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THE SYNTHESIS OF RACEMIC AZACARBAPENAMS 
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Abs t rac t  - Ozonation of t h e  t r i c y c l i c  compounds 2,  followed by photo- 

l y s i s  of t h e  secondary ozonides  $, l e d  t o  a mixture  of  t h e  r a t h e r  

u n s t a b l e  2-azacarbapenema 2 and 8. Hydrogenation of 2 l e d  t o  t h e  expected 

2-aracarbapenam d e r i v a t i v e s  9. 

INTRODUCTION. I n  a r e c e n t  p u b l i c a t i o n  we desc r ibed  t h e  photoinduced e l e c t r o c y c l i c  

i s o m e r i s a t i o n  of some a r e t i d i n o d i a z e p i n e s  1 which l e d  s t e r e o s p e c i f i c a l l y  t o  t h e  

~ ~ r r e s p ~ n d i n g  t r i c y c l i c  c o m p o u n d s .  I r r a d i a t i o n  of educ t s  1 i n  t h e  p resence  of 

a t r i p l e t - s e n s i t i z e r  ( f luorenone)  l e d  in good chemical  y i e l d  t o  t h e  an t i -Bred t  

isomers 3 which were a l s o  formed, a l b e i t  i n  low y i e l d s  only,  dur ing t h e  above 

c i t e d  d i r e c t  p h o t o i r r a d i a t i o n  experiments. '  The s t r u c t u r e  ana lyses  of t h e s e  two 

t y p e s  of photoisomers could  be so lved  ur~arnbiguously, i n  p a r t i c u l a r  through NOE 

measurements f o r  compounds 2,  and by means of an X-ray diagram f o r  t h e  ant i -Bredt  

compound 3. 1 

Our nex t  goa l  was t h e  f ragmenta t ion - along t h e  C3-C4 and C5-C6 bonds - of the  

cyclobutene  r i n g  of compounds 2, i n  o rde r  t o  a r r i v e  a t  t h e  t a r g e t  azacarbapenam 

molecules 9. An a d d i t i o n a l  cha l l enge  of our s y n t h e t i c  endeavour was t h e  in t roduc-  

t i o n  a t  n i t r o g e n  atom N-2 of an an ion ic  group (SO 3-),  i n  o rde r  t o  confer  t o  the  

t a r g e t  molecule 3 a " b i o l o g i c a l  handle" ,  w i thou t  which no a n t i b i o t i c  a c t i v i t y  

could be expected.'  W e  r e p o r t  h e r e i n  t h e  exper imenta l  r e s u l t s  which we have 

obta ined s o  f a r  a long t h e s e  two l i n e s  OF t hough t .  

SYNTHESIS OF THE N-SULFONATED AMMONIUM SALT 2 

To begin  w i t h  w e  i n v e s t i g a t e d  t h e  p o s s i b i l i t y  of o b t a i n i n g  t h e  N-2 dep ro tec ted  



t r i c y c l i c  compound 3. Since  we were no t  a b l e  t o  t a k e  o f f  t h e  ethoxycarbonyl 

group from t h e  known product  a, we had t o  s y n t h e s i z e  its analogue 2, s t a r t i n g  

from t h e  N - i m i n ~ ~ y r i d i n i u m  y l i d e  & w h i c h  was e a s i l y  ob ta ined  from 4-p ico l ine .  

U l t r a - v i o l e t  i r r a d i a t i o n  of gave t h e  corresponding 1,2Ldiazepine 3 (92 %) t o  

which methylketene was added s t e r e o s p e c i f i c a l l y  according t o  a known p r ~ c e d u r e , ~  

whereby t h e  expected a z e t i d i n o d i a z e p i n e  2 was obta ined i n  h igh y i e l d  (94 %). 

U l t r a - v i o l e t  i r r a d i a t i o n  of l e d  i n  91 $ o v e r a l l  y i e l d  t o  t h e  expected t r i c y c l i c  

isomer 2 (73 8 )  and t o  t h e  b i c y c l i c  an t i -Bred t  isomer 3 (18 %). A s i m i l a r  

r e a c t i o n  sequence l e d  from 4-p ico l ine  t o  t h e  N-iminopyridinium y l i d e  &, t o  d i a -  

zepine & (74 $), t hence  t o  t h e  a z e t i d i n o d i a z e p i n e  3 (98  $) and e v e n t u a l l y  t o  

t h e  corresponding t r i c y c l i c  isomer & (40 $).  It should  be no ted  however t h a t  

du r ing  t h i s  l a t t e r  pho to reac t ion  t h e  expected anti-BredLisomer was n o t  i s o l a t e d .  

4  Treatment of 3 w i t h  tetra-n-butylammonium f l u o r i d e  (TBAF) gave t h e  expected 

product  3 (87 %)  i n  a c r y s t a l l i n e  form which could be t ransformed i n t o  i t s  

N-sulfonated ammonium s a l t  2 (86 %)  us ing  s u c c e s s i v e l y  t h e  SO /DMF complex and 3 
t e t r a - n - b u t y l a m m o n i  dihydrogenophosphate.  Microbia l  t e s t s  (MIC-values) of 2 

were measured wi th  a s e r i e s  of pathogenic  microorganisms and showed t h a t  t h i s  

product  had no a n t i b a c t e r i a l  a c t i v i t y .  

l a  Y=C02Et - - 2a Y=C02Et 3a Y=C02Et - 
Ib  Y=C02M2CH2SiMe 2b Y=C02CH2CH2SiMe 3b Y=C02CH2CH2SiMe - 3 - 3 - 3 
Ic Y=C02CH2pC H NO 2c Y-CO CH PC H NO - 6 4  2 -  - 2  2  6 4  2  

2d Y=H - 
2e Y=SO -nBu N+ - 3 4 
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SYNTHESES OF 2-AZACARBAPENAM DERIVATIVES % and qb 

Next we t u r n e d  our a t t e n t i o n  t o  t h e  f ragmenta t ion of t h e  cyclobutene  ring- of 

compound 2, according t o  t h e  scheme we have o u t l i n e d  i n  gene ra l  te rms i n  t h e  

i n t r o d u c t i o n  (see above).  Formation of a c i s -g lyco l  from 2 could  n o t  be  achieved 

w i t h  0s04 Therefore  we t r i e d  a f ragmenta t ion methodology which is seldom used : 

ozonat ion of 2 l e d  t o  t h e  c r y s t a l l i n e  secondary  ozonide & (60  %; mp l Z 7 0 C  

wi thout  any n o t i c e a b l e  decomposit ion) which could be cleaved p h o t o l y t i c a l l y  with 

~ v - l i g h t , ~  g i v i n g  way t o  t h e  azacarbapenem d e r i v a t i v e s  ?a (32 %) and & ( 1 2  %) . 
S i m i l a r l y  ozonat ion of 3 - wi thou t  i s o l a t i o n  of t h e  corresponding ozonide -, 
fo l lowed by p h o t o l y t i c  f r agmenta t ion ,  l e d  t o  t h e  azacarbapenem d e r i v a t i v e s  

(34 %) and & (13 % ) .  Oronation of 3 l e d  t o  t h e  expected ozonide & (60  %) whose 

p h o t o l y t i c  f ragmenta t ion l e d  t o  a mixture  of products  which could  n e i t h e r  b e  

i s o l a t e d  nor c h a r a c t e r i z e d .  

None of t h e  t w o  azacarbapenem d e r i v a t i v e s  2 and 2 being s t a b l e  e n t i t i e s ,  

t h e i r  c a t a l y t i c  hydrogenation l e d  t o  t h e  corresponding acacarbapenam compounds % 

and which could  be i s o l a t e d  a s  s t a b l e  products .  



Simultaneous format ion of t h e  azacarbapenem d e r i v a t i v e s  2 and 8, dur ing  photo- 

l y t i c  f ragmenta t ion of t h e  corresponding ozonides  6, dese rves  some mechanis t ic  

comments. W e  assume t h a t  t h e  pho toexc i t ed  ozonides 6 undergo homolytic 0-0 bond 

cleavage t o  g i v e  t h e  d i r a d i c a l  which c o l l a p s e s  v i a  d i r a d i c a l  5 t o  t h e  aracar- 

bapenems 2 (Scheme 1 ) .  Di rad ica l  4 may a l s o  be  i n  a conformational equ i l ib r ium 

with  C i n  which, by means of a six-membered t r a n s i t i o n  s t a t e ,  an intramolecular 

hydrogen t r a n s f e r  would occur l e a d i n g  t o  d i r a d i c a l  2. Fragmentation of d i r a d i c a l  

D e v e n t u a l l y  l e a d s  t o  t h e  acetylaracarbapenems 8. - 

Treatment of 9 wi th  TBAF l e d  t o  t h e  removal of t h e  p r o t e c t i v e  group, but 

i n s t e a d  of t h e  expected N2-H azacarbapenam d e r i v a t i v e ,  a dimer was i s o l a t e d  t o  

which we assign t e n t a t i v e l y  s t r u c t u r e  9. The I R  spectrum of 10 shows i n  p a r t i -  

cu la r  an azet id ino-carbonyl  v ( L O )  band a t  1 7 7 0  cm-I and an amide band a t  

1620  m - l .  It would seem t h e r e f o r e  t h a t  t h e  N2 azacarbapenam n i t rogen  atom i s  

n u c l e o p h i l i c  enough t o  open up t h e  a c e t i d i n o n e  r i n g .  Deprotect ion of 9 fo l lowed 

by s u l f o n a t i o n  us ing  t h e  h igh  d i l u t i o n  t echn ique  d i d  n o t  l e a d  t o  t h e  expected 

+ amino-sulfonate 9 (Y = S O  -nBu N ) .  3 4  

S t r u c t u r a l  e l u c i d a t i o n  of t h e  newly desc r ibed  compounds proved t o  be  unequi- 

vocal ,  except  f o r  t h e  dimer 9. It should  be no ted  though Chat t h e  I 3 c - U M ~  spec-  

t r a  of a l l  a z e t i d i n o n e  d e r i v a t i v e s  desc r ibed  h e r e i n  e x h i b i t  e x c e p t i o n a l l y  h igh 

down f i e l d  chemical  s h i f t s  f o r  t h e  8-lactam carbonyl  carbon atoms : 180.06 ppm 

f o r  2,' 1 7 9 . 5 8  f a r  +, 1 7 8 . 4 4  f o r  3, 1 8 4 . 2 7  f o r  2 and 1 8 2 . 4 9  ppm f o r  9. 

P e n i c i l l i n  and cepha lospa r in  B-lactam carbonyl groups appear a t  h igher  f i e l d s .  6 

W e  b e l i e v e  t h e r e f o r e  t h a t  t h e  anne la t ed  8-lactams h e r e i n  desc r ibed  show very  

l i t t l e  conjugat ion between t h e  ca rbony l s  and t h e  a s s o c i a t e d  n i t r o g e n  atoms of 

t h e  a a e t i d i n o n e  r i n g s .  

0' 

- RH3 - 
0 N- 

S c h a e  1 
\ D 
Y -  
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EXPERIMENTAL 

Mycroanalyses were c a r r i e d  ou t  by t h e  S e r v i c e  Centra l  d e  Microanalyse of t h e  

C.N.R.S. Mel t ing p o i n t s  were t aken  wi th  Bilchi SMP-2 and Met t l e r  FP5 appara tus  

and a re  no t  co r rec ted .  The uv s p e c t r a  (Amax nm ( 6 ) )  were recorded on a Varian 

Techtron 635 spect rophotometer .  The i r  s p e c t r a  (,m-') were determined on a 

Perkin-Elmer 157 G spect rophotometer .  The 'H and I 3 c  nmr s p e c t r a  were ob ta ined  

wi th  Varian T-60 (60 MHz), Bruker WP 80 (80 MHz) and Bruker WP 200 (200 MHz) 

ins t ruments ,  w i th  Me S i  a s  an i n t e r n a l  r e fe rence  ( 6  ppm, J Hz). Normal m s  a s  well 
4 

a s  h igh  r e s o l u t i o n  m s  were measured w i t h  a MAT 311 mass spect rometer  by t h e  

Centre  de Mesures Physiques of t h e  Unive r s i ty  of Rennes. F la sh  chromatographies 

were c a r r i e d  ou t  wi th  s i l i c a  g e l  (Merck 60; 230-400mesh)amJ t h i n - l a y e r  chromato- 

g raph ies  on aluminium r o l l  (Merck 60 FZS4) .  The photochemical experiments were 

c a r r i e d  out under argon atmosphere i n  a Pyrex g l a s s  v e s s e l  u s ing  a water-cooled 

Hanovia immersion w e l l  (Corex g l a s s )  equipped wi th  a P h i l i p s  HPK 125 medium 

p r e s s u r e  mercury vapour lamp. 

4-Methylpyridinium-N-trimethylsilYlethoxycarbamide & : To a s t i r r e d  s o l u t i o n  

of hydroxylamin-0-sulfonic a c i d  a t  O°C (51 g;  0.45 mol) i n  water  (100 ml) a r e  

s u c c e s s i v e l y  added over 15 min potassium hydroxide (35  g ;  0.62 mol) i n  water 

(40 ml) and 4 -p ico l ine  (70 g;  0.75 mol).  Af ter  2 days of cont inuous  s t i r r i n g  a t  

room temperature ,  potassium carbonate  (32 g; 0.23 mol) is  s lowly added. Af te r  

2 h  t h e  p r e c i p i t a t e d  s o l i d s  a re  f i l t e r e d  o f f ;  e thano l  (90 ml) is  added t o  t h e  

s o l u t i o n ,  l e a d i n g  t o  a d d i t i o n a l  p r e c i p i t a t e s  which a re  f i l t e r e d .  The r e s u l t i n g  

s o l u t i o n  is concen t ra t ed  i n  vacuo and then d i l u t e d m t h  ethanol ( 9 C h d ~ f t e r  f i l t r a t i o n  

t h e  r e s u l t i n g  s o l u t i o n  is s t i r r e d .  a t  lO0C and potassium ca rbona te  (90 g ;  0.65 

mol) and 2-trimethylsilylethyl-chloroformate' (52.06 g ;  0.29 mol) a re  added, the  

l a t t e r  dropwise, and t h e  r e a c t i o n  mixture  i s  kept  a t  room temperature  f o r  24 h  

and then f i l t e r e d  over s i n t e r  g l a s s .  The s o l u t i o n  is evapora ted  t o  drymess invaao 

and t h e  crude pyr id inium y l i d e  r e c r y s t a l l i z e d  from ethyl aceta te /hexane (34.5g;  

47 $)  as  y e l l o w  c r y s t a l s ,  mp 153OC. I R  ( K B ~ )  : 1638, 1618, 1282 m-I. W ( M ~ O H )  

L a x  ( E )  309 nm (4600).  'H-NMR (cDCI a t  60 MHz) 6 : 8.69 ( d ;  J=6.5 Hz; H-2 and 
3  

H-6) ,  7.40 (d;  J=6.5 Hz; H-3 and H-5) ,  4.21 (m; O C H ~ ) ,  2.53 ( s ;  cH3-4), 1.08 

(m; CH2Si), 0.06 ( s ;  SiMe3). MS : m/z 252 (M'; 10 %), 135 (71 $), 94 (100 %). 

Anal. c a l c .  f o r  C H N 0  S i  (252.39) : C,57.11; H 7.99; N,11.10; found : C,57.4; 12 20 2 2 

~ , 8 . 1 ;  N,l1.3. 



4-Methylpyridinium-N-p-nitrohen~ylox~carbamide &: By similar conditions and yields 

as above ylide & appears as colourless crystals, mp 187.5-188PC (CHC13/~ther). 

IR ( R B r )  : 1655 cm-l. IJV (M~oH) Amax ( E )  : 266 (10800). 'H-NMR (CDC13 at 60 MHz) 

6 : 8.67 (d; J=7 Hz; H-2 and H-6), 8.21 (d; J=9 Hz; H-3' and H-50, 7.62 (d; 

J=9 Hz; H-2 and H-6 I ) ,  7.43 (d; J=7 Hz; H-3 and H-5), 5.26 ( s ;  OCH~), 2.53 ( s ;  

~e-4). Anal. calc. for C14H13N304 (287.27): C, 58.53; H, 4.56; N, 14.63; found : 

c,j8.6; H,4.5; N,14.6. 

5-Methyl-(2'-trimethylsilyl)ethoxy~arb0n~l-[1~]-1,2-dizepine 2 : A solution of 

pyridinium ylide & (23.3 g; 92 -01) in toluene (lo ml) is irradiated far 9 h 

under nitrogen in a "falling film" type photoreactor8 equipped with two 1000 iv 

medium pressure mercury vapour lamps, the reaction being followed by UV spectro- 

scopy and by TLC until complete disappearance of the pyridinium ylide. After 

evaporation of the solvent j n ~ c u o  and flash-chromatography (AcOEt/cyclohexane 

3/7) of the crude reaction mixture, diazepine is obtained as yellow crystals 

(21.5 g; 92 %), mp 59.5-60.5°C (hexane). IR (KBr) : 1692 on-'. W (MeOH) Amax 

( E )  350 (300), 222 (10000). 'H-NMR (CDC13 at 60 MHz) 6 : 7.32 (d; J=3.5 Hz; H-31, 

6.25 (d; J=7.5 Ha; H-7), 6.09 (m; H-4), 5.61 (dd; J=7.5 and 1.5 Hz; H-6), 4.40 

(m; OCHZ), 1.93 ( s ;  Me-5), 1.12 (m; CH2Si), 0.05 (s; SiMe ). Anal. Calc. for 
3 

C12HZ0N202Si (252.39) : CJ7.11; H,7.99; N, 11.10; found : C,57.4; H,8.1; N,11.0. 

5-Methyl-l-p-nitrobenzyl~xy~arb~nyl-[1~]-1,2-diazepine & : Similar procedure as 

above starting from pyridinium ~ l i d e  & (9.0 g; 31 -01) yields diazepine 

5~ (6.67 g ;  74 %)  as yellow crystals (hexane), mp 92-92.S°C. IR (KB~) : 1700 - 
- 1 cm . UV (MeO~) Amax ( E )  : 330 (550, shoulder), 260 (13300) and 214 (20100). 

'H-NMR (CDC1 at 60 MHz) 6 : 8.24 (d; J d . 5  Hz; rn~-arm), 7.58 (d; 54.5 Hz; 
3 

OH-arom), 7.34 (d; J=3.5 Hz; H-3). 6.23 (d; J=7.5 Hz; H-71, 6.07 (m; H-41, 5.65 

(dd; 5-7.5 and 1.5 Hz; H-6), 5.39 ( s ;  OCH~), 1.92 ( s ;  ~e-5). Anal. calc. for 

C14H13N304 (287.27) : C,58.53; H, 4.56; N, 22.28; found : C, 58.5; H,4.3;N, 22.5. 

[70,8al- 5.8-Dimethyl-9-0x0-2-(2 I-trimethyl~ilyl)ethoxyca~bonyl-1,2-diazabicyclo 

[5.2.0]-nona-3,s-diene lh : ~hrough a solution of diazepine a (8.0 g ;  31.7 mmol) 

in toluene (600 ml) which is kept at room temperature is passed the pyrolysis gas 

of butanone produced in a ketene lamp3, until disappearance of as  shown by 

TLC. After evaporation of the solventin~CU0 and flash chomatogra~hy (AcoEt/ 

cyclohexane 1/9) of the crude reaction mixture, the 5-lactam 9 (9.19 g; 94 $) 
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- 1 
is obtained as a colourless oil. IR (CHC13) : 1773, 1722 cm . W (Me0H) Xmax 
(E) : 270 (2400). 'H-NMR (CDc13 at 60 MHz) 6 : 6.82 (d; b9.5 Hz; H-3), 5.78 

(m; H-6), 4.97 (d; J=9.5 Hz; H-41, 4.35 (m; 0CH2), 4.15 (m; H-71, 2.64 (qd; 

J=7.5 and 2 Hz; H-8), 1.88 (t; J=2 Hz; Me-5), 1.41 (d; J=7.5 Hz; Me-8), 1.08 

(m; CH2Si), 0.05 ( s ;  SiMe3). MS : m/z = 308 (M+, 1 %), 73 (100 %). Exact Mass 

calc. for C H N 0 Si (MS) : 308.1556; Pound : 308.1542. 
15 24 2 3 

[7a,8a]-5, 8-Dimethyl-2-p-nitroben~y1~~y~~~bonyl-9-oxo-l, 2-diazabicyclo[5.2.0]- 

nona-3,s-diene & :Asimilar procedure as above starting from diazepine 2 

(6.26 g; 21.8 mol) yields the azetidinodiazepine 2 (7.35 g ;  98 %) after 

flash chromatography (ethyl acetate/cyclohexane 3/71 as colourless crystals, 

mp 108.5-109°C (ether). IR (KB~) : 1785, 1735 an-'. W (M~OH) Amax ( E )  : 269 nm 

(17200). 'H-NMR (C~cl at 60 MHZ) 6 : 8.18 (d; L8.5 Hz; H-3' and H-5'), 7.50 
3 

(d; &8.5 HZ; H-21 and H-6'), 6.74 (d; J=9.5 Hz; H-3), 5.75 (m; H-6), 5.31 

(s; OCH~), 5.00 (d; b9.5 Hz; H-4), 4.07 (mi H-7), 2.67 (qd; J=7.5 and 2 Hz; 

H4), 1.88 (t; 5-2 Hz; Me-5), 1.37 (d; &7.5 Hz; Me-8). Anal. calc. for 

[3a, 6a,7a,8a]-5,8-~imethyl-9-oxo-2-(2 I-trimethylsily1)-ethoxycarbonyl-1.2- 

diaratricyclo[5.2 .0.03> 6]-non-4-ene 2b and [la, 6a, 9~1-6.9-dimethyl-3-(2 I-trime- 

thylsilyl)-ethoxycarbonyl-l0-oxa-2,3-diarabicyclo[4.3.l~-deca-1,4,7-triene 3 : 

A solution of the azetidinodiazepine (8.33 g ;  27.0 -01) in methylene chlo- 

ride (1 1) is irradiated by UV-light for 5 h until complete consumption of the 

starting material, the reaction medium being monitored by TLC. After evaporation 

of the solvent inva-,the crude reaction mixture is separated into its compo- 

nents by Plash chromatography (Ac~Et/cyclohexane 2/8), whereby the two isomers 

3b (1.50 g; 18 %)  and 2 !6.11 g; 73 %) appear in that order. - 
Photoisomer 2 : colourless crystals, mp 83.5-84OC (ether/petrol-ether). IR 

(KBr) : 1780, 1770, 1705 a - l .  W (M~OH) Amax (E) : 238 (770, shoulder). 'H-NMR 

(CDC13 at 60 MHz) 6 : 5.86 (m; H-41, 5.30 (m; H-31, 4.27 (m; CH20), 3.70 (dm; 

6.5 HZ; H-6), 3.40 (dd; L6.5 and 1.5 Hz; H-7), 3.02 (qd; J=7.5 and 1.5 Hz; H-8), 

1.80 (m; Me-5), 1.47 (d; L7.5 Hz; Me-81, 1.03 (m; CH~S~), 0.05 (a; %Me3). MS : 

+ 
r n / ~  = 308 (M , 1 %), 73 (100 x ) .  Anal. calc. for C15HZ4N203Si (308.45) : C,58.41; 

H,7.84; N,9.08; found C,58.2; H,7.7; N,9.1. 

-1 Photoisomer - 3b : colourless oil. IR (CHC13) : 1712, 1645 cm . UV (M~oH) Amax 



(E) : 240 (8800). 'H-NMR (CDC1 at 60 MHz) 6 : 6.93 (d; J=10 Hz; H-4), 5.77 (s; 3 

H-7 and H-81, 4.93 (d; J=10 Hz; H-S), 4.37 (m; 0CH2), 3.30 (q; J=7 Hz; H-9), 1 .so 

(s; Me-61, 1.25 (d; J=7 Hz; Me-91, 1.08 (CH2Si), 0.05 (s; SiMe3). MS : m/z = 308 

(Mt; 3 %), 73 (100 %). Exact Mass calc. for C N 0 Si (Ms) : 308.1556; found 1 5 ~ 2 4  2 3 

308.1552. 

[3a,6a,7a,8a]-5,8-Dimethyl-2-p-nitr0benzyloxyca~honyl-9-oxo-1,2-diazatric~c~o 

[5.2.0.0~'~]-non-4-ene 2 : A solution of the azetidinodiazepine & (6.44 g; 

18.7 -01) in methylene chloride (800 ml) is irradiated by W-light through 

Vycor-glass as above. After evaporation of the solventin~ao and flash-chroma- 

tography(ethy1-acetate/cyclohexane 3/7) of the crude reaction mixture, only 

photoisomer 2 could he isolated (2.5 g; 40 %) as colourless crystals, mp : 

177-177.5PC (ethanol). IR ( K B T )  1785, 1715 cm-l. UV (MeOH) Amax ( E )  : 265 nm 

(10600). 'H-NMR (CDC1 at 60 M H Z )  6 : 8.20 (d; J=9 Hz; H-3' and H-5'), 7.50 (d; 
3 

J=9 Hz; H-2' and H-6'1, 5.82 (m; H-4), 5.25 (5; 0CH2), 3.73 (dm; Jz6.5 Hz; H-6), 

3.45 (dd; 5-6.5 and 1.8 Hz; H-7), 3.05 (qd, J=7.3 and 1.5 Hz; H-8), 1.81 (m; 

Me-5), 1.48 (d; J=7.3 Hz; Me-8). Anal. calc. for C17H17N305 (343.33) : C, 59.47; 

H,4.99; N, 12.24; found : C,59.3; H,5.0; N,12.0. 

[3a,6a, 7a,8a]-5,8-~imethy1-9-oxo-l, 2-diazatricyclo[5.2 .0.03' 6]-non-4-ene l_d : 

To a stirred solution of 3 (2.10 g; 6.81 -01) in anhydrous THF (20 ml) under 

argon at room temperature, TBAF (about 2 equivalents) is added in small patiors until 

disappearance of the starting material. Water (10 ml) is added to the reaction 

medium which is then extracted several times with methylene chloride. The 

organic phase is filtered over Whatman 1 PS siliconated paper, the solvent 

evaporated in ~ c u o a n d  the crude reaction mixture purified by flash-chromatogra- 

phy (ethyl acetate/cyclohexane 5/5). Compound &d (972 mg; 87 %)  is isolated as 

colourless CX-ystals (CH2cl2/petro1-ether), mp 124-124.S°C. IR ( K B r )  3260, 

1732 cm-l. UV (M~OH) Amax (E) : 235 (1000, shoulder). 'H-NMR (CDC13 at 60 MHz) 

6 : 5.81 (m; H-4), 4.56 (m; H-31, 3.56 (dm; J=6.5 Hz; H-6), 3.3 (broad s; 

disappears in the presence of D20; N-H), 3.22 (dd; J=6.5 and 2 Hz; H-7), 2.92 

(q; J=7.5 Hz; H-8), 1.77 (m; Me-5), 1.42 (d; 5=7.5 Hz; Me-8). 13C-~MR (CDC13 at 

20.1 MHz) 6 : 179.58 (S; C-91, 146.73 ( S ;  C-51, 132.52 (Dqd; 172 Hz; 

C-4), 70.03 (Ds; 154 Hz; C-31, 59.87 (Dq; 157 Hz; C-71, 53.09 (Ddm; 147 Hz; C-61, 

43.39 ( D ~ ;  140 Hz; C-8), 15.92 (Qs; 127 Hz; Me-5), 14.51 ( ~ t ;  128 Hz; ~e-8). 

MS : r n / ~  164 (M'; 6 %),  108 (100 8 ) .  Anal. calc. for C9H12N20 (164.20) : ~,65.83; 
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H,7.37; N,17.06; found : C,66.1; H,7.5; N,17.1. 

~etra-n-but~lamonium[3a,6a,7a, 8a]-5, 8-dimethyl-9-0x0-l,2-diaratricyclo- 

[5.2.0.0~'~]-non-4-ene-2-sulfonate 2 : To a s t i r r e d  s o l u t i o n  of 2 (972 mg; 

5.90 -01) i n  anhydrous methylene c h l o r i d e  (40 ml) a t  O 0 C  un te r  argon, was 

r a p i d l y  added t h e  SO  complex^ (15 m l ;  about 15 -01). Af ter  30 min a t  O 0 C  
3 

t h e  s t a r t i n g  m a t e r i a l  had disappeared and t h e  r e a c t i o n  mixture is added t o  a 

0.5 M potassium dihydrogenophosphate water s o l u t i o n  (120 ml ) .  The aqueous phase 

is sepa ra ted ,  washed s e v e r a l  t imes  wi th  methylene c h l o r i d e ,  and t e t r a -n -bu ty l -  

ammonium dihydrogenophosphate (2.00 g;  5.90 -01) i s  added t o  it. E x t r a c t i o n  of 

t h i s  water s o l u t i o n  i s  performed wi th  methylene c h l o r i d e ,  t h e  o rgan ic  phase i s  

d r i e d  and t h e  s o l v e n t  e v a p o r a t e d i n ~ c u o  (4j°C/0.05 Tor r )  u n t i l  complete d isap-  

pearance of DMF. Compound 2 i s  obta ined a s  a c o l o u r l e s s  o i l  (2.48 g;  86 %). 

IR ( c H c ~ ~ )  : 1755 cm-l. UV ( M ~ O H )  Amax (E) 232 (900; shou lde r ) .  'H-NMR ( C D C ~ ~  a t  

60 MHZ) 6 : 5.72 (m; H-41, 5.15 (m; H-3), 3.70 ( s ;  H-7 and H-61, 2.83 (q; J=7.5 

H Z ;  H-8),  1.73 (s; Me-j), 1.38 (d;  J=7.5 Hz; ~ e - 8 ) ,  3.5-3.1, 1.8-1.2, 1.2-0.8 

1 
( s e v e r a l  m u l t i p l e t s ;  n -bu ty l ) .  13C-NM~ ( C D C ~  a t  20.1 MHZ) 6(  JC_H)  : 178.44 

3 

(sq;  C-9), 146.32 (S quint .d ,  C-5), 131.70 (DM; 172 Hz; C-4), 71.31 (Dm; 157 H z ;  

c-3), 58.69 (DM; 159 Hz; C-7), 57.55 (Tm; 145 Hz; N - C H ~ ) ,  52.95 ( ~ m ;  145 Hz; 

C-6), 43.79 (Ikn; 140 Hz; C-8), 23.02 (Tm; 128 Hz; NCH2CH2), 18.79 (Tm; 127 Hz; 

N C H ~ C H ~ ~ H ~ ) ,  15.51 (Qs; 126 Hz; Me-51, 13.64 (pn; 127 Hz; Me-81, 12.82 (@; 

126 Hz; N(CH2)3GH3). 

Treatment of isomer 3 wi th  osmium t e t r o x i d e  : To a s t i r r e d  s o l u t i o n  of compound 

2a (500 mg; 2.20 -01) i n  acetone (2.5 ml) is s u c c e s s i v e l y  added a s o l u t i o n  of - 
N-methylmorpholine-N-oxide (300 mg; 2.50 -01) i n  water  ( 1  ml) and acetone ( 1  ml), 

and thence  a s o l u t i o n  of 0s04 (jmg; c a t a l y t i c  amount) i n  t -bu tano l  ( 1 . 1  ml).  

This  mixture  i s  s t i r r e d  a t  room temperature  f o r  2 days .  A sodium d i s u l f i t e  

s o l u t i o n  i s  then added, a long wi th  some c e l i t e ,  and t h e  suspension is f i l t e r e d  

over s i n t e r - g l a s s .  The r e s u l t i n g  s o l u t i o n  i s  a c i d i f i e d  t o  pH 2 and e x t r a c t e d  

s e v e r a l  t i m e s  w i t h  methylene c h l o r i d e .  The combined o rgan ic  e x t r a c t s  a r e  d r i e d  

and evaporated  t o  dryness  in-uo and t h e  r e s i d u e  s e p a r a t e d  by flash-chromatogra- 

phy which l e a d s  t o  t h e  recovery of s t a r t i n g  m a t e r i a l  2 only .  No g l y c o l  cou ld  

be  i s o l a t e d .  The same procedure  a t  50°C l e d  t o  t h e  Same n e g a t i v e  r e s u l t .  

[3a, 7a,8a, 9a]-6,9-Dimethyl-2-eth0~y~arh0nyl-l0-~xo-l, 2-diaza-5-oxatricyclo - 
[f,.2.0.01'8]-4,6-epidioxy-decane & : To s i l i c i c  a c i d  (Merck, 70-230 mesh; 25 ..) 



which had been hydrated  wi th  water  (1.25 ml) is added a s o l u t i o n  of compound 2 

(250 mg; 1.06 mmol) i n  e t h e r  (75 ml) and t h e  r e s u l t i n g  suspension is s t i r r e d  

and thence  evaporated  t o  dryness .  A s t ream of ozone and oxygen i s  passed through 

t h e  r e s i d u e  a t  -7E°C f o r  2 h. The r e a c t i o n  mixture  i s  then  e l u t e d  wi th  

c h l o r i d e  a t  room temperature  and evaporated  t o  d ryness  l e a d i n g  t h e r e b y  

t o  ozonide & a s  c o l o u r l e s s  c r y s t a l s  ( p e n t a n e / C ~ 2 ~ 1 2 ) ,  mp 127-12E0c. I R  ( K B ~ )  

1780, 1730, 1120, 1000 an- ' .  UV (cH~CN) hmax ( E )  : 256 nm (800).  'H-NMR ( C D C ~ ~  

a t  80 MHz) 6 : 5.95 ( s ;  H-4),  4.98 (d;  Jc7  Hz; H-3), 4.24 ( q ;  J=7 Hz; O C H ~ ) ,  

3.66 (dd; L 8 . 5  and 2.8 H z ;  H-8), 3.41 (qd; J=7.5 and 2.8 Hz; H-9) ,  3.23 (dd; 

J=8.5 and 7.0 Hz; H-7), 1.80 (s; Me-6), 1.48 (d;  J=7.5 Hz; Me-Y), 1.31 ( t ;  J-7 

H Z ;  0CH2s3) .  MS : m/z = 284 (M+; 1  $1, 141 (100 %). Anal. calc. f o r  C12qbN206 

(284.10) : C,50.70; H,5.67; N,9.85; found : C,50.3; H,5.7; N,10.0. 

[3a, 7a, 8a,  9a]-6,9-Dimeehyl-2-p-nit~0bennyloxycarhonyl-lO-oxo-l, 2-diaza-5- 

oxatricyclo[6.2.0.0~~~]-4,6-epidioxydecane & : A s o l u t i o n  of 2 (202 mg; 

0.59 -01) i n  a c e t o n i t r i l e  (35 ml) kept  a t  -40°C i s  bubbled wi th  a mixture  

of oxygen and ozone. Af ter  t h e  e l i m i n a t i o n  of excess ozone wi th  a s t ream of 

n i t r o g e n  t h e  s o l v e n t  is  evaporatedinvacuo and t h e  r e s i d u e  r e c r y s t a l l i z e d  i n  

a c e t o n i t r i l e / e t h e r  l e a d i n g  t o  ozonide & (138 mg; 60 $1 a s  c o l o u r l e s s  c r y s t a l s ,  

mp 152'C. I R  ( K B ~ )  1780, 1660 c m - l .  W (CH3CN) Amax : 263 nm. 'H-NMR (CDC13 a t  

200 MHz) 6 : 8.25 (d;  J=9 Hz; H-3' and H-5'1, 7.57 (d;  J=9 Hz; H - 2 '  and H-6') ,  

5.97 (a;  H-4), 5.38 (d;  J=13.4 Hz; OCH), 5.24 (d;  J=13.4 Hz; OCH), 5.00 (d;  

J=6.8 Hz; H-31, 3.73 (dd; J=8.8 and 3  Hz; H=7), 3.47 (Qd; J=7.5 and 3  Hz; H-8), 

3.33 (dd; J=8.8 and 6.8 Hz; H-6), 1.83 (s; Me-51, 1.52 (d;  J=7.5 Hz; Me-8). 

Anal. calc. f o r  C17H17N308 (391.33) : C,52.17; H,4.38; N,10.74; found : C,51.5; 

H94.3; N, 10.4. 

[5a, 6a]-2-Ethoxycarbonyl-6-methyl-7-0x0-1, 2-diazahicyclo[3.2 .o]-hept-3-ene 2 

and [5a,6a]-4-acetyl-2-ethoxycarbonyl-6-methy1-7-0x0-1,2-diazabicyc1o[3,2.0] 

hept-3-ene & : I n t o  a s o l u t i o n  of 2 (500 mg; 2.12 -01) i n  a c e t o n i t r i l e  

(50 ml) which i s  kep t  a t  -40°C a mixture  of oxygen and ozone is bubbled u n t i l  

mmplete disappearance of t h e  s t a r t i n g  m a t e r i a l  (TLC) .  Af ter  e l i m i n a t i o n  of 

e x c e s s  ozone w i t h  a s t r eam of n i t r o g e n  t h e  s o l u t i o n  is t r a n s f e r r e d  a t  room 

temperature  i n t o  a pho to reac to r  (Pyrex-glass) ,  some f luorenone (80 mg) i s  added, 

and the r e s u l t i n g  s o l u t i o n  i s  i r r a d i a t e d  wi th  W - l i g h t  under n i t r o g e n  atmosphere 

f o r  30 min. Af ter  evapora t ion  of s o l v e n t i n v a c u o  t h e  r e s i d u e  is s e p a r a t e d  by 
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f lash-chromatagraphy(ethylacetate/cyclohexane 1/9 to 3/71 leading to compounds 

(149 mg; 32 %) and & (61 mg; 12 %). 

Compound 7a : yellow oil, bp 130°C / 0.1 Torr. IR (CC14) 1800, 1730, 1715 and 

1590 an-'. 'H-NMR (cDc13 at 80 MHz) 8 : 6.88 (ddd; J=4.2, 2 and 0.9 Hz; H-31, 

5.48 (dd; L4.2 and 1.5 HZ; H-4), 4.55 (m; H-5), 4.33 (q; J=7 Hz; 0CH2), 3.35 

(qd; 5-7. 5 and 2.8 HZ; H-6), 1.53 (d; J=7.5 and 2.8 Hz; Me-6), 1.34 (t; J=7 Hz; 

OCH CH ) 13c-NMR (cDc13 at 20.1 MHz) 6 ('J~_~) : 184.27 (Sm; C-71, 152.88 (St; 
2-3 

C02Et), 132.52 (Ddd; 193 Hz; C-3), 109.48 (Ddd; 179 Hz; C-4), 66.07 (h; 160 Hz; - 

c-5), 62.61 (Tq; 149 Hz; CO~C&), 55.64 (Dq; 140 Hz; C-6), 14.05 (Qt; 128 Hz; 

C02CH2CH2), 13.87 (Qt; 130 Hz; Me-6). MS : m/z 196 (E?,  19 %), 95 (100 %). 

~ x a c t    ass calc. for c9H12N203 (MS) : 196.0847; found : 196.0843. 

compound & : unstable oil, IR ( c H c ~ ~ )  1810, 1725, 1655 m-I. IH-NMR ( C D C ~ ~  at 

80 MHZ) 6 : 7.64 (m; H-3), 4.66 (dd; J=3 and 1.3 Hz; H-j), 4.36 (q; J=7 Hz; 

0cH2), 3.48 (Qd; L7.8 and 3 Hz; H-6), 2.35 (6; COCH~), 1.55 (d; J=7.8 Hz; ~e-6), 

1.28 (t; J=7 Hz; OCH CH 1. 2-3 

[~a,6a]-6-Methyl-7-o~~-2(2~-trimethylsilyl)-ethoxycarbonyl-l,2-diazabicyclo 

F3.2.01-hept-3-ene 7b and [5a, 6al-4-acetyl-6-methy1-7-0~~-2-(2 '-trimethylsilyl)- 

ethoxycarbonyl-1,2-diazabicyclo[3.2.0]-hept-3-ene & : Inta a solution of ZJ 

(3.00 g; 9.7 -01) in acetonitrile (300 ml) which is kept at -40°C a mixture of 

oxygen and ozone is bubbled for 2 h until complete disappearance of the starting 

material (TLC). After elimination of excess ozone with a stream of nitrogen the 

solution is transferred at room temperature into a photoreactor (Pyrex-glass), 

sane fluorenone (500 mg) is added, and the resulting solution is irradiated with 

W-light under nitrogen atmosphere for 2.5 h. After evaporation of the solvent 

in vacuo the residue is separated by flash-chromatography (ethyl acetate/cyclo- 

hexane 2/8) leading to compounds 2 (885 mg; 34 %) and & (403 mg; 13 %). 

Compound 2 : unstable yellow oil. IR (Ccl4) : 1815, 1720, 1140 cm-I. 'H-NMR 

(CDC13 at 60 MHZ) 6 : 6.87 (m; H-3), 5.47 (dd; J=4 and 2 Hz; H-4), 4.47 (m; H-5). 

4.33 (m; OCH~), 3.03 (rqd; J=7.5 and 2 Hz; H-6), 1.47 (d; L7.5, Me-6), 1.06 (m; 

CH2Si), 0.06 ( s ;  %Me3). 

Compound & : unstable yellow oil. 'H-NMR ( C D C ~ ~  at 60 MHZ) 6 : 7.57 (m; H-3), 

4.60 (m; H-5); 4.36 (m; OCH~), 3.43 (qd; J=7.5 and 2.5 Hz; H-6); 2.33 (s; COCH~), 

1.54 (d; k7.5 Hz; Me-6), 1.10 (m; CH2Si), 0.08 (s; SiMe3). 



[5a1 6a]-2-~thoxycarbonyl-6-methyl-7-o*o-l, 2 - d i b i y 1 [ 3  2 0 - h e n  - ya : 

A s o l u t i o n  of 3 (407 mg; 2.10 -01) i n  e t h y l - a c e t a t e  (8  ml)  is  hydrogenated  

over  5 % Pd/C ( 3 4  mg) a t  a tmosphe r i c  p r e s s u r e  f o r  1 h u n t i l  comple te  consumption 

of t h e  s t a r t i n g  m a t e r i a l  (TLC). The r e a c t i o n  mix tu re  i s  f i l t e r e d  over  s i l i c i c  

a c i d  and t h e  s o l u t i o n  evapo ra t ed  t o  dryness invacuowhereby compound i s  o b t a i -  

ned a s  a c o l o u r l e s s  compound (371 mg; 90 %). IR  (CC1 : 1812, 1725 cm-'. 'H-NMR 
4 

( C D C 1 3  a t  60 M H Z )  E : 4.23 (q; J=7 Hz; H-5),  4.1 (m; O C H ~ ) ,  3.97-3.20(m; H-4 ) ,  

2.90 (dq;  5-7.5 and 2.5 Hz; H-6), 1 . 7 5 - 2 . a  (m; H-3), 1 .43  (d; J=7.5 Hz; Me-6), 

1 
1.30 ( t ;  5=7 H Z ;  OCH CH ) .  1 3 ~ - ~ ~ ~ ( ~ ~ ~ 1  a t  20.1 MHz) 6 ( JC-H) : 182.49 (sm; 

2-3 3 

C-7), 156.25 (Sm; 402Et ) ,  62.29 i "  148 Hz; 0CH2), 59.19 (Em; 159 Hz; C-5), 

50.99 ( D  s e x t ;  139 Hz; C-6), 50.35 ( T ;  146 Hz; C-3), 30.13 (T; 133 Hz; C-4),  

14.10 (Qt;  127 Hz; OCH CH ), 13.60 ( ~ t ;  129 Hz; Me-6). MS : m/z 198 (M'; 7 %),  2- 3 

142 (100 %). Exact  Mass c a l c .  f o r  C H N 0 198.1004; found 198.1008. 
9 1 4 2 3 '  

1 5 a ,  6al-6-Methyl-7-oxo-2-(2 l-trimethylsilyl)-ethoxycarbonyl-l, 2-d i azab i cyc lo -  

r3.2.01-heptane 9 : A s o l u t i o n  of (400 mg; 1 .50  mmol) i n  e t h y l  a c e t a t e  

(30 ml)  i s  hydrogenated  over  5 % Pd/C (50  mg) a t  a tmosphe r i c  p r e s s u r e  f o r  2 h ,  

u n t i l  comple te  consumption of t h e  s t a r t i n g  m a t e r i a l  (TLC). The r e a c t i o n  m i x t u r e  

is  f i l t e r e d  over  s i l i c i c  a c i d  and t h e  s o l u t i o n  evapo ra t ed  t o  d r y n e s s  in vacua 

whereby compound 9 (272 mg; 57 %)  is o b t a i n e d  a s  c o l o u r l e s s  c r y s t a l s ,  mp 45- 

47°C. IR ( cc14 )  1805, 1712 'H-NMR (CDC13 a t  60 MHZ)  6 : 4.23 (m; H-5 and 

0-cH2), 3.83-3.17 ( m ;  H-4), 2.90 (qd;  J=7.5 and 2 .5  Hz; H-6), 2.60-1.63 (m; H-3);  

1 .43  (d ;  J=7.5 Hz; Me-6), 1 .03  ( m ;  CH2Si), 0.06 ( s ;  SiMe3). I3c-~MR ( C D C ~ ~ )  

1 
E ( JC-H) : 182.22 (Sm; C-7), 156.39 (Sm; ~ 0 ~ ) .  64.61 (T t ;  149 Hz; C O ~ _ C H ~ ) ,  

59.14 (rm; 159 Hz; C-51, 50.95 (D-sext ,  140 Hz; C-61, 50.31 (Ts; 146 Hz; C-31, 

30.13 (Ts; 134 Hz; C-4), 17.24 (Ts; 122 Hz; C H ~ S ~ ) ,  13.64 ( Q t ;  130 Hz; Me-6), 

-1.89 (QS; 119 Hz; S i  Me3). MS : m/z 270 (M+; 2 $1, 73 (100 %).  Exact  Mass 

c a l c .  f o r  C12HZ2N203Si (MS) : 270.1399; found : 270.1398. 

Depro t ec t i on  of 9 w i t h  TBAF : r e a c t i o n  of w i t h  TBAF i n  THF l e d  t o  a d imer ;  

t e n t a t i v e  s t r u c t u r e  10. MS : m/r 252 (M+).  
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