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Abstract 

The course of chem~cal reactmns such as nxidatlon, alkylation, Michael additmn and hydmgenolysis in tautomers 
of .~,4-disubsrituted-5-1sox~zolones has been presented. Convenient syntheses of 3-alkyl-4-arylrnethyl (and 
hranched arylmethy1)-S(2H)-isoxazolones and the methods for incorporating isoxaaole ring m new hrcyclic pystems 
have been highlighted. Reacrrons of title compounds with rcducmg enlymes as rhe subject of future srudy has been 

suggested. 

Key words: 4-Arylmethylene-5(4H)-i~o~~oI0ne~, 4-arylmethyl-5(2H)-i~01(~~010ne~, olildation, alkylauon, Michael 
reacoon. hydrogenolysis, nng expanstan, ring contramon. 

An important factor of any drug developmental activity is devising a cost-erfective synthetic 
strategy which would inspire not only to provide the desired compound in minimal number 
of steps and in optimal yields but also to provide methods for preparation of their analogs and 
homologs for exploratory research activity. Heterocycles constitute the major share of the 
synthetic drugs and a search for new heterocyclic drug is often confronted with the problem 
of tautomerism because the exact population of tautomers at the active site is difficult to 
ascertain. One of the possible ways to overcomc this problem is to synthesize compounds 
which specifically represent only one tautomer and are incapable of equilibrating to the other 
possible tautomers. The prerequisite for this strategy 1s the complete understanding of the 
chemistry of the desired heterocycle. One such heterocycle which acquired considerable 
attention in our laboratory for its pregnancy-interceptive activity at uteroplacental junction is 
3,4-disubslituted-5-isoxazoloue. This class of compounds did not exhibit estrogenic, antiestrogenic, 
progestational or antiprogestational activity in experimental animals. The mechanism of 
pregnancy-interceptive activity and thc structure-to-activity relationship of different tautomers 
are therefore subjects of considerable interest. The present account describes the chemistry of 
this class of compounds and highl~ghts the course of reactions in various tautomers. 

Detailed understanding of the tautomerism in 3,4-disubstituted-5-isoxazolones, first 
reported by Kohler and Blatt in 192S1, came from the work of Katritzky in 19612. He clearly 
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demonstrated the presence of three tautomeric forms which, for the sake of simplicity, are 
described as the CU o r l H  fornl (I), the NH or 2H form (11) and the OH form (111) (Fig.1). 

I I1 1m 
CH or J H  form i i H  or ?H form OH form 

The characterization of these tautomers has been rationalized on the basis of the IR spectra 
of their derivatives2. The characteristic carbonyl absorption band in the IR spectrum of 5(2H)- 
isoxazoione derivatives ranges between 1670 and 1720 cm-', while the same absorption band 
in S(1H)-isoxazolone derivatives appears between 1790 and 1810 cm-'. The interconversions 
of the CH and the OH forms are possible because of a direct sigmatropic effect, while the 
interconversions of any of these forms to NH form may possibly proceed through 
intermolecular proton transfer3. The stability studies2-' of these tautomers in various solvents 
have also furnished interestkg results. For example, in low-polariw solvent (deuteriochloroform) 
the CH form is predominant. while in more polar solvent (deuteriodimethylsulphoxide) the 
NH form is more pronounced. In strongly basic medium possibly the OH form is the main 
tautomer. These observations, therefore, suggest a re-examination of results recorded before 
1961 and also indicate careful analysis of the course of chemical reactions in this class of 
compounds. 

Our studies on the chemistry of 5-isoxazolones started with the synthesis of 3-methyl-4- 
arylmethylene-5(SH)-isoxazolone (I), the first model compound selected for evaluating its 
pregnancg-interceptive activity. A convenient approach for obtaining this class of 
compounds suggests utilization of 1 as the starting material which in turn can be easily 
prepared by reacting substituted benzaldoxime with a-ketoester (Scheme 

In principle, hydride attack on 1' should be regioselective since the arylmethylene bond 
is in conjugation with C=N and C=O groups. The hydride attack on the arylmethylene carbon 
in 1 may then lead to either CH or NH or both the tautomers of the 3-alkyl-4-arylalkyl-5- 
isoxazolones. In the light of these possibilities, it was considered desirable to ascertain the 

" For the sake of s~mplicity the details of substituents (R, Ar, etc.) in all schemes have not been furnished slnce 
they do not ~nfluence the chemistry of ~soxazolones. However, the general formula may be represented as 3-alkyl- 
A-arylalkyl-5-isoxazolones, 
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Ref. 15 

SCHEMB~.  

The chemistry of 3-alkyl-4-arylmethyl-5(2H)-isoxazolones was expected to be interesting 
since their structures represent cyclic enaminones and under various reaction conditions the 
possibility of their equilibration to other tautomers existed. In a situation such as this, studies 
on the course of alkylation and oxidation reactions become more attractive. It may be 
reasoned that alkylation of 3-alkyl-4-arylmethyl-5(2H)-isoxazolones may lead to N-C- and/ 
or 0-alkyl derivatives and the oxidation of j(2H)-isoxazolone derivatives to N-N, N-C, C- 
C, N-0 andior 0-0 dimers. Similarly, free radical reactions may help to create linkages 
through either carbon or nitrogen atom. The results of the investigations are as follows: 

The reaction of compound 5 with N-bromosuccinimide yielded the 4-bromo derivative 
(6) (Scheme 5)''. The same product (6) was also obtained by reacting 4-arylmethyl-5(4H)- 
isoxazolone (4) with bromine". 

Ref. 17 

N.B.S. / 6 Ref. 15 

Oxidation of compounds 4 and 5 with meta-chloroperbenzoic acid (meta-CPBA) is 
reportedix,!' to furnish compound 7 (Scheme 6). Oxidation of compound 4 with MnO, has 

Ref. 18 

mCPBA 1 
Ref. 15 

7 

been r e p ~ r t e d ! ~  to furnish a mixture of C-C and C-N-linked dimeric products (8 and 9) 
(Scheme 7), while the oxidation of compound 5 with pyridinium chlorochromate 
(PCC) or manganic acetate gave the C-C-dimerised product 8 (Scheme 7)15. 
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Akylation of 3,4-disubstituted-5-isoxazolones with d i a z ~ m e t h a n e ~ ~ . ~ ,  2'oralkyl  halide^'^ 
has been reported to yield N- and/or 0-alkylated products. These results are not completely 
satisfactory since I3CNMR evidence for the presence of reasonable percentage of CH form 
demands the formation of C-alkylated products. Detailed studiesn on the alkylation reactions 
of 3-alkyl-4-arylalkyl-5(2H)-isoxazolones carried out recently gave interesting results. For 
example, alkylation of compound 5 with methyl iodide in the presence of triethylamine gave 
the 4-methyl (10) and the 2-methyl (11) derivatives (Scheme 8). This is the first report of C- 

alkylation in S(2H)-isoxazolones. The structural assignment of C-alkylated derivative (10) 
was made on the basis of IR, PMR and 13CNMR spectra. As would be expected the reaction 
condition influenced the formation of C-substituted productn. For example, alkylation in the 
presence of methyl iodide and triethylamine at higher temperature or the use of 4- 
dimethylaminopyridine (DMAP) as catalyst invariably led to N-alkylated product 11. The 
nature of the alkyl halide also governed the course of the reaction. Except methyl iodide, 
other alkyl halides such as ethyl, butyl- or amyl halides gave only N-alkylated derivatives 
(12-14) (Scheme 9) but the reactions with propargy12' and ally1 halides" furnished C- 
and N-alkylated derivatives (15, 16) (Scheme 10). Michael reaction of compound 5 also 
gave C- and N-alkylated derivatives". Reactions of compound 5 with acrylonitrile or ethyl 
acrylate in the presence of triethylamine besides furnishing N-substituted derivatives (18,201 
yielded respectable quantities of C-alkylated products (17,19) (Scheme 10). Similar reactions 
with methyl vinyl ketone resulted in almost quantitative yields of C-substituted product (21). 
Unlike these alkylation reactions the acylation and aroylation of S(2H)-isoxazolones 5 
exclusively furnished the N-substituted derivatives (23-25)25 (Scheme 9). 
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Refs 23 & 25 

i. EtBr it. BuBr 

i l l .  Am1 iv. PhCOCl 

i, NaOMe 

Bu 
Am 
COPh 
C0,Me 
COMe 

i. X CH.CH=CH., ii. BrCH.C =CH ~ o r n p o -  / R' 
~ e 

i i i .  CH,=CHCN iv. CH,=CHCO,Et 

v. CH,=CHCOMe 

und nos I 

It may be concluded from the observations recorded in the precedmg text  that  a 
hydride attack on the arylmethylene carbon in compound 1 predominantly yields j(213)- 
isoxazoloilz which could then be used for  bullding C-C linkages at  C-4 in 3-alkyl- 
4-arylmethyl-5(7H)-isoxazolones (5 ) .  This conclusion strongly suggests that  direct  
alkylarion of arylmelhylene carbon in compound 1 should be possible and i t  should 
furnish branched 4-arylalkyl-j(2H)-isoxazolones. Grignard reaction of compound 1 
has been reported to yield 5(4H)162' and a mixture of 5(4H)- and 5(2H)-isoxazolones" 
(Scheme 11 ) .  Similarly, direct arylation of the arylmethylene carbon in compound 
1 has been accomplished by reacting it with substituted benzenes in the presence 
o f  anhydrous AlCl,27. I11 this reaction also the products  have  been desc r ibed  a s  
5(4H)-isoxazolones (28) and j(211)-isoxazolones (29)18 (Scheme 12). The possibility 
o f  e l abora t ion  of  the arylmethylene carbon in  compound 1 has been achieved by 
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Ref. 26 

Ref. 15 

Ref. 27 

Ref. 28 

carrying out Reformatsky reaction". In this case, the product has been identified as j(2H)- 
isoxazolone derivative (30) (Scheme 13). Direct functionalization of arylmethylene carbon 

Ref. 29 

has been made possible by reacting compound 1 with tert-butyl hydroperoxide (Scheme 14)30. 
The resulting epoxide (31) may react with nucleophiles to y~e ld  interesting compounds. 

Ref. 30 
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Cowenlent methods of syntheses for obtaining branched 4-arylalkyl-5(2H)-isoxazolones 
and 4,4-disubstituted-S(2H)-isoxazolones laid the foundation for understanding studies on the 
ring contraction, ring expansion and for incorporating isoxazole ring in bicyclic systems. 
Strategies for the desired synthesis of atlaming these objectives can be designed if only the 
course of reaction leading to the cleavage of -CO-0- andlor N-0 bonds are known (Fig. 2). 

This prompted the studies on hydrogenolysis and hydride reductions of various 5-  
isoxazolone derivatives. Failures and success of N-0 cleavage during hydrogenolysis are 
recorded in lirerat~re~"j'-~'. For example, 3-alkyl-4-aryl-methyl-S(2H)-isoxazolone are re- 
ported not to undergo hydrogenolysis3' in the presence of Pd-C, while other workers indicated 
smooth cleavage of N-0 bonds in 3.4-disubstituted-5-isoxazolones during hydrogenolysis in 
the presence of Pd-C" or Raney-nickeP3. The products of successful hydrogenolysis were 
either ketones or secondary amines (Scheme 15). Contrary to the earlier report3', it was found 

4 ArCH2CH2C0R Ref. 3 2  

\ Pd-C jr Ref. 31 

B 
Raney-Ni, A' C Y C H N M ~  Ref. 20 

H 

SCHEUE IS. 

late? that all 3-alkyl-4-arylmethylene-5(4H)-isoxazolnnes and 3-alkyl-4-arylrnethyl-5(2H)- 
isoxazolones do undergo hydrogenolysis in the presence of Pd-C to yield 4-aryl-2-butanones 
(32) (Scheme 16). The 3-alkyl-4-arylmethyl-5(2H)-isoxazolone in the presence of Raney-Ni 
furnished 4-aryl-2-butanarnines (33) (Scheme 16). The reaction pathway for the hydrogenolysis 

Ref. 25 

5 Raney-Ni > ArCH,C+VHR 

NY 

SCHEIIE I6 
33 

products envisages" the formation of the P-iminobutyric acid (IV) as the labile intemediate 
(Fig.3). 



The evidence to this envisaged pathway was obtained later". It was found that the hydmgenolysls 
of'-benzoyl- and 2-carbomethoxy-3-alkyI-4-arylmethyl-S(2H)-isoxazolones (23,24) in the presence 
of Raney-Ni or Pd-C fimished 2-aryhnethyl-3-benzoylmo-2-butenoic acid (34) and Zarylmethyl- 
5-carbomcthoxy amino-2-butenoic acid (35). respectively (Scheme 17). O ~ i d a t i o n ~ ~  of these 
butenoic acid?, with hydroxy ~oiyloxyiodoaobenrene (HTIB) yielded oxazoles (36) 

ArCH2 

Raney-Ni or Pd-C 
23 or 24 

\ /R 
> C= C 

H02C 'NHCOR1 

34-35 

Ref. 25 

(Scheme 18). An interesting transformation of isoxazolc to oxazole was thus 
achieved. Studies on the hydrogenolysis also helped to transform isoxazolones to 
pyrrolzs" and p y r i d i n e ~ ? ~  (Scheme 18). For example, hydrogenolysis of dimcric isoxazolones 
(8, 9) in the presence of PtO, in acetic acid iurnished pyrroles (37). Rine expansion o l  

Pt02, AcOH 
8 

Ref. 19 
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Ref. 25 
Raney-NI 

3 -- 
SCHCME is. 38 

isosazolones to pylldines occurred during the hydrogenolysis of compound 3 in the presence 
of Raney-Ni. A facile ring expansion of isowazolones to owazinones (39) has been reported'" 
" (Scheme 19). 

7 

Exploration of reactions for incorporating isoxazole ring in hicyclic systems rests on the 
choice of1.4-disubstituted-5-isoxadones. For example, the 4,4-disubstituted-5(4H)-isoxazolone 
(211 could be smoothly converted to pyrano (3,2-dl isoxazoles (*OF, while the ring 
of J-amino-l-arylalkyl-5i4H)-isoxazolone (41) led to pyrrolo [2,3-dj isoxa~olone(42) 



1 RiCONMe., POCI 

1 RICOMe., POCI, 42 

2 Pd-C 
Ref 40 

Ref. 41 

(Scheme 20). In hoth the cases the sierzoclremistry of the ring junction was rls. Another 
interzsting utility of aniine (41) has been demonstrated for  the ring expansion of the 
isoxazolone ring to pyrazinones (43)" and ILS transformation to imidaznles (44)". 

C%Ar Ref. 23 
Pd-C 

40 HCOCHCH2CH2CHGOR 

NaBH, or  
46 

MeMgI or 
PhMgBr 

10 ;aR HO' 

45 R '  = H, Me or Ph 

1 W-C 

4 
ArCH2CHMe 

I 
COR 

47 
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Pyrano [3,2-dl-isoxazoles are good substrates for understanding the N-O cleavage during 
hydrogenolysis. It may be argued that fascile N-O c!eavage in 5-isoxazolones may owe its 
origin to the carbonyl group present at position 5 of the heterocyclic ring. Pyrano [3,2-dl- 
isoxazoles and their precursor lactols (45)4'43 are, therefore, important substrates for studying 
their hydrogenolysis products. The products (4647) of hydrogenolysis of compounds 40 and 
45 (Scheme 21)" have clearly demonstrated that the cleavage of the N-0 linkage does not 
require a carbonyl group at position 5 in isoxazolones. Ring contraction of the isoxazolone 
is also possible if N-O cleavage is carried out in a manner so as to facilitate the attack 
of iminine nitrogen on C-4 (Scheme 22). Such a ring contraction was observed during the 
reduction of 2,3,4-triphenyl-5(2H)-isoxazolone (48) with lithium aluminium hydride to yield 
aziridine (48) (Scheme 23)". It was suggested that interaction occurring between the HOMO 

Ref. 45 

of the N-O bond and LUMO of the enolate bond gave rise to 1,3-sigmatropic migration of 
N-atom to furnish the aziridines. However, this solitary report had two limitations. 
Firstly, it did not indicate the general applicability of the reaction and secondly it did not 
comment on the possibility of predicting the stereochemistry of the resulting aziridine. Answers 
to these questions came latelPs. It was found that the substituent at C-3 of isoxazolone 
ring invariably orients itself cis to the CH,OH group which owed its origin to the 
carboxylate linkage of the isoxazolone ring. These results indicated thatring rotation 
occurred during skeletal rearrangement of isoxazolone around C-3 and C-4 bonds 
(Fig. 4). The orientation of other groups in the aziridine was possibly governed by the 
stenc bulk of the substituents. 
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It may be concluded that the structural assignments of the reaction products 3,4- 
disubstituted-5-isoxazolones should bc carefully made. The extreme susceptibility of this 
class of compounds towards hydrogenolysis can help to obtain open chain co~npounds which 
are otherwise difficult to obtain. An interesting fulure studies on the chemistry of 3,4- 
disubst~tuted-5-~soxazolones would be their reactions with reducing enzymes both in aqueous 
and organic solvents 
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