
REACTIONS OF a-KETOSULFENES WITH 1-AZIRINES' 

o&hibp T~yqg*  and Michihik~ Ngqgghi 

Research I n s t i t u t e  of I n d u s t r i a l  Science, Kyushu Univers i ty  86, 

Hakozaki, Higashi-ku, Fukuoka 812, Japan 

The react ions o f  benzoylsulfene L and two c y c l i c  a-keto- 

sulfenes g and 3, generated i n  s i t u  from the corresponding sulfonyl 

chlor ides and tr iethylamine, w i t h  3-subst i tuted 2-phenyl-1-azirines 

(5-4_c) proceeded through a concerted [n4s + n2s l  process. How- 

ever, 2-phenyl- l -azir ine (%) showed a d i f fe rent  behavior toward 

2 and 3 from 4&-&,, - 
Much of the importance of sulfenes l i e s  i n  t h e i r  usefulness i n  synthe- 

 is.^ Simple sulfenes (RCH=S02) do not  react  w i t h  the C=N bond,3 although i t  

has recent ly  been demonstrated t h a t  the react ion o f  phenylsulfene w i t h  benz- 

ylidenemethylamines proceeded through a concerted [nZs + n2a l  p r o ~ e s s . ~  I n  

previous papers, we reported t h a t  benzoylsulfene 1 reacts w i t h  the C=N bonds 

o f  a n i l ~ , ~  c a r b ~ d i i m i d e s , ~  and ketene imines7 t o  g i ve  the [2 + 21 and/or [4 + 

21 cycloadducts. I n  addit ion, c y c l i c  a-ketosulfenes 2 a n d 3  added t o  the C-N 

bonds of a n i l s  t o  y i e l d  the corresponding ~ y c l o a d d u c t s . ~  Theses r e s u l t s  i n d i -  

cate t h a t  the e lec t ron -a t t rac t i ng  acyl group makes the a-ketosulfene more re- 

ac t i ve  than simple sulfenes, and a-ketosulfenes 1-3 offer the p o s s i b i l i t y  of 

en t ry  i n t o  complex heterocyc l ic  systems through thermal symmetry-allowed 



[n4s + v2s] or [nZs + n2al pericyclic reactions. 

We now report the reactions of a-ketosulfenes 1-2 with 1-azirines which 

may participate as components in these cycloadditions. 

Reaction of Benzoylsulfene 1. Benzoylsulfene 1, generated in situ from 

benzoylmethanesulfonyl chloride and triethylamine in tetrahydrofuran, was 

treated with 2,3-diphenyl-1-azirine ($I) at room temperature for 20 h, giving 

a [4 + 21 cycloadduct g.' Structural elucidation of 59 was accomplished on 

the basis of spectral evidence (Table 1). Further substantiation of structure 

was provided by the acid-catalyzed hydrolysis of 2 to the sulfonamide 6a. 

The stereochemistry of %will be described below. 

- 
a: R'=P~, R'=H; b: R1=k, R2+; 2: R1=R2=Me; _d: R1,R2=H r" 

Scheme 1 

Similarly, ketosulfene 3 reacted with 3-methyl-2-phenyl- (s) and 3,3- 

dimethyl-2-phenyl-1-azirine (s) to afford the corresponding [4 + 21 cyclo- 

adducts, E& and 52 (Scheme 1). The yields, physical and spectral data of all 

3 are given in Table 1. In the reaction of 1 with 2-phenyl-1-azirine (M, 
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Table 1 

~ d d u c t "  Mp. , OC Ir(KBr) , cm-I 1 ~ - ~ m r ( ~ ~ ~ 1 3 )  M+ 
% 6(J ,  Hz) W e  

5a2) - 65 174-175 1615(C=C), 1340, 4.55(1H, s, 3Ctl), 6.46 375 
(dec) 1150(S02) (lH, s ,  =CH-1, 7.1-7.9 

(15H, m ,  Ar!) 

5b - 65 126-127 1595(C=C), 1340, 1.15(3H, d ,  CHJ, 5-6) 313 
1325, 1150(S02) 3.59(1H, q ,  5CK, J=6) 

6.42(1H, s ,  =CK), 77.- 
8.0(10H, m ,  Arli) ........................................................................... 

5c - 59 143-144 1610(C=C), 1325, 1.21(3H, s ,  CH~fexo)) ,  327 
1320, 1150(S02) 1.71(3H, S,  Cb(endo) ) ,  

6.39(1H, s ,  =CL), 7.2- 
7.9(10H, rn, ArHJ 

1) 5a and Q, co lo r l e s s  prisms; &, co lo r l e s s  spears.  
l-3 21 C-Nmr (cDCl3) 6 47.3, 84.8, 96.9, 126.1, 128.3, 129.1, 129.9, 131.3, 
132.2, 132.3, 156.6. 

however, the  sulfonamide 66 was obtained instead of the  expected cycloadduct 

. I t  i s  evident t h a t  i s  a r i sen  from t h e  hydrolysis of 5Q, and t h e  re-  

a c t i v i t y  toward hydrolytic cleavage of 5& seems t o  be comparable t o  t h a t  of 

the  cycloadduct of thiobenzoyl isocyanate t o  G." Hydrolysis of cycloadduct 

5_c gave a l s o  the  sulfonamide 5. Structura l  e lucidat ion o f  sulfonamides 6 
was accomplished on t h e  bas i s  of spect ra l  da ta .  

Q: mp 121-122~, co lo r l e s s  prisms, y i e l d  73%; i r  (KBr) 3300 (NH), 1705, 

1685 (C=O), 1360, 1155 cm-' (S02); 'H-nrnr (CDC13) 6 3.91, 4.54 (each lH, d ,  

Ck, 5.16 Hz), 6.24 (lH, d ,  ;CK, J=7.5 Hz), 6.60 (lH, d ,  N H ,  - 5.7.5 Hz, ex- 

changed w i t h  D20), 6.9-8.1 (15H, m ,  ArL). 

&: mp 144-145O, color less  needles, y i e l d  93%; i r  (KBr) 3340 (NH), 1685, 



1675 (C=O), 1330, 1145 cm-' (SO2); '~-nrnr (CDC13) 6 1.77 (6H, s ,  C(C&)2), 

4.53 (2H, s ,  c k ) ,  5.9 (lH, broad, NK, exchanged with DzO), 7.2-8.1 (lOH, m ,  

Arlj) . 
a: mp 132.5-134O, co lo r l e s s  prisms, y i e l d  41%; i r  (KBr) 3280 (NH), 1705, 

1685 (C=O), 1340, 1140 ctn-' (SO?); ' ~ - n m r  (CDC13) 6 4.77 (2H, d ,  N H C 3 ,  J.5.5 

Hz), 4.79 (ZH, s ,  Ck), 5.9 (lH, broad, NK, exchanged with D20), 7.2-8.1 (lOH, 

m ,  Ar i )  . 
1 1 1 Now, two stereoisomers,  exo-R &and endo-R s t r u c t u r e  (R =Ph o r  Me), 

a re  poss ib le  f o r  cycloadducts 3 and a. The s igna l s  a t  6 1.21 and 1.71 i n  

1 t h e  H-nmr spectrum of (Table 1 )  a re  assignable t o  those of t h e  exo and 

endo methyl protons respect ively ,  from analogy with the  nmr chemical s h i f t s  of 

t h e  methyl groups i n  2,~-dimethyl-3-phenylaziridine.~~ By comparison of t h e  

nmr chemical s h i f t  of the  methyl group i n  56 with those i n  z, i t  may be de- 

duced t h a t  t h e  methyl group ( 6  1.15) i n  59 i s  s i t u a t e d  exo. From consider- 

a t ion  of t h e  chemical s h i f t  of methine proton i n  %,I2  & as well as  & i s  

concluded t o  be t h e  exo s t ruc tu re  8. 

Ph 
02 02 
A w --J B 

C (R '  >It2) 
As wi l l  be described below, t h e  react ions  ... 

of c y c l i c  a-ketosulfenes 2 and 3 with 1-azi r ines  $g and % afforded a l s o  t h e  

corresponding exo isomers. The exclus ive  formation of t h e  exo isomers i n  

these  cycloaddit ions suggests t h a t  the  react ion would proceed through a con- 

ce r t ed  [n4s + R ~ S ]  process (depicted as  $) r a t h e r  than a stepwise process. 

As mentioned above, phenylsulfene reacted w i t h  benzylidenemethylamines 



t o  g ive the [2 + 2 1  c y c l o a d d ~ c t s . ~  However, phenylsulfene d i d  not  add t o  $a, 

but  instead t rans-s t i lbene was formed as a so le  product along w i t h  recovery 

o f  9. 

Reaction o f  Cyc l ic  a-Ketosulfenes. Next our a t ten t ion  was d i rec ted  to -  

ward the react ion o f  c y c l i c  a-ketosulfenes 2 and 3 wi th  1-az i r ines 4, The 

react ion o f  c y c l i c  a-ketosulfene 2, generated i n  s i t u  from 2-chlorosul fonyl-  

indanone and t r ie thy lamine i n  tetrahydrofuran, w i t h  3-subst i tuted Z-phenyl-l- 

azir ines,  5-g, a t  room temperature f o r  20 h afforded the corresponding [4 + 

21 cycloadducts, &-&. The y ie lds ,  physical  and spectral  data are given i n  

Table 2. On the basis o f  the nmr chemical s h i f t s  o f  the methine and methyl 

protons, i t  i s  reasonable t o  conclude tha t  both 2 and 2 are exo structures.  

Hydrolysis of & under m i l d  condi t ions gave the sulfonamide & i n  80% 

y i e l d .  &: mp 183-185O, co lor less  needles; ir (KBr) 3260 (NH), 1710, 1685 
1 (C=O), 1330, 1150, 1145 cm-' (S02); H-nmr (CDC13) 6 1.82 (KH, s, C(Ch)z),  

3.5 (2H, m, C b ) ,  4.11 (lH, dd, ;CK, 5.4.5, 7.5 Hz), 5.95 (lH, broad, NK, ex- 

changed w i t h  D20), 7.1-8.2 (9H, m, ArE). 

On the o ther  hand, c y c l i c  a-ketosulfene 5 reacted w i th  2-phenyl-1-azir ine 

(%) t o  give the sulfonamide g, 1 : l  adduct 2 ,  1:2 adduct E, and/or 2,5-di- 

phenylpyrazine ( 3 ) 1 3  whose y i e l d s  depended on the amounts o f  employed 

(Scheme 2). St ruc tura l  e luc ida t ion  of &, mp 161-162~, was accomplished on 

the fo l l ow ing  spectral  data. Ir (KBr) 3310 (NH), 1715, 1685 (C=O), 1330, 

1 1150, 1130 cm-' (S02); H-nmr (CDC13) 6 3.6 (ZH, m, C b ) ,  4.43 (lH, dd, XH, 



Table 2 

AddUCtll Yield Mp., OC Ir(KBr), cm" l ~ - ~ m r ( ~ ~ ~ l  3) M+ 
% 6(J ,  Hz) mle 

I)  &, co lo r l e s s  prisms; &, co lo r l e s s  spears ;  7&, co lo r l e s s  needles. 

2) 13c-~rnr (CDC13) 6 32.7, 48.4, 87.3, 106.3, 120.8, 124.8, 127.2, 127.4, 
127.9, 128.3, 129.8, 130.8, 131.1, 134.7, 140.3, 155.4. 

J=5, 7.5 Hz), 4.60, 4.99 (each lH, dd, Ck, J.5, 18  Hz), 6.02 (lH, pseudo t ,  

NH, exchanged with @0) ,  7.3-8.2 (9H, m, ArN. 

The assigned epoxy s t r u c t u r e  f o r  1:l adduct _9 was based on t h e  spect ra l  

da ta .  2: mp 219-224' (dec);  i r  (KBr) 3340 (NH), 1320, 1160, 1150 an-' 6 0 2 ) ;  

'H-nmr ( ~ 0 ~ 1 ~ )  a t  100 MHZ 6 3.68 O H ,  dd, c&, 5.16.0, 3.8 HZ) ,  4.03 ( IH ,  dd,  

C$, 5.16.0, 11.5 Hz), 5.08 (lH, broad dd, NK, exchanged with D20), 6.2-7.5 

(9H, m ,  ArK), 7.58 (lH, Pseudo s ,  =CK); 13c-nmr (CDC13) 6 47.8, 66.0, 69.1, 

123.6, 125.0, 126.8, 128.3, 128.9, 129.4, 129.8, 133.5, 136.7, 137.3, 138.1, 

139.0; MS m/e 311 (M'). 

F u r t k r  subs tan t i a t ion  of s t r u c t u r e  was provided by reduction o f  2 with 
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h x 
_2/~(mol/mol) 

1/1 16% trace 5% - 

1/2 7% 15% 22% 6% 

PhPh 

& j P h  S- Q-yy S- 

02 H 

Scheme 2 

LiA1H4 to indeno[3,2-el-3,4-dihydro-2H-l,2-thiazine 1,l-dioxide (w i n  79% 

yield. g mp 202-203.5' (dec); ir (KBr) 3430 (OH), 3240 (NH), 1305, 1160, 

1150 cm-' (SO2); '~-nmr (CD3CN) at 100 MHz 6 3.61 (lH, dd, Ck, J.15.5, 6.5 

Hz), 3.81 (lH, dd, C h ,  J=15.5, 9.5 Hz), 3.92 (2H, pseudo s, Ck), 4.41 (IH, 

broad, OK, exchanged with D20), 5.8 (lH, pseudo t, NK, exchanged with D20), 

6.7-7.8 (9H, m, Ar!); 13c-nrnr (CD3CN) 6 36.5, 57.9, 71.2, 124.9, 125.4, 126.6, 

127.5, 128.6, 128.9, 129.5, 139.7, 140.5, 142.6, 143.1; MS m/e 313 (M'). 

On the basis of spectral data, the 1:2 adduct was deduced to be either 

eight-membered ring compound lJ-1 or E-2. 10: mp 263-265' (dec); ir (KBr) 



3340 (NH), 1325, 1170, 1150 cm-' (SO2); '~-nmr (CDC13) at 100 MHz 6 1.92, 

2.62 (each lH, s, aziridine ring CB), 3.54 (lH, dd, C&, 3.15.5, 3.8 Hz), 

3.88 (lH, dd, C&, J=15.5, 10.5 Hz), 5.41 (lH, broad dd, NK, 5.3.8, 10.5 Hz, 

exchanged with DzO), 6.9-7.7 (15H, m, =CE + ArE); 13c-nmr (DMSO-d6) 6 32.7, 

52.6, 58.6, 92.7, 104.4, 123.7, 124.3, 125.8, 126.3, 127.8, 128.4, 128.8, 

130.3, 134.6, 134.8, 140.1, 142.2, 153.8; MS m/e 428 (M'). 

However, the pathway for the formation of 9 and 12 is not clear at 

present. 

Cyclic a-ketosulfene 3, generated in situ from 2-chlorosulfonyl-1-tetra- 
lone and triethylamine, reacted with 3-substituted 2-phenyl-1-azirines, k- 
%, under similar conditions, yielding the corresponding [4 + 21 cycloadducts, 

?&-I&. The yields, physical and spectral data of 12 are given in Table 3. 
On the basis of the nmr chemical shifts of the methine and methyl protons, it 

is evident that both 1& and are ex0 structures. 

t 4a - 4c 
3 -  ... 

a: RI-P~, R ~ = H ;  Q& S,N \ P ~ I  - 1 2 b: R =Me, R =H; 
02 

e 

1 2- 
13 .., c: R =R -Me 

Scheme 3 
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Table 3 

1 A  3) 75 175-176 1630(C=C), 1375, 1.18(3H, s ,  C ~ i e z o ) ) ,  353 

1350, 1310, 1160 1.70(3H, s ,  C&(endo)), 

(so2) 2.8(4H, m ,  C b ) ,  7.0- 
7.9(9H, m ,  Arl) 

1) &-l&c, co lo r l e s s  prisms. 

21 13c-~mr (CDC13) 6 19.1, 26.9, 47.2, 84.0, 106.6, 123.8, 127.0, 127.1, 

127.8, 128.2, 128.3, 129.7, 131.1, 137.4, 148.7. 

31 13c-~rnr (COC13) 6 14.6, 18.6, 23.0, 26.9, 51.8, 85.2, 107.2, 123.8, 
126.8, 127.1, 127.2, 127.8, 128.2, 128.5, 129.5, 130.7, 1 3 3 ~ 4 ,  137.2, 

151 .O. 

On the  other  hand, the  reaction of 3 with Z-phenyl-l-azirine (g)  did 

not give the  corresponding 14 + 21 cycloadduct, but instead the  sulfonamide 

1 3  and 2:2 adduct were formed. The y ie lds  of 1 2  and 1 3  depended on the  

amounts of 49 employed (Scheme 3 ) .  14 

1 1140, 1130 cm-' (SO2); H-nmr (CDC13) 6 2.4-3.4 (4H, m ,  C%), 4.29 (lH, dd, 

IC!, J=5, 7 Hz), 4.78 (2H, d ,  C&, Jz5.5 Hz), 6.13 (lH, broad t ,  N H ,  - Jz5.5 Hz, 

exchanged with D20), 7.1-8.2 (9H, m ,  ArH); - MS m/e 279 (M' - SO2) 



I t  i s  obvious t h a t  1 3  contains two convertible moieties t o  in  the  

molecule, because the  hydrolysis of (1 mol as C36~30N206S2) with hydro- 

ch lo r i c  acid i n  refluxing ethanol afforded 1.5 mol of u. On the  bas is  of 

the  above f a c t  as well as of spec t ra l  data ,  ten-membered c y c l i c  compound was 

t en ta t ive ly  assigned f o r  the  s t ruc tu re  of 13. 

E: mp 179-181' (dec) ;  i r  (KBr) 3300 (NH), 1620 (C=C), 1320, 1170, 1160, 

1150 cm-' (SO2); l ~ - n m r  (CDC13) 6 2.5-3.2 (8H, m ,  C b ) ,  3.96 (lH, dd, C&, J= 

16, 9 Hz), 4.54 (lH, dd, Ck, 5.16, 5 Hz), 5.55 (IH, broad, NK, exchanged 

with D20), 5.78 (lH, s ,  =Cc), 6.5-8.2 (18H, m ,  Ar i ) ;  13c-nmr (CDC13) 6 22.6, 

23.9, 27.5, 51.7, 98.7, 111.1, 117.4, 124.3, 125.6, 126.2, 126.5, 127.1, 

127.7, 128.0, 128.9, 129.2, 129.4, 129.8, 130.7, 131.2, 131.5, 136.9, 137.4, 

137.7, 147.3, 150.6, 155.8. 
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