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Abstract-Synthesis of 3-S-subst i tuted isocephems has been ca r r i ed  out i n  a 

convergent way using r e a d i l y  ava i lab le  intermediates such as 4-mercaptomethylazetidinone 

3 and chloropyruvates 4 prepared by the react ion  o f  sul fenyl  ch lor ides  w i t h  t - bu t y l  - 

diazopyruvate. During the synthesis, m i l d  ac id  catalyzed decarboxylation o f  the 

8-carboxy ketene-di th ioacetal  no ie ty  was observed as a s ide-react ion.  

INTRODUCTION 

The chemistry of nuclear analogues of cephalosporins has a t t r ac ted  much i n t e r e s t  dur ing the l a s t  2U 

years1. However a ra the r  l i m i t e d  e f f o r t  has been devoted t o  the synthesis o f  1-dethia-2-thia- 

cephalosporins, the so ca l l ed  i s o c e ~ h e r n s ~ * ~ .  The ea r l y  compounds were character ized by low 

an t i bac te r i a l  potency on Gram p o s i t i v e  s t ra ins ,  but  compared favorably w i t h  t h e i r  cephem 

counterparts on Gram negatives3[. The f i r s t  m l e c u l e  s t r u c t u r a l l y  r e l a t e d  t o  t h i r d  generation 

cephalosporins ( L ) ~ , ~  i s  h igh l y  potent against  enterobacteriacea but i s  devoid of 

ant istaphylococcal  a c t i v i t y .  

I n  order t o  v e r i f y  t h a t  the lack of a c t i v i t y  against  staphylococci i s  not an i n t r i n s i c  property o f  

the isocephem nucleus and as p a r t  of our ongoing research program f o r  the synthesis o f  3-subst i tuted 

der iva t ives ,  we planned t o  synthesize compounds i n  which the subst i tuent  i s  attached t o  the 3- 

pos i t i on  of the  isocephem nucleus v ia  a s u l f u r  atom, t o  g ive  a penem-like s t ruc tu re  (21. 



DISCUSSION NID KESULTS 

The synthet ic  approach was based on the react ion  of the 4-mercaptomethylazetidinone 3 w i t h  b r m o  o r  

chloropyruvates 4 according t o  a known methodology3c, as ou t l i ned  i n  Chart 1. 

Chart 1 

Two d i f f e ren t  pathways were t r i e d  f o r  the  preparat ion o f  subst i tu ted pyruvates of type 4. The f i r s t  

one ( c h a r t  2) i s  exemplif ied by the synthesis of 3-bromo-3-phenylthiopyruvic ac id  6 v i a  the 

subs t i t u t i on  of sodium bromopyruvate by sodium thiophenoxide fol lowed by brominat ion a t  -78-C wi th  

bromine i n  ch lo ro fon -e thy l  e ther .  Reaction of 6 w i t h  the  4-mercaptomethylazetidinone synthon 

36.7 i n  the presence of t r ie thy lamfne af forded the c y c l i r e d  aminal 1 i n  good y ie ld ,  bu t  attempts - 
f o r  the dehydration of the t e r t i a r y  alcohol f a i l ed .  Transformation o f  1 i n t o  the corresponding t- 

bu ty l  es te r  using O-t-butyl-N,N-diisopropylisourea afforded 5 i n  on ly  24% y i e l d .  



HETEROCYCLES, Vol 28, No. 2, 1989 

Chart 2 

As t h i s  method was no t  sd t is fac tory  f o r  t h e  preparat ion of a l a r g e  va r i e t y  of isocepheirts, we turned 

our a t t en t i on  t o  a more s t ra ight fo rward way of preparing-halo--arylthiopyruvates, based on the 

known react ion  of diazoketnnes and es ters  w i t h  sul fenyl  ch lor ides  To t h i s  end, t -buty ld iazopy- 

ruvate  9 was prepared i n  two steps from oxa ly l  ch lo r i de  v i a  n lonoester i f i ca t ion  w i th  t -butanol  and 

reac t i on  w i th  diarmethane9. This ra the r  s tab le  compound could eas i l y  be prepared on a hundred 

gram scale. 

cl 
10 ce)' - - r I cg~ 

see Chart I 

Chart 3 

The diazopyruvate 9 reacted smoothly w i t h  phenylsul fenyl  ch lo r i de  a t  r o m  temp. i n  

dichloromethane t a  g i v e  the c l l loropyruvate a. The react ion  can e a s i l y  be fol lowed by the end of 

n i t rogen evolut ion.  Attempts t o  p u r i f y  t h i s  compound by column chromatography resu l t ed  i n  p a r t i a l  

decomposition o f  the product and y ie lded  only 25 % of t h i s  h igh l y  reac t i ve  nolecule m i c h  e x i s t s  as 

a mix ture  of tautomers according t o  nmr and i r  spectroscopies (see experimental p a r t  f o r  a more 

s tab le  analogue GI. For convenience on ly  the ke to  form i s  depicted i n  the  scheme. The 

chloropyruvate reacted smoothly w i t h  2 t o  g ive  the cyc l i zed  product g i n  67 % y i e l d  a f t e r  



chromatography ( cha r t  11. This compound i s  a mix ture  of a major and a minor diasteroisomer Ica. 

10 %I, d i f f e r r i n g  nos t  probably by the r e l a t i v e  conf igura t ion  o f  the C-3 and (o r1  C-4 asymraetric 

centers. NOE experiments on the re la ted  compound permi t ted  t o  deduce t h a t  the r e l a t i v e  

conf igura t ion  of the 3-phenyl th io group i n  the major diastereoisomer i s  trans wi th  respect t o  the  C- 

7 s ide chain. 

Indeed NOE enhancement was observed between H-10 (3.12 ppm) and H-3 (4.76 pplrl i nd i ca t i ny  a 1,3- 

d i a x i a l  i n te rac t i on ,  as wel l  as between H-lo (2.43 ppm) and H-6 (4.37 ppm), H - l a  and H-16,  and 

f i n a l l y  H-6 and H-70 (5.30 ppml. 

This convergent approach t o  the  isocephem skeleton suffers from the presence o f  some unstable 

intermediates. Fortunately,  the synthesis can be ca r r i ed  out w i thout  i s o l a t i o n  o f  e i t h e r  the  

w l f e t l y l  ch lor ides  o r  the chloropyruvates. Thus react ion  o f  a l i p h a t i c  o r  aromatic mercaptans w i t h  N- 

chlorosuccinimide l e d  t o  a so lu t i on  of the su l feny l  chor ides which were t reated successively w i t h  

the diazopyruvata 9 fo l lowed by the B-lactarn synthon 2 t o  give the cyc l i zed  compounds 8 i n  a one 

po t  react ion.  A l t e rna t i ve l y ,  the f i r s t  step can be ca r r i ed  out  by ch lo r i na t i on  o f  the corresponding 

d i su l f i des  as was perfonred f o r  the in preparat ion o f  G, and llj. 

Dehydration o f  the aminals 8 was attempted by l i t e r a t u r e  methods3c, i.e. t h i ony l  ch lo r i de  o r  

t r i f l u o r o a c e t i c  anhydride i n  pyr id ine ,  bu t  none of them gave r i s e  t o  the desired compound 12. 
Eventually, it was found t h a t  the react ion  could be achieved i n  the same solvent using diphosphorous 

te t rd iod ide  t o  give 11 i n  nwderate y i e l ds .  I n  most cases, however, a small quant i ty  (ca. 10%) of a 

s ide  product was i so la ted  and i d e n t i f i e d  as the 3 - u n s u b s t i t ~ ~ t e d  isocephem 11. The formation of t h i s  

molecule proceeds v i a  a reduct ive  e l im ina t i on  which i s  known as the predominant pathway dur ing the 

react ion  o f  P2Iq w i t h  acyc l i c  0-hydroxy-thioethers under s i m i l a r  cond i t ions  ( C H ~ C ~ ~ , N E ~ ~ )  

(Figure 11l2. I n  fact, both base catalyzed e l im ina t i on  of water o r  reduct ive  e l im ina t i on  supposes 

t h a t  the C-3 hydrogen on the one hand o r  the  US-group on the other hand i s  i n  a trans d i a x i a l  

p o s i t i o n  w i t h  the OH group. Thus a r e l a t i v e  & conf igura t ion  o f  the C-3 subs t i t uen t  and C-4 hydroxy 

group i n  the majbr isomer o f  could exp la in  why i n  our case the dehydration pathway i s  preferred. 
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Figure 1 : Proposed mechanism for the reductive elimination 

of 6-hydroxyrulfider by P21q 12 

We attempted the v e r i f i c a t i o n  of t h i s  hypothesis on as t h i s  was one o f  the r a r e  examples where 

the major and the minor isomers cou ld  be separated. I n te res t i ng l y ,  wh i le  the major isomer upon 

react ion  w i t h  P214 y i e l d e d  only the  desired compound E, the  minor isonler a f fo rded a mix ture  o f  

19b and the compound g, r e s u l t i n g  from reduct ive  el iminat ion.This r e s u l t  cou ld  be due t o  a p a r t i a l  - 
epimerisat ion a t  C-4 o f  the minor component o f=  dur ing  the react ion  v i a  simple r i n g  opening of 

the aminal moiety. A fu r ther  consequence, t ak ing  i n t o  account the resu l t s  o f  t h e  NOE experiments on 

18a and the necessi ty fo r -  stereochemistry o f  the 3-H and 4-OH groups f o r  successful - 
dehydration, i s  t h a t  the conf igura t ion  o f  the major diastereoisomer must be h-SPh, 40-OH. 

Chart 4 



I n  the  l a s t  step, double depro tec t ion  o f  11 was dttempted by the genera l ly  used t r i f l u o r o a c e t i c  ac id  

treatment a t  room temperature. Surpr is ingly,  under these condi t ions only the decarboxylated 

de r i va t i ve  16 was obtained. I n  the hope t h a t  lowering the temperature would prevent t h i s  s ide 

reaction, the t r i t y l  group was f i r s t  cleaved by aqueous formic ac id  a t  room temperature. The 

resu l t i ng  amino es te r  on d i sso lu t i on  i n  t r i f l u o r o a c e t i c  ac id  a t  O'C af forded a f te r  1 hour the 

desired compound 2 wi th  only t races of the decarboxylation product. The same r e s u l t  was achieved i n  

one step when t r e a t i n g  14 w i t h  aqueous formic ac id  a t  6O'C for  5-7 hours. 

This decarboxylation depends obviously on the ac id i c  s t rength  o f  the solvent, as wel l  as on the tem- 

perature. L i t e r a t u r e  search showed t h a t  known decarboxylations of B-carboxyketenedithioacetals 

proceed under basic o r  neut ra l  cond i t ions  and requ i re  high temperatures13 o r  the  presence o f  an 

add i r iona l  carbonyl group14. I n  order to determine a possible mechanism f o r  t h i s  react ion  a 

q u a l i t a t i v e  k i n e t i c  ana lys is  was ca r r i ed  out  on model compounds 3 and 2 (Chart  4). When % w a s  

t rea ted w i t h  t r i f l u o r o a c e t i c  ac id  a t  room temperature, complete decarboxylation occurred i n  less  

than 1 hour. 

Conversely, when & was t reated under the same condi t ions,  only deprotect ion took place, and the 

decarboxylation needed a prolonged heat ing a t  60'C. None o f  the  two compounds, however, gave 21 Jnen 

heated w i th  aqueous (66%) formic  ac id  a t  6OVC, though traces o f  were observed when concentrated 

formic ac id  was used. 

d :y'+ 
0 0 SR 

H CO:, H 

Figure 2 : Proposed mechanism for the acidlcatolyzed decarboxylation of carboxyketene- 

dithioacetalr and azulene-I-carboxylic acid15. 
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These observations are i n  agreement w i t h  the proposed mechanism (Figure 2 ) .  i n  which a r a t e  

determining pro tonat ion  would lead t o  the intermediate 22, i n  which the p o s i t i v e  charge i s  

s t a b i l i z e d  by the presence o f  the two s u l f u r  atoms, b u t  destab i l i zed when the aromatic r i n g  contains 

a n i t r o  group. The ca t i on  cou ld  e i t h e r  l ose  carbon dioxide d i r e c t l y  o r  a f t e r  deprotonation t o  3. 
This mechanism i s  a l so  supported by the  proposed pathway f o r  t h e  decarboxylat ion o f  azulene-l- 

carboxy l ic  ac id  under s i m i l a r  m i l d  cond i t ions  15. 

The above approach t o  isocephems l e d  t o  the synthesis o f  compounds x. The in an t i bac te r i a l  

a c t i v i t i e s  are ou t l i ned  i n  Table 1, i n  comparison w i t h  Cefotaxime. The MICs show t h a t  some compounds 

(1Sc.d,h) are  more ac t i ve  than Cefotaxime against  staphylococci, b u t  a l l  o f  them d isp lay  only poor 

a c t i v i t y  aga ins t  Gram negat ive s t ra ins .  

Table 1 :In antibacterial activity of son? isaephem 

y-"3 

I 
I 
I S. sum SG 511 
I  S. awwsZ85 
I S. aursls 54 146 
I Sti-. A 5-51 
I Str. ~ogerrs 77 A 
I Str. faecilnt M 78 L 
I P amginma 1771 
I P. am&3nosa 1771 M 
I  P. amgimsa AlTC 9327 
I E. col i  K 18% 
I L. col i  078 
I E. mli lDl 
I E. col i  1507 E 
I E. col i  KO 
I E. col i  K2 
I Salm. bl? 11 
I Klebs. pleu. 52 145 
I Klebs. a m .  1W E 
I Klebs. aem. 1522 E 
I Ent. clmcae P 99 
I Ent. c l m e  1321 E 
I Soratia. ffi W2 
I Pmt. nn 'w i l i s  A 235 
I Pmt. vulgaris A 232 
I PmiQr rda  W 48 

I 
I i.2 

- 1 5  
'40 1 40 

2.5 1 2.5 
'M I ' M  

I 
I' 
I-' 
I* 
I  > 

* MIC's werr cbtained by UE tm fo ld bmth dilution new. 
* A11 iw@!am are r-c, MIC's s h l d  te halwd for q r i m  with cefotaxine. 



Me l t i ng  po in t s  were de ten i ined  on a Koe f l e r  ho t -p la te .  Spectra l  data were recorded on the f o l l ow ing  
spectrometers : ir, Perkin-Elmer 580 ; nmr, Bruker WP o r  WH ; ms, NAT-311A o r  ZAB-HFQ ; For the  nmr 
chemical s h i f t s  a re  g iven  i n  ppm frm te t r ame thy l s i l ane  as an i n t e r n a l  standard. 

Ctiro~liatographic separat ions were performed us ing  50 p a r t s  (wlw) o f  Merck s i l i c a  gel (0.04-0.063 PI. 
Pyr i d i ne  and dichloromethane were d r i e d  p r i o r  t o  use by standing over KOH and 3A niolecular sieves 
respec t ive ly .  

A s o l u t i o n  o f  t - b u t y l  d iazopyruvate !9 ((015 g, 1 nr:ol) i n  dichloromethane (0.5 m l l  was s t i r r e d  
under N2 a t  room temperature and a so l u t i on  o f  f r esh l y  prepared pher ly lsul fenyl  ch l o r i de  10 
(0.17 g. 1 nmol1 i n  d ichloronethane ( 2  ml 1 was added dropwise over 5 min. The s t i r r i n g  was cont inued 
u n t i l  n i t r ogen  evo lu t i on  ceased (about  15 r i i n l  and the  r eac t i on  m i x tu re  was d i l u t e d  w i t h  
dichloromethane ( 5  ml 1. S o l i d  mercaptonethylazetidinone z6 was added (0.56 g, 1 m o l  1 fo l lowed by 
t r i r t h y l a n i n e  (0.1 y, 1 mmol). The s t i r r i n g  was cont inued f o r  30 n i n  and the  r eac t i on  m i x tu re  was 
successively washed w i t h  water, b r i ne ,  d r i e d  over MgSU4 and evaporated. The res idue was p u r i f i e d  
by column chromatography (CHC13-acetone 8:21 t o  g i ve  (545 mg, 67 %I as a major compound 
con ta i n i ng  some minor isomer : l t i - ~mr (90  MHzl(CDC13), 6:  1.53 (s.YH, t-bu), 2.50-3.10 ("4, 2H. S- 
CHzl, 4.03 (s ,  3H, 0CH3), 4.20-4.40 ( m ,  lH, H-61, 4.55 (s, ll1,H-3), 4.90-5.00 ( m ,  lH, H-71, 6.5" 
(s ,  l t l ,  H - t h i a ro l e l ,  7.2-7.6 (m, ZUH, a ranat ics )  ; i r  : (CHC13) 3570, 3490, 3410, 1770, 1740, 
1675, 1598, 1585, 1530, 1495, 1480, 1373, 1158, 1050 cm-I ; Anal. Calcd f o r  
C42H41~5U6S3 : C, 62.4 ; H, 5.1 ; N, 8.7 ; S, 11.9 ; Found: C, 62.2 ; H, 5.2 ; N, 8.8 ; S, 
11.8 

This compound was prepared i n  t h e  same way as @ us ing  a s l i g h t  excess (1.1 equ i v l  o f  
4-methoxyphenylsulfenyl c h l o r i d e  l6 9, t o  g i ve  75 % of  g wi thou t  chromatography. A f t e r  
r e c r y s t a l l i z a t i o n  o f  the  crude product  from ether,  &was obtained as a s i ng l e  isomer. l ~ - ~ n r  
(90 MHz) (CDCl31, 6 : 1.60 ( s ,  9H, t-Bu) 3.81 (5 ,  3H, CH30- 1, 3.84 ( s ,  lH, 3-HI, 3.96 ( 5 ,  3H, 
CH3-0-N), 4.94 (ad, J = 5Hz , 6Hz, lH ,  H-71, 6.43 (5 ,  lH, H- th iazo le l ,  7.28 (bs, lSH, t r i t y l ) ,  
6.83-6.93 and 7.44-7.54 (nt, 4H, romat ics l  ; i r  (CHC13) 3600, 3400, 2840, 1770, 1738, 1680, 1590, 
1527, 1520, 1490, 1160, 1050 cm-f. Fm-b~s  n / z  : 838 (M+HI+ 

To a suspension o f  \ I -chlorosuccin i f i~ ide (13.4 g, 0.1 m o l l  i n  benzene (80  n ~ l )  a t  0-5°C 4 - n i t r o t h i o -  
phenol (15.5 g, 0.1 m,iol) was added over 30 min and the  suspension was s t i r r e d  overnight .  The reac- 
t i 011  m i x tu re  was f i l t e r e d  and evaporated. A s o l u t i o n  of t h i s  crude 4-n i t ropheny lsu l feny l  c h l o r i d e  
(1.33 g, %7  m o l )  i n  dichloromethane (15  m l l  was added dropwise under n i t r ogen  t o  a s t i r r e d  s o l u t i o n  
of t - o u t y l  d iazopyruvate 9 (0.8 g, 4.7 mraol) i n  dichloromethane (15 m l )  a t  0-5'C over  15 min. The 
s t i r r i n g  was mainta ined a t  roan temp. f o r  30 min and 4-mercaptonethylazetidinone 36 (2.62 g, 4.7 
m o l l  and t r i e t hy l am ine  (0.7 ml,  5 mmoll were adaed. A f t e r  1 h the  r eac t i on  m i x tu re  was washed 
successively w i t h  0.1N HCl, sa tu ra ted  NaHC03 so lu t ion ,  b r i ne ,  d r i e d  over MgSU4 and evaporated. 
Culunln chromatoyrdphy (CHC13-acetone 9 : l l  afforded 2.5 g (62.5 %I o f  g con ta i n i ng  one major 
d idstereoisomer 1~-nmr /90  MHz1 (CDC13), 6 : 1.47 (s,  9H, t -Bu),  4.06 (5 ,  3H, CH30), 4.62 (5, 
lH, H-31, 4.97 ( t ,  J =6Hz, lH ,  ti-7), 6.60 (5, lH, H - t h i a ro l e ) ,  7.30 (bs, 15H. t r i t y l ) ,  7.54-7.64 and 
8.11-8.21 (m, 411, aromat ics)  ; i r  (CHCl31 3600, 3410, 2825, 1772, 1740, 1672, 1598, 1560, 1520. 
1495, 1370, 1340, 1152, 1050, 850 cK1. 

t e r t -Bu t y l  7B-[2-(2-tritylaminothiazol-4-yl)-(Z~-2-methoxyiminoacetamidol -3-[(l-methyltetrazol-5- 
y l  1 thiol-4-hydroxydethia-2-thiacepham-4-carboxyl a t e  (Ed1 

A s o l u t i o n  o f  ch l o r i ne  (124 nlg, 7.75 mnlol1 i n  CC14 (0.98 m l )  was added over 5 min t o  a cooled 
suspension (-2U°C) o f  bis-(1-methyltetrazol-5-ylldisulfide (437 mg, 3.9 mmol) i n  dichloromethane 
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ch lo r i de  (7.5 ml ) .  The tmpera tu re  was allowed t o  r i s e  t o  ODC over 10 min. A f t e r  an add i t iona l  5 
min, a so lu t i on  o f  t-Duty1 diazopyruvate (596 clg, 3.5 m o l )  i n  dichloromethane (5  ml)  was added 
dropwise, leading t o  n i t rogen evo lu t ion  and d i sco lo ra t i on  of the ye l l ow  su l f eny l  ch lo r i de  solut ion.  
Hf ter  f u r t he r  s t i r r i n g  (15 min a t  O'C and 30 n i n  a t  room temp. a so lu t i on  o f  
4--mrcaptot.~ethylazetidinone 3 (2.16 y ,  3.5 m o l l  i n  methylene ch lo r i de  (10 ml l was aaoed, fo l lowed 
by t r ie thy lamine (0.61 nil. 4.37 mmol) and the react ion  mix ture  was s t i r r e d  a t  room temp. f o r  3 h. 
The inso lub le  was removed by f i l t r a t i o n  and the so lu te  was washed successively w i t h  0.1 ll HCI anu 
water, d r i ed  over rlgSU4 and evaporated under reduced pressure. The crude product (2.67 g )  was 
p u r i f i e d  b column chrcmatography (CH2C12-AcOEt, 3 : l )  t o  give g (1.39 g, 48.8 %), mp 210'C 
(decora,~). 'H-Nmr (90hHzl(CDCl3),6 : 1.51 (s, 9H, L02t-Su), 2.55-3.33 ( m ,  2H, CH2Sl, 3.95 (5,  
3H, CH3-tetrazole), 4.10 (5, 3H, 0CH3), 5.03 (nl, lH, H-7) 5.54 (5, lH, H-3), 6.46 (5, lH,  H- 
t h i azo le ) ,  7.28 (bs, 15H, t r i t y l  I; ir : (CHC13) 3400, 2830, 1772, 1730, 1680, 1585, 1530, 1495, 
1370, 1150, 1040 cm-I ; uv (EtOH, HC1 NI10) : 278 nm ( E = 14650). Anal.Calcd f o r  
C38H39Ng0,jS3 : C, 56.07 ; H, 4.83 ; ti, 15.49 ; S ,  11.82 ; Found : C, 56.2 ; H, 4.9 ; M, 
14.6 ; S ,  11.2. 

A so lu t i on  of chloropyruvate 2 (493 mg, 1.6 mrnol), 4-mercaptomethylazetidinor~e 26 (685 nlg, 
1.23 m o l )  and t r i e thy lam ine  (0.26 ml, 1.85 m o l  ) i n  dichloromethane (10 ml )  was s t i r r e d  a t  
room telrp. f o r  2 h. The react ion  mix ture  wrs f i l t e r e d ,  washed successively w i t h  1 N HC1, saturated 
tIaHCu3 so lu t i on  and br ine,  d r i ed  over MgS04 and evaporated. Column chromatography (CH2C12- 
acetone 85:15) y i e l d e t  two diastereoiscmers i n  65 % y i e l d .  

Major isomer : 605 mg (59.3 %), l ~ - n m r  (250 MHzl(CDCl3I, 6 : 1.49 (5, 9H, t-Eu), 2.75, (5, 3H, 
CH3-Cl, 4 . i l  (5, 3H, CH30), 5.01 ( t ,  J = 5Hz, lH, H-7), 5.61 ( 5 ,  lH, H-3). 6.36 (bs, lH,  H- 
t h i azo le ) ,  7.21 (bs, 15H, t r i t y l ) ;  i r  : (CHC13) : 3480, 1771, 1740, 1600, 1372, 1154 a,il. Anal. 
Calcd fo r  C3gH39t1706S4 : L, 56.4 ; H, 4.7 ; N, 11.8 ; S, 15.5. Founo : C, 56.6 ; H, 4.6 ; 
N, 11.5 ; S, 15.2. 

hlinor isomer : 59 mg, 5.7 %, l ~ - n n l r  (90 MHz)(CUC13), 6 : 1.54 (s.  'JH, t-8u), 2.74 (s, 3H, CH3- 
C), 4.13 (s,  3H, CH30), 5.12-5.25 (m, lH, +7), 5.35 ( s ,  lH, H-31, 6.73 (s, lH, H- th iazo le) ,  7.31 
(bs, 15H, t r i t y l ) .  

A 1.1 l b l  ~ o l u t i a n  of ch lo r i ne  i n  CC14 (2 .5  n l l  was added dropwise over 2 n i n  t o  a s t i r r e d  
suspension of b is -4-n i t robenzy ld isu l f ide  (925 mg, 2.75 m o l )  i n  dry dichloromethane (10 ml). A f te r  
10 min o f  s t i r r i n g  a ye l l ow  so lu t i on  was obtained which was added dropwise t o  a so lu t i on  o f  t -bu ty l  
diazopyruvate 2 (1.12 g, 6.6 m o l l  i n  dichloromethane ( 5  n l ) .  A f t e r  a f u r t h e r  30 min a suspension of 
4-mercaptomethylaretidinone 3 (1.22 g, 2.2 m o l )  i n  dichloromethane (10 "11) and a s o l u t i o n  of 
t r i e thy lam ine  (0.77 ml. 4.4 m o l )  i n  dichloromethane ( 4  ml) ,  were added siniultaneously over a 20 min 
per iod.  A f t e r  30 n i n  o f  add i t iona l  s t i r r i n g  the react ion  mix ture  was washed successively w i t h  0.1 N 
HCl, saturated NaHC03 so lu t i on  and br ine ,  d r i ed  over FIgSo4 and evaporated. Column chromatography 
(CH2C12-acetone 9 : l )  y i e l d e d  1.16 g (61 % I  o f  as a 4: l  mix ture  o f  diastereoisomers, l ~ - n m r  
(90 MHz)(CDC13), 6 : 1.47 and 1.56 (2  x s, 9H, t-Bu), 3.86-4.44 (m, 6H, CH30 + S-CH2-6tH-3). 
4.88-5.02 and 5.13-5.26 (m,  lH,  H-7), 6.71 (5,  lH, H-thiazole),  7.31 (bs, 15H, t r i t y l ) ,  7.43-7.53 
and 8.14-8.24 (m, 4H, aromatics) ; ir : (CHC13) 3565, 3490, 3407, 1771, 1738, 1681, 1347 cm-l. 

t-Sutylmercaptoacetate l7 (1.48 g, 10 m m l )  was dissolved i n  carbon te t rach lo r i de  (3  m l )  and was 
added under n i t rogen t o  a s t i r r e d  suspension of N-chlorosuccininlide (1.47 g, 11 m o l )  i n  
CC14 (6  ml )  over 1 h. The s t i r r i n g  was continued f o r  add i t iona l  10 min and the react ion  mix ture  
was cooled down t o  -10°C. A so lu t i on  of t -buty ld iazopyruvate 2 (1.7 g, 10 -1) i n  dichloromethane 
( 5  ml )  was added dropwise. The suspension was s t i r r e d  a t  room temp. f o r  20 min and f i l t e r e d .  
mercaptomethylazetidinone 3 (2.78 g, 5 m o l )  and t r ie thy lamine (1.68 ml, 12 mmol) i n  
dichloromethane (20 ml )  were added. The mix ture  was s t i r r e d  fo r  1 h, f i l t e r e d ,  washed successively 
w i t h  1N HCI, saturated NaHC03 solut ion,  br ine,  d r i ed  over MgS04 and evaporated. Chromatographic 



p u r i f i c a t i o n  (CtI2Cl2-dcetone 9 : l l  afforded 8 i  11.07 g, 25.3 'b) as a n a j o r  isomer containing a 
staall quan t i t y  o f  an other diastereoisomer,*~-nmr (250MHzI(COCl3), 6 : 1.47 (s. 9H. S-C- 
LO2tBu1, 1.59 (5, 9H, 0-C-CO2tEuI, 2.62 and 2.96 (m, ZH, CH S c y c l i c ) ,  3.31 and 3.38 (AB 
svstem. J = 15Hz. 2H. S-CHO-CO..). 4.07 Is .  3H. CH-0). 4.52 f ; .  1H. H-31. 4.96 (dd. J = 5Hz. . . c - L . .  . . - d .. . 
6Hz. IH. H-71. 6.55 1s. IH. 11- th iazo le~.  7.29 (s, 15H. t r i t y l )  ; i r  : i c ~ c l  I 3560, 3404. 2820, 
1770, 1734, 1680, 1598,; 1586, 1527, 1492, 1370, 1155 cm-l ; FAB-MS m/z : G ~ G  (N+H)+. 

H so lu t i on  of BOC-2-alainoethylsulfenyl ch lor ide  was prepared from the corresponding d i su l f i de  and 
ch lo r i ne  according t o  the condi t ions described for  the  preparat ion o f  and 2. To t h i s  f reshly 
prepared so lu t i on  (4.5 mmol i n  theory) was added dropwise, a t  5'C, a so lu t i on  o f  t - bu t y l  
diazopyruvate 1783 my, 4.6 mmoll i n  dichloromethane (10 m l l .  The react ion  i s  monitored.by the  
n i t r uyen  evolut ion.  A f t e r  i t  ceased, the temperature was allowed to r i s e  t o  room temp. and 4- 
mercaptomethylazetidinone 3 (2.54 g, 4.6 m o l  I was added a t  once, fo l lowed by t r ie thy lamine 10.8 ml, 
5.75 mnilul I. Af ter  15 min, the react ion  mix ture  f l u i d i f i e d  d i s t i n c t l y  and a f t e r  an add i t iona l  hour, 
the  inso lub le  mater ia l  was removed by f i l t r a t i o n ,  the  f i l t r a t e  was washed successively w i t h  0.1 N HC1 
(50 ml )  and water, d r i e d  over MySD4 and evaporated unoer reduced pressure. The crude product (3.85 
g l  was p u r i f i e d  b column chromatography (CH2C12-AcOEt, 3 : l )  t o  g ive  8 j  (2.07 g, 51.3 %I, mp 
210'C 1decomo.l. {H-Nmr 190 MHzllCDCl,). 6 : 1.43 Is .  9H. t-Bu of B O C l ~ l . 6 0  Is .  9H. COP-t-Bu) 

J .  . . - - G  

2.45 t o  3.50 ( m ,  bH, CHZS and CH2Nl, 4.11 I s ,  3H, OCH31, 4.37 I s ,  lH, H-31, 4.97 (dd, J = 4.5 
and 6Hz, 1H. H-71, 6.72 (s. 1H. H-thiazolel .  7.31 (bs. 15H. t r i t y l l .  ir : ICHCI ) 3560. 3450 3410. 
3090, 3060, 2820, 1772, 1732, 1710, 1690, 1596, 1585, 1510, 1499, 1370, 1169, 1 h 5 ,  1043 cm-l, 
uv (EtOH, HCl N/10) 270 nm = 14100). Anal. Calcd f o r  C431150N608S3 : C. 59.02 ; H, 5.7b ; 
N, 9.b0 ; 5 ,  10.99 Found : C, 59.2 ; H, 5.8 ; N, 9.5 ; S, 10.7 

5-methyl-4-mercapto-1,3,4-thiadiarole (1.32 g, 10 mmoll was added under n i t rogen t o  a s t i r r e d  
suspension a N-chlorosucdnimide (1.34 g, 10 mmol) i n  benzene 125 ml I below 10'C over 10 min. The 
mix ture  was s t i r r e d  a t  7'C f o r  15 min and a so lu t i on  o f  t -buty ld iazopyruvate 9 (1.7 g. 10 mmol) i n  
dichloromethane (5  m l l  was aaded aropwise over 10 min. The s t i r r i n g  was maintained a t  roan terny. f o r  
1 h. The react ion  mix ture  was f i l t e r e d ,  evaporated and the product was p u r i f i e d  by column 
chroniatography (CH2Cl2-aceto~)e 8.7:1.31 t o  give j& (820 my, 26.5 %I as a yel low o i l  which ex i s t s  
as a mixture o f  tautomers. IH-N~~ (60 MHzl(CDCl31, 6 : 1.53 and 1.60 12 x s, 9H, t -Bul ,  2.80 (5, 
311, CH3), 6.21 and 6.86 (2  x s, lH, CH + OH ? I  ; i r  : (CHC13) 3540, 3490, 1755, ( sh l ,  1740, 1730 
( sh l ,  1370, 1152 cm-I ; uv : (EtOHl 230 nm, (SIB), 263 nm, l c  = 58501 ; FD-MS mlz : 308 lhi'l, E l  - 
MS ( d z ,  %) : 252 (51, 234 (131, 207 1861, 180 1201, 145 (571, 132 (271, 57 11001. 

General method fu r  the  dehydration o f  the  c y c l i c  aminals 8 and 18 

The t e r t i a r y  alcohol 8 was dissolved under n i t rogen i n  10 volunfles o f  dry pyr id ine ,  1.2-2.0 molar 
equivalents o f  P 14 were added and the react ion  mix ture  was s t i r r e d  u n t i l  disappearance o f  the  f s t a r t i n g  materia according t o  TLC (1-2hl. The suspension was d i l u t e d  w i th  e thy l  acetate, f i l t e r e d  
and concentrated to remove the major p a r t  o f  the pyr id ine .  The residue was d i l u t e d  w i t h  e thy l  
acetate, washed w i t h  0.1 N HCl u n t i l  complete e l im ina t i on  of the pyr id ine ,  washed w i t h  saturated 
NaHCOj solut ion,  br ine,  d r i ed  over mdgneslum su l fa te  and evaporated. P u r i f i c a t i o n  o f  the residue by 
column chromatography (CH2C12-acetone 95:51 and r e c r y s t a l l i z a t i o n  frm ether af forded the desired 
product. 

I S .  1 
1525 
17101 
63.5 

P 2 ~ 4  : 1 molar equivalent, y i e l a  : 40 %, ri~p 200-203°C (decomp.1, lli-nmr 190 MHz1(CGCl3), 6 : 
1.53 (s, 9H, t -Bul ,  2.90-3.00 (m, 2H, S-CH2), 4.11 ( s ,  3H, 0CH31, 5.30-5.50 (m, lH, H-71, 6.59 

IH H-thi i tzolel ,  7.30-7.60 I., 20H, aranat ics l ,  ir : (CHC13) 3405, 1773, 1713, 1682, 1596, 1582, 
. 1492. 1480. 1370. 1155. 1050. 1040 cm-l. uv : IEtOtiI 235 nm IE = 32400) and 310 nm ( E  = 
j ~ .  ,nil. ca i cd  foF c ~ ~ H ;  ~ ~ o ~ s ~  : C, 63.8 ; H, 5.0 : N, 8.9 ; S, 12.2. Found : C, 
; H, 5.0 ; N, 8 .7 ,  S, 18.1. 
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P214 : 1.3 mo la r  equ iva len ts ,  y i e l d  : 43 X ,  l ~ - n n i r  (YO MHz)ICOCl3), 6 : 1.57 I s ,  9H, t -Bu) ,  
2.82-2.94 (m, 2H, S-CH21, 3.82 I s ,  3H, CH3U 1, 4.03 (S, 3H, CH30Nz), 5.40 ( t ,  J = 6Hz, lH,  H-7). 
6.66 (s, 111, 14-thiazolc), 6.83-6.92 (m, ZH, H - a r m a t i c )  7.30 lbs ,  15H, t r i t y l ) ,  7.44-7.53 (n,  2H, H- 
a romat i c ) .  ir : ICHCl3) 3405. 2860, 2820. 1770. 1710, 1680, 1592. 1582, 1520. 1495. 1370, 1155, 
1140, 1045, 831  cn- l ,  uv : (EtOH) 238 no! ( e =  366001 and 315 nm ( E  = 17600) FA&-MS m l z  : 820 (M+H)+ 

p Z l 4  : 1.5 mo la r  equ iva len ts ,  y i e l d  : 29 %, ' ~ -nmr  190 MHz)(CDC13),6 : 1.46 (s, 9 ~ .  t-BU), 
3.05-3.14 (ln, 2H, S-CHZ), 4.06 (m, lH, H-61, 4.06 (5,  3H, CH3O). 5.46 ( t ,  J = SHz, lH, H-7). 6.63 
(5, 1H, H - t h i a z o l e ) ,  7.30 (bs,  15H. t r i t y l )  7.44-7.54 lm, 2H, H-arcmatic), 8.11-8.21 (m, 2H, H- 
a romat i c )  ; i; : ICHCl3),3410. 2820. 1780, 1720, 1682. 1600, 1583. 1520, 1495, 1370, 1340, 1155. 
1040, 852 cm- , uv : IEtOH, HCl N110) 292 mn (E = 23400) and 320-325 nm (E = 180001. Uhen u s i n g  
c rude  (ic f o r  t h e  r e a c t i o n ,  g was ob ta ined  i n  20.6 % y i e l d .  a long  w i t h  6 x o f  11 : l ~ - ~ m r  (90  
M H Z I ( C E ~ ~ ,  6 :  1.52 ( s ,  9H, t-Bu), 2.94-3.04 (m. 2H. S-CH7I. 4.00 lm. 1H. H-6). 4.06 I s .  3H. . . . .  , . , ~ .  
CH30), 5.63 ldd,  J = 5HZ, ~ H z ,  1H, H-71, 6.64 (s ,  lH, H - t h i & l e ) ,  6.92 I s ,  1 ~ , ~ - 3 ) ,  7.31 (bs, 15H, 
t r i t y l )  ; i r  1CHCl3) : 3410, 1775, 1706, 1680, 1590, 1527, 1515, 1491, 1370, 1041 cm-l ; FO-MS n l z  
: 682 (M'). 

p214 : 2 mo la r  equ iva len ts ,  y i e l d  : 32 X, l ~ - n m r  ICOCI~, 90 M H ~ )  1.55 (s, gti, c ~ ~ t - ~ u ) ,  
3.03-3.12 (m, 2H, CH2S) 4.05 (S, 3H, CHj t e t r a z o l e )  4.13 ( s ,  3H, 0CH3) 5.45 ( t ,  J = 6Hz, lH, 
H-7) 6.66 I s ,  lH, H - t t ~ i a z o l e ) ,  7.30 (bs, 15H, trit 11, i r  : ICHCI ) 3405, 2825, 1779, 1725, 1682, 
1595, 1585, 1530, 1520. 1495, 1370, 1152, 1040 cm'l, u v  : (EtOHl 330 nm ( C  = 29400) ( s h )  and 310nm 
( = l54OOI. 

P ~ I ~  : 3 m l a r  equ iva len ts ,  y i e l d  : 26.7 %, l ~ - n m r  (90  MHZIICDCI~), 6 : 1.52 IS, 9H, t -su) ,  
2.75 (5, 3H, CH3-C), 3.06-3.12 (m, ZH, S-CH21, 4.08 (5, 3H, CH3-01, 4.11 In, lH,  H-6), 5.40- 
5.50 (181, lH,  H-7), 6.67 I s ,  lH,  H- th iazo le l ,  7.28 lbs,  15H, t r i t y l l  . i r  : (CHC13) 3405, 2820, 
1779, 1718. 1681. 1600, 1585. 1515, 14Y3, 1429. 1370, 1155, 1040 c r i ,  uv (EtOH) 235 nm ( sh )  1s  = 

308UUI and 310 nm IE = 157001. The r e a c t i o n  a l s o  y i e l d e d  4.5 % o f  13. 

~ 2 1 4  : 2 mo la r  equ iva len ts ,  y i e l d  : 37.5 %, l ~ - n m r  (90 MHz)1CDCl3),6 : 1.53, (s ,  3H, t -6u) ,  
3.00-3.06 (m, 2H, CH2-S), 4.07-4.15 lm, 5H, 0CH3 and 4-CH2 ), 5.33-5.45 (m, lH, H-71, 6.66 I s ,  
lH, H - t h i a z o l e ) ,  7.90, lbs ,  15H, t r i t y l ) ,  6.72-6.80 and 7.32-7.40 lm, 4H. H - a r m a t i c ) .  Anal. Calcd 
f o r C 4 3 H ~ N g 0 7 S 3 :  C . 6 0 . 8 ;  H . 4 . 8 ;  N . 9 . 9 ;  S , 1 1 . 3 . F o u n d C , 6 0 . 6 ;  H .4 .8 ;N . lO .G;  
S, 11.2 ~ A B - M S  m l z  : 849 (M  + H)+. The r e a c t i o n  a l s o  y i e l d e d  5.5 % o f  1J. 

p214 : 2 mo la r  equ iva len ts ,  y i e l d  : 47.2 %, h m r  I250  MHZ)(CDCI~), 6 : 1.46 IS, 9H, S-C- 
C02t-Bu), 1.54 ( S ,  9H, 4-C02t-[W), 3.00-3.15 I., 2H, S-CHZ) 3.53 and 3.63 (AB, Syst. J = 15 Hz, 
2H. CH C02). 4.10 (a.  3H. CH30), 5.40 (10. lH, H-7). 6.70 ( s .  1H. H - t h i a z o l e ) .  7.30 (bs. 15H. 
t r i t y l t  uv : (EtOH) 233 tun ( s h )  I= = 28700) and 309 nm ( E = 15600) 



p214 : 2 molar equivalents, y i e l d  : 37 %, l ~ - n m r  ICDCI~, 250 MHz), s : 1.43 (s, 9H, t-BU o f  
BOCI, 1.54 I s ,  9H, t-Bu Of es ter )  2.08-3.45 (m, 6H, CH2N and 2 CH2S), 4.05 Is ,  3H, 0CH31, 5.47 
(nl, ZH, H7 and NH), 6.60 Is ,  lH, H-thiazolel ,  7.30 lbs, 15H, t r i t y l l ,  i r  : (CHCI3) : 3450, 3410, 
2830, 1772, 1705, 1695, 1595, 1565, 1525, 1510, 1495, 1370, 1156, 1048 cm-l, uv : (EtOH) 230 nm 
( s h l  I E = 28800) and 304 ntn ( E = 155001. 

A so lu t i on  o f  2 I200 mg, 0.25 mmoll i n  66 % aqueous formic ac id  ( 5  m l l  was s t i r r e a  a t  room temp. 
f o r  1 h. The p r e c i p i t a t e  was f i l t e r e d  o f f  and the so lu t i on  was evaporated under reduced pressure 
below 30'C. The residue was r e c r y s t a l l i z e d  frm ether t o  give 110 mg (82 %I of : ' ~ - ~ m r  I60 
MHz) (CDC1?1. 6 : 1.53 ( 5 .  9H. t -8u)  2.90-3.60 (m. 2H. S-CHvI. 3.91 (s.  3H. OCH?), 4.16 lm, 
lH, H-61, g.j2 (dd, J = ~ H Z ,  EHZ, lH, H-71 6.80 (;, IH, H - thazo le ) ,  8;40 (d, J"= BHz, lH, CONHI, 
7.30-7.70 (m, 5H, aromatics), i r  (CHC131 3487, 3400, 3310, 3200, 1767, 1710, 1677, 1621, 1605, 
1580, 1545, 1530, 1472, 1370, 1155, 1050 cm-l. 

12b (810 mg, 0.99 mnolel was dissolved i n  66 % aqueous formic ac id  ( I 0  m l )  a t  roam temp. A few drops - 
of chloroform were added t o  f a c i l i t a t e  s o l u b i l i r a t i o n ,  and the react ion  mixture  was s t i r r e d  a t  room 
temp. for  1 h. The suspension formed was f i l t e r e d  and the so lu t i on  was evaporated under reduced 
pressure t o  g ive  a residue which was r e c r y s t a l l i z e d  from ether, y i e l d i n g  516 mg I90 $1 o f  14b. 'H- 
Nmr I90 MHz) (CDC13), 6 : 1.46 (5, 9H, t-Eu), 3.76 and 3,81 Is ,  2 x 3H, 0CH3), 5.60 (dd, J T  
5Hz, 9Hz, lH, H-71, b.77 ( s ,  lH, H- th iazo le l ,  6.91-7.00 and 7.40-7.48 lm, 4H, a ~ o m a t i c s l ,  9.13 (d, J 
= 5Hz. lH, NHI; ir : ( ldu jo l l  1753, 1678, 1652, 1590, 1580 1530, 1507, 1495 cm- , uv (EtOH) 236 nm i 1 E = 287UUl and 310nm 1 E = 169001, FAB-MS m/z : 578 lM+H) . 
78-[2-~2-A~inothiazol-4-yl1-lZ1-2-methoxyi~~iinodcetamidol -3-phenylthio-1-dethia-2-thia-3-cephem-4- 
c a r b o w l i c  ac id  (15al  

The es ter  2 (168 mg. 0.31 mlnoll was added t o  a so lu t i on  o f  t r i f l u o r o a c e t i c  ac id  (0.8 ml )  and 
dichloromethane (0.2 m l l  a t  -20°C and s t i r r e d  a t  -20°C f o r  1 h and a t  O'C f o r  another hour. A strong 
stream of dry n i t rogen was passed through the f l ask  t o  evaporate the so lu t ion ,  keeping the 
temperature a t  O'C. The residue was s t i r r e d  w i th  d i isopropy l  ether, f i l t e r e d  and r e c r y s t a l l i z e d  from 
ethanol : e thy l  acetate conta in ing 3 drops of pyr id ine .  The c r y s t a l l i n e  compound was fu r the r  
p u r i f i e d  by column chromatography ( C ~ ~ C I ~ - m e t h a n o l  7:31 and r e c r y s t a l l i z e d  from CH2CI2- 
methanol t o  give 55 mg I36 %I of 2. nip : 190-200°C ldecomp.1 ; l ~ - n r n r  (90 MHz1 (DMSO-d6) ,6 : 
3.83 (s ,  3H, 0CH31 5.64 (dd, J = SHz, 10Hz, lH, H-71, 6.81 i s ,  1H, H-th iazo le l ,  7.40 ibs,  5H, 
aroiratics). 9.20 Id,  1H. J = 10Hz. CONHI. ir I N u j o l I  1757, 1667. 1580, 1535 cm-l. uv : (EtOH) 
304 nm IE = 154001, FAB-MS s/z : 492 (M+H)+. 

14b I108 log, 0.19 mmoll was dissolved i n  66 % aqueous formic ac id  (2  m l l  and heated a t  50°C for  3 h. - 
The so lu t i on  was evaporated and the compound was r e c r y s t a l l i z e d  from ether t o  g i ve  80 mg 182 %I of 

mp 185-190°C (decmp).  l ~ - ~ m r  (90 MHz) (DMSO-d6), 6 : 3.78 and 3.81 ( s ,  2 x 3H. 0CH3), 
5.58 (dd, J = 5H2, 9Hz, lH, H-71, 6.78 (s,  lH, H- th iazo le l ,  7.16 lbs,  2H, NH2), 9.17 (d, J = 9Hz, 
1H, NHI, 6.92-7.02 and 7.41-7.50 1% 4H, aromaticsl, ir (Nu jo l )  1767, 1658, 1635, 1592, 1590, 1570, 
1247, 816 cm-l, uv (EtOH, HC1 N/101 242 nm ( c  = 23900) and 316 nm I E = 145001, Anal. Calcd for  
CZOH10N506S3: C, 46 .1 ;  H . 3 . 7 ;  N13.5 ; S ,  18.4 ; F o u n d :  C , 4 6 . 1 ;  H ,3 .8 ;  N, 1 3 . 1 ;  
S. 18.1. 

Ger~eral method for  one step deprotect ion o f  12c- j  

12 was dissolved i n  10 volumes of 66 % aqueous formic acid, and heated a t  60'C u n t i l  the react ion  - 
was complete ( f o l l owed  by t l c ,  EtOAc-EtOH-H20, 7:2:1 ; 2-4 h l .  The t r ipheny lcarb ino l  fotmed was 
f i l t e r e d  off and the so lu t i on  was evaporated under reduced pressure t o  dryness. The residue was 
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t r i t u r a t e d  w i t h  a m i x tu re  o f  dichloromethane-methanol fo l lowed by e the r  and i s o l a t e d  by 
f i l t r a t i o n  t o  g i v e  E. 

7~-C2-12-mi1~othiazol-4-y l ) -~Z)-2-methoxyirn inoacetar1idol  -3-14-nitrophenylthiol-l-dethia-2-thia-3- 
cepheri-4-carboxylic a c i d  ( 1 5 ~ )  

Reaction t i w e  : 4 11, y i e l a  : 62 %, mp : 190-200'~ (decamp), l ~ - n n r  (90 HHZI ( u M s o - ~ ~ ! , ~  : 3.06 
I s ,  3H, OCH~) ,  4.22 (m, lH, H-6), 5.74 (dd, J = 5Hz, 9Hz, lH, H-71 6.83 (s ,  lH, H- th lazo le ) ,  7.22 
(bs, 2H, NH21, 7.51-7.61 and 8.16-0.26 lm, 4H, aromat ics l ,  9.24 (d, J = 9Hz, lH, NH), ir (Nu jo l )  
1769, 1669, 1630, 1595, 1574, 1538, 1515, 1041, 852 cm-l, uv (EtOH, HCl N110) 222 nm 1s = 218001 
and 290 nm I E = 19700), FAB-NS mlz : 537 (M+H)+. 

78-[2-12-Aminothiazol-4-yl)-12)-2-methoxyiminoacetamidol -3-[(l-methyltetrazol-5-yll-thiol-1- 
dethia-2-thia-3-cephen-4-carboxylic a c i d  ( 15d l  

React ion t ime : 7 h, y i e l d  : 83 %. l ~ - ~ m r  (90 MHZIIUMSO-d6), 6 : 3.83 IS, 3H , O C H ~ ) ,  4.10 IS, 

3H. N-CHj), 5.64 (dd, J = 5 and 8 Hz, lH, H- th iazo le l ,  ir I N u j o l I  1768, 1665, 1635, 1535, 1040 
cm-l, uv (EtOH) 231 nm ( E  = 20100) i n d  305 nm ( c  = 14400). 

76-[Z-12-Aminothiazol-4-yl )-~Z)-2-methoxyiminoacetamidol-3-C(5-methyl-1,3,4-thiadiazol-2-yl)-thiol- 
1-dethia-2-thia-3-cephes-4-carboxylic a c i d  (15e) 

Reaction t ime : 3.5 h, y i e l d  : 77.4 8 .  l~-lmr (90 EIHZ) IDMSO-a61, 6 : 2.72 (5, 3H, CH~-O-L ) ,  
3.20 (el, 2H, CH2-Sl, 3.84 (s,  3H, CH3-04). 4.13 lm, lH, H-61, 5.68 (dd, J = SHz, 9Hz lH, 11-71, 
6.81 (s ,  lH, H- th iazo le ) ,  7.22 lbs,  2H, NH21, 9.23 (d ,  J = 9Hz lH, NH), ir I N u j o l ) ,  1763, 1667, 
1615, 1560, 1540, 1520 cm-l, uv (EtOH, HCl N1101 228 nm I = 175U01, 262 nm I e = l(i0001 309 nm l s h )  
(E ' 129UO), Anal. Calcd f o r  : C16H15N705S4 : C, 37.4 ; H, 2.9 ; N, 19.0 S, 24.9. Found : 
C, 37 .8 ;  11, 3 . 0 ;  ti, 1 8 . 5 ;  S, 23.5, FAE-MSmlz: 514 ( h + H l + .  

7~I2-~2-Aminothiazol-4-yl)-~Z~-2-methoxyiminoacetamidol -3-1carboxymethylthio)-1-dethia-2-thia-3- 
cephem-4-carboxyl i c  a c i a  115f)  

Reaction t i n e  : 2.5 h, y i e l d  : 46 %. l~ - lumr  (250 MHz)(DMSU-d6), 6 : 3.25 (m, 2H, S-CH2), 3.70 
(5, 2H, S-CHZ-COO), 3.85 (5, 3H, CH30), 4.00 (m, lH, H-6), 5.61 (dd, J = 5Hz, 9Hz, lH, H-71, 6.80 
(5, 1H, H- th idzo le ) ,  7.20 5, 2H, NH2), 9.20 (d, J = 9Hz. lH, NH), ir (Nu jo l ) ,  1760, 1662. 1640, 
1560, 1540, 1150, 1040 CKi, uv (EtUH, HC1 N110) 266 nm ( E  = 146001, 283 nm ( E  = 14600). 310 nm 
l s h )  ( E = 109001, FAB- IS 012 : 474 (M + H)*. 

React ion t ime : 5 11, y i e l d  : 71.6 "d ' ~ - ~ m r  190 MHz) (DhSO-d 1, 6 . 2.50-3.39 (m, 6H, CH2S and 
CHzN), 3.85 I s ,  3H, OCHj), 5.51 (dd, J = 5 and *Hz, lH, H-77 6.82'1s, lH, H-th iazole) ,  i r  ( N u j o l l  
1769, 1758, 1680, 1639, 1567, 1530 cn- l ,  uv (EtUHl 298 nm IE = 15800). FAB-MS m lz  : 459 (N+H)+, 
Anal. Calcd f o r  : C15H15N507SZ : C, 38.0 ; H, 3.2 ; H ,  14.8 ; S, 20.3. Found : C, 38.3 ; H, 
3.3 ; N, 14.7 ; S. 19.3. 

78-[2-12-Aninothiazol-4-yl )-(Zl-2-~oethoxyiminoacetar~iidol - 3 -14 -n i t r ~benzy l  th io)-1-dethia-2-th ia-3- 
cephem-4-carboxylic a c i d  (15hl  

Reaction t ime : 3 h, y i e l d  : 79.4 %. IH-N~~ (90 MHzlIOMSO-d6),6 : 3.85 I s ,  3H, CH30), 4.00 (m, 
lh ,  H-61, 4.23 (5, 2H, S-CH2-PI, 5.60 ldd,  J = ~ H z ,  9Hz, lH, H-71, 6.82 I s ,  lH, H- th iazo le ) ,  7.22 
1s. 2H, MHz), 9.21 l a ,  9Hz, lH, NHI 8.15-8.24 and 7.54-7.63 I d .  J = 8Hz, 2 x 2H, arcmat ics l ,  i r  
l l uu j o l )  1765, 1700, 1648, 1640, 1605, 1595, 1570, 1540, 1520, 1494, 1344, 1047 cm-l, uv (EtOH, HC1 
N/10) 271 nm ( s  = 26200) and 314 nm (sh)  I € =  143001, Anal. Calcd f o r  : C20~18~607S3 : C, 
43.6; H, 3.3; N, 15.3; S, 17.5. Found : C, 43.3; H, 3.2; N, 15.0; 5, 17.1. 



12a I400 nig, U.5U mmOll was d isso lved  i n  t r i f l u o r o a c e t i c  a c i d  I 2  11111 and was l e f t  t o  stand a t  room - 
temp. f o r  20 nlin. The a c i d  was evaporated under reduced pressure. The res idue was chromatographed 
CH2C12 - NeOH 98:2l and the  product  was t r i t u r a t e d  w i t h  e ther  t o  g i ve  60 nlg (24 %I o f  16. 

'H-Nw I90  MHz1 lDhlS0-d61 , 6 : 3.10 lm, 2H, S-CHZl, 3.87 I s ,  3H, 0CH31, 5.59 Id,  d, J = 5HZ, 
~ H z ,  lH, H-71, 6.82 (5, lH, H- th iazo le l ,  7.22 (5, 2H, NHz), 7.37 I s ,  lH, H-41, 7.20-7.40 (n, 5H, 
aromat ics) ,  9.20 (d, J = 9Hz, lH, NHI, ir I N u j o l I  3427, 3220, 1750, 1688, 1670, 1655, 1619, 1582, 
1537, 1051, 1035 crr-l, uv IEtOHI 236 Ilm IE = 23700) and 295 nm I s  = 196001, FD-\IS mlz : 447 @It), 
€1-MS (mlz, %I 447 120l, 240 1201, 218 (1001, 209 (371, 208 (361, 110 1851, 109 (841. 

(65, 7s ) - t e r t - bu t y l  7B-phthalimido-36-phenylthio-~-hydroxy-l-dethia-2-thia-cepham-4-carbolate ( M a 1  

TO a s t i r r e d  s o l u t i o n  o f  d i pheny ld i su l f i de  (1.22 g, 5.6 mmoll i n  dichloromethane I 12  n l l  s u l f u r y l  
c h l o r i d e  (0.42 ml , 5.2 mmol I was adcled drupwise a t  0-5'C and the  s t i r r i n g  was maintained f o r  
20 niin. A so l u t i on  o f  t -bu ty ld iazopyruva te  9 (1.9 9, 11.2 m o l l  i n  dichloromethane I 5  m l l  was added 
over d 5 s i n  pe r i od  and the  s t i r r i n g  was cont inued a t  5'C. When the  n i t r oyen  evo lu t i on  ceased 1% 10 
l i l i n l  mercdptomethylazetidinone 11 (2.1 g, 8 mmoll 6b and t r i e t hy l a rn i ne  11.46 ml, 10.4 nmol I were 
added and the  s o l u t i o n  s t i r r e d  a t  S°C f o r  30 min. The reac t i on  m i x tu re  was washed successively w i t h  
0.1 I1 HC1, sa tu ra ted  NaHCO s o l u t i o n  and br ine,  d r i e d  over MgSO4 and evaporated. The crude 
product  was p u r i f i e d  by co?umn chromatography ICH C1 EtOAc 9 : l l  t o  g i ve  2.2 g (53.6 %) o f  
18a. ' ~ - ~ m r  1400 MHz1 ICDCl3l, 6 : 1.60 I s ,  9H, tLT i.43, ldd,  J = 3.5 and 13 Hz, 1H. H- la) ,  - 
3.12 ldd, J = 13 and 12Hz, lH, H-161, 4.37 ldda, J = 3.5, 5 and 12 Hz, lH, H-6) 4.63, ( s ,  lH, OH), 
4.76 I s ,  lH, H-31 5.30 Id, J = 5Hz. lH, H-71, 7.45 and 7.56 11~1, 5H, SPh), 7.76 and 7.87 (m, 4H, 
pn thd l im ide l .  i r  ICHCI 1 35611, 3460, 1788, 1774. 1736, 1721. 1610, 1580, 1481, 1372 cni-l. uv 
IEtOHI 220 nm ( E =  520301 and 300 nn  I E =  3100). Anal. Calcd f o r  CZ5H 41r206S2 : C. 58.6 ; 
H, 4.7 ; N, 5.5 ; S, 12.5. Found : C, 58.9 ; H, 4.7 ; N, 5.3 ; S, 12.5. 

The reac t i on  y i e l d e d  two isomers which were seuarated by column ch rana toq ra~hv  (CH9Cl,-EtOAc 8:2l. 
Major  isomer i y i e l d  : 56.9 % ; = - 3 . 5 ~ 0 . 5 "  ( c  1 1, CH2C12L 1 ~ - i m r ' ( i 5 0  M ~ I '  
7CUCl31, 6 : 1.52 I s ,  OH, t -Bul ,  2.51 ldd,  J = 4Hz, 13Hz. lH, H-la) and 3.26 ldd,  J = 12Hz, 13Hz, 
lH, H-161. 4.40 (ddd. J = 4Hz. 5Hz. 12Hz. 1H. H-GI. 4.64 (s .  lH, OH). 4.91 (s ,  1H. H-31, 5.35 Id, J = 
5H2, lH, H-71, 7.63 and 8.21 In, 4H, a r a i u t i c s l ,  7.79 and 7.90 (m, 4H, ph tha l im ide l ,  ir lCHC1 1 
3480. 1786. 1766. 1736. 1722, 1610, 1598. 1580, 1520, 1479. 1372, 1342, 1154. 853 cm-l, uv ( ~ $ 0 ~ 1  
220 nnl ( E  = 506001 323 nm I s  = 120001, Anal. Calcd f o r  C2 H23N308S2 : C, 53.8 ; H, 4.2 ; II. 
7.5 ; S, 11.5. Found : C, 53.8 ; H, 4.1 ; N, 7.4 ; S, 11.i. 

Minor isolner : y i e l d  : 9.7 %; [ e jg  = - 65.5 + 2.5' l c  = 0.5, CH2C12). ' ~ - ~ m r  (250 MHz) 
~cDCI,), 6 : 1.56 I s ,  9H, t -Bu),  2.45 ldd,  J = 4Hz. 12.5 Hz, lH, H-ln), 3.32 ( t ,  J = 12,5 Hz, IH, 
H-161: 4.46 ( d t ,  J = 4.5 Hz, 12.5 Hz, lH, H-bl, 4.81 I s ,  lH, H-31, 5.08 I s ,  lH, OH), 5.56 (d, J = 
5Hz. lH, H-71, 7.71 ( d l  and 8.20 (d) ,  4H aromat ics l ,  7.80 and 7.93 lm, 4H, ph tha l im ide l  ir (CHCl3I 
3568, 3480, 1706, 1766, 1736, 1722, 1650, 1598, 1520, 1480, 1479, 1372, 1342, 1154, 053'cm-l , UV 

IEtOHI 240 nm ( s h l  ( e  = 15200) and 332 nm I E = 117001 ; Anal. Calcd f o r  : Cf5H 3M308S2 : C, 
53.8 ; H, 4.1 ; H, 7.4 ; S, : 11.4. Found : C, 53.9 ; H, 4.1 ; N, 7.3 ; S, 1.3. 

p214 : 2 molar  equivalents,  y i e l d  : 49.7 % ; nlp 170 'C and 190-195'C. ~ H - N E I ~  l3UO hlHzl 
(CDC13), 6 : 1.55 I s ,  9H, t -Uul ,  2.80 ldd, J = 3Hz, 12Hz. lH, H-1 I 3.41 (dd, J = 10.5 Hz, 12Hz, lH, 
H-161, 4.15 IM, lH, 11-61, 5.79 Id, J = 5Hz, lH, H-71, 7.35 and 7.52 (m, 5H, phenyl I, 7.78 and 7.89 (m, 
4H, ph tha l im ide l ,  i r  lCHCl31 1792, 1781, 1773, 1727, 1610, 1582, 1475, 1370 cm-l, uv (EtOH) 221 nm 
( = 562UOl. 243 nnl l s h l  I E = 203001 atld 308 nnl I E = 14900), Anal. Calcd fo r  C25H22NZ05S2 C, 
60.7 ; H, 4.5 ; N, 5.61 ; S, 12.96. Found : C, 60.5 ; H, 4.4 ; N, 5.5 ; 5, 12.8 ; FAB-MS m l r  : 495 
IM+HI~. 

Using the  n ~ a j o r  somer of  180 ; p214 : 2 molar equivalents,  y i e l d  48.8 % ; bID = 365k 5', l c  
= 0.7, CH2C12). 'H-Nmr ( 9 0 ~ z l l C O C l 3 1 ,  6 :  1.48 Is ,  9H, t -Bul ,  2.91 (dd, J = 3Hz, 12Hz, lH, 
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H-la),  3.48 (dd, J = lOHz, 12Hz. lH, H-1 ), 4.27 (m, lH, H-6). 5.88 (d, J = 6Hz, lH, H-7). 7.51 and 
8.21 (m. 4H. @NOp). 7.84 (m, 4H phthalimide), ir (CHC13) 1795. 1784, 1727, 1610. 1596. 1576. 
1519, 1475. 1370, 1340. 853 cr i ,  uv (EtOH) 221 nm I e = 78500). 309 nm ( e = 28100) and 320 nm 
l sh )  1 E = 27000). FAB-MS mlz : 540 ( M  + H)*. Anal. Calcd fo r  C25HZ1N307S2 : C. 55.6 ; 
H, 3.9 ; N, 7.8 ; S, 11.9. Found : C, 55.4 ; H, 3.9 ; M,  7.5 ; S, 11.7. 

19a (100 mg, 0.20 mmol) was dissolved i n  t r i f l u o r o a c e t i c  ac id  (0.5 ml )  and abandoned a t  ram t m p .  f o r  
l h .  The so lu t i on  was evaporated under reduced pressure, p u r i f i e d  by chromatography lCH2Cl EtOAc 
9 : l )  and r e c r y s t a l l i z e d  from ether  t o  g ive  50 mg (74 %) o f  &. mp 234°C. l ~ - ~ m r  (300 IMHzf ;OMSO- 
d ~ ) ,  6 : 3.02 (dd, J = 10.5Hz. 12Hz, lH, H-101, 3.25 (dd, J = 3Hz, 12Hz. lH, H- la) .  4.29 (ddd, J = 
3Hz. 5Hz. 10.5Hz. 1H. H-6). 5.88 (4, J = 5Hz, 1H. H-7) 7.34 (m. 5H. +S ). 7.54 (s. 1H. H-4). 7.90 (m. 
4H, phthal imide),  i r  ICHCl3) 1769, 1725. 1609, 1583. 1479 cm-l, uv (EtoH) 220 MI ( E  = 56800). 
240 nm (sh),  ( E  = 20300) and 297 nm ( E  = 18000), FO-MS m/z : 394 (M*). Anal. Calcd f o r  
C2~H14N203: C ,58 .6 ;  H .4 .7 ;  N , 5 . 4 ;  S .12.5 ;  Found: C .58 .9 ;  H .4 .7 ;  H, 5.3 ;  S, 12.3 

19b (50 mg, 0.09 m o l e )  was dissolved i n  t r i f l u o r o a c e t i c  ac id  (0.5 ml)  and heated a t  60'C f o r  2 h. The - 
reac t i on  mix ture  was evaporated under reduced pressure and the product was p u r i f i e d  by column 
chromatography (CH2C12-EtOAc 9 : l )  t o  g i ve  17 mg 142.5 %) o f  Zlb. l ~ - ~ m r  (300 MHz) (CDC13),6: 
2.92 (dd, J = 3H2, lZHz, lH, H-lo), 3.32 (dd, J= 10.5 Hz, 1 2 K  lH, H-1). 4.36 (ddd, J = 3Hz, 5Hz, 
10.5H2, lH, H-61, 5.80 (d, J = 5Hz, lH, H-7). 7.42 (d, J = 9Hz, 2H, H-2' and H-6' on phenyl) 8.19 (d, 
3 = 9Hz, 2H, H-3' and H-5' on phenyl), 7.46 (s, lH, H-4), 7.88 (m, 4H, phtha l in ido) .  
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