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A b s t r a c t  - unsym-Diacylaminoazetidinone d i s u l f ~ d e s  on t r ea tmen t  w i t h  -- 
t r i e t h y l a m i n e  produce t h e  3,8-dioxo-5-thia-2,7-diarabicycloC4.2.01octanes 

P e n i c i l l i n  s u l f o x i d e  es te r s ,  on h e a t i n g  w i t h  2-mercaptobenro th ia lo le  i n  so l ven t s  such as t o l uene  

1  or dioxane produce t h e  unsym-are t id inone d i s u l f i d e s  1 i n  h i g h  y i e l d s  . On t r ea tmen t  w i t h  a 

base such a s  t r i e t h y l a m i n e ,  these compounds 1, a r e  r a p i d l y  isomer ised t o  t h e  more s t a b l e  isomers 

1  
2, i n  wh ich  the  doub le  bond i s  con jugated w i t h  t h e  e s t e r  ca rbony l  moie ty  . In t h e  case o f  the - 

u n s m - a i e t i d i n o n e  d i s u l f i d e  f r e e  ac i ds  1 ( R  = X = HI ,  however, t r ea tmen t  w i t h  aqueous NaHC03 gave - 
1 t h e  i y m - a l e t i d i n o n e  d i s u l f i d e s  2, i n  near q u a n t i t a t i v e  y i e l d s  . The unsym-azet idinone d i s u l -  

2 f i d e z  - l b  on t r ea tmen t  w i t h  ammonia i n  DMF a t  -35°C p rov i de  t h e  3-chloromethylcephems 4 . 



We have found t h a t  t h e  r e a c t i o n  o f  t h e  unsym-diacylaminoaretidinone d i s u l f i d e s  6 w i t h  a base, - 

g i ves  the  3 , 8 - d i o x o - 5 - t h i a - 2 , 7 - d i a ~ a b i ~ y ~ 1 0 [ 4 . 2 . 0 1 t a  1, and i n  t h e  case o f  t h e  c h l o r o  

s u b s t i t u t e d  compounds 11, t h e  compounds 11 are formed. Re la ted b i c y c l i c  r i n g  systems have 

been repo r t ed  us i ng  i d f f e r e n t  

I I 
COOR COOR 

5  The be-diacylaminopenicillin-1R-sulfoxides 5 on h e a t i n g  under r e f l u x  w i t h  2-mercaptobenro- 

t h i a z o l e  i n  benzene f o r  1.5 h  have t h e  unsym-azet id inane d i s u l f i d e s  i n  about 70% y i e l d s .  

Treatment of & w i t h  t r i e t h y l a m i n e  (excess1 i n  dichloromethane a t  room temp f a r  2 h  gave 

compounds 1 a s  amorphous s o l i d s  i n  about 75% y i e l d s  a f t e r  p u r i f i c a t i o n  by s i l i c a  ge l  chrama- 

tography.  Spec t ra l  ( IR ,  PMR, CMR and h i g h  r e s o l u t i o n  mass1 and m i c r o a n a l y t i c a l  da ta  (C H N 0  8) 

are i n  agreement w i t h  t h e  proposed s t r u c t u r e ;  and i n d i c a t e d  t h a t  a m i x t u r e  o f  t h e  C-4 isomers 

i n  a r a t i o  of 9 : l  i s  formed i n  t h e  case o f  2. 

The s te reochem is t r y  a t  C-4 of t h e  major  isomer of has been ass igned t h e  s t r u c t u r e  

i n d i c a t e d  on the  bas i s  of t h e  PMR spectrum o f  t h e  o x i d a t i o n  p roduc t  E. Ox ida t i on  o f  w i t h  

m-CPBA i n  dichloromethane a t  O Y  f o r  1  h, gave a 78% y i e l d  ( a f t e r  chromatography1 o f  one 

isomer & w i t h  t h e  s p e c t r a l  da ta  g i ven  i n  t h e  exper imenta l  s e c t i o n .  

O x i d a t i o n  o f  t o  produce t h e  s u l f o x i d e  in f luences t h e  chemical  s h i f t s  o f  t h e  p ro tons  a t  

C-1, C-4 and C-6. The s i g n a l  of t h e  C-1 p r o t o n  moves t o  low f i e l d ,  w h i l e  t h a t  a t  C-6 moves 

t o  h i g h  f i e l d ,  s i m i l a r  t o  what i s  observed i n  t h e  convers ion  o f  t h e  p e n i c i l l i n s  and cephala- 

6 SpoPinS t o  t h e i r  lB - su l f ox i des  . I t  i s  hence assumed t h a t  & i s  t h e  O-su l fox ide .  The two 
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o r t h o  p ro tons  o f  t h e  C-4 phenyl  group have a l s o  moved t o  l ow  f i e l d ,  p robab ly  a s  a r e s u l t  o f  

these p ro tons  f a l l i n g  i n  t h e  desh ie l d i ng  cone o f  t h e  oxygen o f  t h e  su l f ox i de .  Th i s  i s  o n l y  

p o s s i b l e  (borne o u t  by examinat ion  o f  the  D r i ed ing  model) ,  when t h e  s u l f o x i d e  oxygen and t h e  

phenyl  r i n g  are p e r i p l a n a r  t o  each o ther .  The s t r u c t u r e  of the  major isomer i s  hence a s  

COOCH, 

12 - 

The 2~-chloromethyl-6e-dia~y1amin0peni~illin 1R-su l f ox i de  - 10 on r e f l u x i n g  w i t h  2-mercapto- 

b e n z o t h i a r o l e  i n  benzene, gave the  unsym-diacylaminoa~etidinone d i s u l f i d e  which on 

t r ea tmen t  w i t h  base gave a compound w i t h  the  same b i c y c l i c  ske le ton  a s  descr ibed above. I n  

a d d i t i o n ,  t h e  c h l o r i n e  o f  t h e  ch loromethy l  group i s  r ep laced  by t h e  2 - b e n m t h i a r o l e  t h i o e t h e r  

1  
group; compound - 12. Thus compound > (R = 2 -benzo th i a ro l e ) ,  on t r ea tmen t  w i t h  excess  

t r e i t h y l a m i n e  i n  d ich loromethane gave g, which was a m i x t u r e  o f  ba th  t h e  Z (-COOCH3 c i s  t o  

7 
-CH3! and E (-COOCH3 t r a n s  t o  -CH3) geometr ic isomers i n  t h e  r a t i o  7:3 . Each of these 

geomet r ic  isomers a l s o  cons i s t ed  o f  t h e  c h i r a l  R  (92-94%) and 8  (8.6%) i somers  a t  C-4 (based 

on t h e  NMR spec t ra ) .  The crude product  was p u r i f i e d  by column chromatography, and gave t h e  

m i x t u r e  o f  t h e  geomet r ic  isomers o f  the  C-4 R isomer.  The m i c r o a n a l y t i c a l  and h i g h  r e s o l u -  

t i o n  mass s p e c t r a l  data agreed w i t h  C32H27N305Sy The PMR and CMR spec t ra  agree w i t h  t h e  

ass igned s t r u c t u r e  o f  3 ( m i x t u r e  o f  geometr ic i somers) .  Th i s  s t r u c t u r e  & w a s  conf i rmed 

by o x i d a t i o n  w i t h  m-CPBA ( 1 .0  equ i va len t )  i n  d ich laromethane a t  O"C, when a m i x t u r e  of t h e  

geomet r ic  isomer E and Z su l f ox i des  11 and 14, and t h e  d i s u l f o x i d e s  o f  t h e  E isomer ( o n l y )  15 were 



i s o l a t e d .  � he PMR and CMR data  on these comDounds a r e  g i ven  i n  t h e  exper imenta l  s e c t i o n  

C ~ H ~ H I C O  - 0  

COOCH, COOCH, 

0 

COOCH, 

15 - 

I n  a s i m i l a r  manner t h e  2 ,2 ,2 - t r i ch l o roe thy l  e s t e r  &, and t h e  1 -me thy l t e t r aza le  compound E, 
a l s o  undergo t h i s  r e a c t i o n  t o  g i v e  5 and 116 r e s p e c t i v e l y .  

The f o r m a t i o n  o f  these types o f  compounds can be exp la i ned  by t h e  f o rma t i on  o f  t h e  anion x, 
on t r ea tmen t  w i t h  base, f o l l owed  by r e a c t i o n  w i t h  t h e  d i s u l f i d e  bond, t o  produce 1. The 

z t e r e o ~ e l e c t i v i t y  may be exp la i ned  a s  due t o  t h e  b u l k y  phenyl  group ad jacen t  t o  t h e  CH an ion  

c o n t r o l l i n g  t h e  c y c l i s a t i o n  r e a c t i o n .  

EXPERIMENTAL 

A l l  IR  spec t ra  w e r e  recorded a s  K B r  d i s cs ,  an a N i c o l e t  DX-FTIR spectrophotometer.  The NMR 

and CMR spec t ra  were ob ta i ned  u s i n g  a Brucker AM-300 spectrometer.  M i c roana l ys i s  (C, H, N 

and S )  of a l l  new compounds w e r e  w i t h i n  0.5% o f  t h e  c a l c u l a t e d  values. 

Methy l  2-C2-0xo-3B(diphenylacetyl)amina-4-(benzothiazol-2-yl~azetidin-l-yll-2-(prop-2-en- 

2 -y1 ) -ace ta te  ( 6 a ) :  A s o l u t i o n  o f  methy l  69-(diphenylacetyliaminopenicillanate 1R-su l f ox i de  i 
(0.705 9, 1.46 mmol), was heated under r e f l u x  w i t h  2 -mercap tobenmth ia l o l e  (0.244 g, 1.46 m o l )  

i n  benzene (50 ml i ,  f o r  2 h. Approx imate ly  25 m l  o f  benzene war  d i s t i l l e d  o f f ,  and t h e  r es i due  

d i l u t e d  w i t h  hexane. The r e s u l t i n g  o i l y  r es i due  was separated, d i sso l ved  i n  dichlaromethane, 

and concen t ra ted  under reduced pressure  t o  g i v e  640 mg (69%) o f  a l i g h t  y e l l o w  foam; IR: 3386, 
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3050, 2951, 1780, 1742, 1700, 1678, 1428 cm-'; PMR (CDC13)6: 2.04(s,3H1, 3.70 and 3.82(ABq, 

J=19.70Hz,2H), 5.22(s,lH), 5.48(d,J=4.63Hr,lH), 5.78(d,J=4.63Hz,lH), 6.9OIbs.lH). 7,30(rn,llH). 

7.78 (d,J=bHz,lH), 7.90(d.J=6Hr,lH). 

Similarly 2,Z.Z-trichloroethyl 60-(diphenylacety1)aminopenicillanate 1R-sulfoxide (b) with 
2-mercaptobenzothiazole gave compound in 67% yield. 

Methyl 2-[2-0xo-38(diphenylacetyl)amino-4-(ben~othiazol-2-yldithio)-azetidin-l-yl]-2-(1- 

chloroprop-2-en-2-yllacetate (lla): This compound was prepared by a similar method a s  

described above using methyl 28-chloromethyl-68(diphenylacetyl)aminopenicillanate 1R-sulfoxide 

(&, 2.569, 4.95 mnol), and 2-mercaptobenzothiarole (0.8449, 5.05 mmal). Yield 2.469 (75%); 

1R: 3343, 2984, 1783 and 1741 cm-'; PMR (C0Cl3)S: 3.80(m,7H), 4.24 and 4.44(ABq,J=12.12Hz, 

ZH), 5.28 and 5.42(ABq,J=16.17Hr.2H), 5.50(d,J=4.7OHr,lH), 5.61(r,lH), 5.78(d,J=4.70Hz,lH), 

6.94(bs,lH), 7.34(m,llH), 7.74(d,J=6Hz,lHl, 7.90(d,J=6Hz,lHI. Similarly compound E, on 

refluxing with 5-mercapta-1-methyltetrazole in benzene gave the unsym-amtidinone disulfide 

llb, in 72% yield. - 
Reaction of unrym-Diacylaminoa2etidinone Oirulfides with Triethylamine: Triethylamine (0.41 m L )  

was added to a stirred solution of the --diacylaminoaret idinone disulfide (700 mg) in 

dichloramethaoe (30 ml), and the resulting solution stirred for 2 h. The reaction mixture was 

washed successively with dil HC1, water and brine, and dried over Na2S04 Concentration of the 

filtrate, followed by gradient elution column chromatography over  silica gel using hexane-ethyl 

acetate, gave the pure compound. The yield, IR, NMR and microanalytical data of these compounds 

are given below: 

Compound 7a: Yield 77%; 1R: 2962, 1778, 1719 and 1377 cm-' : PMR (CDC13)6: 2.00(s,3H); 2.21 

(s,3H), 3.74(s,2.7H), 3.77(r,0.3H), 5.00(s,0.9H), 4.76(r,O.lH), 4.28 and 4.42(ABq,J=16.41Hz32H), 

5.40(d,J=6.15Hz,0.9H), 5.48(d,J=6.15Hr,O.lH), 6.74(d,J=6.15Hz,0.9H), 6.96(d,J=6.15Hz,O.lH), 

7.34(rn,lOH); CMR: three methyl signals at 22.10, 23.54 and 52.33; one methylene at 45.55; 

three methine signals at 45.56 (43.70). 60.13 (63.32) and 63.55 (64.42); ten phenyl CH 

carbon signals between 127.08 to 129.74 and eight tertiary carbons at 119.50, 132.11, 133.91, 

154.10, 163.86, 164.70, 169.91 and 174.80; EIMS: M' 464.1406 f o r  C25H24N205S, calcd. 464.1437; 

Anal: Found C, 64.52; H, 5.21; N, 6.08; 8, 7.09; Calcd. far C25H24N205S,C, 64.65; H, 5.17; 

N ,  6.03; 8, 6.89. 

Compound 7b: Yield 45%; 1R: 2992, 1782, 1718, 1380 ern-'; FMR (COC13)6: 2.20(5,3H), 2.38 
(s,3H), 4.33 and 4.45(ABq,J=17.14Hr,2H), 4.74 and 4.97(ABq,J=11.56Hz,2H), 5.00(s,0.9H), 4.89 

(s,O.lH), 5.62(d,J=5.99Hz,0.9Hl, 5.68(d,J=5.99Hz,O.lH), 6.95(d,J=5.99Hz,lHl, 7.36(rn,lOH); CMR: 

two methyl signals at 22.55 and 23.99; two methylene signals at 45.52 and 74.27; three methine 

signals at 45.67 (43.931, 60.62 (63.52) and 63.87 (64.77); ten phenyl CH carbons between 

112.16-129.97 and nine tertiary carbons at 94.64, 118.58, 132.05, 133.94, 158.83, 161.48, 165.24, 



169.64, 174.04; EIMS: M+ 582.0364 calcd. for C26H23N205SC13 582.0354. 

Compound 12a: Yield 58%; IR: 2992, 1777, 1719, 1426 cK1; PMR (COCl3)6: 2.12(r,2.1~), 2.28 

(s,0.9H), 3.72 (s,0.9H), 3.80(5,2.IH), 4.40 and 4.71(ABq,J=13.21Hz,1.4H), 4.32(m,2.6H) 5.06 

(s.0.7H). 5.12(s,0.3H). 5.36(d,J=6.60Hz.O.7H), 5.58(d,J=6.60Hz,O.3H), 6.76(d,J=6.60Hz,0.7H), 

6.88(d,Ji6.60Hz,0.3H), 7.28(m,12H), 7.78(m,2H); CMR: two methyl signals at 20.63 (19.51) and 

52.77 (52.63); two methylene signals at 36.21 (37.53) and 45.38; three methine signals at 

45.45 (40.82), 60.33 (60.57) and 63.58 (64.40); fourteen phenyl CH carbons between 

120.98-129.71; tertiary carbons at 122.65 (122.03). 132.15, 133.94 (135.62), 148.84 (148.58), 

152.90, 163.30 (163,591, 164.24 (164.56), 164.98 (165.15), 169.86 and 174.00; EIMS: M+ 629.113 

for C32H27N305S3 Calcd. 629.1141. Anal: Found C, 60.74; H, 4.38; N, 6.30; S, 15.03 Calcd. 

for C32H27N305S3 C, 61.04; H, 4.29; N ,  6.67; N, 15.26. 
1 Compound 12b: Yield 60%; IR: 2992, 1777, 1719, 1385 cm- ; PMR (COCI3)6: 2.20(s,Z.lH), 

2.24(s,0.9H), 3.70(s,0.9H), 3.80(s,2.lH), 3.82(s,0.9H), 3.88(s,Z.IH), 4.44 and 4.96(ABq,J=l1.81Hz. 

1.4H), 4.40(rn,2.6H), 4.94(s,0.7H), 5.30(r,0.3H), 5.50(d,J=5.96Hz,0.7H), 5.72(d,J=5.96Hz,0.3H), 

6.78(d,J=5.96Hz,0.7H), 6.9O(d,J=5.96Hz,0.3H). 7.36(rn,lOH). CMR: Three methyl signals at 20.42 

(18.91). 33.41 and 52.76 (52.52); two methylene signals at 36.74 (37.67) and 45.25; three 

methine signals at 45.43 (45.51), 60.60 (60.89) and 63.58 (64.25); ten phenyl CH carbons 

between 126.09-129.60; tertiary carbons at 122.98 (123.42), 132.02 (133), 133.90, 148.20, 153.80, 

162.99 (163.19). 164.04, 169.55 and 173.90; EIMS: M+ 578.1406 for CZ7HZ6N605S2 Calcd. 578.1393; 

Anal: Found C, 56.22; H, 4.57; N, 14.31; S, 10.92 Calcd. far C27HZ6N605S2 C. 56.05; 

H, 4.49; N, 14.52; S, 11.07. 

Oxidation of Compound 7a with m-Chloroperbenzoic Acid. 

m-CPBA (80%, 158 mg, 0.73 mmol) was added to an ice cold solution of compound 2 (340 mg, 0.73 
mrnol),in dichlaromethane (15 m i )  and the mixture stirred for 1 h and filtered. The filtrate 

was successively washed with aq. NaHC03, water and brine solution, dried over Na2S04 and 

concentrated. The residue was chromatographed over silica gel using Et0Ac:hexane as eluant. 
I Yield 275 rng (78%). IR: 3432, 2966, 1786, 1721, 1629 cm- ; PMR (CDCI3)6: 1.97(5,3H), 

2.28(s33H1, 3.68(s,3H), 4.35 and 4.42(ABq,J=18.5Hr,ZHI, 4.96(d,J=5.3Hz,lHI, 5.24(s,lH), 

7.00(d,J=5.3Hz,IH), 7.30(m,5H), 7.52(m,3H), 7.60(rn,2H); CMR: Three methyl signals at 22.24, 

23.66 and 52.52; one methylene signal at 45.54, three methine signals at 59.60, 63.72 and 

70.24; ten phenyl CH carbons between 127.11 to 130.55 and tertiary carbons at 120.00, 133.72, 

156.22, 164.86, 164.98 and 173.41. MS-FRB: 481(~H+l f o r  CZ5H24N206S Calcd. 480. 

Oxidation of Compound 

The compound & (900 mg, 1.43 moll was oxidized with m-CPBA (80%. 310 mg, 1.43 mmol) in the 

same manner a s  described above for compound c. The crude product, chromatographed over silica 

gel using Et0Ac:hexane a s  eluant gave three fractions. 
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1 
F r a c t i o n  A: Y i e l d  135 rng (14.6%); IR:  3435, 2943, 1786, 1728, 1622 cm- ; PMR: (COC13)6: 

2.38(s,3H), 3.68(s,3H), 4.00 and 4.52(ABq,J=13.67Hz,2H), 4.38 and 4.44(ABq,J=18.13Hz,2H), 

5.28(s,lH), 5.52(d,J=5.35Hr,lH), 7.24(d,J=5.35Hz,IH), 7.32(m,7H), 7.44(rn,3H), 7.60(m,2H), 

7,78(d,J=7,7IHz,lH), 7.92(d,J=7.7lHr,lH); CMR: two methyl  s i g n a l s  a t  20.09 and 52.83; two 

rnethylene s i g n a l s  a t  37.55 and 45.46; t h r e e  meth ine s i g n a l s  a t  60.04, 63.85 and 70.52; ten 

phenyl  CH carbons between 121.60-130.77; t e r t i a r y  carbons a t  133.64, 135.34, 152.14, 152.69, 

163.57, 163.86, 164.92, 165.21 and 173.30. )IS-FAB: 6 4 6 ( ~ ~ + )  f o r  C32H27E1306S3 Calcd. 645. 

Th i s  s p e c t r a l  da ta  con f i rms  t h e  s t r u c t u r e  as shown f o r  fi. 
F r a c t i o n  8 :  Y i e l d  330 mg (35.75%); IR: 3436, 2968, 1788, 1721, 1624 cm-l; PMR: (CDC13)6: 

2.16(s,3H), 3.42(s,3H), 4.28 and 4.90(ABq,J=l3.67Hr,2H), 4.34 and 4.40(ABq,J=18.11Hz,ZH), 5.04 

(d,J=5,12Hz,IH), 5.28(r,lH), 7.00(d,J=5.12Hz,lH), 7.32(rn,7H), 7.60(rn,6H), 7.74(d,J=6.77Hz,lH); 

CMR: t w o  methy l  s i g n a l s  a t  20.76 and 53.10; two methylene s i g n a l s  a t  36.13 and 45.50; t h r e e  

meth ine s i g n a l s  a t  59.78, 63.89 and 69.90; f ou r t een  phenyl  CH carbons between 121.07-130.65; 

t e r t i a r y  carbon s i g n a l s  a t  122.71, 133.62, 135.60, 150.64, 152.87, 163.36, 164.47, 164.81 and 173.34. 

MS-FAB: 6 4 6 ( ~ ~ + )  f o r  C32H27N306S3 Calcd. 645. T h i s  data  con f i rms  t h e  s t r u c t u r e  a s  shown f o r  13. 
F r a c t i o n  C: Y i e l d  100 mg (10.57%); IR:  3443, 2951, 1789, 1723, 1625 cm-'; PMR (C0Cl3)S: 

1.91(s,1.65H), 2.02(s,1.35H), 3.60(s,1.65H), 3.72(s,1.35H), 4.34 and 4.96(Aaq,J=12.40Hr,l.10H). 

4.50 and 4.80(ABq,J=12.40Hr.0.9OH), 4.36(m,2H). 5.02(d,J=5.72Hz,0.55H), 5.04(d,J=5.72Hz,0.45H), 

5.06(s,0.55H), 5.12(s,0.45H), 6.96(d,J=5.72Hr,0.55H), 6.98(d,J=5.72Hz,0.45H), 7,30(m,5H), 7.54 

(rn,7H), 7.96(rn,2H). CMR: two methy l  s i g n a l s  a t  23.21(23.05) and 53.04; two methylene s i g n a l s  

a t  45.44 and 61.72 (60.44); t h r e e  meth ine s i g n a l s  a t  59.79, 63.81 (63.71) and 69.95; f ou r t een  

phenyl  CH carbons between 122.23-130.62; t e r t i a r y  carbons a t  125.20 ( l24 .80) ,  133.60, 136.03, 

143.17 (142.97), 153.74, 162.79 (162.60). 164.19, 164.72. 173.30. MS-FAB: 6 6 2 ( ~ ~ + )  f o r  

C32H27N307S3 Calcd. 661. T h i s  data  con f i rms  t h e  s t r u c t u r e  as shown f o r  compound 15. 
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