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AZLACTONES: RETROSPECT AND PWSPECT 
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A b s t r a c t -  I n t e r e s t  i n  t h e  chemis t ry  of az l ac tones  cont inues  

unabated because of t h e i r  u se fu lness  as  in t e rmed ia te s  i n  t h e  

s y n t h e s i s  of d i v e r s e  products.  The present review a t t empts  t o  

p r e s e n t  t h e  p r o l i f i c  developnent o f  recent yea r s  i n  t h i s  area  

and g i v e s  a c r i t i c a l  and u n i f i e d  account of a z l a c t o n e s  under 

t h e  fo l lowing head ings :  

1. INTWDUCTION 

2. CYCLOWNDENSATION OF a-N-ACYLAmNO ACIDS AND RELATED 

SYNTHESES 

3. REACTIONS OF 2I0XAZOLIN-5dNES WITH A C-4 HYDROGEN ATOM 

4 .  -REACTIONS AT THE 4-C=CBOND 

5. DMYDROAMIM ACIDS, PEFTIDES AND RELATED WMFOUNDS 

6. CLEAVAGE OF THE 1,530ND AND RECYCLIZATION TO OTHER RINGS 

7. REACTION OF THE C-2 METHYL GFtOUP 

8. OICLOADDITIONS 

9. FOLYMERIZATION 

10. CONCLUDING REMARKS 

More than a cen tu ry  has  passed s i n c e  ~ l b ' c h l  reported t h e  a c e t i c  anhydride-mediated 

condensation of h ippur i c  a c i d  wi th  benzaldehyde. I t  was Erlenmeyer who f i r s t  

e s t a b l i s h e d  t h e  c o r r e c t  s t r u c t u r e  2 and named the product a s  "Azlactone",  a term 

1 which i s  s t i l l  i n  vogue . These he te rocyc les  are u s u a l l y  known a s  2-oxazolin-5- 

ones  o r  simply 5(4H)-oxazolones. I n t e r e s t  i n  t h i s  c l a s s  of compounds was revived 



i n  connection wi th  p e n i c i l l i n 2  which was e r roneous ly  ass igned an oxarolone 

s t r u c t u r e .  Though p e n i c i l l i n  h a s  been shown t o  c o n t a i n  a  8-lactam r i n g  a s  an 

e s s e n t i a l  s t r u c t u r a l  f e a t u r e  of i t s  molecule, 2-oxazolin-5-ones cont inue  t o  engage 

the  a t t e n t i o n  of chemis ts  because of t h e i r  d i v e r s e  r e a c t i o n s  and use fu lness  a s  

~ y n t h o n s ~ - ~ .  The prodigious  growth and c u r r e n t  " r e s e a r c h  explos ion"  i n  t h i s  a r e a  

prompted w r i t i n g  of t h e  p resen t  a r t i c l e ,  env i sag ing  a  c r i t i c a l  and u n i f i e d  account 

of t h e  s u b j e c t ,  based mostly on r e c e n t  p u b l i c a t i o n s ,  and ar ranged under t h e  

following headings.  

2. CYCLOCONDENSATION OF a-N-ACILAMIM ACIDS AND RELATED SYNTHESES 

A cyc l i z ing  agent ,  g e n e r a l l y  a c e t i c  anhydride,  i s  used f o r  t h e  conversion of 

s a t u r a t e d  a s  wel l  a s  unsa tu ra t ed  a-N-acylamino a c i d s  i n t o  t h e  corresponding 2-oxa- 

6 zolin-5-ones. There a r e  seve ra l  o t h e r  r eagen t s  a v a i l a b l e  f o r  t h i s  purpose . 
Recent ly ,  a rylsulphonyl  c h l o r i d e s  were employed f o r  t h e  s y n t h e s i s  of stereochemi- 

7 c a l l y  pure  a z l a c t o n e s  (4) . 

3 - 4 ,  R = Ph o r  Me - 
Carbodiimides, which a r e  e x t e n s i v e l y  used i n  pep t ide  s y n t h e s i s ,  have been r e p o r t e d  

t o  b r i n g  about c y c l i z a t i o n  n o t  o n l y  of t h e  a-N-acylamino a c i d s  b u t  a l s o  of 

t-butoxycarbonylamino- and/or benzyloxycarbonylamino a c i d s  ( 2 ) .  though y i e l d s  a r e  - 
8 low, ~ a r t i c u l a r l y  i n  t h e  case  of t h e  l a t t e r  t y p e  of compounds . The format ion of 

6  may b r i n g  about racemizat ion,  the reby  adver se ly  a f f e c t i n g  a  pep t ide  s y n t h e s i s ,  - 
p a r t i c u l a r l y  i n  which t h e  o p t i c a l  p u r i t y  i s  d e s i r e d .  

.. 
1 2 5 2 ,  R = a l k y l  o r  a r y l  ; R = a l k y l  o r  a r y l  - 6  - 

2  b  , F & = ~ U O ;  R = a l k y l  o r  a r y l  - 
1 2 2 ,  R = PhCH20 ; R = a l k y l  or a r y l  

Recently,  some a-N-acylamino a c i d s  (5) were found t o  a f f o r d  t h e  corresponding 

a n i l i d e s  (101, on hea t ing  wi th  phenyl i s o t h i o c y a n a t e  i n  t h e  presence  of p y r i d i n e  
9 as  a  c a t a l y s t  . 2dxazol in-5-ones  (6)  were i m p l i c a t e d  i n  t h i s  r e a c t i o n  which 

has been s u b s t a n t i a t e d  by t h e  i s o l a t i o n  of 13 i n  t h e  phenyl i s o t h i o c y a n a t e -  

mediated cyclocondensation of h i p p u r i c  a c i d  i n  t h e  presence of t r i e t h y l  
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or thoformate  (12) 

1 2  - 13 - 
Erlenmeyer a z l a c t o n e  s y n t h e s i s  was o f t e n  t r e a t e d  a s  an extens ion of t h e  Perkin  

r e a c t i o n .  Though t h i s  view has  been now rev i sed  and t h e  s a t u r a t e d  5-oxazolone 

(5, R2 = H) has  been shown t o  be  t h e  in t e rmed ia te ,  t h e  polyphosphoric acid-mediated 

condensation of h i p p u r i c  ac id  wi th  some carbonyl compounds has  been claimed t o  

f o l l o w  Perkin  reaction1'. The evidence adduced i n  i t s  favour  was t h a t  6 (R1=Ph ; 

R2 = H) could no t  be  i s o l a t e d .  The cryoscopic s t u d i e s 1 2  of h i p p u r i c  a c i d  i n  

anhydrous s u l p h u r i c  a c i d  r evea led  t h e  formation of 6 (R1 = Ph ; R2 = H) the reby  

i n d i c a t i n g  t h e  p o s s i b i l i t y  of s i m i l a r  cyclodehydration by PPA.  

The condensation of a-amino a c i d s  wi th  arylirnidoyl c h l o r i d e s 1 3  and/or t r i e t h y l  

5 or thobenzoate  , s i l v e r  oxide-aided c y c l i z a t i o n  of t h i o a c y l g l y c i n e ~ ~ ' ~  , and t h e  

convers ion of a-isocyanocarboxylic ac id14  i n t o  2-oxazolin-5-ones a r e  some examples 

i n  which t h e  format ion of t h e  1,2-bond t a k e s  place i n  c o n t r a s t  t o  t h e  1,5-bond 
6 

format ion desc r ibed  above. These have been reviewed e a r l i e r  . Recent ly ,  a c e t i c  
1 5  anhydride-mediated c y c l i z a t i o n  of n i t r o n e s  (14) was repor t ed  t o  g i v e  15 . 

Bes ides ,  t h e r e  a r e  e s o t e r i c  t r ans fo rmat ions  of some h e t e r o c y c l e s ,  a f fording 6 .  
For  example, t h e  trans-B-lactams (J$) were converted i n t o  th iazole-4-carboxyla tes  

1 6  ( 1  and 2-oxazolin-5-ones (18) . 



a-N-Acylamino a c i d  e s t e r s  do no t  seem t o  undergo base-mediated c y c l i z a t i o n  t o  

2-oxazolin-5-ones. An attempt t o  condense e t h y l  h ippura te  and benzaldehyde i n  t h e  

presence of sodium ethoxide  was unsuccessful  17. Recent ly ,  LDA-aided annu la t ion  of 

2 with  Schif f  b a s e s  (20) was r e p o r t e d  t o  g i v e  cephamycin ana logs  a. On t h e  

b a s i s  of s p e c t r a l  da ta  t h e  oxazolone s t r u c t u r e  22 was discarded1', however, i t s  

intermediacy i n  t h e  format ion of 21 should no t  be  r u l e d  ou t  a l t o g e t h e r .  

OMe 

3. REACTIONS OF Z-OXAZOLIN-5dNES WITH A C 4  HYDROGEN ATOM 

2Dxazolin-5-ones ca r ry ing  a t  l e a s t  one C-4 hydrogen atom behave a s  mesoionic 

compounds and e x h i b i t  tautomerism. 5-Hydroxyoxazoles (2) can be  e a s i l y  conver ted  

i n t o  5-0-acyloxazoles which i n  t h e i r  t u r n  undergo base-aided 0-C t r a n s a c y l a t i o n  t o  

a f f o r d  products  which a r e  amenable t o  manipula t ions .  Syntheses  of 2519*20 and 

28" can b e  c i t e d  a s  examples. I t  i s  noteworthy t h a t  28 i s  t h e  key in t e rmed ia te  

f o r  t h e  syn thes i s  of ang io tens in  conver t ing enzyme i n h i b i t o r  analog of Bz-Phe- 

21 Gly-Pro . 
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27 - 28 - 
The carbanion 24 undergoes C-4 a l k y l a t i o n  w i t h  s u i t a b l e  r eagen t s .  For example. 

29 a f fo rded  30 under phase t r a n s f e r  c ~ n d i t i o n s ~ ~ .  A s i m i l a r  a l k y l a t i o n  of 

60 
R ~ x / ~ - B  u 4 ~  B r/Na2CO3 / H ~ o / c H ~ c ~ ~  

Ph 2 R1=Me o r  Ph; R =Me, E t ,  PhCH2, HCx-CH2 

29 P h m 2 ,  E t 0 2 ~ - ~ ~ 2  , 2 , 4 - ( ~ 0 ~ )  2C6H3, H2--CH2 3 0  - 
p r o t e c t e d  a-amino a c i d  d e r i v a t i v e s  a i s  known i n  t h e  l i t e r a t u r e z 3 .  Also,  acyl-  

24 aminomalonic e s t e r s  (a) can be  used f o r  t h i s  purpose . 

Some 2-oxazolin-5-ones (37) undergo isomerisa t ion t o  3-oxazolin-5-ones (38) which 

can be  conver ted  i n t o  a-keto ac idsz5.  Recent ly ,  W-guanidino-, and 13-ureido-a- 

amino a c i d s  were converted i n t o  t h e  corresponding a-keto a c i d s  (9) and subseque- 
26 n t l y  i n t o  h e t e r d c y c l e s  a and 42 . 

H-CH2Ar Ti 
8 

> y 7 - a 2 A r  A> H 0 A?fH2C0200H 
F3C - Cia/ =O F3C-CH_0,C=0 

37 A r  = 4-H-C6H4 o r  3 ,4-(HOI2-C6H3 - 38 - 39 - 

The i somer iza t ion  of 3 t o  44 & Cope rearrangement has been used t o  p repa re  

2 , 6 4 i s u b s t i t u t e d  pyr id ine  (46) 



43  - - 44 - 45 - 46  

Recent s t u d i e s  on Michael a d d i t i o n  of 2-oxazolin-5-ones have r evea led  t h a t  bulky 

s u b s t i t u e n t s  l i k e  mesi ty l  o r  1-butylcyclohexyl a t  C-2 favour  t r i e thy lamine -ca ta ly -  

zed a d d i t i o n  t o  a c t i v a t e d  o l e f i n s  exc lus ive ly  a t  t h e  C-4 atomz8. Some of t h e s e  

adducts have been converted i n t o  1.4-dicarbonyl compounds 48 ( 2  = MeCO) o r  

r - o x o n i t r i l e s  (9, Z = CN). 

-. - 
R ~ = H ,  Me, CN e t c . ;  Z=MeCO,CN e t c .  

6 - - 47 

1. I N  NaOH 

4-Unsubsti tuted 2-oxazolin-5-ones condense wi th  aldehydes and imines ,  a f f o r d i n g  

4-alkyl(arll)methylene-2-dxazolin-5-ones ". I t  has  been found t h a t  ke t imines  

g ive  b e t t e r  r e s u l t  t han  t h e  corresponding ketones .  This  may be  of h e l p  i n  

exce rc i s ing  c e r t a i n  amount of s e l e c t i v i t y .  Recent ly ,  a d d i t i o n  of 4 -unsubs t i tu t ed  

30 2-oxazolin-%ones a c r o s s  t h e  C=N bond of quinoline-1-oxides (a) was r e p o r t e d  . 
Simi la r  r e a c t i o n  was observed wi th  isoquinoline-2-oxides3'. Pyr id ine ,  on t h e  

3 1  o t h e r  hand, was a t t acked  a t  t h e  C-4 p o s i t i o n  under s i m i l a r  c o n d i t i o n s  . 

1 2 R = Me o r  Ph: R = H .  4-Me0, 4-Me, 4 L 1 ,  3-Br, e t c .  
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The r e a c t i o n  of 6 wi th  some imines was r epor t ed  t o  g i v e  8-lactams (a) 32,33 

However, a d d i t i o n  of 6 (R'= Ph; R'= Me) to  benzyl ideneani l ine  a f f o r d e d  2 (R'= Ph; 

2 3 4 R =Me; R = R  = P h )  exclus ively34.  T h i s  was confirmed by t h e  unambiguous synthe- 

2 s i s  of 6J (R1 = Ph; R =Me; R ~ = R ~  = Ph) 3s. It may b e  added t h a t  8-amino a c i d s  

and t h e i r  e s t e r s  undergo c y c l i z a t i o n  t o  6-lactams o n l y  i n  t h e  presence  of some 
3 6  cyclocondensing agen t s  which have been reviewed e a r l i e r  . 

2'2 - 60 - 61 

Michael adducts  63 der ived  from a,P-unsaturated imines  (2) l e a d  t o  t h e  format ion 

of 6-lactams (64) 37-40. S i m i l a r  a d d i t i o n  with a.8-unsaturated a ldehydes  f o r  t h e  

p r e p a r a t i o n  of 6 - l ac tones  does not  seem t o  have been t r i e d .  

6 + - P~CH;C(X)-CH=?JR~ -> - -> R1%J 0 

R3 - 
3 62 X = H  o r B r ;  R = a l k y l  o r a r y l  63 - 64 - 

The condensation of 6 wi th  sa l i cy la ldehyde  o r  i t s  imines  a f f o r d s  coumarins (67) 
o r  dihydrocoumarins (69)34 ,  depending upon t h e  absence o r  presence of a C 4  

s u b s t i t u e n t .  P.ecently, one-pot s y n t h e s i s  of 7 i n  moderate y i e l d  was achieved 

by h e a t i n g  h i p p u r i c  a c i d  and phenyl i so thiocyanate  i n  t h e  presence of s a l i c y l a l -  

dehyde41. The 2-imidazolin-5-one (68) was obtained a s  a minor product .  The 
1 2 r e a c t i o n  of 2 (R = P h ;  R =Me) wi th  65, on t h e  o t h e r  hand, gave &, only  i n  t r a c e  

amount, when hea ted  i n  t h e  presence of 1, t h e  main product being 1Q. A v i c i n a l  

r e a c t i v e  group, gene ra ted  a s  a r e s u l t  o f  t h e  r eac t ion ,  can l e a d  t o  subsequent 



42 changes, a s  shown f o r  t h e  s y n t h e s i s  of 75 . 

4. REACTIONS AT THE 4-C& - BOND 

4-Alkyl(aIyl)methylene-2-oxazolin-5-ones can undergo r e a c t i o n s  a t  t h e  C=C- bond 

of 4-posit ion with d i f f e r e n t  reagents .  For example, t h e  a d d i t i o n  of diazomethane 

has been s tud ied  by severa l  workers i n  recent  y e a r s  43-47. The r e a c t i o n  may 

proceed by i n s e r t i o n  of t h e  carbene moiety o r  by t h e  formation of pyrazol ine  r ing .  

OAc 

7s 

2. N2H4/MeOH - 
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44 The a d d i t i o n  i s  s t e r e o s p e c i f i c  o n l y  when t h e  s u b s t i t u e n t s  a r e  a r y l  groups . 
Solven t s  have been repor t ed  t o  i n f l u e n c e  t h e  react ion45.  The adduc t s  can be  

manipulated t o  g i v e  d i f f e r e n t  products.  Prepara t ions  of 78 and L9 a r e  worth 

mentioning i n  t h i s  connection. The compound was converted i n t o  g involving 

two s t eps46 .  A  s i m i l a r  a d d i t i o n  of some s u l f u r  y l i d s  i s  a l s o  known i n  t h e  
4 8  l i t e r a t u r e  . 

S t e r e o s p e c i f i c  and r e g i o s e l e c t i v e  cyc loadd i t ions  of s t a b l e  n i t r i l e  oxides  (a) t o  

49  unsa tu ra t ed  a z l a c t o n e s  (82) were published recen t ly  . 
.e-Cl-CgHq FI 

$8 pcl- '-c ph CH2~12. r e f lux ,  15 days O + ~ F - P  
Arm-0 + HCL2 -1 - > I , \  

Reac t ions  invo lv ing  t h e  C Z -  bond of 4-posi t ion  with s u i t a b l e  b i n u c l e o p h i l e s  can 

a f f o r d  d i v e r s e  products  and a r e  p o t e n t i a l l y  important .  Hydrazines were claimed 

t o  produce 85. Also,  s i m i l a r  r e a c t i o n  with hydroxylamine was reporteds0. The 

p roduc t s  do no t  seem t o  have been thoroughly sc ru t in i zed .  For  example, hydrazines  

a r e  known t o  g i v e  t & a z i n e  (86) 51 o r  pyrazolone (87 o r  88) 57.*53, always envisa-  

g ing  1,5-bond c leavage.  On t h e  o t h e r  hand, hydroxylamine l e a d s  t o  t h e  format ion 
6  of d i v e r s e  products  which have been reviewed e a r l i e r  . 

2 86 R' = a l k y l  o r  a r y l ;  R = Ph o r  H 87 - B 

4-Heteromethylene-2-oxazolin-%ones have emerged a s  an impor tant  c l a s s  of compoun- 

ds.   or example. undergoes nuc leoph i l i c   substitution^^^, and i s  used f o r  t h e  

s y n t h e s i s  of d i f f e r e n t  4-arylmethylene-2-oxazolin-5-ones, 3-benzoylaminocomarins 

e t c .  Imidazoles  (s) were r epor t ed55  t o  g i v e  2, bu t  t h e  products  have been 

found t o  be  pa56. 



The alkoxy moiety i n  2 i s  e a s i l y  s u b s t i t u t e d  by an a c t i v e  methylenic  and 

s u i t a b l e  amino gmups  " 57,  and r e a c t i o n s  wi th  1,2-, 1.3- and/or 1.4-binucleophi- 

l e s  a f f o r d  d i f f e r e n t  he te rocyc les .  I n  such convers ions ,  t h e  replacement of t h e  

ethoxy group and subsequent i n t r a m o l e c u l a r  1.5-bond c leavage a r e  envisaged,  a s  
57 shown i n  t h e  r e a c t i o n  of ql with % . 

5. DMYDROMNO ACIDS, PEPTIDES AND RELATED WMFOUNDS 

Some dehydroamino a c i d s  and/or e s t e r s ,  dehydmpept ides  a s  wel l  a s  pep t ides  

exh ib i t  b i o l o g i c a l  a c t i v i t y .  For example, methyl 2-acetamido-4-meth~x~butenoate 

3  4  58 (U, R1 = Me; R2 = MeOCH2; R = H ;  R =Me) a c t s  a s  a  p l a n t  growth promoter . 
S i m i l a r l y ,  s eve ra l  pep t ides  and dehydropept ides  possess  ant i tumor  p roper ty  59.60 

Dehydroamino ac ids  a r e  precursors  of amino and t h e i r  p r e p a r a t i o n  is of 

considerable  importance. Recently,  a  method f o r  t h e  r a p i d  s y n t h e s i s  of t h e s e  

in t e rmed ia te s  was developed i n  which a-N-acylamino a c i d s  were c y c l i z e d  wi th  e t h y l  

c h l o r o f o m a t e  and t r i e t h y l a m i n e  i n  benzene,  fo l lowed by condensation wi th  aldehy- 

des and/or s u i t a b l e  imines  and t h e  r e s u l t a n t  a d a c t o n e s  (B) were sub jec ted  t o  

s t e r e o s p e c i f i c  1,5-bond cleavage wi thou t  i s o l a t i o n 6 1 .  I t  should b e  mentioned 

tha t  aminolys is  depends on t h e  n a t u r e  of t h e  r e a c t a n t s  and t h e  r e a c t i o n  condi t ions ,  

a n d ' i t  h a s  been found t h a t  it becomes very  f a s t  i n  t h e  presence of g l a c i a l  a c e t i c  
62 acid . 
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I. KOH 2  3  R  -C-R 
2. HC1 I1 

> R ~ - ~ N H - C - C O O H  I r e f .  6 1  

2  3  R  -C-R 
II 

R~-CONH-C-COOR~ 
r e f .  61  

m 

1 0 1  - 
Recent s t u d i e s  on t h e  mechanism of hydro lys i s  have revealed  t h a t  t h e  a l k a l i n e  

hydro lys i s  occurs  through n u c l e o p h i l i c  a t t a c k  a t  t h e  carbonyl carbon of 2 ,  where 

a s  t h e  a c i d i c  hydro lys i s  invo lves  a t t a c k  a t  t h e  imino carbon63. S t e r e o s p e c i f i c  

hydro lys i s ,  m e t h a n o l ~ s i s ~ ~  and a m i n ~ l y s i s ~ ~  a r e  known i n  t h e  l i t e r a t u r e .  

Dehydroamino a c i d s  a r e  amenable t o  var ious  manipulations.  Recent ly ,  palladium- 

ca ta lyzed  a r y l a t i o n  of 102 was repor t ed66  t o  give 103 .  - 
COOH P d ( O ~ c ) ~ / p ~ h ~  o r  PdC12(PPh3)2 

A r X  + Qi2=C~NHAc + R3N > AcNY;TH-Ar 

S t e r e o s p e c i f i c  r educ t ion  of dehydroamino a c i d s  and pep t ides  was developed i n  

r e c e n t  years .  The Pd-catalyzed hydrogenation of 104, fo l lowed by h y d r o l y s i s ,  

a f fo rded  t h e  d . l -pa i r s  of 106. The use  of some rhodium compound, on t h e  o t h e r  

69-71 hand, l e d  t o  t h e  a s y m e t r i c  hydrogenation of dehydroamino a c i d s b e  and pep t ides  . 

I t  i s  known t h a t  t h e  c a t a l y t i c  r educ t ion  of unsatura ted  a r l a c t o n e s  a f f o r d s  t h e  

corresponding s a t u r a t e d  az lac tones  which a r e  e a s i l y  hydrolyzed t o  a-N-acylamino 

ac ids .  Hydrogenation of 107 i n  t h e  presence of a c e t i c  a c i d ,  however, l e d  t o  t h e  

format ion of a-N-acylamino a l c o h o l s  (108) which are  p o t e n t i a l l y  impor tant  a s  

an t i tumor  agents7'. The l i t h i u m  aluminium hydride-mediated r e d u c t i o n  of 109, 



on t h e  o t h e r  hand, a f fo rded  2-benzoylaminocinnamyl a l c o h o l s  (110) which rearranged 

t o  g ive  11173. Electrochemical  r educ t ion  of i s  a l s o  worth mentioning i n  t h i s  

c o n n e ~ t i o n ~ ~ .  I t  should  be added t h a t  ca techol  de r ived  pept ides  may be use fu l  a s  

metal c h e l a t o r s  and enzyme i n h i b i t o r s .  

PhCCNH H O Z  
B B r  v I I 

Hg/C'- L> Ar-M2-MICONHC% 

6. CLEAVAGE OF THE 1.5-BOND AND RECYCLIZATION TO OTHER RINGS 

A s  a l r eady  mentioned, az l ac tones  undergo cleavage of t h e  1.5-bond w i t h  d i f f e r e n t  

reagents ,  a f fo rd ing  d i v e r s e  products .  I n  some c a s e s  it may be  accompanied by t h e  

formation of another  r i n g .  For example, 115 a f f o r d e d  116, on t r ea tmen t  wi th  

7  5  aiuminium ch lo r ide  . 

AlC13/a2C12. r.t.> 

NHCOOMe 
OMe ,- 

Reaction of some a z l a c t o n e s  with an excess  of diazomethane gave oxazine  deriva- 

t i v e s ,  b e s i d e s  o t h e r  products ,  through cleavage of t h e  1 , 5 - b 0 n d ~ ~ .  A s  a l r eady  

seen i n  t h e  formation of 9 6 , a z l a c t o n e s  ca r ry ing  amino s u b s t i t u e n t s  a t  a  s u i t a b l e  

pos i t ion  can be  manipulated t o  a f f o r d  d i f f e r e n t  he te rocyc les .  Hydro lys i s  of 111 
gave 11877. I t  i s  noteworthy t h a t  4-anilinomethylene-2-phenyl-2-oxazolin-%one 

(13) underwent h y d r o l y s i s  and a1 c o h o l y s i s  bu t  t h e  r e s u l t a n t  compounds f a i l e d  t o  

give an imidazole d e r i v a t i v e .  Also,  t h e  Conrad-Limpach c y c l i z a t i o n  t o  qu ino l ine  

system was ~ n s u c c e s s f u l ~ ~ .  On t h e  o t h e r  hand, amino lys i s  of 119 a f fo rded  t r i a z o l e s  

(3). some of h i c h  have been found t o  possess  h e r b i c i d a l  proper ty  S i m i l a r  
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r e a c t i o n  of 119 wi th  z c t i v e  methylenic  Compounds was a l s o  reported8'. E a r l i e r ,  

1,5-bond c leavage of unsa tu ra t ed  az lac tones  by an a c t i v a t e d  methylenic group was 

achieveda2. 

Aminolysis of unsa tu ra t ed  a z l a c t o n e s  (98) a f fo rds  alkenamides (101) 62 which can b e  

c y c l i z e d  t o  1 .2 -d i subs t i tu t ed  2-imidazolin-5-ones (122) 6.a3, depending upon t h e  

= ~ - N H A ~ ~  
II I 

Arl /c\OOC=o 
HY > i i i i  

/=yW C-COY 

FN A 1 2  

119 Y = NH2 o r  RNH , -M-COOEt, 120 - 
I I 

NC-m-CONHPh , NC-M-COPh, 
h G e  

YrN 
s u b s t i t u e n t s  p r e s e n t  and t h e  r e a c t i o n  condit ionsB4. It has  been observed t h a t  

convers ion of i n t o  can be  c a r r i e d  o u t  i n  b o i l i n g  g l a c i a l  a c e t i c  a c i d  i n  

t h e  presence o f  a  c a t a l y t i c  amount of fused  sodium a c e t a t e  o r  by heat ing a t  an  

2  3  e l e v a t e d  t empera tu re ,  and it f a i l s  when A o r  R  i s  an a lky l  group. Also,  some 

of  t h e  alkenamides (101) were c y c l i s e d  t o  t h e  corresponding unsa tu ra t ed  a z l a c t o n e s  

(98) under s i m i l a r  r eac t ion  condi t ionse4.  Contrary t o  t h e  e a r l i e r  r e p o r t  it 
1 h a s  been found t h a t  4-benzylidene-2-methyl-2-oxarolin-Lone (98, R =Me; R ~ =  Ph ; 

3  R = H )  a f f o r d s  121, when heated  wi th  a n i l i n e  i n  g l a c i a l  a c e t i c  ac idB4.  The y i e l d  

2  3  was, however, low. I t  i s  noteworthy t h a t  101 (R1= Me; R c Ph; R  =H) , u n l i k e  

101 I AcOH/v/4 h  - 
R1= alkyl o r  

3 R 2 = a r y l ;  R  = H  ; 
A ~ @ / P Y / v  

4  R  = alkyl o r  a r y l  
'122 122 - 

-COS 



o the r  alkenamides, could  be  c y c l i s e d  t o  121 i n  b o i l i n g  pyridinee4.  The y i e l d  was 

exce l l en t .  Though aminolys is  of e8 was s t e r e o s p e c i f i c ,  t h e  c y c l i z a t i o n  of 101 

always a f fo rded  t h e  more s t a b l e  (2)- isomer  of 122, and it was assumed t h a t  t h e  

corresponding (&)-form was t h e n n o l a b i l e .  Recent ly ,  isothiocyanate-mediated 

condensation of a-acylamino a c i d s  w i t h  s u i t a b l e  aromat ic  aldehydes was used f o r  

the  one-flask s y n t h e s i s  of 122 86'87. S i m i l a r l y  some 2-amylamino-2-alkenoic a c i d s  

af forded 2-imidazolin-5-ones (122) when heated  w i t h  i so th iocyana tes  us ing  pyr id ine  , 

a s  a  ca ta lys ta8 .  These t r ans fo rmat ions  involve  2-oxazolin-5-ones (98) a s  interme- 

d i a t e s .  

The conversion of (~)-4-(~-nitrobenzylidene)-2-methyl-2-oxezolin-5-one (124) t o  

qu ino l ine  (125) was achieved by reduc t ion  with Raney n icke l .  The corresponding 

89 (2)-isomer gave on ly  t h e  (~)-4-(~-aminobenzylidene)-2-methyl-2-oxazolin-5-one . 

124 - 125 - 
7. REACTION OF THE G 2  METHYL GROUP 

The a c t i v a t e d  methyl group of 126 can condense wi th  s u i t a b l e  aldehydes.  Recent ly ,  

126 was converted i n t o  2-styryl-2-imidazolin-5-ones (130) by r e a c t i o n  wi th  aroma- - 
85 t i c  aldehydes,  followed by aminolys is  and c y c l i z a t i o n  . The condensation was 

a l so  success fu l  wi th  Sch i f f  bases  90'91, and 'some of t h e  s t y r y l  compounds were 

i s o l a t e d  a s  --isomers which changed t o  t h e  more s t a b l e  transoid-form on 

heating9'. The r e a c t i o n  can fo l low two d i f f e r e n t  pa ths  when S c h i f f  bases  a r e  

used f o r  t h e  condensation.  1 
N---cs<~ 

2 Path A 11 I + A r  CHdR /C=O + R-NH2 - C=O CO I 
Me H$=CH HA-R 

A r 2  
126 - - 127 128 - 129 - 

Path B ~ A C C H  

I 
N---c'c<;~ 

A ~ C H O  II I -> 
HC &XNO"=" 

A',? B I 
d r 2  
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8 .  CYCLOADDITIONS 

4-Subs t i tu t ed  2-oxazolin-%ones (6 )  undergo cycloaddi t ion  r e a c t i o n s ,  some of which.  
6 have been reviewed e a r l i e r  . Recent ly ,  n i t r o s o  compounds have been repor t ed  92.93 

t o  a f f o r d  135 on r e a c t i o n  wi th  5. 1.3-Dipolar cycloaddi t ions  of ace ty lenes  wi th  

6 a r e  known i n  t h e  l i t e r a t u r e  and r e c e n t l y  t h e  proline-based oxazolone (137) was - 
94 conver ted  i n t o  36 . 

0 COOH 

6 R 1 = a r y 1 ;  - - 133 - 134 
2  R = a l k y l  o r  a r y l  

137 - 136 - - 135 

95 S i m i l a r l y ,  gave 141 on r e a c t i o n  wi th  a  superoxide i n  an a p r o t i c  solvent  . 
The compound m, however, a f fo rded  an a-amino a c i d  d e r i v a t i v e ,  a s  a  r e s u l t  of 

n u c l e o p h i l i c  a t t a c k  of 0; a t  t h e  carbonyl group. I t  should be  mentioned i n  t h i s  

connect ion t h a t  some of t h e  mesoionic oxazolones form f r e e  r a d i c a l s  which g ive  

d i f f e r e n t  products .  Recent ly ,  n i c k e l  peroxide-mediated d imer iza t ion  of $ was 

96 observed . Bes ides  t h e  racemic mixture  and --isomer, o t h e r  products  were 

a l s o  i s o l a t e d .  

II W E t  
-> I 

Ph-C\ o/c=o > JIpEt -> HN<wph 

2 
P 

a ,  R ~ = H ;  R = ~ t  ~. k?!? kLL 



Some unusual cyc loadd i t ions  invo lv ing  t h e  h e t e r o c y c l i c  imino bond were r e p o r t e d  

97 recent ly .  For  example, s o l i d  phase photodimer iza t ion of & was achieved . 
Several examples were c i t e d .  n 

The r e a c t i o n  o f  5 wi th  chlorosulphonyl i socyana te  (146) was r e p o r t e d  t o  g i v e  147, - 
t h e  s t r u c t u r e  of which was based on s p e c t r a l  d a t a  and on t h e  format ion of a-N-acy- 

lamino ac id  by hydrolysis98. These f a c t s  can a l s o  be  expla ined by t h e  s t r u c t u r e  

148 being i n  equ i l ib r ium wi th  5 and 146, e s p e c i a l l y  i n  s o l u t i o n .  The format ion - 
of needs f u r t h e r  v e r i f i c a t i o n  by ca r ry ing  o u t  t h e  r e a c t i o n  of 146 with  a  

4 , 4 - d i s u b s t i t u t e d  2-oxazolin-%one, f o r  example m b .  

2  6 R 1 = ~ e  o r  Ph; R = Me o r  PhCH2 147 - - 148 

9.  FOLYMERIZATION 

Azlactone-based polymers do not  seem t o  have been widely s t u d i e d .  Recent ly ,  149 
was used f o r  t h e  p repa ra t ion  of polymeric compounds gg9. Some 2-oxazolin-5-ones 

Y 7 

have found a p p l i c a t i o n  i n  polyester-based  material^^^-^^^. 2-Alkenyl-2-oxazolin- 

5-ones were conver ted  i n t o  polyamides having u s e f u l  proper tie^^^^'^^^, b e s i d e s  

moulding them t o  o t h e r  products by t h e  r e a c t i o n  of nuc leoph i l e s ,  p a r t i c u l a r l y  

mercaptans 105.106, which a f fo rded  Michael adduc t s  i n  some c a s e s  106 . 

Since t h e i r  d i s c o v e q ,  az loc tones  have emerged a s  a  dependable c l a s s  of s y n t h e t i c  

in termedia tes ,  p a r t i c u l a r l y  f o r  amino a c i d s  and r e l a t e d  compounds. Vigomus 



HETEROCYCLES, Vol 26, No 4, 1987 

r e sea rch  ove r  t h e  y e a r s  has widened t h e i r  horizon a s  synthons.  I n  view of t h e i r  

e a s y  a v a i l a b i l i t y  and d ive r se  r e a c t i o n s ,  t h e r e  i s  enormous p o s s i b i l i t y  f o r  us ing  

them a s  b u i l d i n g  blocks  f o r  v a r i o u s  important  commercial products ,  such a s  d rugs ,  

dyes ,  polymers e t c .  I t  would be  worthwhile t o  explore t h e  chemistry of t h e s e  

h e t e r o c y c l e s  f u r t h e r  and t o  examine t h e i r  scope i n  new f r o n t i e r s ,  such a s  photo- 

b io logy ,  s o l a r  energy e t c .  
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