
HETEROCYCLES, Val 16, No 1 1, 198 1 

THE CHEMISTRY OF 4,5-DIHYDRO-5-DXO-1,3-OXAZOLES 

Arya K. Mukerjee* and Pradeep Kumar 

Chemistry Department, Facu l ty  o f  Science,  

Banaras Hindu Univers i ty ,  Varanasi - 221005, India  

Abs t rac t  - 4,5-Dlhydro-5-0~0-1,3-oxazoles a r e  important c l a s s  

o f  heterocycles  and i n t e r e s t  i n  t h e i r  chemistry continues 

unabated because of t h e i r  use fu lness  a s  synthons. I n  this 

review an attempt has been made t o  present t h e  chemistry Of 

t h i s  c l a s s  i n  an i n t e g r a t e d  form and i n  proper perspect ive  

under the  fol lowing headings: 

1. INTROlXfCTION 

2. SYNTXESES OF 4,5-DIHYDRO-5-OXO-i,3-OXfGOLES 

2.1. Cyc l i sa t ion  of d-Acyl(Aroy1)amino Acids by Organic 

Reagents 

2.2. C y c l i s a t i o n  of c4-Acyl(Aroy1)amino Acids by Inorganic  

Reagents 

2.3. From Other Heterocycles 

2.4. # i sce l l aneous  Syntheses 

3. REACTIONS OF 4,5-DIHYDR0-5-OXO-1,3-O~~Z~ES 

3.1. Reactions without Cleavage of t h e  Ring 

3.1.1. Formation o f  Oxazolonium S a l t s  

3.1.2. Tautomerism and Related Reactions 

3.1.3. Formation of the 4-C-C Bond 

3.1.4. Reactions Involving t h e  4-C=C Bond 

3.1.5. Yichael Addition 

3.1.6. Mannich Reaction 

3.1.7. Cycloadditions 

3.1.8. Oxidative Coupling 

3.2. 3eac t ions  Involving Cleavage o f  t h e  Heterocycle 

3.2.1. Cleavage of t h e  1,'-Eond 



3.2.2. cleavage of the  1,5-Eond 

3.3. Miscellaneous Reactions 

3.3.1, Reac t iv i ty  of t h e  Side-chain 

3.3.3. Reactions wi th  Oxygen 

3.3.3. Fragmentation 

3.3.4. Formation of Oxazolo [5,4-b]guinolines 

3.3.5. B io log ica l  A c t i v i t y  

4 .  CONCLUDING REMARKS 

1. INTRODUCTION 

Of t h e  s e v e r a l  0x0 d e r i v a t i v e s  o f  dihydro-1,3-oxazoles (&) - ($1, t h e  

chemistry of 4,5-dlhydro-5-0x0-1,3-oxazoles (A), more commonly known a s  

2-oxnzolin-+ones o r  simply 5(4H)-oxazolones, have engaged the  maximum a t t e n t i o n  

of chemists because o f  t h e  s y n t h e t i c  importance of this c l a s s  of compounds. 

H i s t o r i c a l l y ,  Pl6chl  was t h e  f i r s t  chemist t o  discover t h e  product obta ined by the  

i n t e r a c t i o n  of hippuric  a c i d  and benzaldehyde i n  a c e t i c  anhydride, but i t  was 

Erlenmeyer who r a t i o n a l i s e d  the s t r u c t u r e  a s  '7, extended t h e  r e a c t i o n  t o  o t h e r  

aldehydes, and ushersd i n  this c l a s s  of compounds t o  prominence, ch r i s t en ing  them 

1 a s  "azlactonesM . Since then t h e  reac t ion  i s  known a s  Pl'dcil-Erlenmeyer o r  simply 

a s  Erlenmeyer azlactone syn thes i s .  

I t  i s  noteworthy t h a t  p e n i c i l l i n  was o r i g i n a l l y  ass igned the now discarded 

thiazolidine-oxazolone s t r u c t u r e  and a s  such many new f a c t s  regarding 5-oxazolones 

came t o  l i g h t  i n  connection with  the penicil l in-program during t h e  second world 

2 war . A s  a r e s u l t  o f  vigorous and sus ta ined  research,  v a s t  ma te r ia l  accumulated 

over the  years ,  a s  is evidenced by the  number of reviews published from time t o  

and there  Is no abatenent  I n  i t s  p r o l i f e r a t i o n .  I n  this a r t i c l e  an 
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a t tempt  has been made t o  present  t h e  s u b j e c t  i n  an i n t e g r a t e d  form and i n  i ts  

proper perspective.  

2. SYNTHESES OF 4,5-DIHYDRO-6-0x0-1,3-OXAZOLES 

Though simple heat ing of 'X-acyl(aroy1)amino a c i d s  has been used t o  cons- 

t r u c t  2-oxazolin-5-ones, this method i s  not of p r a c t i c a l  importance. General ly ,  

some c y c l i s i n g  agent i s  used  f o r  this purpose. Besides,  t h e r e  a r e  some o t h e r  

rou tes  to  these  systems. 

2.1. Cyc l i sa t ion  of--Acyl(Aroy1)amino Acids by Organic Reagents: 

Heating wi th  a c i d  anhydrides,  p a r t i c u l a r l y  a c e t i c  anhydride,  continues t o  

3 be t h e  most common p r a c t i c e  f o r  cyclodehydration of w-acyl(aroy1)amino a c i d s  . 
Erlenmeyer was unable  t o  o b t a i n  9 because of t h e  i n s t a b i l i t y  of such compounds. 

L a t e r  workers have been s u c c e s s f u l  i n  i s o l a t i n g  some of these  2-oxazolin-5-ones i n  

moderate o r  good  yield^ i n  f a i r l y  pure s t a t e .  Depending upon s t a b i l i t y ,  t h e  

a R ~ ,  R ~ ,  R3 = H ,  a l k y l  o r  a r y l  ?. 

product can be separa ted  by decomposition of t h e  unreacted a c e t i c  anhydride w i t h  

an excess of water7*8 o r  by removal of the  excess  reagent  and a c e t i c  a c i d  under 

reduced pressureg,  and f i n a l l y  by d i s t i l l a t i o n  of t h e  res idue o r  r e c r y s t a l l i s a t i o n  

from s u i t a b l e  solvent .  Fused sodium a c e t a t e  has been u s u a l l y  appl ied a s  a conden- 

s ing  agent but i ts  u s e  i s  not  an imperative one. 

Use of a c i d  ch lo r ides ,  such as a c e t y l  c h l o r i d e  i n  dioxan, and ch lo roace ty l  
2 ch lo r ide  i n  t h e  presence o f  potassium carbonate is known i n  the  l i t e r a t u r e  . 

S i m i l a r l y  benzy12 and ethyl1' chloroformates and a t e r t i a r y  base were used t o  

prepare 2-oxazolin-5-ones, bu t  these  reagents  have not  found favour f o r  unknown 

reason. Recently,  i t  was shown t h a t  w-acyl(aroy1)amino a c i d s  undergo smooth 

c y c l i s a t i o n  t o  the  corresponding 2-oxazolin-5-one wi th  e t h y l  chloroformate i n  the 

presence of t r i e thy lamine  i n  benzene1', and t h i s  procedure is q u i t e  convenient f o r  

generat ing these  heterocycles  i n  s i t u .  

N,N'-Dicyclohexyl carbodiimide12, which i s  ex tens ive ly  used i n  the  peptide 

s y n t h e s i s ,  found a p p l i c a t i o n  i n  t h e  preparat ion o f  s e v e r a l  2-oxazolin-&ones. 



Recently, a  method of ob ta in ing  chemically and o p t i c a l l y  pure 4 - subs t i tu ted  

2-oxazolin-5-ones by t h e  u s e  of so lub le  N-ethyl, NI-(y-dimethylamino propyl) 

carbodiimide hydrochlorideu was developed. 

Benzophenone b ich lo r ide ,  which was repor ted t o  be u s e f u l  f o r  anhydride 
2  formation, was employed f o r  t h e  preparat ion of 2-oxazolin-5-one, but i ts 

a p p l i c a b i l i t y  is not very c l e a r .  

Recently,  h ippuric  a c i d  was found t o  give 2 (R1= Ph; R2= R3= H) on t r e a t -  

ment wi th  1-methyl-2-hlopyridinium s a l t s 1 4 .  The scope of this reagent  f o r  the  

preparat ion of 2-oxazolin-5-ones remains to  be explored. 

2.2. C y c l i s a t i o n  of q-Acyl(Aroy1)amino Acids by Inorganic  Reagents : 

There a re  s e v e r a l  inorganic  compounds which have been repor ted  to  be u s e f u l  

fo r  the  preparat ion o f  2-oxnzolin-G-ones. For example, phosphoryl ch lo r ide  i n  

pyridine,  th iony l  ch lo r ide ,  phosphorus t r ibromide,  phosphorus pentachlor ide  and 

2  phosgene may be mentioned . w-Acyl(ar0yl)amino ac ids ,  on reac t ion  wi th  a c i d  

halide-forming reagents ,  give 5-oxazolonium hydrohalides2'3 and not  t h e  corres-  

ponding a c i d  h a l i d e s  which were e a r l i e r  erroneously  considered e x i s t a n t .  Recently, 

benzyloxycarbonyl glycine was cyc l i sed  wi th  some of these  reagents ,  and i t  was 

found t h a t  2 (R = PhCH20; R2= R = H) is d i f f i c u l t l y  obta ined when phosgene, 
1 3 

t h i o n y l  c h l o r i d e  o r  phosphorus oxychloride and t r i e thy lamine  i n  te t rahydro-  

furan15*16 a r e  used a t  -20'~.  The r e s u l t  was b e t t e r  wi th  phosphorus pentachlo- 

16 r i d e ,  by using 10% excess  and maintaining low temperature f o r  25 min . 

3 Phenyl thioacetyl  g lycine and thiobenzoyl glycine2y3 (10) with  s i l v e r  oxide 

i n  e t h e r  undergo c y c l i s a t i o n  t o  9 (HI= PhCH2 o r  Ph; R2= R = H) apparent ly  by attack 3 
of the  carboxylate  i o n  on the  thloamide group a ided  by s i l v e r  oxide i n  removal of 

t h e  sulphur - 
Ag20/e t h e r  

RICSNH-CH2COOH 
-HZS 

R1 

Recently,  u s e  of polyphosphoric a c i d  (PPA) f o r  the  s t e r e o s p e c i f i c  s y n t h e s i s  

of 4-aryliaene-~-phenyl-~-oxazolin-5-0nes (13) was repor ted  (Scheme 1)17. The 

reac t ion  has been claimed t o  produce 2 aa an intermediate  which subsequently 
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c y c l i s e s  t o  13. It is not c l e a r  why hlppur ic  a c i d  i t s e l f  does not  undergo c y c l i -  

s a t i o n  i n  t h e  f i r s t  p lace  i n  presence of PPA which i s  a  powerful dehydrating 

agent .  Th i s  point  needs f u r t h e r  c l a r i f i c a t i o n .  Also,  t h e  a u t h e n t i c  (;I-izomer 

changes t o  t h e  corresponding (E)-isomer17 under t h e  i n f l u e n c e  of PYA, and it is 

q u i t e  l i k e l y  t h a t  PPA a c t s  as an isomeris ing agent bes ides  br inging about cyclo- 

dehydration of 6 and concomitant condensation wi th  11. 
Schema 1 

R -a20 

PhCONH + PWONH-C=C' 

I '% Ph I 
CH2COOH 

HOOC 

6 - - 11 Rl= Me o r  Hi R2= a r y l  13 - 

2.3. From Other a e t e r o c y c l e s l  

Conversion of some he te rocyc les  i n t o  2-oxazolin-5-ones a r e  known i n  the  

l i t e r a t u r e ,  but  it i s  not a  s t r a igh t fo rward  r e a c t i o n  and i t  invo lves  s e v e r a l  

s t eps .  Therefore  its p r a c t i c a l  u t i l i t y  i s  l i m i t e d .  

4-Arylidene-2-thiohydantoin (s), on heat ing wi th  two t o  f o u r  f o l d  excess  

of a r o y l  c h l o r i d e s  i n  pyr id ine  gave 17 i n  h igh y i e l d s ,  poss ibly  through 15 

(Scheme 2 )  18,19 

(B 
Scheme 2 

A\  HC 
2Ar2COCl,C5H5N + +: -Ar2CON=C=S (16) 

H 
e/;;" 

At.--CO 2 

The isothlazol id in-5-one 1 , l -d ioxide  (2) , on t r ea tment  w i t h  a c e t i c  

anhydride i n  pyr id ine ,  a f fo rded  t h e  (E)-isomer of 2-oxazolin-5-one (z)20 througt 

t h e  in te rmedia tes  shown i n  Scheme 3 



A number of 3-aroylamino-2-azetidinones (22) have been repor ted t o  give 

25  (R1 and R2 = a r y l ) ,  v i a  a c i d  ca ta lysed  l,2-bond cleavage (Scheme 4)". T h i s  - 
method is not of p r a c t i c a l  u t i l i t y  because t h e  rou te  is c i r c u i t o u s  and a  mixture 

of products is  obtained r e s u l t i n g  i n t o  poor y i e l d  of t h e  r e s u l t a n t  2-oxazolin- 

5-ones (25).  Somewhat s i m i l a r  t ransformat ion is encountered when anhydropenicil l ln 

(26) i s  t r e a t e d  with  mercury (11) a c e t a t e  i n  benzenez2. The ox ida t ive  

Scheme 4 

71 . R2 , H 7 2  72 

- ;  - R H3 1 ,,dk 6'~- -R3m2 acH 
R1 3 R1 

22 - 23 - 24 - 25 
rearrangement of 26 to  21 obviously envisages an intermediate  formed by cleavage 

of t h e  4,7-bond. The compound 21 e x i s t s  a s  tautomers (Scheme 5). 

Scheme 5 

Recently,  a  de r iva t ive  o f  2-oxazolin-5-one was impl ica ted  i n  the  conversion 

of p e n i c i l l i n  V sulphoxiae by e x t r a  c e l l u l a r  enzymez3. Also, t h e  rearrangement of 

methyl benzyl  p e n i c i l l i n a t e  t o  methyl benzyl p e n i c i l l e n a t e  i s  noteworthy i n  t h i s  
24 connection . 

2.4. Miscellaneous Syntheses1 

. Glycine and DL-9-aminobutyric a c i d  r e a c t  wi th  N-phenyl-arylimidoyl 

ch lo r ides  (30) i n  benzene, containing t r i e thy lamine ,  t o  give  32 i n  moderate y i e l d s  

2 5  26 (Scheme 6 )  7 . 
A s i m i l a r  r eac t ion  of amino ac ids ,  such a s  a lan ine ,  va l ine ,  i s o v a l i n e  and 

methionine, wi th  o r thoace ta tes  i n  dimethyl acstamide l eads  t o  t h e  formation of a  
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Scheme 6 

mixture of o(-acylamino a c i d  e s t e r s  (34) and 2-oxazolin-5-ones (a), t h e  former 
n apparent ly  being formed by alcoholysis  of 32 during t h e  reac t ion  . Yields a r e  

Potassium o r  sodium s a l t  of  o(-isocyanocarboxylic a c i d  (s), on neu t r a l i -  

s a t i on  with a mineral a c id  i n  t he  presence of  an aldimine and immediate shaking 

the mixture with a water-immiscible solvent ,  gives  the  sp i ro  compound 3728. I t  

should be mentioned that addi t ion  of t h e  aldimine a f t e r  neu t r a l i s a t i on  did not  

a f fo rd  the  2-oxazolin-5-one (a). T h i s  method cannot be considered a s  a general  

one. 0 

Recently, a number of  2-oxazolin-5-ones were prepared by dehydration of 

primary amides, aldehydes and carbon monoxide i n  t he  presence o f  group VIII metals 

o r  t h e i r  compounds29. Apparently, t he  reac t ion  proceeds through the  intermediate 

38, and t h i s  i e  supported by t he  f a c t  t h a t  the  amidol (38) i t s e l f  can be used i n  - 
the  react ion.  Yields have been reported t o  be high. 

52 
RICONHZ + R2CH0 RICONH-CHOH j 

Nitrones, such a s  _40_ and 43 give spirooxazolones ( 4 2  and 44) respect ively 

on reac t ion  with ketenes (Scheme 7)30-32. This method i s  not a very genera?. one 

and d i f f e r en t  products a r e  obtained from o the r  ni t rones.  



Scheme 7 

40 - 41 42, R1= Ph, Me, l -P r  e'cc. - 
R2= Ph o r  Me 

Conversions of some 5-allyloxyoxaeoles i n t o  2-oxazolin-5-ones a r e  a l s o  ' 

known i n  t h e  l i t e r a t u r e .  Thus, N-aroylleucine 3methyl-2-butenyl  e s t e r s  (45) were 

c y c l i s e a  wi th  t r i p h e n y l  phosphine/hexachloroethane/triethylamine i n  a c e t o n i t r i l e  
33 a t  o0 t o  2 which changed t o  4% v i a  Claisen rearrangement (Scheme 8) . 

Scheme 8 

R-CO-NII Ph3P/C2Cll/Et3N 
I 

>CH~-CE-COO -b( MeCN/-H20 
R 

45, R=aryl 

+ <jR& 

4s - 47 

3. REACTIONS OF 4,5-DIHYDRO-5-CXO-1,3-O~ZOLES 

2-Oxazolin-5-ones give d ive rse  products wi th  d i f f e r e n t  reagents  and t h e  

reac t ion  may involve r e t e n t i o n  o r  co l l apse  of t h e  heterocycle ,  4-alkylidene(ary1i- 

dene) d e r i v a t i v e s  being more s t a b l e  than t h e  corresponding sa tu ra ted  CompoundLi. 

Also, t h e  C-2 s u b s t i t u e n t  a f f e c t s  t h e  s t a b i l i t y  and r e a c t i v i t y  o f  t h e  ring. It 

should be mentioned t h a t  i n  many reac t ions  cleavage of t h e  r ing  occurs a s  a r e s u l t  

of secondary process.  I n  o the rs ,  t h e  reac t ion  i s  i n i t i a t e d  by opening of t h e  ring. 

3.1. Reactions without Cleavage o f  t h e  Ring8 

3.1.1. Formation of Oxazolonium S a l t s  

A s  a l r eady  mentioned, (a-acylamino ac ids  wi th  a c i d  halide-forming reagents  

give products which have been confirmed a s  oxazolonium hydrohalides.  Boyd and 
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co-workers have found t h a t  c y c l i s a t i o n  of w-acylamino a c i d s  wi th  a c e t i c  anhydride 

i n  t h e  presence of p e r c h l o r i c  a c i d  a f f o r d s  s t a b l e  5-oxazolonium perch lo ra tes  from 

which f r e e  bases  can be separateds4. These pe rch lo ra tes  have been found t o  be 

u s e f u l  i n  ob ta in ing  t h e  u n s t a b l e  isomers of 4-arylidene-2-oxazolin-5-ones. 

3.1.2. Tautomerism and Related React ions  

I f  C-4 hydrogen i s  a v a i l a b l e ,  2-oxazolin-G-ones behave a s  mesoionic 

compounds 35-58 and can e x i s t  a s  one of t h e  s e v e r a l  tautomers,  such a s  32, 48-50. 
T h i s  has been p r o f i t a b l y  u t i l i s e r l  i n  ca r ry ing  out C-4 s u b s t i t u t i o n  wi th  a l k y l ,  

benzyl and a l l y 1  ha l ides  i n  t h e  presence o f  e t h y l  diisopropylamine i n  d ipo la r  

a p r o t i c  so lven t s  39-41. Also, C-4 hydrogen can be s u b s t i t u t e d  by halogen. Thus, 

51 on t reatment  wi th  su lphury l  ch lo r ide  afforded 52 which r e a c t s  wi th  benzyl - 
t h i o l  t o  give  4-S-benzylthio compound ( z a ) .  Similar  r e a c t i o n  of 52 w i t h  t h i o -  

a c e t i c  a c i d ,  followed by hydrolysis ,  af forded t h e  s t a b l e  2-benzamido-2-mercapto- 

propanoic a c i d  (-4) which on oxidat ion wi th  i r o n  (111) c h l o r i d e  i n  e t h e r  dimericed 
42 (Scheme 9)  . I t  i s  noteworthy t h a t  51 nor i ts  anion reac ted  c lean ly  wi th  

N-toluenesulphenyl c h l o r i d e  and s i m i l a r  was t h e  case  wi th  sulphur monochloride. 

However, t h e  anion reac ted  w i t h  S-benzyl p-toluenetniosulphonate.  

Scheme 9 

r" F e C S  
Me 

HCl/MeOH I 
53b -----3 P X O N H - ~ C O O H  gtZO 3 ( P ~ C O N H - ~ +  - 

SH COOH 

Recently,  5-hydroxyoxazole (2) was trapped wi th  cyclopropylcarbony143, 

c a r b e t h o ~ ~ c a r b o n ~ l ~ ~ ,  and t r imethyls i ly19 '45 groups. The Dakin-West r e a c t i o n  44 

obviously involves  migration of 0-ncyl groups t o  C-4 ,  e s p e c i a l l y  when a ided  by 

pyr idine de r iva t ives .  4-Dialkylaminopyridines a r e  q u i t e  u s e f u l  fo r  such 



46 t ransacy la t ion  and rucen t ly  they were reviewed . 
4-Acyl-2-oxazolin-5-ones (-.5, R2=H) can e x i s t  a s  tautomers (57) and (58) 

and s t u d i e s  on 2-phenyl-4-(l-heteroalkylidene)-Z-oxazolin-5-ones revealed that 
47 

they e x i s t  i n  t h e  form having exocycl ic  double bond . 

3.1.3. Formation of t h e  4-C=C Bond 

A s  a l ready  mentioned, Erlenmeyer syn thes i s  involves  condensation of t h e  

3 C-4 a c t i v e  mothylene group wi th  aldehydes and ketones . Aromatic aldehydes give 

b e t t e r  r e s u l t .  Al ipha t i c  carbonyl  compounds a r e  genera l ly  taken i n  exceso t o  get  

b e t t e r  yields8. When aldehydeo a r e  used a s  r e a c t a n t s  a  condensing agent is no t .  

necessary,  but ' f o r  ketones some metal s a l t s ,  such a s  sodium a c e t a t e  and l e a d  

a c e t a t e  48949, ?re required. Recently,  t i n  (IV) ch lor ide  has been recommended f o r  

r e a c t a n t s  l i k e a c e t a l e ,  k e t a l s  and ketoneog. Also, s o l i d  drying agent ,  such a s  

molecular seiv;, has been used f o r  t h e  formation of 4-C=C bond under m i l d  conbi- 

t ionm.  Appl icat ion of polyphosphoric acid17 f o r  the  preparat ion o f  (E)-isomers 

has a l ready  been mentioned. A complex of dimethyl formamide and sulphur t r i o x i d e  

was repor ted  t o  be use fu l  f o r  t h e  preparat ion of 4-arylidene-2-phenyl-2-oxazolin- 

5 1  .+ones . 
Erlenmeyer az lac tone  s y n t h e s i s  and i t s  modified vers ions  a r e  u s e f u l  routes  

t o  q-amino acii is  and o t h e r  important s y n t h e t i c  in termediates ,  and i n  this 

connection d ive rse  aldehydes and ketones have been i n s e r t e d  a t  t h e  4-posit ion. 

T h i s  r eac t ion  has been extendea t o  c a r o t e n ~ i d s ~ ~ ,  carbohydratess, pyril ium, 

s i l a p y r i l i u m  and thiopyrf l ium s a l t s s  and o t h e r  Recently,  i t  has 

been used f o r  cons t ruc t ion  of te t racycl ine56.  Also, az lac tone  s y n t h e s i s  wi th  

pyrene-3-aldehyde was employed f o r  t h e  de tec t ion  of acy lg lyc ines  by paper chroma- 

tographySI. It i s  noteworthy t h a t  s e v e r a l  bis-2-oxazolin-5-ones (Sg)-(E) have 

been synthesised and used f o r  dying polyester  f i b r e s  58-60 

I n  a  recent  modif icat ion of Erlenmeyer syn thes i s ,  imines derived from 

benzyl- 62163 and n - b ~ t y l a m i n e s ~ ~  were used and i t  was found t h a t  the  
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59a, R1=RZ=H,C1,Me o r  OMa - 
b ,  R1=H o r  OMe; R2=Me o r  OMe 

n = 0 , l ;  R 1 , ~ = h 3 t e r o c y c l e  

r e a c t i o n  proceeds f a s t .  No condensing agent i s  required i n  this case  and 
11 

ket imines  reac ted  d i r e c t l y  un l ike  t h e  corresponding ketones  . The r e a c t i o n  

however f a i l e d  when ket imines  der ived from benoophenone and b e n z i l  were used a s  

63 r e a c t a n t s  . This  is apparen t ly  due t o  s t e r i c  f ac to r .  It should be mentioned 
11 

t h a t  t h e  products obta ined by t h i s  modification a r e  mostly t h e  (5)-isomers . 
Erlenmeyer s y n t h e s i s  and i ts  modified vers ions  envisage formation of an  uns tab le  

adduct 64 which immediately undergoes @-e l imina t ion  t o  give 65, and formation of 

b - l ac tone  (66, Y=O), p -1actam (g, Y=RN) o r  t h e i r  d e r i v a t i v e  was not  observed i n  

any of t h e  cases  (Scheme 10). 

Scheme 10 
R2 

RZ=alkyl, a r y l  

Rz, 
R3=H o r  a l k y l  

,c=y - 
7 

R3 

63, Y=O, PhN, 64 - 
PhCH2 and n-Eu 66 -- 



Some s i m i l a r  r eac t ion  occurred wi th  enamine6* and amidines2t3. When imines were 

used a s  r e a c t a n t s  p a r t i a l  aminolysis of 65 occurred due t o  cleavage of t h e  
11 1,5-bond by t h e  r e s u l t a n t  amine . 

2-Fhenyl-2-oxazolin-5-one (67) reac ted  wi th  2-alkyl-2- thiazol ines  (68)  i n  

pyridine t o  give 2 i n  75% yield .  When benzene was used a s  a  so lven t ,  compounds 

65 73  and 71 were obtained i n  6.5% and 8.58 y i e l d s  r e s p e c t i v e l y  . Obviously t h e  -- 
reac t ion  involves  nuc leoph i l i c  add i t ion  t o  t h i a z o l i n e ,  followed by cleavage of 

t h e  1,2- and 2,3-bonds of t h e  r e s u l t a n t  t h i a z o l i d i n e  and concomitant t h i o l y s i s  

and aminolysis,  r e spec t ive ly ,  of another  molecule of 2 (Scheme 11). E a r l i e r ,  

s i m i l a r  nuc leoph l l l c  a t t a c k  on 12 was repor ted t o  give methyl phenyl pen i l lona te  

( 7 8 ~ )  o r  methyl phenyl p e n i c i l l e n a t e  ( z B ~ ) 6 6  depending on whether t h e  r e a c t i o n  is 

c a r r i e d  out i n  n e u t r a l  medium o r  i n  pyridine.  Recently, an oxazolone i n t e r -  

mediate has been impl ica ted  i n  t h e  rearrangement of methyl benzyl p e n i c i l l i n a t e  

t o  methyl benzyl  eni ill on ate^^. When lac t im e t h e r s  (3) 65967968 were used a s  

r e a c t a n t s  75 were obtained some of which cleavesg5 depending on t h e  s t a r t i n g  

mate r ia l  (Scheme 12). 

Scheme 11 

H R SCH CH NH 

N 

Q+" + H - P h Ph P h 

~ 2 2  

67 - - 68, R=alkyl - 69 - 70 
I I 

NHCH CH S 
2!:2 I_ 67 

P h P h 
P~CONH P ~ C O N H  

It should be mentioned that s i m i l a r  a d d i t i o n  t o  some o t h e r  compounds containing 

carbon-nitrogen double bond,, such a s  oximes, 0-acyl oximes and hydrazones was 

69 unsuccessful . 
4-Heteromethylene-2-oxazolin-5-ones (81) a r e  a l s o  important i n  t h i s  

connection. For example, 4-alkoxymethylene-2-oxazolin-6-ones ( E ) ,  which can be 

prepared by condensing orthoformic e s t e r s  (79) with  62, e a s i l y  give  t h e  cor res -  
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Scheme 12 

0 COOMe ph COOMe 

?% - 788 76 
ponding 4-hydroxy compounds g a  o r  aminomethylene d e r i v a t i v e s  g c  under m i l d  

 condition^^-^. The hydroxy compounds behave l i k e  a c i d  and can e x i s t  a s  tautomers 

wtdch have a l ready  been mentioned. It i s  noteworthy t h a t  =a can be converted 

i n t o  r e a c t i v e  chloro compounds 8 l b  which a r e  u s e f u l  f o r  t h e  s y n t h e s i s  of 

2-oxazolin-5-ones wi th  4-C=C bond i n  Cases where the  aldehyde is not  r e a d i l y  
70 a v a i l a b l e  . Recently, 4-ethoxymethylene-2-phenyl-2-oxazolin-6-0 (80, R = Ph; 

1 

R2= EtO) was employed f o r  ob ta in ing  s e v e r a l  4-pentenylidene d e r i v a t i v e s  se rv ing  

a s  in termediates  f o r  i b o t e n i c  acid71. It should be mentioned i n  t h i s  connection 

t h a t  some o f  t h e  amimalkyl idene de r iva t ives  s i c  resist s u b s t i t u t i o n  a s  w e l l  a s  

r ing  cleavage. 

' s o  

Synthesis  of s e v e r a l  4-alkylidene(ary1idene)-2-oxazolin-5-ones have been 

accomplished by Bergmanls ~ e t h o d ~ ' ~ ' ~ ~ .  Recently,  4-dichloromethylene-2-aryl- 

2-oxazolin-5-one (83) was obtained i n  good y i e l d s  from 82 by cyanation, hydro lys i s  

and c y c l i s a t i o n  wi th  phosphorus p e n t a c ~ o r i d e ~ ~ .  A s  a l r eady  mentioned, t h e  chloro 

group i n  compounds l i k e  83 i s  q u i t e  r e a c t i v e  and has been replaced by s e v e r a l  



secondary amines, but t h e  reac t ion  with  primary amines c leaves  t h e  ring. 

C 1  1. CN 
0 

I 2.H20 
C l  C-CH-NH-COC6H4-X(p) 

3 3.PC15 ' P-X-C H dcLl 
82 -- 6 - 83 

Recently, 4-benzylidene-2-benzyloxy-2-oxazolin-5-one (85) was Prepared by 

bromination of 84 and subsequent dehydrobromination of t h e  r e s u l t a n t  bromo 

compoundL6. Al te rna t ive ly ,  i t  was prepared i n  f a i r  y i e l d  by t r e a t i n g  benzyloxy- 

carbonyl =%-p-phenyl s e r i n e  (g) with phosphorus pentachlor ide  a t  low tempe- 

r a t u r e ,  but s t a r t i n g  from erythro-isomer lower y i e l d  was obtained,  though i n  both 

t h e  cases  a s i n g l e  isomer was found. I t  is  noteworthy t h a t  d i e t h y l  azodicarboxy- 

l a t e  f a i l e d  t o  convert 84 i n t o  t h e  corresponding 4-benzylidene de r iva t ive  85, 

though t h e  same reagent s a t i s f a c t o r i l y  dehydrogenated 87 t o  2 (Scheme 13)16. 

Scheme 13  

1. Br2 1. P C I ~  P ~ C H ~ O - C O N H  

2. NE$ I 
P h C y  HO-FH-CH-COOH Ph 

4-Alkylidene(ary1idene)-2-oxazolin-&ones can e x i s t  a s  two geometr ical  isomers 

and t h e i r  formation depends on t h e  reac t ion  conditions.  General ly ,  the  (Z)-isomer 

is more s t a b l e  than t h e  corresponding (g)-isomer which i s  thermolabile.  These two 
74 isomers a r e  i n t e r c o n v e r t i b l e ,  and r e c e n t l y  t h e i r  s tereochemist ry  was reviewed . 

Also, t h e i r  c h a r a c t e r i s a t i o n  by * c - N M R ~ ~ ,  FmmanT6, and f luorescence spectras5 

has been reported. 

3.1.4. Reactions involving t h e  4-C=C Bond 

A comon reac t ion  involving 4-C=C bond i s  reduct ion and it is ex tens ive ly  

pract ised i n  t h e  syn thes i s  of amino acids .  Besides c a t a l y t i c  hydrogenation, 

hydroiodic a c i d  and red phosphorus a r e  a l s o  used3'77. ~t should be emphasisea 
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t h a t  t h e  2-oxazolin-5-ones a r e  genera l ly  cleaved before  reduct ion because t h i s  

g ives  b e t t e r  r e s u l t .  Some of t h e  methods f o r  p repara t ion  of amino ac ids  have 

been discussed i n  another  sec t ion .  

Addition o f  diazomethane can l ead  t o  d i f f e r e n t  products. For  example, 90 

gave t h e  s p i r o  compound 9 1  obviously by t h e  i n s e r t i o n  o f  t h e  carbene moiety o r  by 

e l imina t ion  of n i t rogen  from t h e  r e s u l t a n t  pyrazoline adduct.  Some of these  

compounds have been degradated, and an attempt t o  o b t a i n  cyclopropylphenyla lanine  

(92) l ed  t o  the  formation of s t y r y l g l y c i n e  (93) i n  low y i e l d  (Scheme 14)~'. I t  i s  

noteworthy that p ,  .(-unsaturated amino a c i d s  have s t imula ted  i n t e r e s t  i n  recent  

79 years  . 
Scheme 14 

90 - 91 22 93 
Recently,  a l k y l a t i o n  of 94 w i t h  l i th ium phenylthio-n-butylcuprate was e f f e c t e d  

and t h e  r e s u l t a n t  compound was converted i n t o  a u s e f u l  aldehyde (96) by r i n g  

40 cleavage and ox ida t ion  . 

2-Oxazolin-5-ones w i t h  4-C=C-bond a r e  4, p-unsaturated carbonyl compounds, 

but t h e i r  p o t e n t i a l i t y  a s  p a r t i c i p a n t s  i n  t h e  Michael r eac t ion  does not seem t o  

have been thoroughly e x p l o i t e d ,  though a d d i t i o n  of some mercaptans o r  b i func t iona l  

r e a c t a n t s  a t t a c k i n g  simultaneously t h e  o l e f i n i c  bond and carbonyl  group i s  known 

i n  t h e  l i t e r a t u r e 3  ' 6 .  

3.1.5. Michael Addition 

2-0xazoLin-5-ones containing a C-4 hydrogen atom g ive  Michael adducts 80-82 

with  s u i t a b l e  reagents ,  a d d i t i o n  t ak ing  place  a t  p o s i t i o n s  4 and 2. A number of 

80 unsa tu ra ted  compounds, such a s  a c y l  o r  a r o y l  ace ty lenes ,  ace ty lene  sulphone , 
a c r y l o n i t r i l s ,  methyl e s t e r s  and n i t r i l e s  o f  h a r i c  and maleic ac ids ,  acraldehyde 



and methyl v i n y l  ketone, have been used a s  reac tan t s .  These adducts  a r e  qu i t e  

use fu l  in termediates .  For example, t h e  2-oxazolin-5-one (32) added t o  ace ty lenes  

(97) from which \(-diketones (101) were obtained (Scheme 15)". Recently,  

Michael add i t ion  followed by s u i t a b l e  manipulation a f fo rded  p , y -unsaturated 

80 amino a c i d s  . 
Scheme 15 

R,CO R3 
I I 

R NH CO 

+ H W C O R 3  
NEt3 (COOH)2,2H20 \'/ 

C-CH=CH 

R~ C H ~ C ~ ~ / - ~ O ~  ~ c 0 ~ , 8 0 - 9 0 0  COO-C-C=O (9 
'I IT 
0 0-H 

MeS-CB2CH2, PhCONH(CH2)4, MeOOC-CB2, 

@7JCH2- 
H 

4-Hethyl-2-phenyl-Z-oxazolin-G-one (51) r e a c t s  w i t h  benzyl ideneani l ine  t o  

give  an uns tab le  adduct 103 which decomposes on bo i l ing  wi th  aqueous e t h a n o l  t o  

a n i l i d e  (107) and benzaldehydee3. E a r l i e r ,  t h i s  r e a c t i o n  was repor ted  t o  give  

the  0 -1nctam (lo4)84185. Recently,  104 has been syn thes i sed  by an unambiguous 

rou te  and found t o  be q u i t e  stablee6. It has been suggestede3 t h a t  t h e  a n i l i d e  

(107) is produced a s  a r e s u l t  of dissociation of 2 3  t o  2 5  o r  106 and concomitant 

generat ion of a n i l i n e  (Scheme 16) ,  which u l t i m a t e l y  l e a d s  t o  t h e  aminolysis of 51. 

3.1.6. Mannich Reaction 

2-Oxazolin-5-ones ca r ry ing  a t  l e a s t  a C-4 hydrogen atom a re  capable 

of producing 14annich bases. The reac t ion  occurs wi th  simultaneous cleavange of 

87 the  l,.5-bond . 



Scheme 16 
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72 R 
--) RICONH-CCH -K' 

EtOH 1 k3 
COOEt 

10 8 - - 109, R1= 4-C1C6H4; R2= H ,  Me, 

PhCHZ, Ph, MeS-CHZCHZ- , 

. . 
R = Me, Et e t c .  
3 

3.1.7. Cycloadi t lons  

Those r e a c t i o n s  i n  wNch cycloaddi t ion does not  c leave t h e  heterocycle  i n  

t h e  first s t e p  a r e  discussed here. Since many o f  ttm 2-oxazolin-5-ones behave a s  

mesoionic compounds, t h e i r  r e a c t i o n s  wi th  a s u i t a b l e  addendum proceed i n  a 
8 8  t y p i c a l  1 ,3-dipolar  fashion. Recently,  mesoionic compaunds have been reviewed . 

Acetylenes and r e a c t i v e  a lkenes  r e a c t  wi th  2-oxazolin-+ones t o  give 

pyr ro les  35-37989 and pyrrol inesgO respec t ive ly .  S imi la r  r e a c t i o n  of ace ty lenes  

w i t h  2-oxazolin-4-ones l eads  t o  t h e  formation of fu ran  derivativesg1, a s  a r e s u l t  

of cycloaddi t ion and concomitant decarboxylation. On using dimethyl fumarate,  

methyl a c r y l a t e  a s  a ipo la roph i les ,  2-oxazolin-5-ones give pyrrol inesgO,  but 

r e c e n t l y ,  4 - c h l o r o a c r y l o n i t r i l e  (110) was repor ted  t o  give  pyrrole  isomers on 

r e a c t i o n  wi th  2-oxazolin-5-ones (32) (Scheme 17)38. It should be mentioned t h a t  



4-unsubst i tu ted 2-oxazolin-5-ones f a i l e d  t o  reac t .  

Scheme 17 

R ~ =  Me, ~ - B u , P ~  

I-HcI 

Recently,  5- t r imethyls i ly loxy der iva t ives  were sub jec ted  t o  Diela-Alder 

r e a c t i o n  wi th  s e v e r a l  d ienophi les  and t h e  r e s u l t a n t  adducts were converted i n t o  

45  vitamin B6 d e r i v a t i v e s  (Scheme 18) . 
Scheme 18 

COY 
YOC-CH=CH-COY R 

COY 

118 

117 - - 119 - -- 120 

Rl= Me, Ph, e t c ;  Re= H, PhCH2, Me3CH, e t c ;  R ~ =  Me3Si; Y = OMe o r  y,y ,= > ~ - p h  

3.1.8. Oxidat ive  Coupling 

2-Phenyl-2-oxazolin-5-0118 (32, R = Ph; R2= PhCHZ o r  &-Bu) undergoes 
1 
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oxida t ive  ~ o u p l i n g ~ ' ~  on treatment w i t h  mercury (11)  a c e t a t e  i n  dioxan. Recently,  

s e n s i t i s e d  photooxygenation of 2,4-diphenyl-2-oxazolin-5-one (2, R1= R2= Ph) was 

repor ted  t o  give  g ~ ,  besides  o t h e r  degradative productsg2. solid-phase photo- 

lysisg3 of 122 l e a d s  v i a  asymmetric dimerisat ion and hydrogen a b s t r a c t i o n  t o  

dimers 123 and 124 a s  main products (Scheme 19). 

Scheme 19 

7 2  7 2  

h . ,  U&J I I 

R1 R1 R1 
32 -- 

A r 

It is noteworthy that bis-oxazolones a r e  of s e v e r a l  types  depending on t h e  

l i n k s  of t h e  i n d i v i d u a l  u n i t s  which can be through C-2 a s  we l l  a s  C 4  atoms. 

Also, tw heterocycle-moieties may be connected t o  one another  through t h e  

4 
o l e f i n i c  bond . General ly ,  t h e i r  syn thes i s  i s  c a r r i e d  out by convent ional  method 

s t a r t i n g  from s u i t a b l e  mate r ia l s .  Oxidative coupling involving C-2 atom does not  

seem t o  have been repor ted.  

3.2. Reactions Involving Cleavage of t h e  Heterocycle1 

2-Oxazolin-5-ones can undergo cleavage a t  t h e  1,2- a s  w e l l  a s  l,5-bonds. 

The course of t h e  r e a c t i o n  depends on s e v e r a l  f a c t o r s .  Also,  s t a b i l i t y  of t h e  

r i n g  i s  inf luenced by t h e  s u b s t i t u e n t s ,  and a s  a l ready  s t a t e d  t h e  4-alkylidene- 

(a ry l idene)  d e r i v a t i v e s  a r e  more s t a b l e  than t h e  corresponding s a t u r a t e d  

compounds. 

3.2.1. Cleavage of t h e  1,2-Eond 

Cases o f  t h e  1,2-bond cleavage i n  2-oxazolin-&ones a r e  r a t h e r  l imi ted .  

For example, hydrazoic a c i d  wi th  25 (R1= Me; R2= Ph) afforded t h e  t e t r a z o l e  



carboxyl ic  a c i d  (126, R1= Me; R2= Ph) v i a  cleavage of t h e  1,2-bond and subsequent 

c y c l i s a t i o n  of t h e  corresponding imidazide ( ~ 5 ) ' ~ .  Yields  a r e  exce l l en t  and 

t h e r e  is no evidence of any side-product. S imi la r  opening occurs wi th  i ts  

s a t u r a t e d  der ivat ive .  The reac t ion  of 25 becomes very slow when R1 is a phenyl 

group, where a s  i n  t h e  r e a c t i o n  of 4-benzylidene 2-benzyloxy-2-oxazoiln-5-one 
16 (25, R1= PhCH20; R2= Ph) cleavage of t h e  1,5-bond predominates . 

With t h e  a i d  o f  l a b e l l e d  water and mass spectrometry a c i d i c  hydrolysis  of 

9 5  2-oxazolin-&ones was shown t o  undergo cleavage of t h e  l,2-bond . Acid 

ca ta lysed  r ing  cleavage has a l s o  been inves t iga ted 'by  employing a c e t i c  acidg6: 

There a r e  some o t h e r  r e a c t i o n s  i n  which cleavage o f  t h e  l,2-bond has been 

r e ~ o r t e d ~ ' ~ .  

3.2.2. Cleavage of t h e  1,5-3ond 

The general  r e a c t i o n  of 2-oxazolin-5-ones involving cleavage o f  t h e  

1,5-bond may be represen ted  a s  follows. 

The reac tan t  YH may be water ,  a l coho ls ,  t h i o l s ,  phenols, ammonia, primary and 

secondary amines, hydroxylamine, hydrazines2-6, phosphate aniong7 and a l s o  

6 enzymes . The r e a c t i o n  is governed by s e v e r a l  f a c t o r s ,  such a s  na tu re  o f  t h e  

subst i tue 'n t ,  temperature,  c a t a l y s t  and t h e  type of r eac tan t s .  I n  genera l ,  

4-olkylidene(ary1idene)-2-oxazolin-5-ones a r e  more s t a b l e  than t h e  corresponding 

s a t u r a t e d  compounds, and many o f  them a r e  r e c r y s t a l l i s e d  from n e u t r a l  a lcohols .  

The carbonyl group can r e a c t  wi th  Grignard reagents  4998-100 and can a l s o  

p a r t i c i p a t e  i n  Fr iede l -Cra f t s  r eac t ions  4'101. S imi la r ly ,  t reatment  wi th  sodium 

borohydridelo2 o r  l i t h i u m  aluminium hyariae i n  a s u i t a b l e  s o l v e n t ,  such a s  

3 te t rahydrofuran,  r e s u l t s  i n  reduc t ive  cleavage . 
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Scheme 20 

0 

132, R1=alkyl o r  a r y l i  R2=aryl - 
Y=H, a l ky l ,  a r y l ,  or  O H  

W3, R2=aryl; Y=alkyl, a r y l ,  - 
PhNH o r  OH 

Ref. 16,113 

134, R1= a l k y l  o r  a r y l ;  - 
I R2= a r y l ;  R3= H o r  ~h 

135, R~ Ph; R3= H OF Ph?J -- 
- 

I t  should be emphasised t ha t  products obtained by rupture  of t he  r ing may 

undergo subsequent changes, and i n  many cases they serve a s  u se fu l  intermediates.  

For example, one of  t he  most important methods of  syn thes i s  of q-amino ac ids  is 

through hydrolysis  of 4-alkylidene(aryl1dene)-2-oxazolin-5-ones and subsequent 

reduction. Often hydrolysis and reduction a r e  ca r r ied  out i n  one s t e p  with t he  

a i d  of hydroiodic a c id  and red Hydrogenation of 4-alkyliaene(ary- 

l idene)  der iva t ive  under e leva ted  hydrogen pressures and i n  ammonia-ethanol, using 



Raney n i c k e l  a s  a  c a t a l y o t ,  leado t o  the  formation of M-acyl(aroy1)amino a c i d  

amirles i n  high Recently, a l coho lys i s  lo4 ,Io5 and aminolysis 106,107 of 

2-oxazolin-+ones were employed i n  polymerisation. Some o f  t h e  products of the  

1,5-bond cleavage a re  u s e f u l  f o r  cons t ruc t ion  o f  o t h e r  r i n g s ,  e s p e c i a l l y  hetero- 

cycles .  For example, t h e  2-oxazolin-5-one (122) on r ing  cleavage and subsequent 

c y c l i s a t i o n  afforded t h e  imidazole (130)67. Products o f  aminolysis o f  4 -a ry l i -  

dene-2-oxazolin-5-ones have been c y c l i ~ e d  i n  the  presence of anhydrous z inc  

chlor idelo8 o r  i n  g l a c i a l  a c e t i c  a c i d  containing c a t a l y t i c  amount of fuse0 sodium 

a c e t a t e  t o  t h e  corresponding 5-imidazolones 109'110, and r e c e n t l y  t h i s  r e a c t i o n  

has been extended to  one-flask syn thes i s  of 4-arylidene-5-imidazolones s t a r t i n g  

from 4-unsubst i tu ted 2-oxazolin-5-ones and Sch i f f  bases1''. A s  a l r eady  i n d i c a t e d ,  

t h e  products o f  aminolysls o f  2-oxazolin-5-ones which a r e  amenable t o  cyclodehy- 

d ra t ion  under t h e  inf luence of an a c i d  o r  a base serve a s  s t a r t i n g  m a t e r i a l s  f o r  

s e v e r a l  heterocycles  (Scheme 20) 16j108-113. ~t is noteworthy that 134 ( R ~ =  H) 

113 can e x i o t  a s  tautomers . 
N-Benzylthiothiocarbonylglycylamide ( g g ) ,  obtained by aminolysis of t h e  

correspanding 2-thiazolin-5-one, undergoes c y c l i s a t i o n  t o  137 with  concomitant 

cleavage of t h e  amide bond, and this reac t ion  i s  p o t e n t i a l l y  important f o r  us ing 

114 2-benzylthio-2-thiazolin-5-one a s  a  p ro tec t ing  reagent  f o r  amines . 

A s  ind ica ted  e a r l i e r ,  4-alkylidene(ary1idene)-2-oxazolin-5-ones may r e a c t  

wi th  b i func t iona l  compounds f i r s t  a t  t h e  4-C=C bond with  one of t h e  two funct iona-  

l i t i e s  and subsequently undergoing cleavage of the  1,5-bond. A l t e r n a t i v e l y  i t  

could be t h e  o the r  way around a s  shown i n  t h e  r e a c t i o n  of hydrazine hydrate  wi th  

65115. Recent ly ,  ah id inoace t i c  e s t e r  was repor ted  t o  give 145'16 on r e a c t i o n  w i t h  - 
65, apparent ly  by Mlchael add i t ion  followed by int ramolecular  aminolysis - 
(Scheme 21).  

E a r l i e r ,  hydroxylamine was repor ted  t o  give 5-isoxazolidones (146) with  

65117. An attempt t o  o b t a i n  these  heterocycles  by t h e  i n t e r a c t i o n  of 2-oxazolin- - 
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Scheme 2 1  

144 - - 145, Rl= Me; R2= Ar; It3= H 

5-ones (62) and s u i t a b l e  oximes was unsuccessful  (Scheme 22) and the  r e a c t i o n  l e d  

t o  t h e  formation of 0-acyl oximes which a r e  p o t e n t i a l l y  important a s  a c y l a t i n g  

118 agents  f o r  primary amines . 
Scheme 22 

R R C O N H  R 

+ 'C=NOH 

148 - 
A s  a l ready  mentioned, hydroxamic a c i d s  a r e  formed on aminolysis of 2-oxazolin- 

5-ones w i t h  hydroxylamine. It should be emphasised that when 65 a r e  used a s  

r e a c t a n t s  va r ious  products a r e  obtained wi th  hydroxyl aminel''. For example, 

add i t ion  can take Place ac ross  the 4-C=C-bond, and r e c e n t l y  such adduct-forming 

proper ty  has been u t i l i s e d  i n  t h e  s y n t h e s i s  of -, p-diamino acidslZ0,  which can 



be a l t e r n a t i v e l y  prepared by manipulation of 3 - subs t i tu ted  PYrUViC ac ids  121, 

Some 4-arylidene-2-oxazolin-+ones, on photoradia t ion,  undergo s o l v o l y s i s  

o r  a b s t r a c t  hydrogen atom depending on t h e  wave l eng th ,  concentra t ion and choice 

of t h e  s e n s i t i s e r .  Thus, 65 (R1= R2= Ph; R3= H) on i r r a d i a t i o n  i n  2-propano1 

afforded t h e  l a c t o n e  (151) i n  17% y i e l d  (Scheme 23) 122j123. Conversion of t h e  

(Z_)-4-s~licyliaene-2-phenyl-2-oxaeolin-5-one (x) i n t o  i t s  (E)-ioomer s i m i l a r l y  

r e s u l t s  i n  t h e  formation of 3-benzamido coumarin (155, R1= Ph) 124,125. Rao17 has 

Scheme 2 3  Me 

150 - 151 - 
repor ted s y n t h e s i s  of t h e  (E)-isomer 9 by condensation of hippuric  aCld and 

sal icyla ldehyde i n  t h e  presence of PPA, but t h e  absorpt ion band quoted f o r  the  

carbonyl group i n  t h e  I R  spectrum is no t  compatible wi th  t h e  oxazolone s t r u c t u r e  

and i t  i s  more appropr ia te  f o r  the coumarin (155) which would be e a s i l y  formed 

because of t h e  s t e r i c  d i s p o s i t i o n  of t h e  carbonyl and s a l i c y l i d e n e  groups. 

Recently,  a number of 3-midocoumarins have been synthesisedlZ6 and an a l t e r n a t i v e  

rou te  has been proposed (Scheme 24) which i s  supported by t h e  i s o l a t i o n  of 
83 dihydrocoumarins (154, R2= Me, Y = PhN o r  0) . 

Scheme 24 

R Y H 
152, Y = PhN o r  0 -- 153 -- -- 154, R1= a l k y l  o r  

a r y l ;  Rz= Me,H; 
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Cleavage of t h e  1,5-bond i n  85 by diazomethane has been r e c e n t l y  

reported16. T h i s  behaviour i s  s i m i l a r  t o  t h a t  of the  corresponding Z-benzylthio- 

2-thiazolin-+one, and i n  t h i s  r eac t ion  formation of 1 8 1  adduct is not  disce-  

rn ib le .  

Ph 

C H Z ~ Z  

e t h e r  

The r e a c t i o n  o f  spiro-2-oxazolin-5-one (159) with  excess  o f  diazomethane 

afforded t h e  diazoketone (161) and a number of o t h e r  products (Scheme 25) lZ7,  

some of which were formed as a r e s u l t  o f  progress ive  r i n g  expansion. 

Scheme 25  

There a r e  some r e a c t a n t s  wi th  which cycloadducts a r e  formed through 

cleavage o f  t h e  1,5-bond. For example, some mesoionic oxazolones 1287129 added to  

benzyl ideneani l ine  and o t h e r  imines t o  give  p -lactams128. ALSO, formation of a 

6- lactam by t h e  r e a c t i o n  of 4-methyl-2-phenyl-2-oxazolin-5-one with cinnamyli- 

deneani l ine  is known i n  t h e  l i t e r a t u r e u 0 .  It i s  noteworthy t h a t  the  perchlorate  

s a l t  162 l e d  t o  t h e  formation of irnidazolone on r e a c t i o n  wi th  102. 



Recently,  benzodioxinones were prepared by cyc loadd i t ion  o f  p c h l o r a n i l  

(170) and 2-oxazo~in-+ones ( 2 ,  n1= ~ h ;  n2= H, a l k y l  o r  aryl)='. 

c,,&f 
+ ::& --> Cl NHCOPh 

32 170 CI CI -- - 171, R ~ =  A ,  ble, &-pi-, F ~ C H ~ ,  ~ h .  

Thermolytic dimerisat ion of 32 t o  172 should a l s o  be mentioned i n  t h i s  

3 c ~ n n e c t i o n l ~ ~ .  Similar  d imerisat ion has been repor ted e a r l i e r  . 

3.3. b!iscellaneous Reactions r 

3.3.1. R e a c t i v i t y  of t h e  Side-Chain 

The methyl group i n  4-benzylidene:2-methyl-2-oxazolin-5-one (173) condenses 

wi th  benzaldehyde t o  give the  corresponding 2 - s t y r y l  de r iva t ive  174133. Recently,  

t h i s  condensation was c a r r i e d  out wi th  Sch i f f  bases i n  g l a c i a l  a c e t i c  a c i d  conta- 

i n i n g  a c a t a l y t i c  amount of fused sodium a c e t a t e ,  and t h e  reac t ion  l ed  t o  t h e  

f o r m t i o n  of 4-benzyliaene-2-styryl-5-imidazo~ones (17R)134. These compounds can 

e x i s t  a s  -3- and transoid-conformers. 

Ch lor ina t ion  o f  2 i n  a mixture of a c e t i c  a c i d  and a c e t i c  anhydride gave 

the  pentachloro-acetoxy compound z2135, blit halogenation I n  a c e t i c  anhydride 

13 6 alone o r  i n  carbon t e t r a c h l o r i d e  afforded t h e  dihalo CompoUnd 179 (Scheme 26) . 
The methyl g r o u p  i n  4-isopropylidene-'2-Phenyl-2-oxazolln-5-0 (180) is 

a l s o  r e a c t i v e  and i t  condenses wi th  benzaldehyde. On r e a c t i o n  wi th  N-bromosucci- 

nimide the bromo compound 182293 is  given (Scheme 27). 
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Scheme 26 

Scheme 27 

Fr iede l -Cra f t s  and Grignard r e a c t i o n s  wi th  4-alkylidene(ary1idene)- 

2-oxazolin-5-ones may a f f e c t  t h e  o l e f i n i c  centre .  Also,  t h e  4-c=C bond i s  



amenable t o  manipulation which has a l ready  been discussed. 

3.3.2. Reactions wi th  Oxygen 

Oxygenation of 2-oxazolin-5-ones has been repor ted  i n  recent  years  by 

s e v e r a l  workers. For example, 2-oxazolin-5-one (32, R1= PhCH2i R2= Ph) i n  

methanol, under an oxygen atmosphere, af forded 183137. On t h e  o the r  hand, Rose 

Bengal (R.B.) s e n s i t i s e d  photooxygenation of 32 (Rl= Phi R2= Ph o r  PhCHZ) l e d  t o  

t h e  formation of t h e  imide (185)92, i n  moderate y i e l d ,  through t h e  adduct 18% 

obtained by 1 ,3-dipolar  cycloaddi t ion (Scheme 28). 

Scheme 28  

184 -- 185, R1' Phi - 
R2=Ph o r  PhCH2 

4-~enzylidene-2-oxazolin-5-one (186, R = Ph) under similar condi t ions  is 

cleaved by t h e  so lven t  (Scheme 29jQ2. However, 186 ( R  = Me2CH) r a p i d l y  absorbs 

oxygen a t  room temperature i n  the  presence of t r i e t h y l a m i ~ l e  a f fo rd ing  t h e  imide 

(m) 13'. Severa l  in termediates  were envis ioned i n  t h e  process. 

Scheme 29 

3.3.3. Fragmentation 

A s  a l ready  descr ibed,  some cycloadaucts derived from 2-oxazolin-5-ones 
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undergo decarboxylation leading t o  var ious  products. There a r e  s e v e r a l  

2-oxazolin-5-ones which a r e  prone t o  thermal o r  photo fragmentation. For example, 

4-acyl-2-oxazolin-5-ones (57)  on heat ing undergo cycloel iminat ion of carbon 

dioxide a f fo rd ing  oxazoles (189) i n  high y ie ld .  Also, 2-acyl-3-oxazolin-5-oneu 

(E) ungergo s i m i l a r  t ransformat ion (Schsme 30)'~'. Al te rna t ive ly ,  4-acyl- 

2-oxazolin-5-ones can be e a s i l y  hydrolysed and decarboxylated and the  r e s u l t a n t  

W-acylamino ketones can be conver tea  i n t o  oxazoles by cyclodehydration, and i n t o  

imidazoles through c y c l i s a t i o n  o f  t h e  corresponding cz -acyl(aroyl)amino ketimines 

and hydrazones. 

Scheme 30 R, 

R = He, Ph, Me0 or  c02Et 
3 

- 

190, R1= Me o r  Ph; R2= Ph o r  L T ~ ;  R = Me, Ph, Me0 - 3  

When 4-allyl-2-oxazolin-5-ones (191) were heated a t  230°, Copole rearrange- 

ment followed by cycloel iminat ion of carbon dioxide occurred, l ead ing  t o  the  

140 formation of pyr idine  d e r i v a t i v e s  (Scheme 31) . 
Scheme 31 

R = i - P r ;  n-Eu, i -Eu,  Ph; R2= Ph, &-Pi-, MeC0CH2 1 - 
Photo lys i s  of 197 i n  a c e t o n i t r i l e  containing methyl a c r y l a t e  g ives  26% of 

t h e  (&)- 32, 17% of the (g)- 200 and 7% of acetophenone, obviously through 



el iminat ion of carbon dioxide and generation of t he  n i t r i l e  y l ide  198 which 1 s  

trapped by the d ipo la rop t i l e .  I t  i s  noteworthy that t he  C - 2  subs t i tuen t  in f lue-  

nces t he  react ion.  For example, photolysis of 197 ( R  = Me) r e s u l t s  i n  the  expul- 

s ion of carbon monoxide producing 202, i r r e spec t i ve  of t h e  presence o r  absence of 

dipolarophiles.  Also, 197 (R = F C )  on ref luxing i n  xylene loses  carbon monoxide 
3 

affording (Scheme 32)14', whereas (R = Me) remains unaffected under these 

conditions. 

Recently, photofragmentations of 2,4-diphenyl-2-oxazolin-+one (32, 
R = R2= Ph)" and 4-benzylidene-2-benzyloxy-2-oxazolin-+one (%)I6 were reported 
1 

and i n  both these cases expulsion of carbon monoxide is encountered (Scheme 33). 

Scheme 32 

Sctime 33 

R., 

Fragmentation of suitable-2-oxazolin-5-ones has been prof i t ab ly  u t i l i s e d  i n  

the  synthesis  of  severa l  usefu l  intermediates.  For example, 207, e a s i l y  
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obta inab le  from 206 through Cope's rearrangement~can be e a s i l y  converted i n t o  209 

i n  very good yields3'. T h i s  method was usea f o r  t h e  cha in  e longa t ion  of s e v e r a l  

aromatic and heteroaromat ic  carboxyl ic  a c i d s  (Scheme 34). Recently,  s i m i l a r  

rou te  has been extended t o  t h e  s y n t h e s i s  of b -aminolevulinic a c i d   derivative^ 

82 and r o l a t e d  compounds . 
Scheme 34 

?2 

3.3.4. Formatiun of Oxazolo E , 4 - b ] ~ u i n o l i n e s  

c y c l i s a t i o n  of t h e  n i t r o  compound 212 w i t h  t r i a l k y l  phosphite gives  the  

oxazolo[5,4-blquinolines (213) which have CNS activity142. 

P(OEt), N / 
O M e  

\ 

R ) R m O M e  

Conversion o f  4 - subs t i tu ted  2-oxazolin-5-ones i n t o  o t h e r  heterocycles  i o  

poss ible  when 4-subst i tuent  c a r r i e s  a compatible v i c i n a l  f u n c t i o n a l i t y ,  Also,  

the  s t e r i o d i s p o s i t i o n  around t h e  double bond i n  4-alkylidene(ary1idene)-2- 

oxazolin-+ones i s  important i n  this connection. 

3.3.5. Bio log ica l  A c t i v i t y  

I n  connection w i t h  p e n i c i l l i n  resea rch ,  a n t i b a c t e r i a l  a c t i v i t y  o f  t h i s  
2 clasr:  of heterocycles  was i n v e s t i g a t e d  and a number o f  them was found t o  i n h i b i t  

t h e  growth of Staph.aureus a t  a d i l u t i o n  o f  l e s s  than 1:2000. Also, t h e  t au to -  

meric 2-oxazolin-5-one (3) was found t o  be a c t i v e  a s  o(-~miao-  

K,  B -unsaturated a c i d  e s t e r s ,  obta ined by a lcoho lys i s  of 4-alkylidene- 



(ary1idene)-2-oxazolin-5-ones with chloroethanol  and e thy lene  g lyco l ,  have been 

143 repor ted a s  p o t e n t i a l  b a c t e r i c i d e s  . 
4- [oc-(5-Nitro-2-furyl)-ethyliden~ -2-oxazolin-5-ones nere  prepared a s  

protozoal ant iparas i tes144.  ~ l s o ,  some s i m i l a r  w r y 1  d e r i v a t i v e s  of 2-oxazolin- 

145 5-ones were synthesised a s  an t i funga l  agents  . 
Contact s e n s i t i v i t y  o f  r a t s  t o  2-oxazolin-5-ones, p a r t i c u l a r l y  4-hetero- 

methylene de r iva t ives  has generated considerable  i n t e r e s t ,  a s  i s  evidenced by 

s e v e r a l  publ icat ions  146-151 

A s  a l r eady  mentioned, many compounds derived from 2-oxazolin-&ones 

e x h i b i t  b io log ica l  a c t i v i t y .  Thus, some amino ac ids  were prepared a s  CNS i n n i b i -  

t o r s  o r  alcoholism a n t a g o n i ~ t s l ~ ~  and f o r  t r e a t i n g  parkinsonism'=. Also, a  few 

2-arylidene-2-imidaz01if1e-G-ones, obta ined by i n s e r t i o n  of an amino moiety i n  . 

place of t h e  oxygen atom i n  2-oryl-4-arylidene-2-oxazolin-5-ones, a r e  p o t e n t i a l l y  

important a s  anti inflammatory agentslS4. It i s  noteworthy t h a t  some products of 

155 aminolysiti of 4-alkylidene(ary1idene)-2-oxazolin-G-onee a c t  a s  cNS i n h i b i t o r s  . 
Recently,  s e v e r a l  4-alkylidene(arylidene)-2-oxazolin-5-ones156 and t h e i r  

dehydrooligopeptideslSI have been repor ted to  e x h i b i t  ant i tumor a c t i v i t y  wi th  

very low t o x i c i t y .  

4. CONGLUTJI NG REMARKS 

A s  i s  evidenced by t h e  foregoing discuss ion,  t h e  chemistry of 2-oxazolin- 

5-ones i s  a  blossoming f i e l d ,  and t h e r e  is enormous scope f o r  using them i n  t h e  

syn thes i s  o f  d ive rse  compounds which may have a p p l i c a t i o n  a s  synthons and/or a s  

b i o l o g i c a l l y  a c t i v e  agents.  Also, t h e i r  u t i l i t y  i n  t h e  f ie l r l  of polymers a s  we l l  

a s  dye0 has not  been thoroughly exploi ted.  In  view of t h e  easy  a v a i l a b i l i t y  of 

s t a r t i n g  m a t e r i a l s  f o r  cons t ruc t ing  these  heterocycles  and v a r i e t i e s  of t h e i r  

r e a c t i o n s ,  they w i l l  continue t o  play important r o l e  a s  s y n t h e t i c  in te rmedia tes ,  

and judic ious  a p p l i c a t i o n  of t h e  knowledge i n  t h i o  a rea  w i l l  give t h e  des i red  

r e s u l t .  
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