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Abs t rac t  - .A  new, convergent synthesis o f  0-2-isocephems i s  reported. Rhod im carbenoid 

i n s e r t i o n  o f  a-diazo-p-ketoesters i n t o  the N-H bond o f  a preformed p-lactam, fo l lowed by 

c y c l i z a t i o n  o f  the r e s u l t i n g  enol-alcohols by Mitsunobu reac t i on  g i ves  the t i t l e  

compounds. 

I n t r o d u c t i o n  

The 0-2-isocephems 1 are a c l a s s  o f  p-lactam a n t i b i o t i c s  t h a t  are e f f e c t i v e  aga ins t  many 

pathogenic bacter ia.1 The chemistry of these compounds, i nc lud ing  t o t a l  synthes is  and 

s t r u c t u r e / a c t i v i t y  r e l a t i o n s h i p s  has been s tud ied ex tens ive ly  by the B r i s t o l  Canada group.2 Most 

repor ted syntheses of 1 fo l low the same general ized route, t h a t  i s ,  p-lactam format ion by cyc lo -  

a d d i t i o n  of an ac t i va ted  ace t i c  ac id  d e r i v a t i v e  2 to su i t ab l y  subs t i t u ted  S c h i f f  bases 3. (PG = 

p ro tec t i ng  groups) fo l lowed by conversion of the 4 -s t y r y l  group i n t o  a l eav ing  group and f i n a l  

r i n g  c losure.  

Using t h i s  genera l ized approach, chemists a t  B r i s t o l  Canada prepared many v a r i a t i o n s  o f  i, however 

f o r  each new analog synthesized a new Sch i f f  base had to be prepared since the eventual C-3 s ide 

cha in  (R,) i s  an i n t e g r a l  p a r t  of the. s t a r t i n g  imine. These syntheses l e a d  to ach i ra l  products, 

w i t h  the except ion o f  one example by Tenneson and Belleau3 who obtained a 90% o p t i c a l  y i e l d  o f  c i s  

lactam 1 (R1 = CH,, R2 = CH,Ph) by u t i l i z i n g  an imine der ived frwn D-threonine i n  the cyc lo-  

a d d i t i o n  react ion .  

We envis ioned a p o t e n t i a l l y  more f l e x i b l e ,  convergent synthes is  o f  1 by means of a rhodium 

carbeno id . inser t ion  o f  an o-diazo-p-ketoester, su i t ab l y  subs t i t u ted  a t  R1 i n t o  the N-H bond o f  a 

preformed p-lactam. The r e s u l t i n g  enol 4 would be c y c l i z e d  and the carboxylate revealed 

g i v i n g  1. 



Poten t i a l  advantages o f  t h i s  synthesis would include; a) a wide v a r i e t y  of R, analogs LC-3 i n  1) 
cou ld  be simply prepared by acetoacet ic es te r  d ian ion condensation p r i o r  to diazo t ransfer  and 

i nse r t i on .  b) the synthesis i s  h i g h l y  convergent, r e q u i r i n g  on ly  c y c l i z a t i o n  and depro tec t ion  

fo l lowing assembly of the Wo precursors by r h o d i m  carbenoid i n s e r t i o n .  c )  the synthesis would 

g ive  r i s e  t o  enant iomer ica l ly  pure 1 by s t a r t i n g  w i t h  an o p t i c a l l y  pure lactam4 since no c h i r a l  

centers  o f  the.lactam are created o r  destroyed i n  the reac t i on  sequence. 

In termolecu lar  carbenoid i n s e r t i o n s  i n t o  the N-H bonds of p-lactams have been descr ibed on two 

previous occasions. Brooks.5 repeat ing  the work o f  Cuffe.6 repor ted a 7.5% y i e l d  of 5 by 
i n s e r t i o n  of or-diazo-p-ketoester 6 i n t o  4-acetoxyazetidin-2-one. M i l l e r 7  has repor ted the prepar- 

a t i o n  o f  nocard ic in  analogues by i n s e r t i o n  o f  an .-diazo-p-aryl e s t e r  i n t o  the  N-H bond of 

3-(tert-butoxycarbony1amino)-azetidin-2-one i n  2647% y i e l d .  These observat ions l e d  us to be l i eve  

t h a t  we cou ld  i n s e r t  a v a r i e t y  of .-diazo-p-ketoesters i n t o  the lactam N-H bond i n  preference to 

the amide's ide chain N-H, hence a l l ow ing  us to have the side cha in  already i n  place p r i o r  to 

inse r t i on .  

Discusr$on and Resu l ts  

The r h o d i m  acetate ca ta lyzed decomposit ion of a number o f  .-diazo-p-ketoesters was c a r r i e d  o u t  i n  

the presence of the  p-lactam 8. This  lactam was r e a d i l y  prepared v i a  cyc loadd i t i on  of az idoacet ic  
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acid-methanesulphonic ac id  mixed anhydride and cinnamylidene-N-(4-methoxypheny1)imjne.a The 

des i red 4-subst i tuent  was elaborated by ozonolysis,  sodiun borohydr ide reduct ion  and s i l y l a t i o n .  

The p-methoxyphenyl group was removed by c e r i c  anmonim n i t r a t e  ox ida t i ons  and the 3-azido 

func t i on  was reduced w i t h  hydrogen su l f i de la  and acy la ted w i t h  phenoxyacetyl c h l o r i d e  (see 

Experimental sec t ion) .  Note t h a t  8 and compounds der ived from i t  are a l l  racemic and the 

stereochemistry dep ic ted for  a l l  p-lactams i s  r e l a t i v e  and n o t  absolute.  

React ion o f  the lactam 8 w i t h  t - bu t y l  2-diazo-3-oxobutyrate (1.2 eq) i n  dry r e f l u x i n g  benzene i n  

the presence o f  5 r o l e  % Rh,(OAc), a f f o rded  the en01 es te r  9 i n  54% i s o l a t e d  y i e l d ,  thereby 

conf i rming the expecta t ion  o f  a se lec t i ve  i n s e r t i o n  i n t o  t i e  lactam N-H bond i n  the presence of 

the s ide cha in  N-H amide bond. The s t ruc tu re  of 2 was assigned on the bas i s  o f  i t s  spectroscopic 

data ( i r  3420, 1760, 1685 cin-1; ci-ms 521 (M++ll; e i h s  464 (M+-56). 407 (M+-56-57); the nmr data 

was cons i s ten t  w i t h  the assigned s t ruc ture ,  i n c l u d i n g  an eno l i c  H resonance a t  6 12.2, and by i t s  

c y c l i z a t i o n  to the 0-2-isocephem 11 v i a  the  fo l lowing sequence: ( i )  a c i d  ca ta lyzed depro tec t ion  

o f  the 4-hydroxymethyl group and, ( i i )  c y c l i z a t i o n  o f  the in termedia te  enol-alcohol  ij! w i t h  

d i e t h y l  azodicarboxylate-triphenylphosphine (DEAD-Ph,P).ll The y i e l d  f o r  the two-step sequence 

was 57%. The 0-2-isocephem 11 thus obtained showed i n f r a r e d  absorpt ions o f  3405, 1772 and 1700 

cm-1, and nmr peaks a t  6 1.50(9H), 2.20(3H), 3.68(1H), 3.90IlH). 4.45(1H), 4.52(2H), 5.45(1H), 

6.86-7.3415H) and d isp layed a ci-ms peak a t  mlz 389(M++lI. Unfor tunate ly ,  attempted removal of 

the  t - bu ty l  e s t e r  p ro tec t i ng  group using t r i f l u o r o a c e t i c  ac id  f a i l e d  to g i ve  s i g n i f i c a n t  amounts 

o f  the desired. known a c i d  12. (Scheme 1 )  

Scheme I 

2 3 9 5  



We therefore turned to the 2 - ( t r i m e t h y l s i l y l l e t h y l  group as a carboxy la te  p ro tec t i ng  funct ion,  

which i s  removable w i t h  f l uo r i de  i on  i n  tetrahydrofuran under m i l d  condi t ions.12 

2-(Tr imethyl  s i l y l  ) e thy l  acetoacetate, prepared i n  87% y i e l d  by reac t i on  of & ( t r i m e t h y l  s i l y 1 ) -  

ethanol w i t h  diketene.13 was subjected t o  the usual d iazo t r a n s f e r  sequence14 ITsN,, E t3Nl  and the 

diazo es te r  g a  (E=Hl was i n s e r ~ d  i n t o  the lactam N-H bond of 8 to g i ve  i n  40% y i e l d .  The 

desired N-H i n s e r t i o n  product was accompanied by a 21% y i e l d  o f  the y - lac tone 15, the r e s u l t  o f  an - 
int ramolecu lar  i n s e r t i o n  i n t o  a C-H bond o f  the m t h y l e n e  group alpha t o  s i l i c o n :  21% o f  the 

s t a r t i n g  lactam was a l s o  recovered. 
Scheme 2 

The adduct z a .  a c l e a r  o i l ,  was d e s i l y l a t e d  and c y c l i z e d  as above to af ford  l6-a i n  61% y i e l d .  

Deprotect ion w i t h  te t rabuty lamnonim f luor ide  (TBAFl i n  dry THF gave the 0-2-isocephem a c i d  E a  as 

a wh i te  powder, mp 169-170'C ( l i t . 1 5  mp 171-172°C). I t s  spectroscopic p rope r t i es  were i d e n t i c a l  

t o  those repor ted by Doyle.15 (Scheme 21 A nmber  of o the r  a-diazo-$-ketoesters r e l a t e d  to E a  

were a l so  prepared to t e s t  the scope of subst i tuents  which do no t  i n t e r f e r e  w i t h  the i n s e r t i o n  

react ion .  These es te rs  were prepared by the reac t i on  o f  the d ian ion of 2-1 t r ime thy l  s i l y l  ) e t h y l  

acetoacetate w i t h  the appropr ia te  e lec t roph i l es ,  fol lowed by diazo t r a n s f e r  (Scheme 3) .  The 

r e s u l t s  of both the i n s e r t i o n  and subsequent c y c l i z a t i o n  steps are given i n  Table 1 

Scheme 3 
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Diazo esters  l3-b, c and 2 gave useful y i e l d s  of i n s e r t i o n  products which could be elaborated i n t o  

0-2-isocephems. I n  the case o f  l3-e the &or  react ion product, i so la ted  i n  53% y i e l d ,  was the 

b i c y c l i c  thiophene de r i va t i ve  18, the r e s u l t  of a formal carbenoid i n s e r t i o n  i n t o  the 

heteroaromatic C-H bond alpha t o  the sul fur atom. Such i n s e r t i o n  react ions are r e l a t i v e l y  ra re  

and only a few examples have been described.16 The product 2 e x i s t s  essen t ia l l y  i n  the enol 

form; ir 1640, 1593 cm-1; ci-ms 297 (M++l), 269 (M++1-28); nmr 6 1.1 (2H). 2.55 (4H). 4.212H). 6.6 

( lH) ,  6.9(1H), 12.8 (1H). We have recent ly  extended the rhodiun carbenoid aromatic C-H i n s e r t i o n  

react ion t o  a ser ies of a-diazo-p-sulfonyl es ters  19 which a f f o r d  1.3-dihydrobenzo[c]thiophene- 

2.2-dioxides 20.17 

Cephalosporins bearing 3-alkenyl subst i tuents  have shown e x c i t i n g  a n t i b i o t i c  properties.19 

Disappoint ingly,  however, attempts t o  prepare 0-2-isocephems bearing a 3-propenyl group were not  

successful since the carbenoid der ived from Ef gave p r e f e r e n t i a l l y  the ketene 21 which war t r a p  

ped by the lactam t o  g ive 22 ra the r  than the desired i n s e r t i o n  product.18 The a-diazo-$-keto- 
7 

esters  z c  and d, prepared from the dianion of 23 w i t h  acetaldehyde o r  benzaldehyde, followed by 

protect ion o f  the r e s u l t i n g  a lcohols  as t h e i r  acetate and TBDMS ether respect ive ly ,  were 

invest igated as a l te rna te  routes t o  the C-3 alkenyl  der ivat ives.  The i n s e r t i o n  react ions 

proceeded reasonably wel l ,  and the diastereomeric products were elaborated to t h e i r  respect ive 

0-2-isocephems K c  and E d .  We were unable t o  e l iminate H20 o r  HOAc a t  any stage a f t e r  the diazo 

inser t ion.  

F ina l l y ,  an attempt t o  prepare 0-2-isocephems possessing a C-3 bromomethyl group (which would 

a l low preparat ion of 3-alkenyl analogs v ia  W i t t i g  e laborat ion)  was made. Inse r t i on  o f  g h  i n t o  8 



unfortunately gave a complex mix ture  o f  products, none of which were i d e n t i f i a b l e .  

Table 1 

Yie lds  r e f e r  t o  i s o l a t e d  y i e l d s ;  y i e l d  based on recovered lactam 
Most diazo compound reacted in t ramolecu lar ly ,  see tex t .  
Only products der ived from Wo l f f  rearrangement were observed. 
S t a r t i n g  ma te r i a l s  were recovered. 
NO i d e n t i f i a b l e  products. 
0 -des i l y l a ted  side chain. 
Y ie lds  are f o r  2-steps frm 2, and are iso la ted.  

i n  brackets.  

EXPERIMENTAL 

Proton nmr spectra were recorded i n  COCI, w i t h  a Varian XL 300 o r  EM 360 spectrometer (chemical 

s h i f t s  are given i n  ppn from te t rame thy l s i l ane )  unless otherwise indicated, i n f r a r e d  spectra w i t h  

a p e r k i n - ~ l m e r  783 spectrophotometer, and mass spectra w i t h  a VG ANALYTICAL 7070E mass 

spectrometer (ei-ms-70eV. ci-ms-70eV i o n i z i n g  po ten t i a l ,  e the r  was used as reagent gas). Flash 

chromatography was performed w i t h  Merck 9385 s i l i c a  gel; HPLC separat ions were performed w i t h  a 

Waters PREP LClsystem 500 using a PrepPAK-500 s i l i c a  column. Me l t i ng  po in t s  were determined on a 

Gallenkamp apparatus, and are uncorrected. Solvents were d r i e d  p r i o r  to use; benzene and 

tetrahydrofuran (THF) were d i s t i l l e d  from sodium-benzophenone k e t y l ;  methylene c h l o r i d e  from 

phosphorous pentoxide and s tored over 4A' m l e c u l a r  sieves. 

3-~he'no~acetamido-4-tertbutyldimethysilyloxymethylazetldi~-2-one 8. Fresh ly  d i s t i l l e d  

methanesulfonyl c h l o r i d e  (6.873 g, 60 mnole) was added dropwise t o  a s t i r r e d  so lu t i on  o f  

az idoacet ic  ac id  hemihydrate (6.6 g, 60 m o l e )  and Et3N 16.07 g. 60 m o l e )  i n  50 ml of d ry  CH2C12 

a t  O'C. The mixed anhydride so lu t i on  was s t i r r e d  for 10 rnin and added to a s t i r r e d  so lu t i on  o f  

cinnamylidene-N-(4-methoxypheny1)imine (14.22 g, 60 m o l e )  and Et3N (12.14 g, 120 m o l e )  i n  200 

ml o f  dry CH2C12 a t  0°C. The r e s u l t i n g  so lu t i on  was s t i r r e d  f o r  18h a t  room temperature and 

washed successively w i t h  H20, 5% HCl, 5% NaHCO,, then d r i e d  over MgSO, and evaporated *I give 17.3 

g o f  crude 8-lactam. R e c r y s t a l l i z a t i o n  from warm EtOAc gave 10.0 g p-lactam as a tan powder 

(52%); mp 104-105'C ( l i t .  mp 106'C1.9 
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The p-lactam was dissolved i n  250 ml o f  dry CH,C12, Et,N (3.16 g, 1 equiv) was added and the 

mixture was s t i r r e d  a t  O'C whi le H2S was bubbled i n  a t  a fast r a t e  fo r  10 min. The solut ion was 

stored fo r  1 h and the solvent evaporated to  give an orange sol id. This s o l i d  was dissolved i n  

100 ml of dry CH2C12 containing 4-dimethylaminopyridine(DMAP) (381 mg. 0.1 equtv.) and Et3N (3.16 

g, 1 equiv). The so lut ion was cooled i n  i ce  and phenoxyacetyl ch lor ide (5.326 g, l ' e q u i v )  

dissolved i n  10 ml of dry CH2C12 was added over 20 min. The resu l t i ng  th ick white s lur ry-war  . ' 

s t i r r e d  fo r  3 h, then f i l t e r e d  to  give 13.05 g of crude acylated material  as a white powder 

(contaminated w i th  su l fur ) .  A m a l l  sample was rec rys ta l l i zed  from CH2C1 2-hexane, mp 213-214.C; 

ir (KBr), 3305, 1760, 1665 cm-1; el-ms 428 (M+),  277(Mt-151), 236(Mf-192); nmr 6 3.75 (s,OCH,). 

4.46 (ABq, OCS, J-15 Hz), 4.95 (m, C4-H), 5.54 (dd, o l e f i n i c  H, J=6.6, 16.21, 6;7-7.40 (m,'15H). 

Anal. Calcd. fo r  C26H2,N20,: C, 72.90; H, 5.61. Found: C, 72.54; H, 5.93. 

The crude material  was dissolved i n  a mixture o f  700 ml o f  CH2Cl, - 150 ml o f  CH,OH, cooled t o  

-78'C (dry  ice-acetone) under N2 and ozonized u n t i l  blue. The excess 0, was purged w i th  N2, and 

NaBH, (2.3 g, 60.8 mnole) was added. The dry i ce  bath was replaced by an i ce  bath and the'mixture 

was s t i r r e d  fo r  lh ,  followed by neu t ra l i za t ion  w i th  Pmberlite IR-12O(H+). f i l t r a t i o n  and .. 
evaporation. The resu l t i ng  off-white s o l i d  was t r i t u r a t e d  w i th  hexane-ether ( 1 5 1 ) .  f i l t e r e d  and' 

dr ied to give 9.93 g o f  pure alcohol as a white powder (89%. 2 steps from azido-lactam); mp .. ' . 

161-163'C; Ir (CHCI,) 3610, 3400, 1755, 1690 cm-1; ci-ms 356 IM+), 338(~+-18); nmr (acetone, d6) 6 

3.74-3.79 (m,4H, 0CH3, CSH, ?dB), 4.31 (dd, CYH, J = 2.6, 12.7Hz1, 4.49 (m, C4-H), 4.60 , . . . 
(ABq,PhOC~,JtlS Hz) 5.64 (dd, C3-H, J = 5.6, 10 Hz), 6.92 - 7.48 (m, 9H, aromatics), 8.25 (br.d., 

amide NH, J =10 Hz). Anal. Calcd. fo r  CI,H2,N205: C. 64.04; H, 5.66. Found: C, 63.98; H, 5.93.. 

The alcohol was protected as a TBDMS ether by d issolut ion i n  25 m1 of dry D t 5  followed by addi t ion 

of imidazole (4.759, 2.5 equiv) and TBDMS-chloride (5.059. 1.2 equiv). The so lut ion was allowed 

to stand a t  room temperature fo r  12h, then poured i n t o  ether-water, separated, the organic layer  

d r ied  over MgSO, and evaporated to give 149 o f  crude s i l y l  ether. This was rec rys ta l l i zed  from. 

wann hexane - EtOAc (25:15) to  give 11.56g of pure s i l y l  ether (88%); mp 149-149.C; el-ms 47O(~+), 

413 (Mf-57). 280(Mf-190); i r  (CHCI,) 3400, 1755. 1680, 1512 cm-1; nmr 6-0.33 (s, SiCH,), -0.21 

(s,SiCH3), 0.75 [s, SiC(CH,),], 3.69 (d, CfiSi, 5-12 Hz), 3.77 (s, OCH,), 4.15 (d, CFSi ,  J=12 

Hz), 4.30 (m, C4-H), 4.55 (ABq, PhOCli2, J.15 Hl), 5.73 (dd, C3-H, 5.5.2, 10.8 Hz), 6.84-7.34 (m, 

9H, aromatics) 7.63 (d, amide NH. J-10.8 Hz). Anal. Calcd. for C25H3,N205Si: C, 63.80; H. 728. 

Found: C, 64.11; H, 7.48. 



The s i l y l  e ther  was N-dearylated by the method o f  Kronenthal lq.  Thus, the s i l y l  e the r  was 

d isso lved i n  250 ml of CH,CN and cooled to - 5 Y .  A so lu t i on  o f  c e r l c  amnonilan n i t r a t e  (40.22g, 3 

equiv i n  365 ml o f  H20) was added over 5 min t o  the s t i r r e d  so lu t i on  o f  the s i l y l  ether, then 

s t i r r e d  for a f u r t he r  25 min a t  O'C. The mix ture  was dll'mted wftn So m l  o f  H20 and ex t rac ted 

w i t h  EtOAc 13x300 ml I, the e x t r a c t  was washed w i t h  5% NaHC0, and br ine.  The r e s u l t i n g  organic 

l aye r  was d r i ed  over MgS04 and evaporated to a f fo rd  9.69 o f  crode lactam as a brown so l id .  

T r i t u r a t i o n  w i t h  c o l d  e ther  fo l lowed by f i l t r a t i o n  gave 5.29 o f  pure 8 (58%) as a wh i te  powder. A 

small sample was r e c r y s t a l l i z e d  from hexane - EtOAc 13: l l ;  mp 125-126'C; irICHC1,) 3410, 1775, 

1685 cm-1; ei-ms 307 (Mt-571, 264 (M+-57-43); nmr 6 0.1 [s,Si (CH,),], 0.9 [s, SiClCH,),], 

3.7-4.0 (m, CH20,C4-H), 4.4 Is ,  PhOC!,), 5.5 (dd, C3-H, 5-5.7 Hz), 6.2 l b r ,  lactam N-HI., 6.7-7.6 

lm, 6H, Ph, amide N-HI. Anal. Calcd. for  C,,H,,N,O,Si: C, 59.31; H, 7.74. Found: C, 59.52; H, 

7.99. 

General Procedure f o r  Diazo Transfer: Prepara t ion  o f  t -Buty l  3-0x0-2-diazobutyrate. 

A so lu t i on  of t - b u t y l  acetoacetate 1316.4mg.2 mmole) i n  8 ml of CH,CN was s t i r r e d  a t  room tempera- 

t u re  and Et,N (202mg. 2 m o l e 1  was added. fo l lowed by add i t i on  o f  t osy l  azide (394 mg. 2 m o l e l .  

The reac t i on  mix ture  was s t i r r e d  f o r  2h and the solvent was evaporated. The r e s u l t i n g  residue was 

d isso lved i n  10 ml o f  ether,  washed w i t h  5 ml of 10% KOH, H20, d r i e d  over MgSO, and evaporated t o  

g ive  318 mg o f  diazo e s t e r  (86%. ye l l ow  o i l ) ;  i r  (neat)  2120, 1712, 1655 cm-1; nmr 6 1.5 [s, 

ClCH,l,], 2.43 Is ,  CH,l 

2 - (T r ime thy l s i l y l  l e t h y l  Acetoacetate .E 
A mix ture  o f  2 - I t r ime thy l  s i l y l  le thano l  14.09, 33.8 m o l e l  and 20 mg of NaOAc was heated t o  80°C. 

the heat ing  bath  was removed and diketene 13.09, 1.06 equiv)  was added dropwise w i t h  s t i r r i n g .  

T h e s t i r r i n g . w a s  cont inued f o r  30 min a f t e r  add i t ion ,  and the r e s u l t i n g  brown so lu t i on  was 

d i s t i l l e d  under vacuun to g i ve  5.949 o f  pale ye l l ow  o i l  l b p  74"C/B.f5m, 87%); i r  (neat1 2960, 

1740, 1650 cm-1; nmr 6 0.1 [s, SilCH,),], 0.96 (dd, CH2Sil, 2.23 (s,COCH,), 3.33 Is ,  CH2CO), 4.13 

(dd, 0CH2). 

Preparat ion o f  a -D iazo-~-ketoesters  E a - h  . . 

The d ian ion of 23- was generated according t o  the method of Wei ler  20 (NaH, n B u ~ i T ,  and was 

a l ky la ted  w i t h  the appropr ia te  e lec t roph i l es :  

Compound E a  ( H I  was prepared by diazo t r a n s f e r  reac t i on  o f 2  i n  6% y i e l d  ( a f t e r  

chromatography1 as a ye l l ow  o i l ;  ir (neat1 2955, 2120, 1715, 1660 cm-1; nmr 6 0.1 [s, Si(CH I 
3 3 1 '  

0.95 (dd, SiCH,], 2.46 (s, COCH,], 3.66 (dd, CH20). 
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Compound E b  was prepared by reac t i on  o f  8 m o l e  o f  d ian ion o f  23 w i t h  12 m o l e  o f  

PhCH,Cl for  30 min: y i e l d  1.829 as c l e a r  o i l  (78%); bp 160-163'CI 0.2m; ir (neat)  2950, 1740, 

1715, 1645 cm-1; nmr 6 0.1 [s, Si(CH,I,]. 0.96 (dd, SIGH,), 2.9 ts, PhCy,C~,), 3.4 (s, CH,CO), 

4.2 (dd, CH,O), 7.2 (s, Ph). 

Diazo t rans fe r  gave E b  i n  96% crude y i e l d  which was used w i thou t  f u r t h e r  p u r i f i c a t i o n ;  ir (neat )  

2950, 2115, 1710, 1655 cm-1; nmr 6 0.1 [s, Si(CH,),], 0.96 (dd, SiCH,), 2.6-3.2 (m, 4H), 4.2 (dd, 

CH20), 7.2(s. Phl. 

Compound l3-c (E=CH(OAc)CH,l was prepared by reac t i on  o f  15 m o l e  of d ian ion of 23- w i t h  60 m o l e  

of CH,CHO fo r  40 min: y i e l d  2.139 as c l e a r  o i l  (58%) of a lcohol  i s o l a t e d  by HPLC (2 hexane: 1 

EtOAcl; i r  (neat)  3410, 2930 1735, 1710 cm-1; nmr 6 0.1 [s, S~(CH,),], 0.96 (dd, S ~ C H ~ ) ,  1.2 (d, 

CH3, J=7Hz), 2.1-2.8 (m,4H), 3.4(s, CH,CO), 4.2 (dd, CH20). Diazo t r a n s f e r  was accomplished i n  

95% crude y i e l d ,  the product was used as such: ir (neat)  3450, ZW0, 1710, 1650 cm-1; nmr 6 

O.l[s, Si(CH313], 0.95 (dd, SiCH,), 1.2 (d, CHI, J=7Hz), 2.6-3.0 (m, 3H), 4.2 (dd, CH,O), 4.0 (br ,  

CH). A 1.099 sample was ace ty la ted  by add i t i on  of 2 equiv CH,COCx t o  a s t i r r e d  so lu t i on  o f  the 

a lcoho l  and 1 equiv of w r i d i n e  i n  15 ml of CH,Cl,. The so lu t i on  was s t i r r e d  f o r  15 min, poured 

i n t o  15 ml of water, separated and the organic e x t r a c t s  were d r i ed  over MgSO,, and evaporated. 

Chromatography w i t h  hexane-EtOAc ( 9 : l I  gave 1.049 o f  p ro tec ted diazo a lcoho l  as a c l e a r  

c o l o r l e s s  o i l  (83%): i r  (near) 2950, 2120, 1740, 1710, 1655 cm-1; nmr 6 0.1 [s, Si(c~,),], 0.96 

(dd, SiCH,). 1.2 (d, CH,. J=7Hz). 2.0 (s. COCH,), 2.9 (d, CH,CO. J-7Hz). 4.2 (dd, CH,O). 5.2 (dd. 

CH). 

Compound E d  (E=CH(OTBDMS)Ph) was prepared by reac t i on  of 5 m o l e  o f  d ian ion of 23 w i t h  5.5 m o l e  

of PhCHO for 30 min: y i e l d  972 mg o f  c l e a r  o i l  (63%) i s o l a t e d  by chromatography w i t h  ( 5 : l )  hexane 

EtOAc; ir (neat1 3350-3600, 2950, 1740, 17W cm-1; nmr 6 0.1 [s, SiICH,),], 0.96 (dd, CH,Si), 2.8 

(d, CHC!,, J=7Hz) 3.3(s, CH2CO), 4.2 (dd ,  CH20),5.2 ( t ,  CH), 7.2 (s, Ph). Diazo t r a n s f e r  was 

performed on 700mg of the above alcohol  to g i ve  695mg of crude diazo compound (91%) subsequently 

used as such: i r  (neat )  3350-3600, 2950, 2120, 1710, 1650 cm-1; nmr 6 0.1 [s, Si(CH,),], 0.96 

(dd, CH2Si), 3.2 (d, CH2C0 J=7Hz), 3.5 (br ,  OH), 4.3 (dd, CH20), 5.2 (t, CH), 7.2 (s,  Ph). A 

673mg o f  sample was 0-t-butyldimethylsilylated by d i s s o l u t i o n  i n  8ml o f  CH,C12 a t  O'C fo l lowed by 

t reatment w i t h  2 equiv o f  2.6 l u t i d i n e  and 1.2 equiv o f  TBDMS-tr i f late f o r  30 min. The mix ture  

was paured i n t o  10 ml of c o l d  1% HCl, separated, the organic l a y e r  d r i e d  over MgSO, and 

evaporated. Column chromatography w i t h  hexane - EtOAc ( 9 5 : 5 )  gave 735mg (81%) o f  pure pro tec ted 

d iazo compound E d  as a ye l l ow  o i l :  i r  (neat1 2950, 2120, 1710, 1650 cm-1; nmr 6 0.1 [s, 

Si(CH,I,, Si(CH,I,], 0.9 [s. SiC(CH3),], 0.96 (dd, CH,Si), 2.8 (dd, lH, CH,CO 3.14, 4 Hz), 3.6 

(dd, lH, CH,CO, Jn14, 8 Hz), 4.3(dd, CH,O), 5.2 (dd, H, 5-8, 4Hz), 7.2(s,Ph). 



Compound 2 E.13-thienylmethyl) was prepared by react ion of 4 mnole of the dianion of 23 with 

4.4 m o l e  o f  3-bromomethylthiophene f o r  30 min: y i e l d  490mg of ye l low o i l  141%) iso la ted by 

column chromatography hexane-EtOAc 19:l); ir (neat) 2950, 1740, 1715 en-1; nmr 6 0.1 [s, 

Sl(CH,I,], 0.9 (dd, SIGH,), 2.8 Is,  Th-Cy;Ct12), 3.3 Is,  CH2CO), 4.1 ldd, CH20), 6.8 1br.s.. 2H), 

7.1 1br.s. 1H). Oiazo t ransfer  was ef fected i n  79% y i e l d  a f t e r  coltmn chromatography w i th  hexane- 

EtOAc (9: l ) ;  ir (neat) 2950, 2115, 1710, 1655 cm-1; nmr 6 0.1 [s, SiICH,),], 0.95 (dd, SiCH,), 

2.8-3.2 lm, 4H), 4.3 ldd, CH,OI, 6.9 1br.s.. 2H), 7.2 (br.s., 1H). 

Compound 13f 1 s )  was prepared by dehydration o f  the precursor of E c .  Thus 3.4 mnole of  - 
diazo alcohol i n  10.1 o f  dry CH2Cl, was s t i r r e d  a t  O'C w i th  2 equiv. Et,N and 1 equiv of CH3S02CI 

was added. The mixture was s t i r r e d  a t  room temperature fo r  18h, washed w i th  10% HCI, water, and 

d r ied  over MgSO, then evaporated t o  give 780mg of orange o i l .  Thi.s was chromatographed w i th  

hexane-EtOAc 195:5) to  give 640mg o f  pure o l e f i n  (74%) as a ye l low o i l ;  ir (neat) 2950. 2118, 

1715. 1660, 1615 cm-1; nmr 6 0.1 [s. SIICH3),]. 0.95 idd. CHISi), 1.9 (d, CHC!,, 5.8.3 Hz), 4.2 

(dd, CH201, 7.1 (s, CHCO), 6.9-7.3 lm, lH, CHJH,). 

Compound 139 lE= CH(OTBDMS)-3-wridinyl) was prepared by react ion o f  4.5 mnole o f  dianion 23- wi th  

5 m o l e  of pyridine-3-carboxaldehyde f o r  l h :  y i e l d  775mg of alcohol as a ye l low o i l  (50%). 

ir(CHC1,) 3400 br. 2950, 1740-1700 cm-1; nmr 6 0.1 [s. SilCH,),]. 0.96 (dd. SiCH,), 2.9 Id, 

CH3CO), 3.4 (s, COCH2COl, 4.2 (dd, CH,OI, 5.2 It, CHI, 7.0-8.5 lm, 5H, pyr idy l ) .  Diazo t ransfer  

afforded the diazo alcohol i n  78% y i e l d  as a ye l low o i l ;  ir (neat) 3400-3500, 2120, 1705, 1640 

cm-1; nmr 6 0.1 [s, Si(CH,),], 0.96 ldd, CH2Si), 3.2 Id, CH2CO), 4.2 (dd, CH20), 5.2 It, CHI, 

7.0-8.5 (m. 5H, py r idy l ) .  This diazo alcohol was 0-t-butyldimethylsilylated (by the same 

procedure as f o r  E d )  tn give l3-g as a yel low o i l  i n  38% y ie ld .  ir (neat) 2950, 2120, 1710, 1650 

cm-1; nmr 6 0.1 [s. SiICH,),, SIICH,),], 0.9 [s, SIC(CH,),], 0.96 ldd, SiCH,). 3.1 (dd; lH, CH,CO, 

J=14, 4Hz1, 3.6 (dd, lH, CH2C0, 5.14, 8 HZ), 4.2 (dd, CH20), 5.3 ldd, CH, J.8, 4 Hz), 7.0-8.7 (m, 

5H, W r i d y l l .  

Compound 13h21 (E) was prepared by react ion o f  l3-a (1 m o l e )  i n  8ml o f  CCI, a t  O'C w i th  1.2 - 
equiv. Et,N and 1.1 equiv. TMS-triflate, followed by s t i r r i n g  a t  room temperature for 30 mln. 

a f ter  which a f l oa t ing  laye r  o f  Et,N-triflate was removed by pipette. A so lu t ion of 1 m a l e  of 

Br, i n  3ml of CCl, was added dropwise, the mixture s t i r r e d  a t  room temperature f o r  5 min and 

evaporated. The crude product was e lu ted through a short  plug o f  s i l i c a  gel w i th  hexane-EtOAc 

(95:5) t o  give 310mg of pure brorno compound l3-h as a l l g h t  yel low of1 (100%); lr (neat) 2950, 

2120, 1710. 1655 cm-1 nmr 6 0.1 [s, Si(CH,),], 1.08 idd, .CH,Si), 4.38 (dd, CH20), 4.42 is, c~,Br); 

ci-ms 307,309 l ~ + t l ) .  
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General Procedure fo r  Diazo Inser t i on  Reactions: F a  ( Inse r t i on  o f  E a  into 8)  

A so lu t ion of 0.824 m o l e  of 8 i n  7ml o f  dry benzene was warmed to e f f e c t  d isso lu t ion.  Diazo 

compound 2.3 (0.99mole, 1.2 equiv) was added and the so lu t ion was brought to re f lux ,  al lowing 

some benzene vapours to escape ( i n  an e f f o r t  to remove possible traces o f  water) and Rh2(OAc), 

(1.81119, 5 mole % based on lactam) was added i n  one port ion. Tbe m t l o n  was re f luxed f o r  l h .  

Vigorous gas evolut ion occurred during the i n i t i a l  stages o f  the react ion. The react ion mixture 

was cooled, f i l t e r e d  and evaporated to g ive 525mg of green o i l .  The o i l  was dissolved i n  4ml o f  

warm hexane-EtOAc 13:l) and allowed to  cool, 65mg o f  pure 8 was recovered by f i l t r a t i o n .  The 

mother l i q u o r  was evaporated and subjected to colunn chromatography wi th  hexane-Et0Ac (2 : l ) .  Two 

f ract ions were recovered, R f  = 0.62 (41mg) 15 and R f  = 0.41 (187mg) E a  (40%). Th is  compound 

c r y s t a l l i z e d  on standing; mp 98-100'C; ir (CHCI,) 3418, 2960, 1760, 1685 cm-1; ci-ms 565 

(M++l), 537 (~++ l -28 ) .  Anal. Cald. for C,7H,,N207Si2: C, 57.42; H, 7.85. Found: C, 57.56; H. 

8.12. 

Compound fib ( Inse r t i on  o f  E b  into 8)  Treatment o f  0.824 m o l e o f  8 w i th  0.99 m o l e  o f  E b  as 

above gave 71mg o f  8 (23%) and 250mg o f  M-b (46%) as a ye l low o i l  a f t e r  chromatography; ir (CHCI,) 

3420. 2960, 1760, 1685 an-1; ci-ms 655 (M++l). 627 (M++l-28). 

Compound fic ( Inse r t i on  o f  E c  into 8 )  

Treatment of 1.86 m o l e  of 8 wi th  2.23 m o l e  o f  E c  as dbove gave 254mg of 8 (38%) and 400mg o f  E c  

(33%) as a ye l low o i l  a f ter  chromatography; ir (CHCl,) 3400. 2950. 1760, 1725, 1675, 1650 an-1; 

ci-ms 651 (M++l). 623 (~++1-28).  

Compound E d  ( Inse r t i on  o f  E d  into 8 )  

Treatment of 1.25 m o l e  of 8 w i th  1.5 m o l e  o f  E d  as above gave 60mg o f  (13%) and 340mg o f  E d  

(35%) as a white foam a f te r  chromatography; ir (CHCI,) 3420, 2960, 1765, 1685, 1600 cm-1; ci-ms 

785 ( ~ + + l ) .  757 (bl++l-28). 

Compound E e  ( Inse r t i on  o f  E e  into 8 )  

Treatment of 0.775 m o l e  of 8 w i t h  0.93 m o l e  of 13e as above gave 152mg o f  8 (54%) and 89mg o f  - 
14e (17%) as an orange gun a f te r  chromatography; ir (CHCI,) 3420, 2950, 1760, 1685, 1600 cm-1; - 
ci-ms 661 (M++l). 633 (M++l-28). Also i so la ted  was 145mg (53%) o f  as a green o i l  (See Text). 

Compound fif (Inseet ion o f  Ef 8 )  

Treatment of 1.9 m o l e  of 8 w i th  2.28 m o l e  of Ef as above gave 472mg o f  22 (42%) as a ye l low o i l  

a f te r  chromatography, i d e n t i f i e d  by ci-ms 591 (M++l), 563 (M++l-28); i r  (CHCJ.,) 3400, 2925, 2960, 

1800, 1735, 1690, 16W cm-1. 

Compound fig ( Inse r t i on  of E g  5 )  

Treatment o f  0.55 m o l e  o f  8 wi th  0.66 m o l e  o f  E g  as above gave back unchanged s tar t ingmater ia ls .  



Compound E h  ( I n s e r t i o n  of 3 h  into 8 ) .  
Treatment of 0.168 mnole o f  I! w i t h  0.20 m o l e  of E h  as above gave 117mg of green O i l .  from which 

no i d e n t i f i a b l e  products cou ld  be iso la ted.  

General Procedure f o r  Desi ly la t ion-Cyc l izat ion Sequence: Prepars t ion  o f  11 
A 43ii~ a l i q u o t  o f  6N HCi 10.26 m o l e .  3 equ i v l  was added to a s t i r r e d  s o l u t i o n  of 45mg o f  lactam 9 
(0.087 m o l e )  i n  2ml o f  CH,OH a t  r o m  temperature, and s t i r r e d  u n t i l  TLC ana l ys i s  revealed t h a t  

the s t a r t i n g  ma te r i a l  was no longer  present I-  3h). Powdered NaHCOB 13.5 equiv)  was added i n  one 

po r t i on  and the mix ture  was evaporated to dryness. The residue was taken up i n  CH,Cl,, f i l t e r e d  ' 

and evaporated to g ive  the crude enol-alcohol  2 1.. quant) which was used i n  the fo l lowing step. 

The crude enol-alcohol  2 was d isso lved i n  1 ml of dry THF and s t i r r e d  a t  room temperature. S o l i d  

Ph,P I 1  equiv)  was added to the above so lu t i on  fol lowed by DEAD I 1  equ iv l ,  and the reac t i on  

mix ture  was s t i r r e d  for 30 min, then evaporated to g i ve  791119 o f  brown foam. Column chromatography 

w i th  hexane-Et0Ac ( 2 : l )  gave 19mg o f  pure 2 157%) as a wh i te  powder: np 1201121'~; ir lCHC131 

3405. 1772. 1700 cm-1; ci-ms 389 lMctl1, 333 (M++l-561. Anal. Calcd. f o r  C,oH,,N,O,: C. 61.86; 

H, 6.23. Found C, 62.16; H, 6.49. 

Preparat ion o f  E a  I F 1  

Treatment of 164 mg o f  ?a as above gave 131 mg o f  crude enol-alcohol ,  c y c l i r a t i o n g a v e  260 mg of 

brown foam. Chromatography w i t h  hexane-EtOAc 12 : l I  gave 77 mg of pure E a  161%) as a c l e a r  

c o l o r l e s s  o i l ;  i r  ICHCI,) 3400, 1775, 1710 cm-1; ei-ms 432 lMtl, 389 lM+-28-15). 

Prepara t ion  o f  l6-b IE.CH,fi). 

O e s i l y l a t i o n  of 191mg o f  s b  gave 220 mg o f  crude enol-alcohol .  Th is  was p u r i f i e d  by 

chromatography to g ive  92 mg of pure enol-alcohol  158%) as a c l e a r  c o l o r l e s s  o i l  which.was 

cyc l i zed  to g i ve  65mg pure E b  173%) as a c l e a r  c o l o r l e s s  o i l .  ir ICHCI,) 3405, 1773, 1698, 1610, 

1600 cm-1; ci-ms 523 l~+tll. 495 1Mttl-281. 

Prepara t ion  o f  E c  IE=CH(OAcICH31. 

Treatment o f  385 mg o f  E c  as above gave 620 mg o f  crude c y c l i c  ma te r i a l  as a pink o i l .  Column 

chromatography w i t h  hexane-EtOAcI2:ll y i e l d e d  172 mg o f  pure l6-c 156%) as a c l e a r  c o l o r l e s s  o i l ;  

i r  ICHCI,) 3405, 1763, 1730, 1690, 1615, 1600 cm-1; ci-ms 519 IM++ll, 491 l~l++l-281. 

Preparat ion o f  E d  (E=CHlOH)Phl. 

D e s i l y l a t i o n  o f  326 mg of z d  w i t h  6 equiv of 6N HCI gave 285 mg. o f  pink foam, which was a mix ture  

of products. Chromatography w i t h  hexane-EtOAcI2:l) provided 86 mg o f  pure eno l -d io l  as a wh i te  

foam 137%). Th i s  was c y c l i z e d  as above to g i ve  43 mg o f  pure E d  152%) as a c l e a r  o i l  a f t e r  

chromatography; ir lCHClB1 3500-3300 br,  3000, 2950, 1775, 1730, 1685, 1610, 1600 cm-1; ci-ms 

539 IMt t l  I. 521 M I - 1 8  511 1Mtt1-281, 493 IM'tl-18-28). 
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Preparat ion o f  E e  (E=3-thienylmethyl)  

Treatment of 83 mg of ,M-e as above gave 73mg o f  crude enol-alcohol  which was of p u r i f i e d  p r i o r  t o  

c y c l i z a t i o n  by c o l m n  chromatography w i t h  hexane-EtOAc(1:l) to a f f o r d  55 mg pure enol-alcohol  

(80%) as a c l e a r  o i l .  Th is  was c y c l i z e d  to g i ve  45 mg af pure E e  (85%) as a c l e a r  c o l o r l e s s  o i l  

a f t e r  chromatography w i t h  hexane-EtOAc(2:l); ir (CHC131 3405, 3000, 2960, 1775, 1700, 1610, 1600 

cm-1; ci-ms 529 ( ~ + + l ) ,  501 (M++l-28). 

General Procedure f o r  Removal o f  2 - ( T r i m e t h y s i l y l l e t h y l  P ro tec t i ng  Groups: Prepara t ion  o f  ;a 

( E l .  

A 7Zrr a l i q u o t  (1.1 equ iv )  o f  1.0 M TBAF so lu t i on  i n  THF ( A l d r i c h )  was added t o  a s t i r r e d  so lu t i on  

of 24 mg of E a  i n  1 ml of d ry  THF. Af ter  5h TLC ana l ys i s  revealed presence of s t a r t i n g  ma te r i a l ,  

therefore another 0.5 equiv TBAF were added. The depro tec t ion  was complete i n  30 min. The 

s o l u t i o n  was poured i n t o  4ml o f  EtOAc and washed w i t h  2ml of 0.3m H p , .  The organic l a y e r  was 

d r i e d  over MgSO, and evaporated, l eav ing  an o f f -wh i t e  powder. R e c r y s t a l l i z a t i o n  from 

acetone-ether gave 18mg o f  F a  (- 98%) as a wh i te  powder; mp 169-170'C ( l i t .  171-172'C)l5; i r  

( n u j o l l  3420, 1750, 1700, 1650, 1600 cm-1; ei-ms 288 (MC-44). 

Prepara t ion  o f  E b  (E=CH,F) 

Deprotect ion of 68.5 mg of E b  gave 46 mg (84%) of pure E b  as a wh i te  powder from acetone-ether; 

mp 161-163'C ( l i t .  162-163'C1'5; ir (CHC1,I 3400, 1775, 1690, 1600 cm-1; ci-ms 423 (~++1), 379 

(~++1-441, 329 (MI-931. 

Prepara t ion  of E e  (E=3-Thienylmethyl) 

Oeprotect ion o f  45 mg o f  l6-c gave 30 mg o f  pure (83%) l7-e as tan c r y s t a l s  a f t e r  r e c r y s t a l l i z a t i o n  

from ether-acetone. mp 152-153'C (dec.); ir(CHC1,13400, 3010, 1773, 1690, 1600, 1520 cm-1; ci-ms 

429 (M++l), 385(m++l-44) ,335(~+-93).  



TABLE 2 

Nuclear Magnetic Resonance Data for  Monocyclic p-Lactams 

COMPOUND AROMATIC C(3)H PhOCF2 C(41H CE20TBDMS OTHERS 

- 

l inc ludes NH o f  amide 
Zmixture o f  diastereomers 
30-desilylated, recorded i n  acetone d, 



TABLE 3 

Nuclear Magnetic Resonance Data for-Bicyclic 0-Lactams 

COMPOUNO AROMATIC C(7)H PhOCti2 C(1)Ha C( l )H@ C(6)H OTHERS 

' includes NH of amide 
zmixture o f  diastereomers 
3 r e ~ ~ r d e d  i n  acetone d, 
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