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Abstract- Interest in the chemistry of azlactones continues

unabated because of their usefulness as intermediates in the

synthesis of diverse products. The present review attempts 1o

present the prolific development of recent years in this area

and gives a critical and unified asccount of azlactones under

the following headings :

L. INTRODUCTION

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

3. REACTIONS OF 2-OXAZOLIN.5-ONES WITH A C-4 HYDROGEN ATOM

4, -REACTIONS AT THE 4-C=C-BOND

5. DEHYDROAMINO ACIDS, PEPTIDES AND RELATED COMPOUNDS

6. CLEAVAGE OF THE 1,5-BOND AND RECYCLIZATION TO OTHER BINGS

7. REACTION OF THE C~2 METHYL GROUP

8. CYCLOADDITIONS

9. POLYMERIZATION

10. CONCLUDING REMARKS

INTRODUCTION

More than a century has passed since Plochl reported the acetic anhydride-mediated

condensation of hippuric acid with benzaldehyde. It was Erlenmeyer who first

established the correct structure 2 and named the product as "Azlactone®, a temrm

which is still in voguel. These heterccycles are usually known as 2-oxazolinS.

ones or simply 5(4H}-oxazolones. Interest in this class of compounds was revived

Ac,0/AcONa ht—"ffiﬂph
PhCONH-CH,COCH + PhCHQ ———————
2 0 phC~0~C=0
1 2
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in connection with penicillin2 which was erroneously assigned an oxazolone
structure. Though penicillin has been shown to contain a B-lactam ring as an
essential structural feature of its molecule, 2-oxazolin-5.ones continue to engage
the attention of chemists because of thelr diverse reactions and usefulness as

synthon53'6.

The prodigious growith and current "research explosion®" in this area
prompted writing of the present article, envisaging a critical and unified account
of the subject, based mostly on recent publications, and arranged under the

following headings.

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

A cyclizing agent, generally ascetic anhydride, is used for the conversion of
saturated as well as unsaturated a-N-acylamino acids into the corresponding 2-oxa-
zolin-5-ones. There are several other reagents available for this purposes.
Recently, arylsulphonyl chlorides were employed for the synthesis of stereochemi-

cally pure azlactones (i)T.

L. ArSO,C1/2EtaN/-HCl, «AXSO.H
2 3 ' '3 AT
2. AICHO/ ~H,0 T
R-CONH-CH,,COOH > LG C=0
R* \0/
3 4, R = Ph or Me

Carbodiimides, which are extensively used in peptide synthesis, have been reported
te bring about cyclization not only of the a-N-acylamino acids but also of
t.butoxycarbonylamino- and/or benzyloxycarbonylamino acids (5), though yields are
low, particularly in the case of the latter type of compoundsa. The fomation of
6 may bring about racemization, thereby adversely affecting a peptide synthesis,
particularly in which the optical purity is desired.
2 I -R
1 R Carbodilmlde/-H20 |
R~ =CONH-CH-COOH > /L -0
gl ~o0~

5a,Rl=a1klora 1; R2=alkyl or aryl 6
22 Y Iy =

2

E,ﬁ:g£®;¥=ﬂhluawl

. Rl = PhcH,0 3 B% = alkyl or atyl
Recently, some a-N-acylamino acids (5) were found to afford the corresponding
anilides (10), on heating with phenyl isothiocyanate in the presence of pyridine
as a catalystg. 2.0xazolin-5-ones (6} were implicated in this reaction which
has been substantisted by the isolation of 13 in the phenyl isothiocyanate-

medizted cyclocondensation of hippuric acid in the presence of triethyl
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orthoformate (ig)lo.
i RZ Path A —CH
5 + PhN=C=S5 —> R ONH-éH-GO? =", =rlcom
PhNH-C=S Ph-N =S
7 2 8
28 l
® 5 ¥
H R 2
-cos 1 EH
© 0 + PhNH, —> R"-CONH~CH-CCNHPh
~
al O/T' ﬁth RJ,..C =0
11 s ‘L_,B = Me or Ph;
R2 = Me or H
celHEh . ,
1 + I + HC{OEt), —> l +1Q, R =Ph; R® =H

12

Erlenmeyer azlactone synthesis was often treated as an extension of the Perkin
reaction. Though this view has been now revised and the saturated S-oxazolone
(6, R? = H) has been shown to be the intermediate, the polyphosphoric acid-mediated

condensation of hippuric acid with some carbonyl compounds has been claimed to

follow Perkin reactionll. The evidence adduced in its faveur was that 6 (Rl-Ph'

2 12

R = H) could not be isolated. The cryoscopic studies of hippuric acid in

anhydrous sulphuric acid revealed the formation of 6 (Rl = Ph ;R2 = H) thereby
indicating the possibility of similar cyclodehydration by PPA.

13

The condensation of a-amine acids with arylimidoyl chlorides and/or triethyl

2:3 | snd the

orthobenzoate5, silver oxide-aided cyclization of thicacylglycines
conversion of a-isocyanccarboxylic acidl4 into 2-oxazolin-%aocnes are some examples
in which the formation of the 1,2.bond takes place in contrast to the 1,5-bond
formation described above. These have been reviewed earlier6. Recently, acetic
anhydride-mediated cyclization of nitrones (;i) was reported to give é;ls‘
Besides, there are esoteric transformations of some heterccycles, affording 6.

For example, the trans-f-lactams {16) were converted into thiazole-4-carboxylates

(1Z) and 2~oxazolin-S.ones (_l_g)l6 .
® Ac,O/THF R?
4-R!C H ,CH=N_CH.CO0H ——2—"m—m H ]
e (‘-’\0/ =0
4-R}-C H,
14 Rl =cl, H, MeO; R%=Me 15
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H Ac ~5
R _cH,cONH t—<$ H Hﬁ \K‘MG T
o seee . + u

O=t—N-C(=PPh. )CO,R> N C'Cozp‘ G~o~0
3)C0; 1
rlcH,
L6 RN A L8

a-N-Acylamino acld esters do not seem to undergo base-mediated cyclization to
2-oxazolin-b-ones. An attempt to condense ethyl hippurate and benzaldehyde in the
presence of sodium ethoxide was unsuccessfull7. Recently, LDA-aided annulation of
19 with Schiff bases (20} was reported to give cephamycln analogs 2L . On the
basis of spectral data the oxazolone structure 22 was dlscardedl , however, its

intermediacy in the formation of 21 should not be ruled out altogether.

OMe Me H OMe
& 1 2 1 GH-Art
R-CONH~CH-COOMe + Ar CH=NAr > RCONHe =AT H -NI; " >
~=AT
A9 29 2) 22

3. BEACTIONS OF 2-OXAZOLIN-5-ONES WITH A C=4 HYDROGEN ATOM

2-0xazolin-5-ones carrying at least one C-4 hydrogen atom behave as mesoionic
compounds and exhibit tautomerism. 5-Hydroxyoxazoles {23) can be easily converted
into S5-0-acyloxazoles which in their turn undergo base-aided 0=C transacylation te
afford products which are amenable to manipulations. Syntheses of 2519 20 and
2§2l can be cited as examples. It is noteworthy that 28 is the key intermediate

for the synthesis of anglotensin converting enzyme inhibitor analog of Bz-Phe-

Gly-PrOZl.
@ e
e T = T
— —
Cc=0 -OH C=0
Rl;c"\of R]_/C\o/c R]/;\O"
& 23 24
2
Acy0 /4-Me,N-C.H,N/20 - 40°C B
» gl
>  RMYCONH-CH-COMe
25
6 ——0
MeOOG-CH ,~CH,COCL / NEt,/THF -CH,,Ph
>
1
Rl =ph; R? =PhCH,, PhAomnAO~0~C0-CH 5 =CH ,-000Me
26
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CCH.,CH..COOMe
y ?-CHZth Py/AcOH/~CO ?“21’*1
p -
26 > 2 2 PhCONH -CH-COCH,GH ,COOMe
=0
Ph”**-0
2 28

The carbanion 24 undergoes C-4 alkylation with suitable reagents. For example,

29 afforded 30 under phase transfer conditions 22. A similar alkylation of

2 @@ /Rl

,L_?H R“X/n-Bu,N Br/Na,CO, /H,0/CH.Cl, 5
> ] R

~o-4=0 R'=Me or Ph; R?=Me, Et, PhCH,, HCZC-CH, h’L\O =0

PhCOCHz, EtOZC-CH2,2,4-(NO ) 2(;61-1 H,C=CH-CH,,

29
protected a-aminoe acid derivatives 31 is known in the literaturezs. Also, acyl-
aminomalonic esters (33) can be used for this purp05e24.
3
N=C<Dy
l R
1 2 RL\
R™=CH-COOR > F_coo
31 32
BT, /CCl Br 4-Me N-C.H,N/-HBT
R} _CONH-GH (CO ,Et) 2774 5 RICONH-C(CO,Et) 2 > RL_N=C(CO,Et)
: 2 2 2572 2-"2
33 34 a3
1. R®M or R%*H/Base )
2, H20 : R
> RE.CoNH-d(CO,Et)
2 2
36

Some 2-0xazolin-S-ones {37) undergoe isomerisation to 3-oxazolin-5-ones (38) which

25

can be converted into a-keto acids Recently, W -guanidino-, and w-ureido-a-

amino acids were converted into the corresponding a-keto acids (4Q) and subseque-

ntly into heterécycles 4] and i2_26.

@
ﬁ_iH-CHzAr _CHZAI‘ H30 o
>
FSC- Coapy ~C=0 > i I AICH2CO-C H

0 FC-CH__L=0
37 Ar=4.HO-CH, or 3,4-(HO)2-C16H3 38 i)
Hle-S-CHZ-CHz-C}bC&ZOOH R /)COOH [N ]‘COOH
N Y=C-NH,
Q_Q Y =0 or NH2 ﬂ'..‘]_-. _2.

The isomerization of 43 to 44 via Cope rearrangement has been used to prepare

2,6-disubstituted pyridine (46) a,
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Ph
1 P Me
- - N: -Ph @/ O he &® i O
CH,,~CH=CH,, < Ij /- CO, 2./ _oxid .
=0 " ’g.\ - H.,C=CH-CH Ph Me
e e 2

2
43 44 4 46

Recent studies on Michael addition of 2-oxazolin-5-ones have revealed that bulky
substituents like mesityl or l-butylcyclohexyl at C-2 fawvour triethylamine-cataly-
zed addition to activated olefins exclusively at the C-4 atom 28. Some of these
adducts have been converted into 1,4-dicarbonyl compounds 48 (Z = MeCO)} or
v—oxonitriles (48, Z = CN).

3
o R™.CH-CH,,Z

R R®_CH=CHZ/Bt N/CH 01 2

9 -R

JZ é:o 1 ) >
gl” ™o~ R3 =mesityl or l-butylecyclohexyl; R = alkyl; R Co—=0
R =H, Me, CN etc.; Z=MeCO, CN etc.

(] A7
1. LN NaOH
2. HCl

3. Pb(OAc)4

3
. l
> R=CO -CHzZ + R—CONH2

a8 49

4-Unsubstituted 2-oxazolin-5-ones condense with aldehydes and imines, affording
4-a1kyl(aryl)methylene-2-6xazolin..5-ones29. It has been found that ketimines
give better result than the corresponding ketones. This may be of help in
excercising certain amount of selectivity. Recently, addition of 4-unsubstituted
2-oxazolin-5-ones across the C=N bond of quinoline~l-coxides {51) was reportedao.
Similar reaction was observed with isoquinoline-Z-oxidessO. Pyridine, on the

other hand, was attacked at the C-4 position under similar condi‘tionsal.

2 R2
J]N\jo i @Iﬁf\czo,%"i =
g O e L
06 0 R
50 51 52
1

Rl = Me or Ph; R = H, 4-Me0, 4-Me, 4-Cl, 3-Br, etc.
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I\E | RZ = Me N
Ac Ac
54 55 56 a, R'= Ph; R%=H 57
b, Rl = Ph; RZ = Me
c, Bb=Me; R?=H

The reaction of 6 with some imines was reported to give B-lactams (6l) 32,33

However, addition of & (Rl = ph; R% = Me) to benzylideneaniline afforded 59 (RY = pPh;

2=Me; 33=R4=Ph) exclusively34. This was confirmed by the unambiguous synthe-

2

R

sis of 6) (R1=Ph; R® = Me; ‘El3=R4 = Ph) 35. It may be added that E-amino acids

and their esters underge cyclization to B-lactams only in the presence of some

cyclocondensing agents which have been reviewed earlier36.

R3cH=NR? 23 53 l}mcop.l
s 22 j “GH-NHR* R =H/e RN, 21 RZ =
=2 > — 4
(P00 RI’H\O -0  O=C—N-E
29 60 [
Michael adducts 63 derived from a,B-unsaturated imines (62) lead to the fommation
of 6-lactams (64)>'~C. Similar addition with a,B-unsaturated aldehydes for the
preparation of é-lactones does not seem to have been tried. H oy
R2ph rlco
5 ~&H-CH=CH-NHR® 2 X
_6_ + -PhCH=C(X)}-CH=NR > — 0
gL~ ~~0—=0 i
1:,‘3
62 X=H or Br; R3=a1kyl or aryl 63 64

The condensation of 6 with salicylaldehyde or its imines affords coumarins (67)
or dihydrocoumarins (69)34, depending upon the absence ox presence of a C~4
substituent. Recently, one-pot synthesis of 67 in moderate yield was achieved
by heating hippuric acid and phenyl isothiocyanate in the presence of salicylal-
dehyde4l. The 2-imidazolin-S-one {68} was obtained as a miner product. The
reaction of 5 (Bl=Ph; H2=Me) with 65, on the other hand, gave 69, only in trace
amount, when heated in the presence of 7, the main product being lQ. A vicinal

reactive group, generated as a result of the reaction, can lead to subsequent
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changes, as shown for the synthesis of 7542

H____;)@; PhlL;éQ

Py
= —_ 68
5 + PhN=C=5 + 2-HO..(36H4_CHO o Ph

Z 65 ‘E\ = Ph ;Fo=Me a + 10
: (=]
Niigo Rl=ph; 8% = Me

QgY=OorPhN

O R
0
N__i]_ + OH N 01[
R =0 >3 —
o Q "-EHJH
0

Z0 R = Me or Ph

Il X =HorMe 72

H-Shift oH Ac,y0 , . o
> NHCOR N)- n
0 0

14

13

4. REACTIONS AT THE 4«C=C- BOND
4-Alkyl (aryl)methylene-2.oxazolin-5-ones can undergo reactions at the C=C- bond

of 4-.position with different reagents. For example, the addition of diazomethane

has been studied by several workers in recent years43‘47. The reaction may

proceed by insertion of the carbene moiety or by the formation of pyrazoline ring.

OAc
Ar CH, N5
76 —=
COOH
AI‘lz Ph
1. PhCH,OH/Base COOCH , Ph

2. NyH,/MeOH NH,
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The addition is stereospecific only when the substituents are aryl groups44.

45. The adducts can be

Solvents have been reported to influence the reaction
manipulated to give different products. Preparations of 78 and 79 are worth
mentioning in this connection. The compound 79 was converted into 80 involving
two steps46. A similar addition of some sulfur ylids is also known in the

literature48.

Stereospecific and regioselective cycloadditions of stable nitrile oxides (Bl} to

unsaturated azlactones (82) were published recently49.

p-Cl-CH,
Ar@@_g ) P—Cll_-lgié/N=c|:-Ph CH,Cl,, reflux, 15 d:Ys |0 C?_T
Y0 N=(];/ “N=¢ _ph
8l 82 U Ar=2,4,6-(Me) CeH, or 2,6-(CL, )CeHy 3, 83

Reactions invelving the Cz=C~ bond of 4-position with suitable binucleophiles can
afford diverse products and are potentially important. Hydrazines were claimed

to produce 8B, Also, similar reaction with hydroxylamine was reportedso. The
products do not seem to have been thoroughly scrutinized. For example, hydrazines

are known to give triazine (86) -+ or pyrazolone (87 or §§)52’53,

always envisa-
ging 1,5-bond cleavage. On the other hand, hydroxylamine leads to the formation

of diverse products which have been reviewed earlieré.

H
Ar 1
;‘1’ Ci =<y RNH-NH, /Ac OH ﬁ_?—?<£r
>4
Ph¥~0—C=0 P C~~Cax y~N-R
84 Ar = 4-HOCH,s» 4-0N-CH,; R=Ph or Ac 83
: s N-Celly
Ar
g RYCONH RcoNH
P‘f’ ~C=0 HG~———CH-AT H -AT
or 2
HlaC\N/NH 0=C\N/NH 0=C\N/N-R
{ §
R2 R2 H
86 Rl=alkyl or aryl; R?=Ph or H B g=1]

4-Hetercmethylene~2woxazolin-5-ones have emerged 2s an important class of compoun~
ds. Far example, 89 undergoes nucleophilic substitution554, and is used for the
synthesis of different 4-arylmethylene-2-oxazolin.5-ones, 3-benzoylaminocoumarins
etc. Imidazoles (90) were reported > to give 92, but the products have been

found to be 2;56.
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Na BY
Rl Rz_(i’ %?
] § H
cl 2 /C"\'*N
o R e L
+ >3
Ph-c\o, =0 Rl’c\".“ _~CH Ph-Cey g~ g Ph -C g—C=0
89 S0 R =H or Me; 8%=H or Me 3L 2

The alkoxy meoiety in 93 is easily substituted by an active methylenic and

suitable amino groups 2, 57

, and reactions with 1,2, 1,3- and/or 1,4-binucleophi-
les afford different heterocycles. In such conversions, the replacement of the
ethoxy group and subsequent intramolecular 1,5-bond cleavage are envisaged, as

shown in the reaction of 93 with 94°7

ﬂ‘__(’:=0<gEt H2N_ﬁ/5\ﬁ_l )‘i \C/S\.ﬁH H?/S\?ﬁN\?ﬂ
+ +
Ph—C--..O/C=O Ne—~——CH Ph g /'[l"'o HJ'—‘-‘N\ ~C-H
_O
Ph
93 24 95 96

5. DEHYDROAMINO ACIDS, PEPTIDES AND RELATED COMPOUNDS

Seme dehydroamino acids and/or esters, dehydropeptides as well as peptides

exhibit biological activity. For example, methyl 2-aceta}nido_4_methoxybutenoate

(100, rl - Me; R% = MeOCH, 3 RS = H; R4=Me) acts as a plant growth promotersa.

Similarly, several peptides and dehydropeptides possess antitumor property59’60.

Dehydroamine acids are precursors of amino acids3’6

and their preparation is of
considersble importance. Recently, a method for the rapid synthesis of these
intermediates was developed in which a-N-acylamince acids were cyclized with ethyl
chloroformate and triethylamine in benzene, followed by condensation with aldehy-
des and/or suitable imines and the resultant azlactones (98) were subjected to
stereospecific 1,5-bond cleavage without isclation 61. It should be menticned

that aminolysis depends on the nature of the reactants and the reaction conditions,

and'it has been found that it becomes very fast in the presence of glacial acetic

acidéz.
L. CLCO,Et/Et;N/CyHy/-HCL, ~EOH, -CO, 2
R

2. Blscay/oHY 3

3 _
RJ‘-CONH-(}IZ_COOH R 2 J ?=c R

Y =0 or PhN
Rl/c--._o/c =0
ik 98
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1. KOH 2 . .3
R%- G-R
2. HCL L i
> R_CONH-G-COOH
ref. 61
29
2 .3
RAOH(KOH ) R B
98 > R'—CONH=C-COOR
ref. 61
100
R%-NH, /AcOH Rz—%-ﬂs
—r23 >  rl_coNH-GC-conui
101

Recent studies on the mechanism of hydrolysis have revealed that the alkaline

hydrolysis occurs through nucleophilic attack at the carbonyl carbon of 98, where

as the acidic hydrolysis involves attack at the imino carbon63. Stereospecific

hydrolysis, methanolysis64 and aminoly51565 are known in the literature.

Dehydroamino acids are amenable to various manipulations. Recently, palladium-

catalyzed arylation of 102 was reportedéé'to give 103.
Pd{0A¢),/PPh, or PdCl,(PPhs)
COOH 2 3 2 3/2 _
ATX + GH2_C<NHAC + H3N > AcN CH=Ar
OOH
101 102 103

y

Stereospecific reduction of dehydroamine acids and peptides was developed in

recent years. The Pd-catalyzed hydrogenation of 104, followed by hydrolysis,

afforded the d,l-pairs of 106, The use of some rhodium compound, on the other

68 6971

hand, led to the asymmetric hydrogenation of dehydroamino acids and peptides

1. HBr/H,0/AcOH

R} _GOOM  Hy/Pd-C  RL _COOH 2. Amberlite R IR450H RL _cooH

o= 2 e > ~CH=CH

R2Z" SNHCOPh R? “NHCOPh R2 NH,
104 105 106

It is known that the catalytic reduction of unsaturated azlactones affords the
corresponding saturated azlactones which are easily hydrolyzed to a-N-acylamino

acids. Hydrogenation of 107 in the presence of acetic acid, however, led to the

formation of g-Neacylamine alcohols (igg) which are potentially important as

72

antitumor agents' ' “, The lithium aluminium hydride-mediated reduction of 109,
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Ne———=C< R al g2
R2 H,/Pd-C/AcOH -CH-
Ph-ﬂ\yc:o > PhCONH-CH-CH_OH
207 108
N———C=CHAT .
LAH/THF NHCOPh HCl/Dioxan
Ph-Cu g ~C=0 75-_80_9'6-'> ATCH= OCC’HZOH > ATCH,COCH,-OCOPh

1089 110 11

on thé other hand, afforded 2-benzoylaminocinnamyl alcohols {110} which rearranged
73

to give 1117, Electrochemical reduction of 112 is also worth mentioning in this
connection74. It should be added that catechol derived peptides may be useful as

metal chelators and enzyme inhibitors.

PGt o PRCONH  HOOG
ey e
PhOONH-C-CONH-CH ,,COOMe H9/C.= 12 oy conndnZconmcH ,COOH BT/, AT-CH,=CH-QONHCH,
12 13 04
Ar = 2,3-(MeO)206H3 Ar= 2,3_(HO£C6H3

6. CLEAVAGE OF THE 1,5-BOND AND RECYCLIZATION TG OTHER RINGS

As already mentioned, azlactones undergo cleavage of the 1,3-bond with different
reagents, affording diverse products. In some cases it may be accompanied by the
formation of another ring. For example, 115 afforded 116, on treatment with

aluminium chlorlde75

,c’SLo AIC),_/CH.Cl,, T.t. H
N__"'"""_(l:

NHCOOMe

Q
15 116

Reaction of some azlactones with an excess pf diazomethane gave oxazine deriva-
tives, besides other products, through cleavage of tﬁe 1,5-bond76. As already
seen in the formation of 96, azlactones carrying amino substituents at a suitable
position can be manipulated to afford different heterocycles., Hydrolysis of 117
gave ££§77. It is noteworthy that 4-anilinomethylene.2.phenyl-2-oxazolin-S-one
{13) underwent hydrolysis and alcoholysis but the resuitant compounds failed to
give an imidazole derivative. Also, the Conrad-Limpach cyclization to quinoline
system was unsuccessful S, On the other hand, aminolysis of 119 afforded triazales

(igg), some of which have been found to possess herbicidal propertyso. Similar
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N u®or & __KOOH
N ! I > IC—-C\
N==—=G.-Ph N
N\C/
~Fh
117 118

reaction of 119 with zsctive methylenic compounds was also reportedal. Earlier,

1,5-bond cleavage of unsaturated azlactones by an activated methylenic group was
achievedaz.

Aminolysis of unsaturated azlactones {98) affords alkenamides (101) 62 hich can be

cyclized to L,2-disubstituted 2-imidazolin-S-ones (122)6’83, depending upon the
N———C=N=NHAT? N
I 1 WL
A_rl /C\O/C— /J-C\N/C- Y
Ar ;

on A2
119 Y=NH, or RNH, -CH-GOOEt, 120

1 I T
NC-CH~-CONHPh, NC-CH-COPh, -E:—ﬁ-Me
o=c\E,N

substituents present and the reaction conditionsa“. It has been observed that

conversion of 10l into 122 can be carried out in boiling glacial acetic acid in

the presence of a catalytic amount of fused sodium acetate or by heating at an

elevated temperature, and it fails when R2 or B> is an alkyl group. Also, some

of the alkenamides (101l) were cyclised to the corresponding unsaturated azlactones

(98) under similar reaction conditions 84, Contrary to the earlier report 85

s it
has been found that 4-benzylidenew2~-methyl-2-o0xazolin.S«one (2 . Rl=Me; R2= Ph;

3

R” =H) affords 121, when heated with aniline in glacial acetic acid84. The yvield

was, however, low. It is noteworthy that 10L (R}‘:Me; R2=Ph; Ra.-.H), unlike

Ph
Py/¥/=Hy0 =<y
2 RLowe; B2=phs R® =t} MEC\‘E/(;:O
Il‘] C=C<R3 +R4._N]-|2 RZ -R3 4 R4= Ph h
Léo b0 == RLconn-Cconnr’— 21,
R 0 ~R-N ™ AcOH/7/4 h _ blx—-?=c<R3
98 =2 >
- Riz alkyl or aryl; RJ,C-..I:I/Czo
Hﬁ:aryl; R3=H; R4
1 4 ATCHO/Py/~7 R" = alkyl or aryl 122
R*CONHCH,000H + R"-N=C=5 > 122 ==
-G0S L
97 123 R™ = aryl
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other alkenamides, could be cyclised to 121 in boiling pyridine84. The yield was
excellent. Though aminolysis of 98 was stereospecific, the cyclization of 101
always afforded the more stable (Z)-isomer of 122, and it was assumed that the
corresponding (E)-form was thermolabile. Recently, iscthiocyanate-mediated
condensation of a-acylamino acids with suitable aromatic aldehydes was used for

86'87. Similarly some 2-aroylamino-Z-alkenoic aclds

the one-flask synthesis of 122
afforded 2-imidazolin-S-ones (122) when heated with isothiccyanates using pyridine
as a catalystas. These transformations involve 2-oxazolinuS-ones (2§) as interme-
diates.

The conversion of (E)=4-{o-nitrobenzylidene}-2-methyl-2-0xazolin-5-one {124} to

quinoline {125) was achieved by reduction with Raney nickel. The corresponding

{Z)-isomer gave only the (;)-4-(2—aminobenzylidene)-2-methyl-2-oxazolin-5-one89.

NO.

i )
N———-ci=é Ni(Raney)/EtOH NHAc
] >
mat~g—C=0 N= O
124 125

7. REACTION OF THE C~-2 METHYL GROUP
The activated methyl group of 126 can condense with suitable aldehydes. Recently,

126 was converted into 2cstyryl.Z.imidazolin-5.ones {130) by reaction with aroma-

tic aldehydes, followed by aminolysis and cyclization85. The condensation was

90,91

also successful with Schiff bases , and some of the styryl compounds 130 were

isolated as cisoid-iscmers which changed to the more stable transoid-form on

heatinggo. The reacticn can follow two different paths when Schiff bases are
used for the condensatien, A 1 Arl
Arl Ne——C=C< )T H =C<
“__I ot path A _ Il | " "
I o AT CH=NR ———> € o~t=0  + R-NH, > ¢=0 %0
Mgc"‘O" HG=CH HG=CH HN-R
AT Ar2
126 127 128 129
th
Path B|AcOH o l_ H,0
N—=G=(<
c/f \ H cg G ““H Ne——C =< AT N———C=C<AT
Me-¢ 7oA g Me'cl\® = — | " afoio, || [ "
O« gg-N-R () SN-R Me—Cu_ . ~C=0 =é§\N/C=O
1 - J 1 HC '
AT A R 12 R
AT’
131 - i32 133 130
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8. CYCLOADDITIONS
4.Substituted 2-oxazolin-5-ones (6} undergo cycloaddition reactions, some of which-
have been reviewed earlierﬁ. Recently, nitroso compounds have been re;:«::f:‘t:edgz'93

to afford 135 on reaction with 6. 1,3-Dipolar cycloadditions of acetylenes with

6 are known in the literature and recently the proline-based oxazolone {137) was

converted into 136 94
a COOH
2
—H 2
ﬁ -R _ATNO /C > N—=C-R
o :.l,=o 3 N _ [ I
6 R'=aryl; 133 134
RZ = alkyl or aryl *Co,
H‘C’O”“C ic] Me0OC, _COOMe
i i MeOOC-CEC-COOMe _ bt o gNAT
&y ¢ _ Z Il Il RCZ
v e NHCORY
R
137 136 135

Similarly, 1382 gave 141 on reaction with a superoxide in an aprotic solventgs.

The compound )38b, however, afforded an g-amino acid derivative, as a result of
nucleophilic attack of 05 at the carbonyl group. It should be mentioned in this
connection that some of the mesoionic oxazolones form free radicals which give
different products. PRec¢ently, nickel peroxide-mediated dimerization of & was
observed%. Besides the racemic mixture and meso-iscmer, other products were

also isolated.

Rri
N——C<Ty __\l%-g
| I g P =%, O\G(? 4 > HN<COEE
Ph-C~, 5.-C=0 O/C""-O . =—N“ E COP
138 a, Rl=H; RZ=Et 1_2 140 14)

b, R} =RZ = Me

1
2 R7——o
OH/-H o .’B N/z

6 2 /i\_,jw =

sl N7 R )
0
142 143
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Some unusual cycloadditions involving the heterocyclic iminoe bond were reported

recently. For example, solid phase photodimerization of 144 was achieved97.

Several examples were cited.

0= ch\N---c—o

————— =O
r.c..,_o /c 0 o———N-c’
Ar
144 Ar = 2-Me-C/H, 145

The reaction of 6 with chlorosulphonyl isocyanate {146) was reported to give 147,
the structure of which was based on spectral data and on the formation of geN-acy=-

lamino acid by hydrolysisge.

These facts can also be explained by the structure
148 being in equilibrium with & and 146, especially in solution. The formation
of 147 needs further verification by carrying out the reaction of 146 with a

4,4-disubstituted 2-oxazolin-5-one, for example 138b.

2
CLSON=C=0 Ef‘ '
——CH- CLSO N=C—N—CH~
" lif o 146 210 0 ¢) Q/N_
Rl o~ C=0 ) ""'0/ ‘bq' =26+ 146
6 R'=Me or Ph; R® = Me or PhCH, 147 148

9. POLYMERIZATION

Azlactone-based polymers do not seem to have been widely studied. Recently, 149

was used for the preparation of polymeric compounds 15099. Some 2-oxazolin-S-cnes

—

Me CHy-GH
1 Me 5 NfC\o
H,C=CH-C ~C=0 R’{::'c' ce0
n
149 150
have found applicatien in polyester«based materialsloo'loz. 2-Alkenyl-2-oxazolin-

103,104

5~0nes were converted into polyamides having useful properties » besides

moulding them to other products by the reaction of nucleophiles, particularly

105,106 106

mercaptans » which afforded Michael adducts in some cases .

10, CONCLUDING REMARKS
Since their discovery, azlactones have emerged as a dependable class of synthetic

intermediates, particularly for amino acids and related compounds. Vigorous
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research over the years has widened their horizon as synthons. In view of their
easy avallability and diverse reactions, there is enormous possibility for using
them as building blocks for various important commercial products, such as drugs,
dyes, polymers etc. It would be worthwhile to explore the chemistry of these

heterocycles further and to examine their scope in new frontiers, such as photo-

bioleogy, solar energy etc.
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