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REACTIONS OF 4-METHYLENE-2-PHENYL-2-OXAZOLIN-5-ONES WITH SULFUR YLIDES 
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The reaction of 2-phenyl-4-phenylmethylene-2-oxazolin-5-0 with dimethyloxo- 

rulfonium methylide proceeded via a nucleophilic attack of the methylide on 

the carbonyl carbon in the oxazolinone with concurrent ring opening to give 

1:l adduct, dimethyloxosulfonium (2-benzazido)cinnamoylmethylide. On the 

other hand, dimethylsulfonium phenacylide reacted with 4-phenylmethylene-, 4- 

(p-acetoxypheny1)methylene-. 4-styrylmethylene-, 4-(2-fury1)methylene-, 4-[3- 

(I-acetylindolyl)]methylene-, or 4-dimethylmethylme-2-phenyl-2-oxazolin-5-one 

to give two stereoisomeric spirocyclopropanes and/or y-pyrone derivatives re- 

spectively, whose yields were dependent on the reaction conditions. 

Since it is known that 2-oxazolin-5-ones are useful intermediates for the synthesis of a-acylamino 

acids or a-amino acids, cyclopropanation of 4-methylene-2-oxazolin-5-ones would provide a useful 

route to biologically interesting cyclopropylogs of a-amino acids. For this purpose several 

 worker^^-^ have investigated the cyclopropanation of 4-arylmethylene-2-oxaralin-5-ones with diaro- 

methane, and conversion of spiro[cyclopropane-1.4'-oxazolinones] to cyclopropylogs of a-amino 
4 acids. On the other hand, it has recently been reported that 4-arylmethylene-2-pyrazolin-5-ones , 

6 4-arylmethylene-2-isoxazolin-5-ones5, and 3-arylmethyleneindolin-2-ones reacted with carbonyl- 

stabilized sulfur ylides to afford the corresponding spirocyclopropane derivatives respectively. 

However, little attention has been paid to the reaction of 4-methylene-2-oxazolin-5-ones with sulfur 

ylides. We now wish to report our findings on the reaction of 4-methylene-2-phenyl-2-oxazolin-5- 

ones with sulfur ylides. 

Six 4-methylene-2-phenyl-2-oxazolin-!-ones (L - 6)  employed here were prepared from hippuric acid 
and benzaldehyde, p-acetoxybenzaldehyde, trans-cinnamaldehyde, furfural, 1-acetylindole-3-carb- 

7 aldehyde, or acetone according to the Erlenmeyer method . It has been reported that the Erlenmeyer 

method usually gives the thermodynamically stable (~)-4-arylmethylene-2-oxazolin-5-ones.~ Since 

the melting points of 2-phenyl-4-phenylmethylene- (9 and 2-phenyl-4-styrylmethylene-2-oxazolin-5- 



one ( 2  agreed w i t h  repor ted  me l t i ng  po in t s  o f  the  corresponding (Z)-isomers, o t he r  4-methylene-2- 

oxazolin-5-ones, 2 ,  4 and 2 ,  were deduced t o  be (2)-isomers r espec t i ve l y .  
9 

1 2 1: R = ~ h ,  R ~ = H ;  2: R ~ = ~ - A ~ o ~ H ~ ,  R =H 
1 3: R ~ = P ~ - C H = C H ,  R ~ = H ;  4: R - 2 - f u r y l ,  R ~ = H  - 

5: R1. ql ,. , R2=H; 5 :  R1=R2=~e 

AC 

1: mp 166-167'~ ( l i t . '  mp 166-167'~); I R  (KBr) 1800 (C=O), 1655 cm" (C=N). 2:  mp 180-181°c; IR - 
8 (KBr) 1800, 1760 (C=O), 1660 cm-' (C-N). 2: mp 152-153Oc ( l i t .  mp 153'~); IR (KBr) 1790 (C-0). 

1640 cm-' (C-N). 4: mp 173-174'~ ( l i t . ' '  mp 171°c); I R  (KBr) 1795 (C-O), 1660 cm-' (C-N). 2 :  mp 

2 0 4 - 2 0 5 ~ ~ ;  I R  (KBr) 1790 (C=O), 1640 cm-' (C-N). 6: mp 98-99'~ ( l i t . ' '  mp 9 9 - 1 0 0 ~ ~ ) ;  IR (KBr) 1790 

(c-01, 1675 cm-' (c-N). 

Although oxarol inone L d i d  n o t  r eac t  w i t h  d imethylsul fonium methyl ide,  1 reacted w i t h  dimethyloxo- 

su l fon ium methyl ide,  generated i n  s i t u  f rom t r imethy loxosu l fon ium c h l o r i d e  and sodium hydr ide,  i n  

DMSO a t  room temperature f o r  3 h t o  g i ve  1 : l  adduct, d imethyloxosul fonium (2-benzamido)cinnamoyl- 

methyl ide 1, i n  53% y i e l d .  S t r uc tu ra l  e l u c i d a t i o n  o f  1 was accomplished on the  bas is  of spec t ra l  

data. 2:  mp 157-158'~; IR (KBr) 3280, 1635, 1530 cm"; 'H NMR (CDC13) 6 3.40 (6H, s ) ,  4.91 ( lH,  s,  

S=Cli), 7.01 (lH, s, =Cb), 7.1-8.0 (IOH, m), 8.25 (TH, broad s, NJ). 

A - 
Scheme 1 

The pathway f o r  the  fo rmat ion  o f  i s  i l l u s t r a t e d  i n  Scheme 1. A n u c l e o p h i l i c  a t t ack  of t h e  y l i d e  

does n o t  occur a t  the  exo-methylene carbon, bu t  ins tead takes place a t  the  carbonyl  carbon of 1 t o  

y i e l d  z w i t t e r i o n  L w i t h  concurrent  r i n g  opening. Subsequent hydrogen t r ans fe r  i n  A g i v e s  s t ab le  l. 
Next, we have inve 's t iga ted  the r eac t i on  of w i t h  a ca rbony l - s t ab i l i zed  s u l f u r  y l i d e .  When L was 

al lowed t o  r e a c t  w i t h  d imethylsul fonium phenacylide, generated i n  s i t u  f rom dimethylphenacyl- 

0 
sulfonium bromide and sodium hydr ide ,  i n  THF a t  0 C,  a mix tu re  of two isomer ic  spi rocyclopropanes 

was obtained. Theo re t i ca l l y  four stereoisomers, &, Q, &, and E, are poss i b l e  f o r  the  s t r uc tu re  

of spirocyclopropane der ived  from l a n d  phenacylide. On the  bas is  of spec t ra l  data and chemical 

conversions descr ibed below, however, two spirocyclopropanes obtained were assigned 3 and & r e -  

spec t ive ly .  The same reac t i on  a t  room temperature o r  under r e f l u x  afforded a small amount of  y- 
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pyrone d e r i v a t i v e  J? toge ther  w i t h  spirocyclopropanes and &b (Scheme 2) 

COPh 

O'C, 5 h 78.5% 6% 

r.t., 5 h 40.5% 38.5% 

re f l ux ,  I h 44% 27.5% 

Phs N ,, H 

Y M P h  
0 COPh COPh 

Ph 

H rwPh 0 COPh 

14. 1 1  - 
Scheme 2 

1 8a: m ~ . 1 9 2 - 1 9 3 ~ ~ ;  IR (KBr) 1810, 1680 (C=O), 1645 cm-' (C=N); H NMR (COC13) 6 4.24, 4.42 (each - 
lH, d, CH, Jz9.0 Hz), 7.24-8.03 (15H, m); 13c NMR (CDC13) 6 39.3 (d ,  2-C), 39.7 (d, 3-s) ,  59.3 (5, 

I-;), 163.0 (s ,  5-E), 177.8 (s ,  7-W, 190.3 (s,  J;OPh); MS m/e 367 ( M ~ ) .  

1 8b: mp 154-155'~; I R  (KBr) 1810, 1685 (C=O), 1630 cm- (C-N); 'H NMR (CDC13) 6 4.02, 4.16 (each - 
1H, d, C l ,  J.9.2 Hz), 7.24-8.02 (15H, rn); 13c NMR (CDCl3l 6 39.0 (d, 2-&I, 42.6 (d,  3-El, 58.2 ( s ,  

1-C), 163.2 (s, 5-E), 172.8 (s ,  7 - 9 ,  189.0 (s,  &OPh); MS m/e 367 (M+). 

9: mp 2 3 1 - ~ 3 2 . 5 ~ ~ ;  I R  (K8r)  3300 (NH), 1695, 1670 (C-O), 1635 cm-' (C=C); 'H NMR (C0C13) 66.81 - 
(lH, s, =CH), 7.3-7.9 (15H. m), 7.95 (IH, broad, NJ, exchanged w i t h  D20); MS m/e 367 ( M ~ ) .  

12 I t  i s  w e l l  known t h a t  c is-cyclopropanes e x h i b i t  g rea te r  coup l ing  constants (7.9-9.311, 8-10 Hz ) 

12 than those (5.3-6.611, 4-7 Hz ) of t rans  ones. The coup l ing  constants f o r  2-H and 3-H of the 

cYcloProPane r i n g s  i n  @ and g& are 9.0 and 9.2 Hz respec t i ve l y  i n d i c a t i n g  t h a t  bo th  & and & have 

C ~ S - C Y C ~ O P ~ O P ~ ~ ~  moie t ies .  Thus, & a n d  a having trans-cyclopropane s t r uc tu res  can be r e a d i l y  ex- 

cluded. Now both 2-H and 3-H o f  @ appeared a t  lower f i e l d s  than those o f @ .  Th is  f a c t  would be 

exp la ined by cons ider ing  an iso t ropy  o f  t h e  carbonyl group i n  oxazol inone r i n g  o f  &. 

Add i t i ona l  evidences f o r  s t r uc tu res  @ and ,& were obtained by the  chemical conversions. The re -  

a c t i o n  of  @ w i t h  excess hydrazine hydra te  i n  ethanol  a t  room temperature f o r  24 h af forded l -benz- 

amido-2-benzoylhydrazono-3-phenylcyclopropanecarbohydrazide (2) i n  46% y i e l d ,  whereas g& a f f o rded  



l-benzamido-5,7-diphenyl-3,4-diazabicyclo[4.1.0lhept-4-en-2-one (G) i n  87% y i e l d  f rom the  r eac t i on  

under the  same cond i t ions .  

1 1  10: mp 196-198'~; I R  (KBr) 3400-3300, 1680, 1665, 1630 cm- ; H NMR (DMSO-d6) 6 3.34, 3.72 (each " 
lH, d, 3CE, 5-8.0 Hz), 3.73-3.84 (2H, broad, NH2), 6.96-7.90 (17H, m, A r l  + N k ) ,  8.32 ( lH ,  broad, 

NE), 8.92 ( lH ,  s, NN); MS m/e 354 (M+ - CONHNH2). 

1 1  11: mp 272-274'~; I R  (KBr) 3260, 3220, 1670, 1650, 1630 cm- ; H NMR (CDC13) S 2.87, 3.36 (each 

lH, d, $CN, 5 ~ 6 . 5  Hz), 6.42, 8.61 (each lH, broad, NH), 7.28-7.84 (15H, m ) ;  MS m/e 381 (M+). 

As mentioned above, the r eac t i on  o f  i w i t h  phenacylide a f fo rded two stereoisomeric cis-cyclopropanes 

@ and & whose r e l a t i v e  y i e l d s  were dependent on the  r eac t i on  cond i t ions .  It i s  known t h a t  cyc lo -  

propanat ion w i t h  a s u l f u r  y l i d e  proceeds v i a  a 1,4-conjugate a d d i t i o n  w i t h  the  fo rmat ion  of a 

zw i t t e r i on ,  fo l lowed by a 1 ,3 -e l im ina t ion  o f  d imethyl  s u l f i d e .  The Newman p ro j ec t i ons  c l e a r l y  

i n d i c a t e  t h a t  r w i t t e r i o n  which g ives  @ i s  more favorab le  than zwi t te r ion ;  which i s  the p recursor  

o f  Eb, because o f  a s i g n i f i c a n t  s t e r i c  i n t e r a c t i o n  between the  eno la te  and phenyl group i n  E.  On 

the  basis o f  the r e s u l t s  shown i n  Scheme 2, i t  can be concluded t h a t  the  favorab le  zw i t t e r i onJ?  pre- 

dominantly e x i s t s  a t  a low temperature, whereas s a n d  C a r e  present  comparably a t  a h i gh  temperature. 

The pathway f o r  t h e  fo rmat ion  of y-pyrone d e r i v a t i v e 2  i s  assumed as dep ic ted  i n  Scheme 3. A t  a 

h igher  temperature phenacylide p a r t i a l l y  a t tacks  on the carbonyl carbon o f L  t o  y i e l d  z w i t t e r i o n l  

NHCOPh 
--r- Me;& , > 2 

Ph 2 0 Ph 

F " 
Scheme 3 

w i t h  concurrent  r i n g  opening, fo l lowed by hydrogen t rans fer .  Subsequent r i n g  c losure  o f  y i e l d s  E, 
which i s  then transformed i n t o &  w i t h  hydrogen t r ans fe r .  F i n a l l y ,  e l im ina t i on  o f  d imethyl  s u l f i d e  
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i n  g ives  y-pyrone d e r i v a t i v e  2 
The reac t i on  o f  o t he r  4-methyleneoxazolinones 2 - i w i t h  phenacylide was i nves t i ga ted ,  and the  

r e s u l t s  are shown i n  Scheme 4. I n  analogy w i t h  the case o f  1, two spirocyclopropanes and/or y- 

pyrone d e r i v a t i v e  were obtained i n  most cases. S t r uc tu ra l  e l u c i d a t i o n  of a l l  products was ac- 

complished on the  bas is  o f  spec t ra l  data. Since i t  was found t h a t  1& and l&were hydrolyzed t o  

t h e  corresponding a-benzoylamino ac ids  20 a n d 1  respec t i ve l y  du r i ng  work-up w i t h  chromatography, 

f i g u r e s  i n  parentheses shown i n  Scheme 4 i n d i c a t e  the  t o t a l  y i e l d s  of 1La and 20 o r  1 A  a n d 3  
PI 

I! 
Me2S=CHC-Ph 

Ph 
t 

~n THF, 5 h 
0 Temp. 

"ow: 1 2 20: R =p-AcOC6H4, R =H ,-.. 
PhCONH 1 

COPh 
21: R =~h-CH=CH, R ~ = H  ,.. 

Scheme 4 
1 

1 s :  mp 1 5 9 - 1 6 0 ~ ~ ;  IR (KBr) 1810, 1760, 1690 (C=O), 1635 cm-' (C-N); H NMR (CDCl3) 6 2.28 (3H, s, 

CJj), 4.21, 4.39 (each lH ,  d, 3CY, J-8.0 Hz), 7.0-7.6, 7.8-8.0 (14H. m); MS m/e 425 (M+). 

1 s :  mp 176-177'~; IR (KBr) 1810, 1760, 1690 (C=O), 1635 cm-' (C=N); ' H  NMR (CDC13) 6 2.28 (3H. s,  

CY3), 3.98, 4.12 (each lH ,  d, j C t i ,  J-9.0 Hz), 7.0-7.6, 7.94-8.04 (14H, m); MS m/e 425 (M+). 

G: mp 163.164~~; IR (KBr) 1810, 1680 (c=o), 1625 cm-' (C=NJ; 'H NMR ( ~ 0 ~ 1 ~ )  6 3.66 (TH, t ,  ZCH, 

JZ8.7, 8 .8  Hz), 3.94 ( lH,  d, ZCH, 5.8.7 Hz), 6.26 ( lH ,  q ,  =C!, 5=8.8, 16.0 Hz), 6.82 ( lH ,  d, =Cs, 

5-16.0 Hz), 7.2-8.08 (15H. m); MS mle 393 (M'). 

1 1 2 :  mp 124-125°~; I R  (KBr) 1805, 1680 (C=O), 1620 cm-' (C=N); H NMR (COCl3) 6 3.92 (ZH, m, Z C ! ) ,  

6.42 ( IH,  m, =Cj) ,  6.82 ( IH,  d, =CJ, J:=16.0 Hz), 7.2-8.1 (15H. m ) ;  MS mle 393 (M+).  

u: mp , 300'~; I R  (KBr) 3340 (NH), 1680, 1660 (C-0). 1620 cm-' (C=C); MS m/e 393 (M+). 

1 13: mp 163-165'~; I R  (KBr) 1800, 1680 (C=O), 1630 cm-' (C=N); H NMR (COC13) 6 4.22, 4.36 (each 

IH, d, jz, 5-8.8 Hz), 6.38 (ZH, m, furan ring-!), 7.2-7.64, 7.78-8.04 (11H. m, Ar! t furan ring-!); 

MS m/e 357 (M'). 

1 1 2 :  mp 140-14l0c; IR (KBr) 1810, 1690 (C=O), 1635 cm-' (C-N); H NMR (CDC13) 6 4.02, 4.27 (each 



lH, d, 3~,k!, J=8.9 Hz), 6.38 (2H, m, furan ring-!), 7.28-7.64, 7.82-8.02 ( I IH ,  m A r j  + furan r ing-H);  .. 

1 z: mp 214-217'~; I R  (KBr) 3320 (NH), 1665 (C-01, 1630 cm-' (C=O, C=C); H NMR (CDC13) 6 6.72 (2H, 

m, furan ring-!), 7.3-8.1 (13H, m, A r j  + furan r i ng+  + N u ;  MS m/e 357 (M') 

1 1 3 :  mp 1 9 1 - 1 9 2 ~ ~ ;  IR (KBr) 1810, 1705, 1680 (C=O), 1630 cm- (C-N); 'H NMR (COC13) 6 2.62 (3H, s, 

CY3), 4.15 ( lH, d, 3CL, 5'8.5 HZ), 4.39 ( lH, dd, ;C!, 5 4 . 5 ,  1.0 Hz), 7.1-7.6, 7.8-8.04, 8.3-8.42 

(15H, rn, A r l  t =C,ti); MS mle 448 (M+). 

g: mp 248-250'~; I R  (KBr) 3250 (NH), 1710, 1690 (C=O), 1630 cm-' (C-0, C-C); 'H NMR (CDCI3) 6 2.65 

1 1%: mp 150-151°c; I R  (KBr) 1800, 1685 (CEO), 1640 cm-' (C=N); H NMR (COC13) 6 1.55, 1.69 (each 

3H, s, CD) ,  3.41 (IH, s, jC!), 7.26-8.08 (lOH, m); MS m/e 319 ( M ~ ) .  

1 1 I zb :  mp 1 0 4 - 1 0 5 ~ ~ ;  IR (KBr) 1795, 1685 (C-O), 1640 cm- (C-N); H NMR (CDC13) 6 1.60, 1.65 (each 
t 3H, s, Cbj) ,  3.36 (IH, s, jCjJ), 7.2-8.0 (]OH, m ) ;  MS mle 319 (M ) .  

20: mp 163-164%; I R  (KBr) 3310 (NH), 3100-2400 (OH), 1750, 1715, 1680, 1645 cm-' (C-0); MS mle - 
g: mp 173-175'~; I R  (KBr) 3330 (NH), 3100-2400 (OH), 1710, 1660, 1640 (C-O), 1620 cm-I (C-C); 'H 

NMR (CDCI~) 6 3.34 (lH, dd, SC!, J.9.0, 8.0 Hz), 4.18 ( lH,  d, + C l ,  5.8.0 Hz), 6.22 (IH, dd, =C!, J= 

9.0, 16.0 Hz), 6.85 ( IH ,  d, =Cl, J=16.0 Hz), 7.0-8.1 (15H, m), 9.33 ( lH, s, NJ), 11.3 ( iH, broad, 

0;); MS m/e 411 (Mt). 

A t  OOC the spirocyclopropane of a-type was formed as the major product respect ive ly ,  r e f l e c t i n g  the  

predominant formation o f  favorable z w i t t e r i o n  of!-type. Assigned s t ruc tures  l z a  and 1% can be 

a lso  supported by the NMR data i n d i c a t i n g  the protons of methine and one o f  methyls i n  @ appear a t  

lower f i e l d s  than those i n  1%. 
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