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PHOTOCHEMICAL SYNTHESIS OF 2-AZETIDINONE DERIVATIVES 
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Abstract  - I r r a d i a t i o n  o f  N-Pyruvoyl-N-benzyl phenylglycine methyl es te r  (1) 
y i e l d s  l-(a-methoxycarbonyl)benzyl-3-hydroxy-4-phenyl-2-azetidinone (4) i n  85% 

y i e l d .  

Synthesis of the new fam i l i es  of 2-azetidinone de r i va t i ves ,  8-lactams, has generated strong i n t e r e s t  

1 because of t h e i r  d iverse b io log i ca l  a c t i v i t i e s  such as a n t i b i o t i c  , antitumor2, i nsec t i c i da l3 ,  and 

6 herb ic ida l  a ~ t i v i t i e s ~ - ~ .  The B-lactams possessing side chains of 3-amino-nocardicinic ac id  and 

aromatic or heteroaromatic subst i tuents a t  the 4-pos i t ion  are p a r t i c u l a r l y  i n te res t i ng .  

We repor t  here the  synthesis of l-(u-methoxycarbonyl)benzyl-3-hydroxy-4-aryl-2-azetidinone through 

type I 1  photocyc l i ra t ion  of i.1-benzj,l-N-p)rruvoylphenylgl!lcine methyl es ter .  C o u p l i n ~  o f  ~ y r u v i c  

ac id  w i t h  N-benzylphenylglycine methyl ester using dicyclohexylcarbodi imide (DCC), fo l lowed by 

s i l i c a  gel  chromatography, l e d  t o  65% y i e l d  o f  N-benzyl-N-pyruvoylphenj~lglycine methyl es ter ,  m.?. 

75.5 - 7 8 ' ~  ( r e c r y s t a l l i z e d  from isopropyl  e ther ) .  

kH2C6H5 CH2C1 DCC e e 0 0 CH2C6H5 
II II I 

CH3C-C-OH + HN-CHCOOMe -----+ CH3C-C-NCHCOOMe 
I laOc I 
'gH5 'gH5 

Inspect ion o f  the pmr spectrum reveals t h a t  the pyruvamide exists i n  two conforma ~ o n a l  isomers, & '  
s--2 and s--3 i n  the r a t i o  o f  ca. 82% t o  18%. pmr; 2(CDC13) S 1.35(s, c 1 3 h ) ,  3.78(s, 0CK3), 

9 
4.5(dd, C$$), 5.97(s, NCtJOO), 6.8-7.3(m, phenyls); 3(CDC13) 6 2.43(s), 3.68(s), 4.7(s), 5.8(s), 

6.8-7.3(phenyls). 

It i s  we l l  known t h a t  amide groups are planar and a-dicarbonyl compounds can a lso  e x i s t  i n  coplanar 

dicarbonyl  geometry i n  the  ground state.  Thus two carbonyl qroups and amide group i n  2 are coplanar 

and the benzyl group i n  2 i s  not  f ree  from r o t a t i o n  because of the s t e r i c  hindrance, and such fac t s  

are we l l  supported by the chemical s h i f t s  and t h e  s p l i t t i n g 5  of benzy l ic  protons Ha and Hb i n t o  



s - cis 

2 (82 %) - 

doublets i n  2. I n  the  case o f  3, however, cop lanar i ty  o f  dicarbonyl geometry cannot be re ta ined 

because of t h e  s t e r i c  repuls ion o f  methoxycarbonyl group apainst  the terminal  acety l  group, 

maintaining the cop lanar i ty  only i n  the amide group. The protons o f  acety l  group which i s  out  o f  

conjugation shmq the chemical s h i f t  a t  S 2.43 ppm i n  3 compared t o  1.95 p"m i n  2. 
r 

7 
Aoyama eta. have s tud ied the react ion  of the a-oxoamides i n  the  so lu t i on  phase and i n  the 

8 
c r ys ta l l i ne  s t a t e  . The authors suggest t h a t  the  conformation of the oxoamides i s  planar and the 

carbonyl groups are t ransoid,  and the intramolecular y-hydrogen abst rac t ion  resu l t ed  on ly  i n  t h i s  

conformation. The r e s t r a i n t s  on molecular motions and r e s t r i c t i o n s  on the b i rad i ca l s  formed by 

Y-hydrogen abst rac t ion  imposed by the c rys ta l  l a t t i c e  on i t s  consi tuents apparently increase the 

type I 1  photoreact iv i t ies .  

Frm these facts,  i t  can be e a s i l y  seen t h a t  the methoxycarbonyl group plays an important r o l e  t o  

r e s t r i c t  the molecular motion, and a favorable conformation f o r  type I 1  react ion  i s  re ta ined both 

i n  the so lu t i on  phase and the s o l i d  s ta te  i n  s -c is  conformation o f  N-benzyl-N-pyruvoylphenylglycine. 

i r rad ia t ion*  o f  (1)  i n  benzene o r  cyclohexane so lu t i on  under n i t rogen atmosphere gave (5) i n  85% 

y ie lds  as four diastereomeric mixtures. The progress o f  the react ion  was monitored by measuring 

the carbonyl s t re tch ing band i n  the i n f r a r e d  spectrum. The carbonyl absorpt ion o f  the amide group 

(1650 ~m-')  g radua l ly  disappeared dur ing  the course of the  react ion  and showed an intense new band 

* A solut ion of (1)  i n  a Pyrex tube purged w i t h  N2 f o r  0.5 h r  was i r r a d i a t e d  i n  a Rayonet Photo- 

chemical Reactor (The Southern New England U l t r a v i o l e t  Company) Model RPR-208 equipped w i t h  350 nm 

fluorescent lamps. 
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a t  1730-1770 cm-l, c h a r a c t e r i s t i c  o f  0-lactam carbooyl group. The i r r a d i a t e d  so lu t i on  was 

evaportated under vacuum and the residue was dissolved i n  CC14. Standinp the so lu t i on  f o r  24 hrs  

a t  room temperature, a s ing le  isomer (6) was p rec ip i t a ted  as c rys ta ls  (m.p. 1 4 ~ - 1 4 6 ~ ~ ) .  The pmr 

spectrum o f  the i so la ted  s ing le  isomer (6) showed 6 1.70(s, 3-Me), 2.65(s, -OH), 3.80(s, 4-H), 
? 1 

5.55(s, N-CE-COO) , and 7.0-7.2(two phenyl groups); I R ( f i  lm) ; 3350 cm-l, 1740-1775 cm' . Acety la t ion  

o f  the i r r a d i a t e d  mixture w i t h  ace t i c  anhydride and p-touleneSUlfonic ac id  i n  ace t i c  ac id  showed 

four const i tuents o f  diastereoisomers i n  the r a t i o  of 45%, 32%, 20% and 2% i n  GC analysis.  The 
il 

pmr spectra o f  I showed 6 1.46(s, 0CCL33), 1.89(s, 3-CH3), 3.68(s, -OCE3), 4.99(s, 4-H), 5.47(s, 
B 

NCSOO), and 6.97-7.05(m, two phenyl groups). 

Conf igurat ion o f  the i so la ted  s ing le  isomer (g, 3-hydroxy-4-phenyl-2-azetidinone, was assigned 

unequivocally on the basis o f  i t s  pmr spectra; the isomer (1) wi th  the higher chemical s h i f t s  ( 6 ,  

1.46) f o r  the 0-acetyl group must have the 4-phenyl and 3-0-Acetyl group & t o  each other.  Since 

acety la t ion  should not a f f ec t  ( i n v e r t )  the stereochemistry of 3-hydroxy-0-lactam (c), the 3-acetoxy- 

8-lactam i s  assigned as c is-conf igurat ion.  Product (5)  was not detected. If the product (5) i s  

formed, the pmr s ignals o f  benzy l ic  pro tons($Cs)  should appear s i m i l a r  t o  those of compound (3 )  

and the coupl ing pat terns  should be a lso  s i m i l a r  t o  those o f  (i) since the magnetic and e lec t ron i c  

environments of benzyl group i n  (3) and ( I )  are almost same. However, the pmr spectra of the i r -  

rad ia ted mixtures (A) d i d  not show such benzy l ic  proton signals. I r r a d i a t i o n  of N-pyruvoyl- 

phenylglycine methyl es ter  under the same cond i t ion  d id  not give any type I 1  photoproduct imply ing 

the l w  r e a c t i v i t y  of phenylmethoxycarbonylmethine proton of ( 3 ) .  Furthermore, (5) should come 

from the conf igura t ion  o f  (3) and the concentrat ion of ( 3 )  i s  always 18% of (1) diminishing the 

chance of ( I )  t o  be formed even if (3) i s  photoreact ive.  Thus the f a i l u r e  of the detect ion of ( I )  

i s  j u s t i f i e d .  



I n  view o f  these resu l t s ,  i t  i s  evident t h a t  the  photocyc l iza t ion  of a-oxoamide of N-subst i tuted 

amino acids by re ta in ing  the su i t ab le  conformation i n  the so lu t i on  phase can be used f o r  the 

synthesis of various subst i tu ted 3-hydroxy-4-aromatic o r  heteroaromatic subst i tu ted 2-azetidinone 

analogous t o  nocardic in nucleus, thienamycin nucleus, and bleomycins. The stereochemical outcome 

o f  the 8-lactam formation by the type I 1  photochemical reac t ion  can be used f o r  the  mechanistic 

studies. The scope and mechanistic studies o f  these react ions are i n  progress. 
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