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Abstract - Selective dihydroalane reduction of 1-benzyloxy 6-lactams 4 affords 

1-(benzy1oxy)azetidines 6 which can be debenzylated to give the 1-hydroxy 

azetidines 7. Oxidation of the compounds 7 either gives a mixture of 0-lactams 

10 and 11 or selectively 0-lactams 10. 

6-Lactams with either a leaving group in 4-position or a hetero substituent at N-1 have 

recently received much attention. In 1974 Claws et al. demonstrated the use of 

4-(acety1oxy)-2-azetidinone (1) in 6-lactam synthesis. On reaction with several oxygen, 

nitrogen, and sulfur nucleophiles 1 yielded the corresponding C-4 substituted products.' 

These displacement reactions have been extended to carbon nucleophiles like cyanider2 

allylsilanes,3 silyl en01 ethersS4 and cup rate^.^ 

The isolation and structural elucidation of several members of a new class of monocyclic 

6-lactam antibiotics (monobactams 2 )  have initiated work on monocyclic 8-lactams with 

hetero substituents at N-I.= 2-Azetidinones with an acetyloxy function in 4-position can 

be synthesized via several pathways. The first metbd cmprises the (2+2) cycloaddition 

of vinylic esters and chlorosulfonyl isocyanate.lv7 Besides, ring opening of penicilline 

sulfoxide esters to monocyclic 4-acetyloxy derivatives was reported by Suarato et al. 8 

Recently the formation of a 4-(acety1oxy)-2-azetidinone was achieved by the lead 

tetraacetate oxidation of the corresponding 4-carbaxyl derivative.' Very recently Easton 

and Love reported the direct introduction of a benzoyloxy function at C-4 of y-alkyl and 

N-aryl 0-lactams10 and this paper prompts us to report our results on the synthesis of - 
0-lactams that have acetyloxy substituents both at the C-4 and N-1 positions. 

To our knowledge the introduction of an acetyloxy function in the 4-position of 6-lactams 

having a hetero substituent at N-1 has not been reported. We have recently described a 

novel synthesis of 1-(acety1oxy)-2-azetidinones starting from four-membered cyclic 

nitrones or 1-hydroxyazetidines via oxidation by lead tetraacetate. 11r18 since ojima 

et a1.13 have reported that monocyclic B-lactams can be reduced to the corresponding 

azetidines we have examined the possibility to introduce an acetyloxy function at C-4 of 

1-(benzyl0xy)-2-azetidinones via 1-hydroxyazetidines. However, reduction of l-hydroxy- 

3,)-dimethyl-2-azetidinone with a mixture of A1C13 and LiA1H4 gave mixtures of products 



possibly due to chelation of the hydroxamic acid function with ~ 1 ~ + . ~ ~  In order to 

circumvent this problem we started from I-hydroxy-2-azetidinones in which the hydroxyl 

function had been protected with a benzyl group because it was known from our previous 

work that the benzyl group in 1-(benzy1oxy)azetidines can be removed without cleavage of 

the N-0 bond.'' The I-benzyloxy 0-lactams 4a-d were prepared from the corresponding 

3-halopropionyl chlorides with ebenzylhydroxylamine and subsequent cyclization of the 

resulting hydroxamic acids in pyridine.l4-l5 The @-lactams 4e and 4E were synthesized in 

42% and 98% yields. respectively. by cyclization of the corresponding N-(benzy1oxy)- - 
propanamides 3e and 3E with sodium hydride in M F .  These novel 6-lactams were 

characterized by ir 11780 (C=O) cm-'1 and I3c-mr spectroscopy I 6 164.4 ( 5 .  C=O)]. 

Debenrylation of the Y-lactams 4e and 4E by hydrogenation according to literature 

afforded the 1-hydroxy-2-aletidinones 5e and Sf, respectively, in nearly 

quantitative yields. Compound 5e was isolated as a crystalline product, which undergoes 

slow decomposition at roan temperature and G-lactam Sf was obtained as a red-coloured 

oil, which decmpses at roan temperature within a few days. 

Reaction of the 1-(benzy1oxy)-2-azetidinones la-f with a LiA1H4/A1C13 suspension in 

refluxing diethyl ether or tetrahydrofuran for 2 . 5  h gave the corresponding 

1-(benzy1oxy)azetidines 6a-f in good yields. The azetidines 6 were characterized on the 

basis of l~-mnr and 1 3 ~ - m r  spectroscopy and mass spectrometry by comparison of these 

data with those of 6a.18 The azetidines 6a-c. 6e and 6f were isolated as oils which were 

purified by distillation under reduced pressure. These results show that the 

monochloroalane reduction can indeed be used tor the reduction of I-(benzyloxy) 

2-aretidinones to the corresponding 1-(benzy1oxy)azetidines withxt cleavage of the N-0 

bond. Although 1-oxy-2-azetidinones are more sensitive towards nucleophilic ring opening 

than simple 0-lactams 12,16 and the LiA1H4 reduction of E-benzyloxy compounds is reported 

to give deoxygenation 17, this does not occur with this mild reduciw agent. 

The 1-(benzyl0xy)azetidines 6a-d were debenzylated by hydrcgenation in acetic acid 

(pd/c)18, affording the 1-hydroxyazetidines 7a-d in good to moderate yields. The 
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1-hydroxy-3.3-dimethylazetidine (7a) was identical with an independently prepared 

sample18 and the azetidines 7 b d  were characterized by canparison of their spectral data 

with those of 7a. We were not able to isolate 1-hydroxyazetidine (7e) and 

1-hydroxy-3-methylazetidine (7f) and 'H nmr spectroscopy of the crude reaction mixtures 

clearly showed that only partial debenzylation of the starting material took place. 

Oxidation of the hydroxyazetidines 7b and 7c with freshly prepared "active Pt02" l9 gave 

the four-membered cyclic nitrones 8b and 8c. respectively. The nitrones 8b and 8c show a 

characteristic singlet for the C-4 proton in the l~-nmr spectra at 6 6.8 and were further 

characterized as the corresponding 1.3-dipolar cycloadducts with dimethyl 

acetylenedicarboxylate. The cycloadducts 9b and 9c show in the l~-nmr spectra a triplet 

1 6 4.87 ( J  = 1 Hz, HC-4)l and an AR pattern I 6  3.79 and 3.62, (dAB, J = 1 and 10 HE, 2H, 

HC-711 and in the 13c-nmr spectra absorptions at 6 163.0 and 159.6 (C.0). 154.0 (C-3) and 

108.1 IC-4). Oxidation of hydroxyazetidine 76 afforded 8d as a crystalline compound in 

59% yield. On the basis of the l~-nmr spectrum I 6 7.46 ( s ,  1H. HC-4)). 13c-nmr spectrum 

1 6 142.9 (d, C-4)1 and ms [m/z 223.100 (M', calcd, 223.100)l. we assigned the nitrone 

structure to canpound 8d. Additional proof was obtained by the reduction of 8d with NaBH4 

in methanol. affording 1-hydroxyazetidine 76 in 80% yield. 

R 2 h  - Pb02 R2& E-CSC-E 

'OH 
1 
0 

R' H R' OAc 
Pb (OAd4 

7- - R ? = O A C  + R ~ ~ O A C  

0 OAc 0 OAc 

7 r a t i o  10111 yield ( X )  

.. 60140 59 

b. 10010 4 6 

C. LOO/O 42 

d. 10010 50 

Oxidation of 7a with 3.3 equivalents of lead tetraacetate afforded a mixture of 1-4-% 

(acety1oxy)-2-azetidinone 10a and 1 . 4 . 4 - m ( a c e t y l o x y ) - 2 - a z e t i d i n o n e  lla in a ratio of 3 

to 2.'' However, when the hydroxyazetidines 7b-d were oxidized with 3.3 equivalents of 

lead tetraacetate the 1.4-~(acetyloxy)-2-azetidinones lob-d were isolated as the only 

products. On the basis of three absorptions in the ir spectra (C=O, OAc and NOAC). the 



presence of a singlet at low field (1H. HC-4) and two singlets at 6 2.0 + 0.2 (3H, CCCH3) 
in the l ~ - m r  spectra and three absorptions in the 13c-nmr spectra (C=O. OAc and NOAc), 

we assigned the 1.4-~(acetyloxyl B-lactam structures 10 to the reaction products. 

The introduction of an acetyloxy function at C-4 of these 0-lactams is clearly influenced 

by the substituents in the C-3 Position. According to CPK-models the increase in- steric 

hindrance around C-4, when replacing the methyl substituents at C-3 by ethyl, butyl. or 

phenyl substituents, prevents the introduction of a second acetyloxy function at C-4. 

In conclusion we have demonstrated that the use of the monochloroalane reduction followed 

by lead tetraacetate oxidation of the resulting 1-hydroxyazetidines. enables the 

introduction of an acetyloxy function at C-4 of 1-oxy-2-azetidinones. 

EXPERIMENTAL 

Mps were determined with a Reichert melting point apparatus and are uncorrected. '~-nmr 

and 13c-mr spectra (CDC13) were recorded wlth a Bruker WP-80 and a Nicolet MT 200 

spectrometer, respectively, with tetramethylsilane as an internal standard. Mass spectra 

were obtained with a Varian Mat 311A spectraneter. Ir spectra were recarded with a 

Perkin-Elmer 257 spectrophotaneter. Elemental analyses were carried out by E. Hoqendam 

of the Laboratory of Chemical Analysis of the Twente University of Technology. 

Materials. LiA1H4 (Merckl, AlC13 (Merckl, NaH (80% dispersion: Fluka A ,  dimethyl 

acetylenedicarboxylate (Merckl and lead tetraacetate (Merckl are camnercially available. 

Lead tetraacetate was washed with diethyl ether immediately before use to remove the 

acetic acid. Petroleum ether refers to the fraction boiling at 40-60 OC and glacial 

acetic acid refers to CuS04-dried acetic acid. 

N-(Benyl0xy)-3-chlompmpanamide We). To a suspension of HC1.H2NORz (5.04 g; 31.6 moll 
in dry CH2C12 (80 mll was added dry triethylamine (6.48 g; 64 mmol), after which a sol" 

of 3-chlomp~opionyl chloride (4.0 g ;  31.6 mol) in dry CH2C12 (20 mll was added 

drapwise at 0 OC. After being stirred for an additional 2 h at roan temperature, the 

reaction mixture was filtered, the organic layer washed twice with water (30 ml), and 

dried over MgS04. The solvent was removed under reduced pressure, leaving an oil which 

solidified on rubbing. Trituration with a mixture of ethyl acetate and hexane (1:l) gave 

3s as a white solid. Yield 67%; mp 87 - 88 OC (CHC13/petroleum ether); ir (KRrl: 1660 

(C=O) an-'; '~-mr 6 : 8.95 (bs, lH, NH), 7.37 ( s ,  5H. PhH), 4.88 (s. 2H. CH2Ph), 3.74 

(t, J = 6.8 Hz, 2H. CH2C1), 2.7-2.3 (m, ZH, CH2CO); 13c-mr 6: 167.3 ( s ,  C=Ol, 78.3 (t, 

CH2Ph), 39.6 (t, CCCH2), 36.4 (t, CH2C1); ms. r& 213.054 (M+, Calc.: 213.0551; Anal. 

Calc. for C10H12C1N02: C, 56.21; H, 5.66; N, 6.56. Found: C, 55.83; H. 5.92; N, 6.30. 

N-tBenylq)-3-bmmo2-t~1pmpanami& (3f). A soln of H2NOBz (19.4 g; 157.7 mol) 

in dry pyridine (180 ml) was cooled to 0 OC. 3-Bmmo-2-methylpropionyl chloride 22 was 

added dropwise and the resulting mixture was stirred for 0.5 h at 0 OC. After being 

stirred for 2 h at roan temperature, water (150 ml) was added and the reaction mixture 

was acidified to pH 4 with concentrated HC1 and extracted with CH2C12 (3 x 70 ml). The 

organic layer was dried over MgS04 and the solvent evaporated under reduced pressure, to 

give an oil which solidified on rubbing. Trituration with diisopropyl ether gave pure 3f. 

Yield 59%; mp 123-124 OC (CHC13/petroleurn ether); ir (KBr): 1660 (C=O) cm-l: l ~ - m r  6: 

7.70 (bs, lH,.NH), 7.38 ( s ,  5H. PhH), 4.92 (s. 2H.  CH2Ph), 3.59 and 3.31 (dAR, &B = 10.0 
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H Z ,  Jy lClna l  = 8 . 5  a n d  5.6 Hz, 2H, CH2Brl ,  2.8-2.3 (m, l H ,  C ~ ~ C H ~ ) ,  1 . 2 1  ( d ,  _3 = 6.8 H Z ,  

3H. CH3): 13c-nmr ' 5 :  171.0 ( s ,  C=O),  78.6 ( t ,  CH2Ph), 41.2 ( d ,  CH), 33.8 ( t ,  CH2Bc),  

1 7 . 1  (q, CH3): ms.  m/z 254.018 [(M-OH)', c a l c .  f o r  c ~ ~ H ~ ~ ~ ~ B L - N o :  254 .018) .  A n a l .  C a l c .  

f o r  C l l H 1 4 7 9 ~ r ~ 0 2 :  C, 48 .54:  H ,  5.19: N, 5.15.  Found: C,  48 .10;  H ,  5 .17 ;  N ,  4 .75.  

I-(Benzy1oxy)-2-azetidinone ( 4 e ) .  To a s u s p e n s i o n  of NaH (0 .40  g ;  1 6 . 7  m o l l  i n  d r y  mf 
( 1 2  m l l  was a d d e d  d r o p w i s e  a s o l n  o f  c m p o u n d  3 e  (2 .94  g ;  13 .8  mmol) i n  d r y  DMF ( 5  m l l  a t  

0 OC. The s u s p e n s i o n  was  s t i r r e d  f o r  18 h a t  6 0  OC. W a t e r  ( 5 0  m l )  was  c a r e f u l l y  a d d e d  a n d  

t h e  r e s u l t i n g  m i x t u r e  was e x t r a c t e d  w i t h  e t h y l  a c e t a t e  ( 3  x 30 m l ) .  T h e  o r g a n i c  l a y e r s  

w e r e  washed  w i t h  b r i n e  ( 3  x 20 m l ) ,  d r i e d  o v e r  MgSO4 a n d  t h e  s o l v e n t  was  removed u n d e r  

r e d u c e d  p r e s s u r e .  The  r e s u l t i n g  o i l  was  p u r i f i e d  by s i l i c a  g e l  co lumn c h r o m a t o q r a p h y  

( f i r s t  p e n t a n e  t o  remove t h e  o i l  of t h e  NaH s u s p e n s i o n ,  t h e n  CHC13) to g i v e  t h e  c r u d e  

C-lactam, w h i c h  c o u l d  b e  f u r t h e r  p u r i f i e d  by d i s t i l l a t i o n .  Y i e l d  42%;  b p  8 5  OC ( 0 . 1  m ) ;  

nD20 1 .5372:  ir (NaC1):  1780 (C=O) cm-l;  l ~ - n m r  6 :  7 .39  ( s ,  5H. PhHl ,  4.94 ( s ,  2H. 

C H ~ P ~ ) ,  3 .24  ( t ,  J = 4.2 Hz, Z H ,  NCH2), 2.61 ( t ,  J - 4.2  Hz, 2H, COCH21; 13c-nmr 6 : 

167.4 ( s ,  C=O), 78 .3  ( t ,  CH2Phl,  39.7 ( t .  NCH21, 36.2 ( t ,  COCH21; ms,  & 177.080  (M*,  

c a l c .  f o r  ClOHl1NO2: 1 7 7 . 0 7 9 ) .  

l-(Benzyloxyl-3-methyl-2-azetidinone ( 4 f ) .  T o  a s u s p e n s i o n  o f  NaH ( 2 . 6 5  g ;  1 1 0  m o l l  i n  

d r y  CMF ( 1 0 0  m l l  was a d d e d  d r o p w i s e  a sol" o f  c m p o u n d  3 f  ( 2 2 . 7  g :  8 4  m o l )  i n  d r y  mF 

( 5 8  m l ) .  The r e s u l t i n g  m i x t u r e  was  s t i r r e d  f o r  an  a d d i t i o n a l  1 8  h a t  7 0  OC. The  r e a c t i o n  

m i x t u r e  was w o r k e d  u p  e s s e n t i a l l y  t h e  same a s  d e s c r i b e d  f o r  compound 4 e .  Y i e l d  98%;  b p  

( k u g e l r o h r l  + 7 5  OC ( 0 . 1  nm); nDZ0 1 .5300;  ir (KBrl :  1 7 7 5  (C=O) cm-l;  l ~ - n m r  6 :  

7.45-7.35 (m, 5H. P I ,  4.94 (s,  2H. CH2Ph),  3.4-3.35 (m, 1 H .  HC-41. 2.9-2.8 (m. 1H. 

HC-4). 2.86 ( d q .  J = 2 . 1  a n d  6 .8  Hz, 1 H .  HC-3), 1.21 I d ,  J = 6.8  Hz. 3H. CH31; 1 3 ~ - m n r  

6:  167 .2  Is, C=O),  77.4 ( t ,  CH2Ph),  52 .9  ( t .  NCH21, 39 .6  ( d ,  CHI, 13 .3  l q ,  CH3); ms .  m& 

191.096  (M', c a l c .  f o r  C11H13N02: 191.0951.  

1 -Rydroxy-2-aze t id inone  (5~). A s o l n  o f  compound 4 e  ( 1 . 7 8  g ;  1 0  m o l l  i n  MeOH 140 m l )  

was  h y d r q e n a t e d  a t  a n  a t m o s p h e r i c  p r e s s u r e  i n  t h e  p r e s e n c e  o f  Pd/C ( 1 0 % )  t o  g i v e  

ccmpound 5e i n  86% y i e l d ,  a f t e r  t r i t u r a t i o n  w i t h  d i i s o p r o p y l  e t h e r .  Mp 73-74 OC 

(CHC13/petroleum e t h e r ) ;  ir (KBrl :  1 7 5 0  (C.0) cm-l; l ~ - n m r  6 :  8 . 6 6  ( b s ,  1 H .  OH), 3.60 

I t ,  J = 3.4 Hz,  2H. CH2N), 2.72 ( t .  J = 3.4 H z ,  2H. COCH2) ; ms,  m/z 87.032 I M + .  calc.  f o r  

C3H5N02: 87 .0321.  

I-FIydroxy-3-t@l-2-azetidinone ( S f ) .  A sol" o f  compound 4 f  ( 0 . 9 5  g :  5 mmol) i n  MeOH 

( 2 0  m l l  was h y d r c g e n a t e d  a t  an a t m o s p h e r i c  p r e s s u r e  i n  t h e  p r e s e n c e  o f  Pd/C ( 1 0 8 1  t o  g i v e  
1 ccmpound S f ,  w h i c h  c o u l d  n o t  b e  p u r i f l e d  ( a c c o r d i n g  to H-nmr t h e  y i e l d  is a b o u t  8 0 % ) .  Ir  

( K B r l :  1750  (C=O) cm-l;  l ~ - n m r  6 :  7.80 ( b s ,  l H , O H ) .  3.8-2.9 (m, 3H. HC-3 a n d  HC-41. 

1.30 I d ,  J = 7 . 1  Hz, 3H, C H ~ ) ;  ms,  m/z 101.047 (M+, c a l c .  f o r  C4H7N02: 101.0481.  

R e d u c t i o n  of 1-(benzy1oxy)-2-azetidinones 4. A m i x t u r e  o f  A1Cl3 ( 2 2 . 2 7  g ;  1 6 7  mol) a n d  

LiA1H4 ( 6 . 5 3  9 ;  172  m o l l  i n  d r y  d i e t h y l  e t h e r  (380 m l l  was r e f l u x e d  f o r  3 0  mi" w i t h  

s t i r r i n g .  T o  t h e  m o n o c h l o r o a l a n e  s o l n ,  t h u s  p r e p a r e d .  was a d d e d  d r o p w i s e  a s o h  o f  

P - l a c t a m  4 ( 3 4  n m o l )  i n  d r y  d i e t h y l  e t h e r  o r  t e t r a h y d r o f u r a n  ( 7 0  m l l .  The  r e s u l t i n g  

m i x t u r e  was  r e f l u x e d  a n  a d d i t i o n a l  2 h ,  t h e n  c o o l e d  to 0 OC a n d  w a t e r  ( 8 0  m l l  was  a d d e d  

c a r e f u l l y .  The  o r g a n i c  l a y e r  was s e p a r a t e d  a n d  t h e  w a t e r - l a y e r  e x t r a c t e d  w i t h  CH2C12 ( 3  x 

100 m l ) .  The  c c m b i n e d  o r g a n i c  l a y e r s  w e r e  d r i e d  over MgS04 a n d  t h e  s o l v e n t  e v a p o r a t e d  



under reduced pressure. Purification by silica gel column chromatcqraphy (eluent CH2Cl21 

gave pure 6. 

I-(Benzy1ory)-3.3-dhethylazetidine (6a) f m  4a. Yield 95%. See for spectroscopic data 

ref. 18. 

1-1eenzyloxy)-3.3-diethylazetidine (661 f- 4b. Yield 72%; l~-nmr 5: 7.31 ( 5 .  5H. PhHl, 

4.62 ( s .  2H. CH2Ph), 3.32 (bs, 4H. NCH21, 1.54 (bq, J = 7.3 Hz. 4H. Cs2CH3), 0.78 (t, J = 

7.1 Hz, 6H. CH31. I%-nmr 6: 74.7 (t, CH2Phl, 67.3 (t, NCH2), 35.8 ( 5 .  C-31, 29.8 and 

27.8 (t, CH2CH31, 8.5 (9, CH3); ms, m/z 219.162 (M+, calc.: 219.162). 6b.HC1; mp 103 - 

105 OC (CHC13/petroleum ether); Anal. Calc. for C14H21N0.HC1: C, 65.78; H, 8.61; N, 

5.48. Found: C, 65.45; H. 8.98; N, 5.32. 

1-(Beny1oxy)-3.3-dibutylazetidine (6c) f m  4c. Yield 70%; bp 118-120 OC (0.3 m ) ;  nD?O 

1.4927; '~-nmr 6: 7.31 (s, 5H. PMI, 4.62 ( s ,  2H. CH2Phl, 3.32 (bs, 4H. NCH21, 1.6-1.1 

(m, 12H, -(CH~I~-I, 0.89 (t, J = 5.4 Hz. 6H, CH31; 13c-mr 6 :  74.7 (t, CH2Phl, 68.2 (t, 

NCH2), 37.9 and 35.9 (ht, CH2C-3). 34.9 ( s .  C-31. 14.1 (q, CH3); ms, m/z 275.227 (M+,  

calc. for C18H29NO: 275.2251. 

1-(8enyloxy)-3.3-diphenylazetidine (6d) f- 4d. Yield 86%; mp 53-55 OC (CHC13 

/petroleum etherl; l~-nmr 6 : 7.2-7.1 (m, 15H, PMI, 4.57 (s. 2H, CH2Phl, 4.05 (bs, 4H, 

NCH21; 13c-nmr 6 : 75.0 (t, CH2Ph), 70.5 (t. NCH21. 44.2 ( s .  C-31; ms, m/z 315.164 (M+, 
calc. for C22H21NO: 315.1621. Anal. Calc. for CZ2HZ1NO: C, 83.78; H, 6.71; N, 4.44. 

Found: C, 83.85; H, 7.06; N, 3.96. 

1-1Benyloxy)azetidine (be) f m  4e. Yield 98%; hp (kugelrohrl + 65 OC (0.02 mnl; nDZ0 
1.5182; '~-runr (40'0~1 6 : 7.28 ( s ,  5H. PhHl, 4.61 ( s ,  2H. CH2Phl, 3.48 (t, J = 7.1 Hz, 

4H, NCH21. 1.78 (quint, J = 7.1 Hz, 2H. CH21; 13c-nmr 6: 74.6 (t, CH2Phl. 59.5 (t. 

NCH21, 13.3 (t, CH21; ms, m/z 163.101 (M+, calc. for C10H13NO: 163.1001. 

1-(Beny1oxy)-3-methylazetidine (6f) f m  if. Yield 67%; bp (kugelrohrl 80 OC (0.1 m ) ;  

nD25 1.5072; l ~ - m r  6: 7.27 ( 5 ,  5H. PMI, 4.61 ( s ,  2H. CH2Phl, 3.69 (dt, J = 6.8 and 2.1 

Hz, 2H. NCH2), 3.00 (dt, J = 6.8 and 2.1 Hz, 2H. NCH2), 2.18 (octet, J = 6.8 Hz, 1H. 

HC-3); 13~-nmr 6: 74.8 (t, CH2Ph), 66.5 (t, NCH21, 22.0 (d. CHI, 19.0 (4, CH31; ms, m/z 
177.115 (M', calc. for C11H15NO: 177.1151. 

mbenzylation of 1-(beny1oxy)azetidines 6. A sol" of the azetidine 6 (4.1 moll in 

glacial acetic acid (20 ml) was hydrogenated at an atmospheric pressure in the presence 

of 0.1 g Pd/C (5%). After no more hydrqen was taken up, the reaction mixture was 

filtered over hyflo and the acetic acid removed under reduced pressure at 30 OC. The 

residue was neutralized with a saturated aqueous NaHC03 sol" and extracted with CHC13 (3 

x 40 mll. The cmbined extracts were dried over NgSO4 and the solvent removed under 

reduced pressure. The resulting 1-hydroxyazetidines 7 were purified either by 

distillation or by trituration. 

3,3-Diethyl-1-hydr~x~azetidine (7b) f- 6b. Yield 62%; bp (kugelrohr) 70 OC (3 mnl ; n D  20 

1.4560; l~-nmr 6: 7.99 (bs, 1H. OH), 3.45 and 3.26 (bAR. 4H. NCH21, 1.54 (bq, J =  7.3 

HZ, 4H, C3Cx3), 0.80 (bt, _J = 7.3 HZ, 6rf, C+): 13c-nmr 6: 35.4 (s, C - 3 ) ,  30.0 and 27.6 

(t. CH2CH3), 8.7 and 8.3 (q, CH31; ms, m/z 129.115 (M', calc. for C7H15NO: 129.115). 



HETEROCYCLES, Vo1 26, No 2, 1987 

3.3-Dibutyl-1-hydroxyaxetidine (7c) f r o  6c. Yield 70%; bp (kugelrohr) + 110 OC (0.5 mn); 

"2' 1.4572; '~-nmr 6: 8.47 (bs, 1H. OH), 3.65-3.0 IbAB, 4H, NCH2), 1.6-1.3 (m. 12H. 

-(CH2I3-). 0.90 (t, J =  5.6 Hz, 6H, CH3); 13c-nmr 6: 69.3 (t, NCHZ), 37.9 and 35.4 (t, 

CH2C-3). 34.6 (s, C-3). 14.1 ( q ,  CH3); ms, I& 185.178 (M+, calc. for C11H23NO: 185.178). 

1-Hydroxy-3.3-diphenylazetidine (7d) from 6d. Yield 80%; mp 118-120 OC (CHC13/petroleum 
ether); l~-nmr 6: 7.3-7.2 (m, 10H, PhH), 6.15 (bs, IH, OH), 4.34 and 4.09 (~AB, J = 6.8 

Hz, 4N. NCH2); 13c-nmr 6: 70.9 (t. NCH2), 43.8 (s, C-3); ms, m@ 225.115 (M+, calc.: 

225.115); Anal. Calc. for C15H15NO: C, 79.97; H. 6.71; N, 6.22. Found: C, 79.89; H, 6.61; 

N, 6.15. 

Oxidation of 1-hydmxyazetidines 7 with lead(1V) oxide. 1-Hydroxyazetidine 7 (1.9 mol) 

was added to a suspension of Pb02 (0.57 g; 2.38 mnol) in dry CH2C12 (10 ml). After being 

stirred for 45 mi", MgS04 was added and the resulting mixture was filtered over hyflo. 

The solvent was removed under reduced pressure to give the nitrones 8. 

3.3-~iethyl-2.3-dihydroazete laride (8bI. Yield according to l~-nmr about 80%; (unstable 

oil); l~-nmr 6: 6.92 (s, 1H. =CH), 3.99 (s, 2H. NCH2), 1.73 and 1.71 lq, J = 7.3 Hz, 4H. 

C3CH3), 0.96 (t, J = 7.3 Hz, 6H. CH2C3). 

3.3-Dibutyl-2.3-dihydroazete laride (8~). Yield according to l~-nmr about 80%; (unstable 

oil); '~-nmr 6: 6.87 ( 5 ,  1H. =CH), 3.97 (s. 2H. NCH2). 1.8-1.1 (m, 12H, -(CH2)3-), 0.92 

(t. J - 7 Hz, 6H. CH3). 
2.3-Dihfdro-3.3-diphenylazete l-oride [ad). Yield 59%; mp 130-132 OC (CHC13/petroleum 

ether); '~-nmr 6: 7.46 (a, 1H. =CH), 7.3-7.1 (m, lOH. PhH), 4.76 ( s ,  2H. NCHZ); 13c-nmr 

6: 142.9 (d, =CH), 77.6 (t, NCH2), 48.6 (s, C-3); ms, m& 223.100 (Mt, calc.: 223.100); 

m/z 193.089 [(M - CH~O)+ 20; calc. for C14H11N: 193.0891 ; Anal. Calc. for C15H13NO: C, 

80.69; H. 5.87; N. 6.27. Pound: C. 80.44; H, 6.22; N, 6.12. 

Characterization of nitrones 8: synthesis of dimethyl 6.6-disubstituted 2-a-1-aza 

bicyclol3.2.01hept-3-ane-3.4-dicarboxylates 9. The crude 8 (1.9 moll was dissolved in 

dry CH2C12 (5 ml) and reacted with dimethyl acetylenedicarboxylate (227 mg; 1.6 mol) at 

0 OC for 30 min after which the solvent was removed under reduced pressure. The residue 

was dissolved in CHC13 and passed through a small Florisil column, to give pure 9 after 

removal of the solvent under reduced pressure. 

Dimethyl 6.6-diethyl-2-oxa-l-a~icyclol3.2.01hept-3-ene-3.4-dicarboxylate l9b) from 7b. 
Yield 42%; ir (KBr): 1758 (C.0) and 1720 (C=O) cm-l; l~-nmr 6 :  4.87 (t, J = 1 Hz, 1H. 

H-5). 3.80 and 3.63 (dAB. J = 1 and 10 Hz, ZH, H-71, 3.91 and 3.74 ( s ,  3H, CmH3), 

1.8-1.4 (m. 4H. C&CH3), 0.94 and 0.72 (t, J = 7.3 Hz, 3H, CH3); 13c-nmr 6: 163.0 and 

159.5 ( s ,  C=O), 154.2 ( s ,  C-3). 108.1 ( s ,  C-4). 79.2 (d, C-5). 69.2 (t, C-7). 53.4 (s, 

C-6). 28.3 and 24.3 (t, CH~CH~), 8.4 and 7.5 ( q ,  CH31; ms: m& 269.126 M calc. for 

C13H19N05: 269.126). 

Dinethyl 6,6~ibutyl-2oxa-l-azabicyclo[3.2.01hept-3-sne-3,4dicarboxylate (9c) frp. 7c. 

Yield 28%; '11-mr 6 : 4.87 (t, J = 1 Hz, H-5). 3.79 and 3.62 (dAB, J = 1 $nd 10 Hz, 2H. 

H-71, 1.8-0.8 (m. 18H. -(CH2)3-CH3); 13c-nmr 6 :  163.0 and 159.6 (s. C=Ol, 154.0 (s, 

- 3  108.1 (s, C-4), 79.9 (d, C-5), 70.7 (t, C-71, 46.5 (s, C-6); ms: m b  325.188 (M', 

calc. for C17H27N05: 325.189). 



I-Hydrory-3,3diphenylazetidine (7d) E m  Ed. To a soln of compound 8d (0.22 g; 0.98 

mol) in dry MeOH (10 mll was added 0.15 g (3.92 mol) of NaBH4. The resulting mixture 

was stirred for 2.5 h at room temperature after which water 130 ml) was added. The 

reaction mixture was extracted with CHC13 (3 x 40 ml), the organic layer was dried over 

~ g s o ~  and the solvent removed under reduced pressure. Trituration [diisopropyl ether 

/hexane (1:2)1 gave pure 76 in 80% yield. 

oxidation of 1-hydmxyazetidines 7 with lead tetraacetate. A sol" of the 1-hydroxy 

azetidine 7 (3 -1) in dry toluene (5 ml) was added to a stlrred sol" of lead tetra 

acetate (4.43 g; 10 moll in dry toluene (40 ml), at 0 OC in an atmosphere of dry N2. 

After being stirred For 30 mi", the mixture was filtered over hyflo and the filtrate was 

washed with brine (2 x 10 mll. The Organic layer was dried and filtered and the solvent 

was removed under reduced pressure. In the case of 7b and 7c, the resulting oil could be 

purlfied by silica gel column chromatography vith CHC13 as eluent. 

1.4-Bis(acetyloxy1-3.3-diethyl-2-azetidinone (10b). Yield 46%; ir (KBr): 1818 (NOAc), 

1785 (C=O). 1765 (OAcI em-'; '~-Nnr 6: 6.04 ( s ,  lH, HC-41, 2.17 and 2.14 IS. 3H. COCH3), 

1.9-1.7 (m, 4H. C3CH3), 1.04 and 1.03 (t, 2 = 7.5 Hz. 6H. CH3); 13c-nmr 6: 170.3, 167.9 

and 167.8 (C=O), 86.0 (d, C-41, 59.5 ( s ,  C-3). 24.4 and 21.5 It. CH2CH3), 20.8 and 17.9 

( q ,  COCH3), 8.9 and 8.5 (q, CH3): ms, & 243.112 (M+, calc. for ClIH1,N05: 243.1111. 

l,4-Bis(acetyloxyl-3,3-dihtyl-2-azetidim (10~1. Yield 42%; (slightly coloured oil): 

ir (KBrl: 1818 (NOAC), 1785 (C=O) and 1750 (OAc) cm-l; "~-nmr 6: 6.02 (s, 1H. HC-4). 

2.16 and 2.13 ( s ,  6H. COCH3), 1.9-1.1 (m. 12~. -(CH2)3-l. 0.92 (m, 6H. CH3); "c-nmr 6 :  

170.3, 168.1 and 167.8 ( s ,  C=Ol, 86.2 Id, C-4). 58.6 (s, C-3). 20.8 and 17.9 (q, COCH3); 

ms, tn& 299.164 (Mf, calc. for C15H15N05: 299.173). . 
1.4-Bis(acetyloxyl-3,3-diphenyl-2-azetidinone (10dl. Yield 50%; (semi solid); ir (KBr): 

1818 (NOAc), 1786 (C=O), 1752 (OAcl cm-l; '~-nmr 6: 7.8-7.4 (m, 5H. PhH), 7.3-7.2 (m, 

5H. PhH), 6.84 (s, 1H. HC-4), 2.14 and 1.78 ( s ,  6H. CCCH31. I3c-nmr 6 : 169.8, 167.2 and 

164.2 ( s ,  C=O), 87.2 (d, C-4). 68.7 s ,  - 3  20.3 and 17.8 (q, CH3); ms, m& 339.106 

(M+, calc. for C19H17N05: 339.1111. 
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