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Abst rac t  - N-Substituted 5-aza-2-oxa-3-oxo-bicyclo[2.2.l]heptanes a r e  con- 

1 fo rmat iona l ly  r i g i d  models t h a t  have been used i n  s e v e r a l  H-NMR s t u d i e s .  

They have previously  been obta ined by mul t i s tep  processes .  We have de- 

v i sed  a one s t e p  syn thes i s  f o r  these  compounds. The u t i l i t y  of t h i s  new 

r o u t e  has been demonstrated f o r  f i v e  d i f f e r e n t l y  N-substi tuted s u b s t r a t e s .  

During t h e  l a s t  f o r t y - f i v e  years ,  metabol i tes ,  analogs, and homologs of p r o l i n e  

have received considerable  Among t h e s e  d e r i v a t i v e s  one f i n d s  

trans-4-hydroxy-L-proline which i s  a component of many p r o t e i n s ,  and more s p e c i f i -  

c a l l y  an important  c o n s t i t u e n t  of col lagen,  t h e  p r inc ipa l  p r o t e i n  of connective 

t i s s u e . 7  The 4-hydroxyl group of trans-4-hydroxy-L-proline i s  believed t o  s t a b i l -  

i z e  t h e  co l l agen  s t r u c t u r e  by hydrogen bond formation wi th  an ad jacen t  carbonyl 

group.'' The Coulombic i n t e r a c t i o n s  of d ipo les  with amide moie t i e s  are thought to 

be important  i n  determining t h e  p re fe r red  conformations of pept ide  bonds i n  

p ro te ins .15  Therefore ,  conformationally r i g i d  models were synthes ized t o  examine 

t h e  e f f e c t  o f  a non-contiguous carbonyl group on amide bond 

The compounds chosen t o  meet these  requirements were N-protected 5-aza-2-oxa-3-0x0- 

bicyclo[2.2.11heptanes.  1,6p7p11r13-17 A t y p i c a l  method f o r  t h e  syn thes i s  of t h e s e  

systems is  shown i n  Scheme I. The key s t e p  of t h i s  rou te  involves  an SN2 i n t e r n a l  

nucleophi l ic  displacement.  11'16 An a l t e r n a t i v e  approach is i l l u s t r a t e d  i n  

Scheme IL I n  each case ,  t h e  t o t a l  y i e l d  of t h e  t a rge t  compound w a s  less than 65%. 

a f t e r  t h r e e  o r  four  s t eps .  

We have devised an  excep t iona l ly  f a c i l e  and gene ra l  procedure f o r  t h e  syn thes i s  of 

bridged b i c y c l i c  heterocycles .  Our approach involves an  in t r amolecu la r  dehydrat ion 

r e a c t i o n ,  under mi ld ,  n e u t r a l  cond i t ions ,  between an  a l coho l  and a carboxyl ic  ac id  



on treatment wi th  diethyl azodicarboxyla te  and tr iphenylphosphine,  t h e  Mitsunobu 

r e a ~ t i o n . ~  Our r e s u l t s  a r e  summarized i n  Scheme 111. 

%fl,ln2s04. H*ce,m, b ~ ~ ~ l .  ' D C C I C H ~ C ~ ~ ,  d ~ s ~ l l ~ r .  

Inves t iga t ions  of t h e  mechanism of t h i s  r e a c t i o n  have been published recen t ly .20r21  

This approach s i m p l i f i e s  the  syn thes i s  of the b i c y c l i c  bases t o  one s t e p  ins t ead  of 

th ree  or  fou r  and t h e  r e s u l t i n g  y i e l d s  are improved a s  may be seen i n  Table I .  

1 The H-NMR data  f o r  t h e  N-substi tuted 4-hydroxyprolines prepared dur ing t h i s  

inves t iga t ion  a r e  shown i n  Tables 11 and 111. The ex i s t ence  of r o t a t i o n a l  isomers 

i n  solut ion,  a t  ambient temperature, was most c l e a r l y  observed f o r  N-acetyl- and 

N-Boc---4-hydroxy-L-prolines. R e s t r i c t e d  r o t a t i o n  about  t h e  N-acyl bond 

r e ~ u l t s  i n  the  ex i s t ence  of two r o t a t i o n a l  isomers des ignated a s  trans and e. 
The i d e n t i t y  of t h e  r o t a t i o n a l  isomers was a sce r t a ined  by means of t h e  l an than ide  
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s h i f t  r eagen t s  PrC13 . 6 H20 and [ E ~ ( f o d ) ~ l  which induced a  g r e a t e r  downfield s h i f t  

i n  t h e  absorp t ions  of t h e  isomer. The isomeric r a t i o  was found t o  be so lven t  

dependent. 

Table I. cmparative Y i e l d s  or N-subst i tuted  4 - ~ 1 - 2 - o x a - 3 - 0 ~ ~ -  

h i e y c i ~ r a . a . ~ ~ h c p t a n e ~ ~  

' T O ~ ~ I  % yields o a l e u l a t e d  i m m  the corresponding N - s u b s t i t u t e d  4- 
hydrorypro l ines .  

% l e l d s  via Sebeme I .  ' ~ l a l d s  via Scb-e 11. d ~ i s l d s  via 
Scheme m: Yie lda  are h e e d  oii-iaolated pare product i?J ire not 
opf lmired .  

1 The H-NMR da ta  of a l l  N-substi tuted 5-aza-2-oxa-3-oxo-bicyc10[2.2.llheptanes pre- 

pared i n  t h i s  i n v e s t i g a t i o n  is  shown i n  Tables I V  and V. Because of t h e i r  proxi-  

mity t o  t h e  he te ro  atoms (oxygen and ni t rogen)  t h e  bridgehead protons  of t h e  bicy- 

c l i c  bases  a r e  found f u r t h e s t  downfield. These protons may be  d i f f e r e n t i a t e d  by 

sp in  decoupling experiments a s  only  H1 i s  coupled t o  t h e  exo proton H6b. I n  

add i t ion ,  H4 is more s e n s i t i v e  than H1 t o  temperature changes a s  t h e  former i s  

ad jacen t  t o  t h e  N-substi tuent which i s  sub jec t  t o  r o t a t i o n a l  isomerism whenever 

t h e  N-substi tuent i s  p a r t  of an amide bond. 

Previous 'H-NMR ~ t u d i e s ' ~ ' ~ ~  of 2-oxa-5-azabicyclo[2.2. l l hep tane  systems have 

shown t h a t  t h e  coupling cons tan t  between a bridgehead proton and a  v i c i n a l  endo 

proton i s  *O. The methylene protons  H6a and Hsb form t h e  AB po r t ion  of an ABX s p i n  

"system i n  which JAX i s  *O as protons  H6a and H1 form a  90•‹ d i h e d r a l  angle .  There- 

f o r e ,  H6a and Hsb appear as a p a i r  of AB double ts .  The doub le t  which is  s p l i t  

f u r t h e r  can be unequivocally ass igned t o  t h e  exo proton Hsb .  The remaining b r idge  



protons H7a and H7b have different chemical shifts and each signal is essentially 

a doublet broadened by further small couplings. One signal is always broader and 

more complex than the other. This absorption is assigned to H7b as this proton is 

expected to display long range coupling with Hsb Protons H7b and Hsb are three 

carbons apart and occupy a planar W configuration, thereby fulfilling the necessary 

requirements for long range coupling. 14 

The existence of rotational isomers in solution at ambient temperature was best 

observed in the case of N-acetyl-5-aza-2-oxa-3-oxo-bicyclol2.Z.llheptane (z). 
Restricted rotation around the N-acyl bond also results in the existence of two 

Table 11. '8 NXR Data for N-SuOstlfufed 4-BgdrorgprolLnes 

lbl trana - 
CIS 

lbb trans - 
c t s  

lab trans - 2.21 1.95 4.21 3.28 3.72 - 
- 1 -  1 3 . 5 6  - 1 -  

4.48 

4.66 

I I I I I 

4.19 

4 48 

lna trans - 
cz3 

2.39 2.17 

2.31 1.81 

4.73 

4.58 

4.31 

2.49 2.24 

3.64 3.81 

- 3.53 

2.12' 

2.02~ 

3.5-3.2 5.60 

3.5-3.2 

4.52 
. 

1. 9hd 

1.8ad 

3.51 3.88 

- 
- 
- 



HETEROCYCLES. Vol. 20, No 5,  1983 

I I I I 
'1. ouso-%. "45 (RZ. 100g range) for J 3a.5a  1.7. 

r o t a t i o n a l  isomers des ignated a s  and cis. 

High f i e l d  'H-NMR al lows r e s o l u t i o n  of i n t o  two separa te  spec ies .  Temperature 

s t u d i e s  i n  deu te ra t ed  dimethyl su l fox ide  showed t h a t  coalescence of t h e  methyl 

groups absorp t ions  of t h e  trans and forms occurred a t  1 1 7 ~ ~ .  Addi t ional  evi -  

dence f o r  t h i s  r o t a t i o n a l  isomerism was provided by the so lven t  dependence of t h e  

isomeric r a t i o .  Resolut ion of each rotamer was a l s o  brought about by t h e  use  of a 

lanthanide  s h i f t  r eagen t  I E ~ ( f o d ) ~ ]  which caused the absorp t ions  of one r o t a t i o n a l  

isomer t o  undergo a g r e a t e r  downfield s h i f t  than those of t h e  o t h e r  isomer. 

EXPERIMENTAL 

Melting po in t s  were determined wi th  a Thomas-Hoover melt ing p o i n t  appara tus  and 

1 a r e  correc ted .  Proton nuclear  magnetic resonance ( H-NMR) and carbon-13 magnetic 

resonance (13c NMR) s p e c t r a  were recorded on a Bruker WM 250 (250 M H Z )  and IBM 

WP 200 SY (200 MHz) Four ier  transform spectrometers.  Chemical s h i f t s  a r e  i n  p a r t s  

per m i l l i o n  I 6 1  r e l a t i v e  t o  t e t r amethy l s i l ane .  When deuterium oxide (D20) was used 



a s  the so lven t ,  3-(trimethylsil~1)-1-pr~~anesulfonic ac id  sodium s a l t  hydra te  

(DSS) was used a s  t h e  i n t e r n a l  s tandard .  Coupling cons tan t s  (J va lues )  a r e  i n  

her tz  (Hz). M u l t i p l i c i t i e s  a r e  des ignated a s  s i n g l e t  (s) , doub le t  (d )  , t r i p l e t  

( t ) ,  q u a r t e t  (q), q u i n t e t  ( q u i n ) ,  and m u l t i p l e t  (ml. The peaks a r e  i n t e g r a t e d  i n  

u n i t s  of protons.  I n f r a r e d  s p e c t r a  (IR) were run on a Perkin-Elmer Model 281 

spectrometer. High r e s o l u t i o n  mass s p e c t r a  were obta ined a t  t h e  Univers i ty  of 

Pennsylvania Mass Spectrometry Se rv ice  Center. E i the r  a Hi t ach i  Perkin-Elmer 

FMH-2 high r e s o l u t i o n  double focusing e l e c t r o n  impact spectrophotometer o r  a V.G.  

Micromass 7070-8 high r e s o l u t i o n  mass spectrometer,  both i n t e r f a c e d  wi th  a Kratos 

DS-50-S d a t a  system were used. Ana ly t i ca l  t h i n  l aye r  chromatography (TLC) was 

performed on Merck s i l i c a  g e l  F-254 p l a t e s  (250 p ) .  Visua l i za t ion  was e f f e c t e d  

with u l t r a v i o l e t  l i g h t ,  n inhydr in  (3% w/v) i n  95% e thano l  conta in ing 2% a c e t i c  

ac id  and phosphomolybdic ac id  r eagen t  (7% w/vl i n  95% ethanol .  F la sh  chramato- 

graphy was c a r r i e d  o u t  as descr ibed by S t i l l  and co-workers.22 Opt i ca l  r o t a t i o n s  

b axo 

R 
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h b l e  V. J. Values for N-Subs t i tu ted  S-Azl-2-oxa-3-oro- 

blcyel~[2.2.lihepfaner 

w e r e  measured  a t  t h e  sodium D l i n e  w i t h  a Perkin-Elmer  Model 241 p o l a r i m e t e r .  A l l  

c y c l i z a t i o n  r e a c t i o n s  were  c a r r i e d  o u t  u n d e r  n i t r o g e n  i n  oven-dr ied  g l a s s w a r e  

(12O0c) . T e t r a h y d r o f u r a n  was d i s t i l l e d  f rom sodium/benzophenone. t rans-4-Hydroxy-  

L - p r o l i n e  was p u r c h a s e d  from A l d r i c h  Chemical  Co. 

P r e p a r a t i o n  of  N-Benzoyl-trans-4-hydroxy-L-proline ( l a ) .  Compound was p r e p a r e d  

by a p r e v i o u s l y  d e s c r i b e d  procedure16 (78% y i e l d ) ,  mp 1 9 0 . 5 - 1 9 3 • ‹ ~ ,  lit.16 194- 

1 9 6 O ~ ,  [ a I D  -125.18O ( c  2.037, EtOH), lit.16 [" ID -131.g0 ( c  1 .32 ,  EtOH); IR [KBr) 

3600-2400, 3455, 1715 ,  1620,  1600 cm-l; lit.16 I R  3540, 1715,  1630 cm-l; HREIMS, 

m / e  ( r e l .  i n t . )  236, M + 1 (O.Z),  235, M+ ( 0 . 3 ) ,  217 (O.4) ,  1 9 1  ( 1 6 . 7 ) .  190  (16 .11 ,  

1 0 5  (100) .  86 ( 2 ) .  77 (56.61, 68 1 . 6 ,  e x a c t  mass 235.0781 ( c a l c d .  f o r  C12H13N04 

235.0845) .  

P r e p a r a t i o n  o f  N-Ace ty l -m-4 -hyd roxy -L-p ro l i ne  (u). Compound g was p r e p a r e d  

a c c o r d i n g  t o  a p r e v i o u s l y  d e s c r i b e d  p r ~ c e d u r e . ~  T h i s  p r o d u c t  was r e c r y s t a l l i z e d  

f rom a b s o l u t e  e t h a n o l  (60% y i e l d ) ,  mp 132.5-133.s0c,  lit.5r7 1 3 ~ ~ ~ ;  I a I D  - 1 1 6 . ~ 5 ~  

(C 1.686,  H20) ,  [.ID -118' (H20); IR (KBr) 2300-3600, 1605,  1730 cm. -1 

HREIMS; m/e ( r e l .  i n t . )  174 ,  M 1 ( 3 . 1 ) ,  173 ,  M+ ( 0 . 4 ) .  129 ( 3 3 ) ,  128 ( 3 4 ) ,  8 6  



(100).  85 (23 ) .  68 ( 5 5 ) ;  e x a c t  mass 173.0692 l ca l cd .  f o r  C7H11N04 173.0688).  

P r e p a r a t i o n  of N-[p-ToluenesulfonylI-trans-4-hydroxy-L-polin (1c )  .I2 A s o l u t i o n  

of trans-4-hydroxy-L-proline (2.43 g ,  18.5 -01) i n  24.5 mL of 2% aqueous sodium 

hydroxide was t r e a t e d  w i t h  a s o l u t i o n  of p - to luenesu l fony l  c h l o r i d e  (4.13 9 ,  

21.6 mmol) i n  30 mL o f  d i e t h y l  e t h e r .  The mix tu re  was s t i r r e d  v igo rous ly  a t  room 

tempera ture  f o r  4.75 h.   he aqueous l a y e r  was s e p a r a t e d ,  a c i d i f i e d  w i t h  con- 

c e n t r a t e d  HC1 and r e f r i g e r a t e d  f o r  24 h. The c rude  p roduc t  was removed by f i l t r a -  

t i o n  under reduced p r e s s u r e  and r e c r y s t a l l i z e d  from e t h y l  a c e t a t e  t o  y i e l d  3.11 g  

(59% y i e l d )  of N-tosylhydroxy-L-proline. Another p roduc t  was ob t a ined  from t h e  

e t h y l  a c e t a t e  mother l i q u o r  by removing t h e  s o l v e n t  and r e c r y s t a l l i z i n g  t h e  r e s i d u e  

from 95% e thano l ,  1.93 g  (36% y i e l d ) .  Th i s  p roduc t  was N.0-ditosylhydroxy-L-pro- 

1 l i n e  a s  confirmed by H-NMR (DMSO-d6, 250 MHz) . 2 3  &, mp 152.5 - 1 ~ 3 . 5 ~ ~ .  

lit.7'8'12 153-155'~; [ a l D  -91.9g0 (c 2.011 EtOH), lit.12 [ a I D  -105.4' (c 2% EtOH); 

IR  ( K B ~ )  3600-2200, 1755, 1725, 1700, 1600 c m - l .  HRCIMS m/e (=el .  i n t . )  286, M+ 

1 (24.3) ,  240 162.1) ,  226 (13.21, 225 ( l o o ) ,  129 ( 2 6 ) ,  116 (65 .5 ) ,  91  ( 2 3 . 1 ) ,  89 

(68 .9 ) ,  86 ( 1 7 . 8 ) ,  e x a c t  mass 286.0768 ( c a l c d .  f o r  Cl2Hl5NO5S, 286.0749). 

P r e p a r a t i o n  of N-Carhobenzoxy-m-4-hydroxy-L-proline (Id). Compound was 

prepared by a  p r ev ious ly  de sc r ibed  procedure11 (73% y i e l d )  a s  an  o i l . 2 4  IR (CHC13) 

3740-2340, 1705, 1440 cm-l; HRCIMS, m/e (rel. i n t . ) ,  266, M + 1 (1 .0) .  265, M+ 

( 0 . 4 ) ,  222 ( 4 . 3 ) ,  180 (34 .3 ) .  155 ( 1 . 5 ,  154 ( l 3 . 3 ) ,  115 11.4) .  114 (22 .3) .  107 

(3 .0 ) .  9 1  (29 .8 ) ,  89 (100) .  e x a c t  mass 265.0957 ( ca l cd .  f o r  C13H15N05 265.0950) 

P repa ra t i on  of N - m - B u t o x y c a r b o n y l - t r a n s - 4 - h y d r o x y - L - p r o  I & ) .  A mix tu re  of 

trans-4-hydroiy-L-proline 11.31 g ,  10.0 mmol) i n  20 mL o f  a  2 : l  m ix tu re  of THF/H20 - 
was t r e a t e d  f i r s t  w i t h  4  mL of 10% aqueous NaOH, and then  w i t h  d i - E - b u t y l d i c a r -  

bonate (2.97 g ,  13.6 -01) a l s o  i n  15  mL o f  2 : l  THF/H20. The r e a c t i o n  mix tu re  

(pH9) was s t i r r e d  a t  room tempera ture  f o r  s e v e r a l  hou r s ,  and t hen  f l a s h  evapora ted  

t o  remove t h e  THE. The aqueous s o l u t i o n  was a c i d i f i e d  t o  pH 2-3 w i t h  12.5 mL of 

10% aqueous KHS04 and e x t r a c t e d  s e v e r a l  t imes  w i t h  e t h y l  a c e t a t e .  The e t h y l  ace-  

t a t e  l a y e r s  were combined, washed f i r s t  w i t h  wa te r ,  t hen  w i t h  s a t u r a t e d  aqueous 

NaC1, and f i n a l l y  d r i e d  over anhydrous Na2SO4 The d ry ing  a g e n t  was removed by 

f i l t r a t i o n  and t h e  s o l v e n t  concen t r a t ed  under reduced p r e s s u r e  t o  a f f o r d  2.30 g 

199% y i e l d )  of & as  a  c l e a r ,  c o l o r l e s s  syrup .  HRCIMS; m/e ( r e l .  i n t . )  232, M + 1 

1 1 . 0  186 1 2 . 1 ,  176 6 1 . 1 ,  132 ( % . I ) ,  131  (22 .3) .  130 1100). 86 198.8). e x a c t  

mass 232.1184 ( ca l cd .  f o r  C10H17N05 232.1184); 'H-NMR (D20) 8 = 4.54-4.43 (1H. 

trans, H4b,  broad m ) ,  4.36 ( l H ,  trans, HZa,  dd,  3~ = 7.6  Hz), 3.6-3.3 I Z H ,  HSa,  
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H m) , 2.43-2.30 (lH, H3a, m), 2.12 (lH, H3b, seven line m), 1.49 (2.6 H, G, 
5b' 

-C(Cg3)3, s ) ,  1.44 (6.4 H, trans, -C(CK3I3, s ) ;  'H-NMR (CDC13),6 = 5.17 (1H. OH, 

broad m), 4.59-4.37 (2H, Hda, HZa, broad m), 3.69-3.46 (2H, H5$, H5b, broad m), 

2.53-2.01 (2H. H3,, H3b, broad m), 1.49 (5.01 H, trans, -C(Cg3I3, s ) ,  1.43 (3.99 H, 

cis, -c(cg3) 3, S )  ; 'H-NMR (DMSO-d6) 6 = 12.58 (lH, COOH, broad m) , 5.07 (1H. OH, 

broad m), 4.23 (lH, Hdb, broad m), 4.11 (lH, HZa, dd, 3~2a,3a = 3~2a,3b = 8.0 HZ), 

3.6-3.2 (2H, H5,, H5b, m, 'J = 11.0 HZ), 2.2-2.0 (1H. H ~ ~ ,  m), 2.0-1.8 (lH, H3b, 

m), 1.39 (3.31 H, c&, -C(CK3)3, s ) ,  1.34 (5.69 H, trans, -C(CK3I3, s ) .  

The preparation of all N-substituted 5-aza-2-oxa-3-axo-bicyclo[2.2.11heptanes will 

be illustrated with the preparation of z. 
Preparation of 5-Acetyl-5-aza-2-oxa-3-0x0-bicycloI2.Z.llheptane (%). A stirred 

solution of previously prepared 5 (0.8004 g, 4.62 mmole) and triphenylphosphine 
(1.2706 g, 4.84 mole) in 70 mL of tetrahydrofuran was cooled to OOC, then treated 

withdiethylazodicarboxylate (0.846 g, 0.765 mL, 4.86 mole) as the reaction mix- 

ture warmed to room temperature. Stirring was continued for several hours. The 

reaction mixture was flash evaporated and the residue flash chromatographed on a 

35mm x 6" Merck silica gel 60, 230-400 mesh column and eluted in 20 mL fractions 

with acetonitrile, to yield 0.50 g (70% yield) of 5-acetyl-5-aza-2-oxa-3-0x0- 

bicyclo[2.2.llheptane. The product was recrystallized from methylethylketone/hex- 

ane, mp 95.5 -98.0~~. lit. "11 99-101'~; ["ID + 67.30' ( c  1.902, CHC13) lit. 7,11 

[a], + 61.1•‹ (c 1.0, CHC13); IR (CHC13) 1798, 1655 cm-l, lit.'' 1799, 1664 

+ HREIMS, m/e (rel. int.) 156, M + 1 (1.01, 155, M (6.1), 111 (42.81, 85 (16.O), 

69 (65.1). 68 (84.1). 56 (loo), exact mass 155.0591 (calcd. for C7H9N03 155.0583); 

13c NMR ( c D c ~ ~ )  6 = 170.58 (c3), 169.43 (N-c=o), 78.63, 78.39 (cl, cis, trans), 

59.22, 55.84 (C4, cis, trans), 50.78, 49.69 (C6, cis, trans), 39.70, 38.40 (C7, 

cis, trans), 21.97 (sH3); 'H-NMR (CDC13) 6 = 5.09 (In, H1, s ) ,  4.99 (0.38H, trans, 

H4, s), 4.39 (0.62 H, G, H4, e l ,  3.64 (0.38 H, trans, Hsb, d, 'J = 10.0 Hz), 3.55 

(1.24 H, +, H6a, HSb, s), 3.48 (0.38 H, trans, d, 'J = 10.0 Hz), 2.37 (1.86 H, 

G, CK3, s ) ,  2.30 (0.62~. +, H ~ ~ ,  dd, 'J = 12.5 Hz), 2.25 (0.62H. c&, H7br dd. 

'J = 12.5 Hz), 2.10 (0.38~. trans, H ~ ~ ,  dd, 'J = 10.8 Hz), 2.04 (1.14H. trans, 

CH3, s ) ,  1.95 (0.38H, trans, dd, 2~ = 10.8 Hz); 'H-NMR (DMSO-d ) 6 = 5.33 (0.58H, 6 

trans, H4, s ) ,  5.28 (0.42~, cis, H ~ ,  s), 4.80 ( 1 ~ .  HI, s ) ,  3.74 (0.58H, trans, Hsb, 

d, 2~ = 10.2 Hz), 3.61-3.26 (0.84H, , H6,, Hgb, ml, 3.49 (0.58H, w . H G a .  d, 

2~ = 10.2 Hz), 2.33-1.98 (2H, H7a, H7b, m), 2.06 (1.26H, E, CH3, s t ,  1.96 (1.74H, 

trans, Cg3, s ) .  - 



preparation of 5-Aza-5-benzoyl-2-oxa-3-oxo-bicyclo[2.2.l]heptane (a). Compound 

5a was prepared as described for s. The residue was flash chromatographed as - 

for - 5b but eluted with acetone/hexane (6:4, v/v). Early fractions were combined 

and rechromatographed on a 35nLm x 6 inch silica gel colwn, as described above, 

and eluted in 20 mL fractions with diethyl ether/acetone (3:1, v/v, Rf = 0.34) to 

yield 1.23 g (78% yield) of hmogeneous product. The later fractions containing 

5a and triphenylphosphine oxide were pooled and rechromatographed on a 3 5 m  x 6 in. - 
silica gel column as described above and eluted with acetonitrile to yield an 

additional 249 mg of homogeneous product (Rf - 0.69) (93% total yield) , mp 132- 
133.5'~. lit.16 131. 5-133.S0c; [aID + 80.29 (c 1.943, EtOH) , lit.16 [aID + 91.2O 

(C 1.25, EtOH); IR (CHC13) 1789, 1630 cm-l, lit.16 1792, 1625 Cm-l; HREIMS, m/e 

(rel. int.) 217 (0.8), 173 (16.8). 106 (7.91, 105 (loo), 77 (44). 57 (19.5). exact 

mass 217.0751 (calcd. for C12HllN03 217.0763). 

Preparation of 5-tert-Butoxycarbonyl-5-aza-2-oxa-3-oxo-bicyclo[2.2.1lheptane (521. 

Compound %was prepared as described for E. The residue was triturated with 

Et20/PE (9:1), the precipitate collected by filtration and the filtrate concentra- 

ted. The residue was flash chromatographed on a 50- x 6 in. Merck silica gel 60, 

230-400 mesh column and eluted in 30 mL fractions with CH2C12/acetone (20:1, v/v) 

to afford 1.52 g (74% yield) of crude product. Recrystallization from EtOAc/PE 

yielded, in two crops, 1.49 g (72% yield) of homogeneous product, mp 109.0-111.0~~; 

IulD t 4 5 . 9 ~ ~  (c 1.480, CHC13) IR (CHC13) 1800, 1700 HREIMS, m/e (rel. int.) 

213 (0.41, 140 (16.61, 113 1 0 . 1  69 6 .  57 (100). 56 (18.7), exact mass 

213.1004 (calcd. for C10H15N04 213.1001); 'H-NMR (CDC13) 6 = 5.09 (1H. H1, s ) ,  4.55 

(lH, H4, m), 3.54 (1H. Hsb, dd, 2~ = 10.9 Hz, 3~6b,l = 1.1 Hz), 3.46 (1H. H6a, 

2~ = 10.9 Hz), 2.21 (lH, H ~ ~ ,  dt, 'J = 11.2 HZ, 3~ = 1.3 Hz), 2.02 (lH, H7a, d, 

'J = 11.2 HZ), 1.48 (9H. -c(cg3) 3, s), Anal. Calcd. for c ~ ~ R ~ ~ N o ~ ;  C, 56.33; H, 

7.09; N, 6.57. Found: C, 56.20; H, 7.34; N, 6.61. 

Preparation of 5-Aza-5-carbobenzoxy-2-oxa-3-oxo-bicyclo[2.2.l]heptane (a). Com- 

pound was prepared as described for z. The final product was chromatographed 
On silica gel as previously described and eluted with 20 mL fractions of CH2C12/ 

acetone 130:l. v/v) to yield 0.91 g (56% yield) of homogeneous product, mp 98.5- 

1 0 0 ~ ~ .  lit. 7,11 102-103~~; (=I, + 33.32O (c 2.191, CHC13), lit.'' [alD + 33.6O 

(c 1.0, CHC13); IR (CHC13) 1800, 1710 cm-l, lit.'' 1799, 1706 cm-l; HREIMS, m/e 

(rel. int.), 248, M + 1 (0.51, 247, M+ (1.9), 203 (7.4), 92 (10.8), 91 (loo), 68 

(4.3), 66 (2.5). exact mass 247.0849 (calcd. for C13~13N04 247.0845). 
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Preparation of 5-Aza-5-(p-Toluenesulfonyl)-2-o~a-3-0~o-bicyclol2.2,l]heptane (&). 

Compound was prepared as described for z. The residue was flash chromato- 
graphed as previously described and eluted with 30 mL fractions of CH2ClZ/acetone 

(60:1, v/v) to afford 1.61 g (86% yield), mp 108.5-110.5'~, lit.1'7,14 106-107~~; 

[elD + 30.48 (c 3.839, CHC13), lit.' [aID + 27.7O (3% CHC13); IR (CHC13) 1815, 

1800, 1350 cm-l, lit.' (CHC13) 1800 cm-l. IR (KBr) 1820, 1795, 1600, 1350 cm-l, 

+ 
lit.14 (KBr) 1789 cm-l; HREIMS, m/e (rel. int.) , 268, M + 1 (0.3), 267, M (1.31, 

223 (67.21, 156 (7.9), 91 (loo), 68 (68.71, 67 (5.71, 65 (44.9), exact mass 

267.0565 (calcd. for C12H13N04S 267.0565). 
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