 

( M + - p h t h a l ~ m ~ d i n e ) ,  291 ( M + - P ~ C H ~ C H P ~ ) .  Found: C. 80.90: H. 5.96; N. 6.17. Calc f o r  C H N 0 . 
32 28 2 2' 

C. 81.33: H. 5.97: N. 5.93. 

I r r a d i a t ~ o n  o f  t h ~ e t a n e  3a-1. 

A s o l u t i o n  of 3a-1 (358 mg. I mrnol) ~n 10 ml o f  a c e t o m t r ~ l e  was i r r a d ~ a t e d  f o r  30 h. S e p a r a t ~ o n  

by column chromatography gave t h e  rtereo~somer 3a-ii (10%). - and t r a n s - s t ~ l b e n e s  2 (16Z). 

enamde 2 (14%) and M-rnethy lphthal~mide 1? (21%) t o g e t h e r  w i th  unchanged 3a-i (30%). 

Compound 9: m p 176-178-C. I R  ( n u j o l ) :  1690 cm-I. 'H-NMR (CDC13):6 3.14 (3H. s. N-Me). 5.42 ( IH.  

b r  s. PhCH). 7.0-7.8 (9H. m. Ar  H). MS m/z: 235 (Mi). 

I r r a d ~ a t i o n  o f  t h ~ e t a n e  3b. 

A s o l u t i o n  o f  (72 mg. 0.2 mmol) i n  2 m i  of benzene was irradiated f o r  35 h. Separat ion by 

column chromatography gave enamide 11 (71%) accompanied by 1 .1 -d~pheny le thy lene  3 (6%) and 10 

(9%). 

Compound 11: m P 178-180°C. IR  ( n u j o l ) :  1690 cml .  'H-NMR (COC13): 6 2.83 (3H. s. N-Me). 6.3-6.4 

(1H. m. Ar  H). 7.0-7.4 (12H. m. Ar H). 7.7-7.8 (1H. m. Ar H). MS mlz:  311 (M'). Found: C. 84.92: 

H. 5.47; N. 4.50. Calc f a r  CZ2Hl7NO: C. 84.86: H. 5.50: N. 4.50. 
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