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SYNTHESIS AND REACTIONS OF LITHIATED MONOCYCLIC 
AZOLES CONTAINING TWO OR MORE HETERO-ATOMS. 
PART I: ISOXAZOLESt 

Brian Iddon 

The Ramage Laboratories. Department of Chemistry and Applied Chemistry, 
University of Salford, Salford M5 4WT. England 

Abstmct: The metallation and halogen -t metal exchange reactions of ,fsoxaznles 

(1,2-oxazoles) and the reactions of the resulting organometallic derivatives, 

particularly lithiacedderivatives, are reviewedcornprehensively. 
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I INTRODUCTION 

Recently, in order to promote the use of organometallic derivatives of imidazoles in synthesis, we reviewed their 

synthesis and reactions.'t Since interest in this field of chemistry has expanded considerably, we have written a 

series of comprehensive reviews on the organometdlic derivatives of the ~nnnocyclic aromatic azoles containing 

two or more heteroatoms. In each we discuss first monolithiated derivatives, p r e p e d  either hy metallation 

(either in the ring or in a side-chain) or by halogen -t lithium exchange, then polylithiated derivatives, prepared 

by either method. Some mention is made of other organometallic derivatives, e.g. Grignard reagents, although 

our coverage of these compounds may not be complete. No attempt is made to covcr ~netal complexes. 

Some coverage of this subject can he found in monographs and reviews on the individual heterocyclic systems 

[the literature on heterocyclic chemist~y is reviewed comprehensively elsewhere=-51 and on the various aspects of 

t This series ofreviews is dedicaled to Professor Alan R. Kalrilzky on the nccasion of his 65111 hinhday. 
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heterocyclic or organolilhium chemisry.620 GilchristlS covers the ring-opening of some 5-membered azoles in 

his review of the ring-opening of 5-membered heteroaromatic anions whilst Rewcastle and ~ a t i i t ~ k y ~ '  have 

reviewed recently the "Generation and Reactions of sp2Carhanionic Centers in the Vicinity of Heterocyclic 

Nitrogen Atoms", though their coverage is not comprehensive. Each of our reviews, on isoxazoles, oxazoles, 

pyrazoles, imidazoles, isothiazoles, thiazoles, 1.23- and 1.2.4-Itiazoles, teuazoles, and 1.2.3-, 1.2.4.. 1.2.5.. 

and 1,3,4-oxa(and thia)diazoles will be comprehensive (this one covers the literature through June 1993). 

Isoxazoles (1,2-oxazoles)l0,ll,22-30 have sewed as important building blocks in the construction of more 

complex molecular systems30,3' including a variety of natural products.28.2'J Particular emphwis has been givcn 

to the a-(or lateral)metallation reactions of 3.5-dialkylisoxawles. espzcially the 3.5-dimethyl derivative (Section 

N). Following suitable modification of isoxazoles via metallation and halogen + lithium exchange reactions the 

fragility of the N - 0  bond enables their conversion into several non-cyclic intermediates. Consequently, this area 

of chemistry is dominated by ling-cleavage processes. Indeed, attempted metallation of some isoxazoles results 

in direct ling-cleavage. 

I1 MONOMETALLATION IN THE RING 

Attempts m lithiate 5-substituted isoxazoles in position-3 have rzsulted in ling cleavage. The ling-opened lithium 

enolates (1) can he trapped as silyl derivatives (2) (Table I) with Z-stereochemistry providing that reactions a ~ r  

carried out at -78 'C; at higher temperatures (> -30 T )  mixtures of E- and Z-products (2) are obtained (ratio 

l : ~ ) . ~ ~  Acetoacetonitrile dianion (3: R = H) is obtained when 5-methylisoxazolr is !raced with 2 mol. equiv. of  

lithium diisopropylamide (LDA) at -10 *C in tetrahydrofuran (THF); it can k trappcd at the C-atom iolicixd with 

various ele~tro~hiles.33 4.5-Dimethylisoxazole behaves similarly.33 

The ability of isoxazoles to metallate in position-4 depends on the nature of the substituents prcsent at positions-3 

and -5. Halogen atoms, dialkylaminomethyl groups, and alkoxy or thioalkoxy groups in these positions facilitate 

metallation ( B u L i F I - 7 0  T )  at position4 and high yields of trapped products can k obtained (Table 11). 

However, whereas 3-(2.6-dichloropheny1)-5-dimethylamin- mztalla~es at position-4 (co- 

ordination of BuLi stronger with the -NMe2 functionalily than with the ling 0-atom). 5-alkoxymethyl- and 5- 

alkylthiomethyl substituted isoxawles undergo latern1 metallation (co-ordination of BuLi with ring 0-atom 

predominates) (see Section IV).34 3-Hydroxy-5-methylisoxzole (4) reacts with 2 mol. equiv. of hutyllithium in 

THE at -10 -C to give a dianion which. on quenching with carbon dioxide, gives a mixture of the 4-carboxylic 
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Table I 

PRODUCTS (2) DERIVED VIA RING-CLEAVAGE OF ISOXAZOL-3-YLLITHIUM 

INTERMEDIATES32 

Yield 
(%) 

R4 
LDAJTHF R,SiCI 

RS Low temperature 
0 0 L i  

Scheme 1 
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Table I1 

4-SUBSTITUTED ISOXAZOLES PREPARED VIA METALLATION OF 

3,s-DISUBSTITUTED ISOXAZOLES IN POSITION-4 

R3 R4 R5 Reagent Yield Ref .  
(%) 

Me 

Me 

h.52 

Me 

Me 

CHzOMe 

CHzNMez 

OMe 

OMe 

OMe 

OMe 

OMe 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Me 

Me 

I 

COzH 

C02H 

CO2H 

COzH 

Me 

COzH 

CH(0H)Et 

C02H 

I 

I 

CO2H 

Ph Me1 

Ph PrBr 

Ph PhCH2Br 

Ph EtCHO 

Ph PhCHO 

Me Me1 

Me Me1 

Ph 12 

Me c02 

Ph cO2 

CgHqCI-2 cO2 

CgH$X2-2.6 cO2 

CI Me1 

Ph cO2 

Ph ECHO 

C1 CO2 

C1 12 

OMe 12 

OMe CO2 
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Ph CQzH OEt co2 8 1 38 

Ph C02H OPr-i cO2 77 38 

Ph COzH OBu-1 co2 75 38 

~h CQzH SEt cO2 73 38 

Ph CQzH SBu-t co2 85 38 

CgHqCI-2 C 9 H  OMe c02 97 18 

CgH3Clz-2.6 C02H OMe co2 89 38 

CgH3CIz-2.6 C02H CH2NMez co2 7 1 34 

C6H3C12-2.6 M& CH2NMe2 Me1 - 34 

a Laier;d rncwllation occurs also (see Tables VI and X). h Lilrge ;unounrs ol  ri inlng m;wnid rccovcrcd. 1.rillilled logelher with ihc 

quatsmary ammonium salt - CH$H? I-.?" 

acid (5) and the laterally metallared product (6) (Scheme I )  (ratio 37)  (see also Sections 1V and v ) . ~  

3-Methoxy-5-methylisoxazole metallates (BuLiHFI-75 "C) predominantly in its methyl group hula small 

amount of 3-methoxy-5-methylisoxazo1e-4-carboxylic acid is obtained after carbonadon.?" 3,s-Diphenyl- and 3- 

methyl-5-phenylisoxazole mewllate with difficulty at position-4; low yields of u-apped products air: ohtained, the 

balance being starting maiena1.36 If alkyl groups art: present in either posi~ion-3 or -5 (as in the case of 3-methyl- 

5-phenylisoxazole),35.36 then lateral metallation may predominate (see Section IV). The k s t  mute to isoxazol-4- 

yllithium compounds is halogen + metal exchange (see Section 111). 

39-Diphenyl- and 3-phenylisoxazole are metallated hy hutyllithium or lithium 2,2,6,6-ku.methylpiperidide 

(LiTMP), respectively, in the f ~ e  position-5, hut the resulting 5-lithiatld intermediales undergo ringclewage. 

ClXMe, Me3X Li 
\ ,c=c=0 

\ 
+ PhCN / c=c=o 

Li Me$ 

Scheme 3 
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even at -60 'C, to give lithium phenylethynolate (7) (Scheme 2) and the ditithiated ketene (12) (Scheme 3). 

respectively.41"3 Chlorotrimethylsilane traps the former product (7). to give ketene (8) (41% yield). Successive 

addition of an aldehyde or ketone, then an aJkyl halide, yields a lactone (9) (51-79%~) (Scheme 2; Table IIIp2 

whilst addition of an imine (RINXHR2) yields a lactam (11) through a highly s t e~~ose l s t ive  addition to the 

presumed initial intermediate (10) (Scheme 2; Table IV).43 The dilithia~d kctcnc (12) is trapped with 

chlorotrimethylsilane or -stannane, to yield ketenes (13; X = Si or Sn) (Scheme 3). 3.4-Dimethylisoxazol-5- 

yllithium similarly is unstable.4 

111 HALOGEN + LITHIUM EXCHANGE REACTIONS 

Whilst a number of Csubstituted isoxazoles have been prepared from 4-hromo- or 4-iodoisoxilzoles via halogen 

+lithium exchange foUowed by quenching the reaction mixture with an elecwophile (Table V), we are not aware 

of any examples involving a 3- or 5-halogenoisoxazole. When there are bulky substituents in either position-3 or 

-5 of the isoxazole (e.g. Ph)36 or the quenching reagent is b ~ l k ~ , 3 6 , ~ 5  steric hindrance reduces yields. 

IV LATERAL METALLATION 

Following the early work of Micetich46 latzral metallation, pxticularly of 3.5-dimethylisoxazole (for reviews see 

refs. 27.28, 31). has received considerable attention. Modified derivatives save  as useful prtxu~sors for the 

synthesis of 1.3-di~arbonyl"~,"~ and even polycarbonyl compounds.49.50 MIND012 calculations of the heats of 

formation of anions (14) and (15) suggest that the former is more stable than the latter by about 7-8 

K~alImo1.~7.31.~~ Kinetic studies of hydrogen-deuterium exchange support this conclusion.27,36,51 

However, the 5-methyl group in 3.5-dimethylisoxazole is less reactive than those in 2-methylpy~idine or 2- 

methylquinoline.51 The anion (14) can be generated with hutyllithium (reagent systcm A in Table VI). LDA (B) 

or LiNEtz (E) in THF at -70 "C or with lithium m i d e  (C) or sodium (D) in liquid ammonia. In THF at 0 "C the 



(9)(51-79%) Scheme 2 
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Table I11 

&LACTONES (9) PREPARED FROM 3,4-DIPHENYLISOXAZOLE42 

R 1 R2 R3 Yield (%) 

Ph H CH(0H)Ph 79 
(mixt. diusterromers) 

Table IV 

P-LACTAMS (11) PREPARED FROM ~ , ~ - D I P H E N Y L I S O X A Z O L E ~ ~  

R' Rz Yield (%) 

cyclohexyl H 60 

cyclohexyl 

cyclohexyl 

cyclohexyl Pr 54 

cyclohexyl C.IHI( 

PhCH2 Me 



Table V 
4-SUBSTITUTED ISOXAZOLES PREPARED BY HALOGEN + LITHIUM EXCHANGE REACTIONS 

Reagent 

-- 

Yield (9%) Ref.  

CHO 

C02H 

C02Et 

COzEt 

COMe 

COPh 

C(=NH)Ph 

CH(0H)Me 

CH(0H)Et 

CH(OH)CH=CHz 

CH(OH)CH=CHPh 

C(0H)MeEt 

C(0H)MePh 

HCONMe2 

co2 
ClCOzEt 

CO(0Et)z 

MeCONMe2 

PhCONMe2 

PhCN 

MeCHO 

EtCHO 

CHz=CHCHO 

PhCH=CHCHO 

MeCOEt 

MeCOPh 





Me 
Mt: 

CHO 



hle 

hle 

Me 

hk 

Ph 

Ph 

Ph 

Ph 

Ph 

D 

CHO 

COzH 

CH(0H)Et 

CH(0H)Ph 

EtCHO 

PhCHO 

D20 

HCONMe2 

c02 

ECHO 

PhCHO 

a Products isolated were alkenes formed by dehydration of carbinols. h Products were meso-lS*,2R*,S(or 6)S*-2,5(or 6)-dimethyl-1-[3'-methyl-5'- 
methyl(or pheny1)isoxazol-4'-yl]cycloalkan-1-01s. G Reported to be a mixture of stereoisomers; 3-methyl-5-pentylisoxazole is produced also via a 
translithiation process, the amount obtained depending on the length of time between addition of BuLi and quenching. P Products were (3,5-dimethyl- 
isoxazol-4-yl)xC(OH)R, R = Me or Pr, respectively. 60% when quenched after 15 min, 70% after 75 min. 



HETEROCYCLES, VOI. 37, NO. 2,1894 1275 

lithium derivative decomposes within 30 m h 4 *  However. THF is the preferred solvent for generation of the 

lithium derivative; in ether lower yields of quenched products are obtained. The acidity of protons in a 5-methyl 

group are decreased by electron-donating suhstituents at position-4 and increased by electron-withdrawing 

suhstituents at this position, as expected.31.51 Table VI lists some of the products that can be prepared by 

quenching anion (14) with electrophiles. Iodine couples the anion, to give dimer (16).46 

3.5-Dimethylisoxazol-4-yllithium, the kinetic product of halogen -t lithium exchange reactions of the 4-hromo 

and 4-iodo derivatives, has been reported to undergo a aansmetallation reaction, yielding anion (14) 4 5  

(18) 

Successive treatment of 3,s-dimethylisoxazole with 1 mol. equiv. of either hutyllithium in THF27 or sodium 

amide in liquid ammonia (see also later)27,31,47 and an u.o-dibromoalkane mults in coupling, to give 

compounds (17; n = 3) (84% yield), (17; n = 4) (77%). and (17; n = 5) (70%) except in the case of 1.2- 

dibromoethane in which case the reaction proceeds as shown 18, to give the dimer (16) (39%). 

Addition of anion (14) (generated with NaNHzIliquid NH3) to the C=N bond of Schiffs bases occurs, as 

shown (Scheme 4). to give mixtures of 1:l- (19; Ar = Ph, 31% yield: Ar = 4-MeC6H4, 13%) and 1:2-adducts 

(20; Ar = Ph, 49%: Ar = 4-MeC6Hq, 56%).27.31.95 The yields of (19; Ar = Ph) and (19: Ar = 4-MeC6H4) are 

15% and 9%. respectively. when 14 is generated with butyllithium in THF. With N,N-bis(4-toly1)ethylene- 

diimine only the 2:l adduct (21) (66% yield) is obtained." Addition of anion (14) (generated with 
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CH2=CHCH2Br (A. D) 97.44 

(pyrid-2-yl)COzMe (A) 

Me. 
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4-MeOCgHqCHO (D) 

ArCHO 

MezCO (A, C) 

Ph2CO (A. C) 

PhCOMe 

CS2, Me1 (A) 

PhCHO, Me1 (D) 

PhCHO, EtBr (D) 

CH2CH(OCH2CH=CH2)Ph PhCHO, CHz=CHCHzBr (D) 

CH2CH(OCHzPh)Ph PhCHO, PhCHzBr (D) 

CH2CH(OMe)CgH4Me-4 4-MeCgHqCHO, Me1 (D) 

CHzCH(OMe)C&I40Me-4 4-MeOC&CHO, Me1 (D) 

CHz(0Me)Phz PhzCO, Me1 (D) 



Me 

OMe 

OMe 

CH20H 

CHzOMe 

CH2NMe2 

OH 

OH 

OH 

OH 

Me3SiC1 (A) 

C@ (A) 

(A) 

C@ (A) 

PhCHO (A) 

(A) 

C6F6 (A) 

2-OHCC6H40CHMeOMe 

CSHIIONO @) 

+ 
CH=N(O-)Ph PhNO (A) 

4-Me2NCsHqNO (A) 

C@ (A) 

Coz (B) 

Me1 (A) 

Me1 (B) 

Me1 (B) 

c@ (B) 

CO(0Me)z (B) 

PhCHzCI (B) 

PhzCO (B) 



CHzCOMe 

CHzCOMe 

CH2COMe 

CH2COPh 

CHzCOCH2COPh 

CH=NOH 

CHzCOzH 

CHzSMe 

CH2SMe 

CHMeS@Ph 

CH(CH2CH=CHz)SOzPh 

CH(CH2Ph)S02Ph 

CHzSMe 

CHMeOPh 

CHMeSMe 

CHSMeCHzPh 

CH(0Me)SMe 

CH(OPh)CQ?H 

CH(SMe)C@H 

CH(SMe)z 

CH=CHC6H40H-2 

MeC@Me (B) 

MeCONMez (B) 

MeCON(0Me)Me (B) 

PhCOzEt (B) 

PhC(ONa)=CHCOzEt (B) 

C5HiiONO 

C02 (A) 

MeSCI (A) 

MezSz (A) 

Me1 (A) 

CH2=CHCHzBr (A) 

PhCHzBr (A) 

MezSz (A) 

Me1 (A) 

Me1 (A) 

PhCHzC1 (A) 

MezSz (A) 

CQ? (A) 

CQ? (A) 

Me& (A) 

2-HOC&OCHMeOMe (A) 



Me 

Me 

Me 

Me 

Me 

Me 

Me 

Me 

IMe 

Me 

Me 

Et 

Fx 

OH 

OMe 

OMe 

OMe 

CgH40THP-4 

CH=CHC&OH-2 2-OHCC&WHMeOMe (A) 

CH2SiMe3 Me3SiCI (A) 

CH2SnMe3 Me3SnCI (A) 

CH2SMe Me2Sz (A) 

Et Me1 (A) 

C H ~ C ~ F S  C6F6 (A) 

C H ( C 6 h h  C6F6 (A) 

Et Me1 (A) 

Et Me1 (A) 

C H ~ N H C O ~ B U - 1  Et Me1 (A) 

CH2NEtCO;rBu-I Et Me1 (A) 

Me CHMeC@Me COz. CHzNz (A, B. E) 

- 

60 

75 

37 

30 

9 (see text) 

7 (see text) 

68 

90 

85 

86 

- 

Me 

Me (B, E) - 

CHMeCOCHMe '0 CHMeC02Me 



CghOMe-4 

C02Me 

C02H 

C02H 

C02H 

C02H 

C02H 

C02H 

C02H 

C02H 

C02H 

 OX.^ 

ox. 

ox. 

OX. 

MeOD (A) 82-89 

Me1 (A, B) 78-86.92 

PhCH2Br (A, B) 91.49 



ox. 

ox. 

ox. 

ox. 

ox. 

ox. 

Me ox. 

hle ox. 

hle ox. 

hle ox. 

El ox. 

Ph ox. 

PhCHO (A) 

PhCoCl (A) 

2-furylCO (A) 



ox. 

ox. 

OX. 

OX. 

OX 

ox 

ox 

ox. 

ox 

OX 

ox 

ox 

ox 

Me1 (A. 9. D) 86-92, 36. 89 

CI(CH2hBr (A) 81.61 

2-BrC6HdCH2Br (A) 98 

2.6-CIzC6HjCH2CI (A) 89 

PhCHO (A) 

2-CIC&CHO (A) 

2,5-(MeO)zCgH3CHO (A) 

4-NCC6HqCHO (A) 

4-BrCsH4CH0 (A) 

4-02NC6bCH0 (A) 

pyrid-3-ylCHO (A) 

PhCoCl (A) 

ox. CHzCoCgHqCN-4 4-NCC6bCoCI (A) 



OX. 

ox. 

ox. 

ox. 

OX. 

ox. 

ox. 

CONHMe 

CONHMe 

CONPI$ 

CONPriz 

CONPS2 

CONPriz 

CHDSPh 

CHzN(CO2El)NHC02Et 

CH2SiMe3 

86 

55 

42 (see text) 

7 (see text) 

43 

48 



C O N P ~ ~ Z  CHMeSMe 

CONPriz CHzN(C0zEt)NHCOzEt 

CONPr2 CH2N(C02Bu-t)NHCOzBu-t 

CONHMe CHzCH(0H)Ph 

CONHMe CH2COPh 

CONHMe CHzCO(pyrid-2-yl) 

CONPri2 CHzD 

CONPT~Z Et 

CONPri2 CbC6F5  

CONPriz CH(C6F5)2 

CONPr'2 CH2CH(OH)C6HdBr-4 

CONPriz CH2SiMezBu-t 

CON(CH2Ph)z CHzSiMezBu-r 

4-OzNCgHqCHO (A) 

2-furylCHO (A) 

pyrid-3-ylCHO (A) 

PhCOCl (A) 

PhzSz (A) 

MezSz (A) 

Et02CN=NC02Et (A) 

r-BuOzCN=NC@Bu-t (A) 

PhCHO (A) 

PhCN (A) 

pyrid-2-ylC02Et (A) 

MeOD (A) 

Me1 (A) 

C6F6 (A) 

C6F6 (A) 

4-BIC~H~CHO (A) 

t-BuMezSiCl (A) 

r-BuMezSiC1 (A) 

t-BuMezSiCI (A) 

37 

7 0  

62 

50 

65 

82 

96 

8 1 

- 

- 

- 

88 

7 0  

39 (see text) 

24 (see text) 

40 

41 

63 

32 
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N C P C P  m m m m L L %  P 
m m 



PhCH2Br (A) 

Ph CH2N(C02Et)NHC02Et Et02CN=NC02Et (A) 95 82 

& DHP!: CH(CH2Ph)S02Me PhCH2Br (B) 56 94 

Me DHPk CH(Me)S02Ph Me1 (B) 62 94 

Me DHPk CH(CH2Ph)SO2Ph PhCH2Br (B) 75 94 

Me. D H P ~  C H ( C H ~ C ~ H ~ B I - ~ ) S @ P ~  3-BfsH4CHzBr (B) 72 94 

Me DHPk CH(CH2C6H40Me-3)S02Ph 3-MeOC6H4CH2Br (B) 83 94 

Me DHP!: CH(SO2Ph)N(COzBu-t)NLiC@Bu-t) t-BuO2CN=NCOzBu-t 1 94 



a Reagents in parentheses: A = B u L i F / l o w  temperature; B = LDAfTHFnow temperature; C = LiNHz/liquid NH3; D = NaNHdliquid NH3; E = 
LiNEt2lTHFl-70 "C. h Several other compounds with R5 = (CH2)"OAr prepared similarly. Major product: some 3-methoxy-5-methylisoxazole-4- 
carboxylic acid produced. d 0 - CO produced also by rearrangement. ox. = 4.4-dirnethyl-A2-oxazolin-2-yl. f M W P H  = 

molybdenumoxodiperoxy pyridine HMPA complex [N-phenylsulfonyloxazi~idene gives similar 
Ph2C(OH)CH, --&,\N-H results]. iM (9-T-mnnhoxymethylpyrrolidinyl urhoxamide. 1 Kinetic control 

( B u L i F E M E D A I - 7 8 T )  favors (93:7) denteriation in the C-3 methyl group whilst 
thermodynamic control ( B u L i F I - 7 8 - C )  favours deuteriation in the C-5 methyl group; ratio 55:45 
after I h and 9 5 5  after 2 h. i Tertiary amide of (S)-prolinol. 1 The 4-substituent is 4'-(S)-methoxy- 
methyl-5'-(S)-phenyl-A2-oxazolin-2-yl. kDHP = 3.5-diethoxycarbonyl-1.4-dihydro-2.6-dimethyl- 
pyridin-4-yl [see compound (80). the precursor]. Initial product reacts further. 
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NaNHzlliquid NH3) to benzonitrile yields adduct (22) (49% yield) which is hydrolyxd readily to ketone (23) 

(95%) (Scheme 5).27.31,95 

1) NaNH2/liquid NH, NHAr 

__I 

Me M~ 2) ArN= CHPh M, 
Ph 

NHAr 

Ph 

ArNH Ph 

Scheme 4 

Scheme 5 
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When anion (14) is generated using either lithium amide or sodium amide in liquid ammonia and reaced with 

u,D-unsaturated ketones, both Michael addition and addition to the carhonyl group can occur to give mixtures of 

the 1:l-adducts (24) and (25) (Scheme 6) (R1 = RZ = Ph; 35 and 11% : R1 = H, R2 = Me; 6 and 8% : and R1= 

Ph, RZ = H; 38% and a trace, respectively).31,66 

Scheme 6 

Acrylaldehyde and crotonaldehyde give only 24 (R' = R~ = H; 5% : and R1 =Me. R2 = H; 41% respectively) 

whilst methyl cinnamate gives only 25 (R' = Ph, R2 = OMe; 10%~). With 2 mol. equiv. of lithium amide even 

cinnamic acid reacts to give a low yield (470) of adduct (25) (Rl = Ph. R? = OH).hh 

In addition to recovered starting matel-ial (409,) and 3-mcthylisoxazole-S-carhoxamidc (IS* ), thc oxime of 3- 

methyliso~~ole-5-carhaldehyde (19%) is ohtained when 3.5-dimethylisoxazolc (in Et20) is treaed successively 

with sodamide (liquid NH3) and amyl nitrite.27,71 After treatment of 3.5-dimethylisoxazole with either sodamide 

or butyllithium, the derived anion f o ~ m s  nitrones with nitrosohenzene (17%~ yield) or 4-dimethylaminonitroso- 

benzene (only 2% yield). 

Anion (14) reacts with 2-Me02CGH4CH2C02Me to give naphthalene derivative (24ifj6 and with a-oxoketene 

dithioacetals with the general structure (27) (20 examples) to give I: I-adducts (28) which cyclise in hot henzenc 

in the presence of boron trifluoride diethyl etherate, yielding the knzisoxazoles (29) (Scheme 7).97,9R 

Dethiomethylation of these products with Raney nickel pmved not to hc possible. However, the corresponding 

4-unsuhstitu~cd products were synthesised similarly hy reacting anion (14) with P-methylthio-a,P-unsdturakd 

ketones (27) (one SMe = H).',8 
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Scheme 7 

Following the introduction of one suhstiturnt into the 5-methyl group of 3.5-dimethylisoxazole vio lateral 

metallation with hutyllithium (THFI-78 T) Brunelle reported that a second substituent could he introduced into 

the 3-methyl group, providing that the second lateral metallation was carried out under kinetic control with I- or 

sec-butyllithium (Et20 or THF) (Tahle VII).'@ 
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Table VII 

3,5-DISUBSTITUTED ISOXAZOLES PREPARED VIA DIMETALLATION OF 

3,s-DIMETHYLISOXAZOLE48 

CH2E E' Reagent (for E') Yield (%) 

Me1 (BuLi) 

PrBr (BuLi) 

Me1 (t-BuLi, src-BuLi) 

CHzSHCH2Br (ser-BuLi) 

PhCHO (t-BuLi) 

cyclohexanone (sec-BuLi) 

However, other evidence presented by Micetich46 and Kashima's g r n ~ p ~ ~ ~ ~ 7 s u g g e s t s  that the second substituent 

preferentially enters the 5-methyl gmup (under theirnodynamic contml). Tahle VIll surnrn;lrises the i~sul ts  

obtained when increasing amounts of sodium amide (liquid NH1) srr: used followed by quenching with equivalent 
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Table VIII 

PRODUCTS O F  LATERAL METALLATION O F  3,s-DIMETHYLISOXAZOLE WITH 

NaNHfiIQUID NHJ FOLLOWED BY ADDITION O F  Me12721.47.58 

NaNH2 Me1 Yield Product ratio 

(mol. equiv.) (mnl. equiv.) (90) (30 : 31 : 32) 

amounts of iodomethane.27.31,47,SR Compounds such as 33 (15% yield) and 34 (12% together with other 

products) can be prepared similarly hy stepwise introduction of suhstituenu. When 3.5-dimethylisoxazole is 

(PhCH2)2CH cMe MeEtCH aMe 

(35) 
treated with 2 mol. equiv. of sodium amide in liquid ammonia, then 1.3-dihromopropane is added, the l~imer (35: 

n = 3) (12% yield) is obtained together with the dimer (17; n = 3) (2~%,).3'.~7 A similar result is achieved with 
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1,4-dibromohutane, to give u h e r  (35; n = 4) (15%) and dimer (17; n = 4) (19%). In the same way a knzy l  

gmup can he introduced by coupling anion (14) with benzyl hromide, then the w o n d  anion can he reacted with 

the Schiffs base PhN=CHPh, to give compound (36) (25% yield).9s Stepwise reaction with henzonivile and an 

alkyl halide gives compounds (37) which are hydrolysed readily to ketones (38) (Scheme 8) (R =Me, 7%; R = 

Et, 24%).9.5 

Other 5-allcylisoxazoles are similarly metlllated in the a-position (Table VI surnmluises the results) but metallation 

appears to kcome  more difficult with increasing size of the 5-suhstituent. Thus, e.g., 3-methyl-5-pentyl- 

isoxazole does not react either with hutyllithium or LDA (THF/-78"C).4X The phenylsulphonyl gl-oup in 

compound (39) activates the a-position to mewllation and, after alkylation at this position, it can he removed with 

sodium amalgam (see also Section V).73 Several patenu76.9y-IOI claim lalerd metallation o fa  se~ies of3.4- 

disubstituted 5-methylisoxazoles [[ag. 3-(2.6-dichlorophenyI)-5-methylis~1~a~ole-4-carh~xylic acid] with 

hutyllithium in the presence of N,N,N:N'tetramethylethylenedimine (TMEDA) as a roue  to the corresponding 

(38) 

Scheme 8 

acetic acid derivatives (compounds claimed not listed in Tahle VI). Artemp6 to introduce a t~imethylsilyl group 

into the 5-methyl group of 3,5-dimethyl-4-nitrois(1x'rl7nIe (40) vitr lateral mctallation resulted in addition of the 

reagent to the 4.5-douhle hond, e.g. to give adduct (41) (50% yield) with hutyllithium (Scheme 9).lo2 
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(40) (41) 
Scheme 9 

The mle of suhstituents which can co-ordinate with organolithium reagents in competition with co-ordination at 

the ring 0-atom in directing the position of metallation has received considerable attention. particularly from 

Natale's group. As long ago as 1968 Bowden rr d.%eported that lithiation ol 3-methoxy-5-1nethylisoxa-~ole 

with hutyllithium (THFI-75 "C) gave a mixture o i  the 4- and 5-a-lithiakd dc~ivativcs (ratio 17:X3) thcn, in 1976. 

Gainer et 01.37 reported that the 3-methoxymethyl group in 5-methyl-3-methoxymethylisoxaz(11e (42) directed 

metallation into the free position-4 in competition with lateral melallation in the 5-methyl group: a mixture of 

(43) 

Scheme 10 

compounds (43) and (44) (82% yield) (ratio 4:l) was ohtained (Scheme 10). A similar i~su l t  was achieved with 

the corresponding N,N-dimethylaminomethyl compound (45) hut. in this case. the incizased ortho-directing 

power of the 3-suhstituent was reflected in a 1 :I-ratio of the two quenchcd produc~s. I n  hot11 cases, 42 (90% 

yield) and 45 (84%), use of LDA l~sulted in exclusive lateral melallation. 

Likewise, the 3-hydroxymethyl compound (46) reacted successively with hutyllithium (2 mol. equiv.) and 

indomethane, to give exclusively its 5-ethyl de~ivative (90% yield)." Compounds (47) (R = NMez. NHC02Bu- 

2. NEtCOzBu-r, OH. ONH2) all metallate exclusively in the 5-methyl group.37 
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Me, CgHClz-2.6; XR5 = SMe) are metallated with hutyllithium (THFI-65 "C) exclusively in the a-methylene 

group and the products can he trapped with iodomethane. hemyl chlo~ide. henzaldchyde. dimethyl disulfide, or 

(49) 

carhon dioxide (Table VI).%~ The process of lithiation followed hy ieaction with iodomethane, dimethyl 

disulfide, or carbon dioxide can he repeated to give compounds (49; XRS = OMe or SMe: R1 = Me, OMe or 

SMe; Rz = Me, SMe, or C02H)34 (see also ref. 62) (Tahle IX). A mixtu~e  of 3-mcthoxymethyl-5-methyl- 

isoxazole and 5-methoxymethyl-3-methylisoxazole (48; R1 = M e ,  X R ~  = OMe) can he separated hy vinue of the 

fact that only the latter compound is laterally metallated hy addition of an equivalent amount 11f hutyllithium 

(THFI-65 T ) :  conversion of the a-lithiated product into a carhoxylic acid allows separation of the resulting acidic 

product from the other, neutl-a1 swrting material.63 

When position-5 is hlocked by an unreective suhstituent, lateral metallation can occur in a 3-dkyl group. Thus. 

when 3-methyl-5-phenylisoxazole (50) is lithiated with hutyllithium. m i x t u w  of products (51) and (52) 

(Scheme 11)  (Tables I1 and X) are ohtained fbllowing addition of a suitahle electrophilc.35.3h 

When the isoxazole is added to the hulyllithiurn some didkylated producl (alkylacd hoth a1 position-4 and in the 

3-methyl group) may he formed.35 Lithium isopropylcycloliexyla~nide-N,N.N~,N~-telra~nell~yletl~yl~nedia~ mine 

(LiICA-TMEDA) is the most effective reagent system for achieving deprotonation of the 3-melhyl group in 3- 



Table IX 

ISOXAZOLES PREPARED BY TWO SUCCESSIVE LATERAL METALLATIONS OF 3-SUBSTITUTED 5-ALKYL-, 

5-ALKOXYMETHYL-, OR 5-ALKYLTHIOMETHYLISOXAZOLEf9 

R3 R4 XR5 R 1 k2 Yield (%) Ref.  

H 

H 

H 

H 

SMe 

SMe 

SMe 

OMe 

SMe 

SMe 

Me 

CHzPh 

Me 

C02Et 

Me 

SMe 

SMe 

SMe 

Me 

0% 
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? ! i r e  m 
" C O N  c m  - ... 

P- m m m 
P C  C P P  P 



Ph -QPh H SPh SPh 15f.P 81 

CHzOMe 

a R' introduced first, then R2. h 5-Ethyl- (47%). 5-propyl- (7%), and 5-i-propylisoxazole (8%) produced also. cox. is 4.4-dimethyl-A2-oxazolin-2-yl 
Deuterium also incorporated into 3-methyl group (ratio 5:95 in favour of 5-methyl group). The deprotonation reagent was NaNH2 (Me1 added). f 

Produced as a by-product in monothioalkyl fo~mation. P See also Table VI. 



Table X 

ISOXAZOLES PREPARED BY LATERAL METALLATION OF ~-METHYL-S-PHENYLISOXAZOLE~~ 

R3 Reagentsa Yield (%)b 

Me1 (BuLi) 

Me1 (BuLip 

Me1 (LiICA) 

Me1 (LiICA-TMEDA) 

PrBr (BuLi) 

PrBr (BuLi)c 

PrBr ( L E A )  

PrBr (LiICA-TMEDA) 

PhCHzBr (BuLi) 

PhCHzBr (BuLi)r: 

PhCHzBr (LiICA) 

PhCHzBr (LiICA-TMEDA) 



ECHO (BuLi) 

PhCHO (BuLi) 

PhCHO (LiICA) 

PhCHO (LEA-TMEDA) 

PhCHSHCHO (LiICA-TMEDA) 

PhCOMe (LiICA-TMEDA) 

PhCHSHCOMe (LiICA-TMEDA) 

cyclopentanone (LiICA-TMEDA) 

cyclohexanone (LiICA-TMEDA) 

a In THF at -78 'C. h The yields in parentheses are the vields of the 4-substituted 3-methvl-5-~henvlisoxazole and the vields of oroducts fonned bv 
diiubstitution both in position-4 and the 3-methyl goup. fi Isoxazole added to the base. 4 ( p ~ ~ 2 ) 2 ~ ( ~ ~ ) h  formed too (2190;ield) where py =. 
5-phenylisoxazol-3.~1. 
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CH,CH(OH)R 
1) BuLiHFl -75  "C 

+ 
2) RCHO 

(52) 

Scheme 11 

methyl-5-phmylisoxazole (Table X).35 When 3.4.5-trimethylisoxazole is lithialed with butyllithium. lateral 

metallation in the 5-methyl group is preferred. hut a small amount of lithiation occurs also in thc 3-methyl group. 

as shown by quenching with dimethyl disulfide (yields of quenched products are 37%~ and 7%. r e ~ p t i v e l y ) . ~ ~  

Deprotonation of compounds [53; R = Et, ( C H Z J ~ O M ~ ,  or (CH2)2C@Et] with hutyllithium or LDA occurs 

exclusively in the 3-position and the anions have been employed to generale several E-alkenes in Wittig 

reactions.10~ 

Nawle's gmup have examined madletions of 3.5-disuhstituted 4,4-dimethyl-2-(isoxazol-4-yl)-A2-o~il~olines.77 

5-Akyl groups are readily depmtonaled with hutyllithiurn (THFI-78 "C) (A) (Tahk VI). LDA (THFI-5 'C) (B), 

or sodium amide (THFI-78 "C) (D). The producls ohtained hy quenching thc resulting anion with clcctrophilcs 

are listed in Table VI. Anion (54) reacts with acylpy~idinium salt (55) to give a mixture of the 1.2- (56) and 1.4- 

adducts (57) (Scheme 12) which can he oxidised to the respective py~idines with t~trachloro-~-henzoquinone.~~ 

A repetition of these processes allows the introduction of a second suhstituent (Tahle IX: introduction of R1 

followed hy ~~),77,79 Similar results have been achieved with N,N-disubstituted 5-alkylisoxazole-4- 
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(56) (57) 

Scheme 12 

carboxamides (Tahle VI).87 Anions (54). their 7-phenyl counterputs. and the colresponding N,N-disuhstituted 

isoxdzole-4-carboxamides couple with aroyl chlo~ides in the prexncr of ce~ium t~ichlo~ide, to give compounds 

with the general structure (58) (Tahle V I ) ? ~  with chlorotrialkylsilanes. to five compounds with the g e n e d  

structure (59) (Table VII.83 and with dialkyl and diary1 disulfides, to give compounds with the general su-ucture 

(60) (Tahle V I ) . ~ ~  The silyl compounds (59) form a second anion with hutyllithium (THFI-78 "C) and thex 

have heen quenched with deute~iomethanol (MeOD) (56.86%~ inco~poraUon. depending o n  limr allowed for 

metallation ~ t e p ) . ~ 3  A similar process can occur with compounds (60) where the methylene group of the product 

is more acidic than the methyl gmup of the starting material (see Tahle IX).81 

The dianion derived from 3.5-dimethylisoxazole-4-(S-2'-hydroxymethyl-N-py1roidino)carhoxamide (61; R = 

H) hy trcdunent with butyllithium under kinetic (THF-TMEDA) or thermodynamic (THF) conditions is quenched 

with deuterium oxide to reveal almost exclusive (> 95%,) deute~iation at the C-5 methvl grnu~." However, when 
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its methyl ether (61; R = Me) is treated similarly. predwninanl (> 9311 inco~poratiun oi D) C-3 lateral metallation 

occurs under kinetic conditions and C-5 metallation after equilihration. 

Anion (54) and analogous anions derived from 4-suhstituted 7.5-dimethylisoxazoIc and 5-methyl-3-phenyl- 

isoxazoles in which the 4-suhstituent is 4-(N,N-diisopropyl)carhox'dmido (the carhoxarnide de~ived from 

S-prolinol hehaves similarly), 4-(4,4'-dimethyl-~2-o~a~olin-2-yl), or 4- (4 ' -S -me thoxymet l l y l -~phmy l -~2 -  

oxazolin-2-yl) react with diakyl azodicarhoxylates [R@CN=NCO2R (R = Et or r-Bu)], to give the conxsponding 

hydrazine derivatives, E~O~CNHN(CO~R~~H~(~S~IX'~~Z~I~) (74.96%: yields) (Tahle V I ) . ~ ~  

Likewise, metallation of 4-[~-{s.y~n-dihenzo-16-crown-5-oxy)-prop-l'-yl]-3,5-dimethylisc~~a~oIe (62; R = HI 

(BuLiITHFl-78°C) followed hy carbonation yields the colrespondinf carhoxylic acid (62; R = CHzCOzH) (52% 

yield) (not listed in Table V1).'04 



Anion (63; R1 = Li, RZ = R4 = H. R3 = Me) reacts with hexatluorobenzene hy displacement of tluorine. to give 

compound (63; R1 =C&, R2 = R4 = H, R3 = Me) (20% yield). The pentatluo~ophen~l suhstituent in this 

product renders it more prone to lateral metallation than the starting material and h e  major product isolated (31%) 

is the disuhstituted compound (63: R' = R2 = C6F5 R3 = Me, R4 = H).61 Two minor products are obtained 

also, one (64; R = 3-methylisoxazol-5-y1) (3%) through displacement of two fluorine atoms in 

hexatluorobenzene by anion (54) and the other (65, R = 3-methylisoxazol-5-yl) (10%) through displacement of a 

fluorine atom in the major product (63: R1 = Rz = C&, R3 = Me. R4 = H) by anion (63: RI = Li, RZ = R4 = H, 

R3 =Me). Anion (63: R1 = Li. R2 = C02Me. R3 = Me. R4 = H) reacts with hexatluorohenwne to give only a 

monosubstituted product (63; R1 = C6Fs. R1 = C q M e .  R3 = Me. R4 = H) (1  8% yield).61 The efficiency of the 

(63) (64 (65) 

process is improved when an electron-withdrawing group is present at position-4 and via-verso. Thus. the anion 

(63; R1 = Li. R2 = H. R3 = Me, R4 = CONPri2) reacts with hexafluorohenzene to yield the monosubstituted 

compound (63: R1 = C6Fs, R2 = H. R3 = Me, R4 = CONPriZ) (42% yield) together with the disubstituted 

product (63; R1 = Rz = CgFg, R3 = Me. R4 = CONPrj2) (7%). Anion (63; RI = Li. R2 = H. R3 = Ph. R4 = 

CONPriz) similarly yields the mono- (39%) and disuhstituted products (24%2).6' By contrast, anion 163: RI = 

Li, R2 = H. R3 =Me. R4 = (CH2)30Mel gives only poor yields of the mono- (9%) and disubstituted products 

(7%). 

Compound (66) is deprotonated (BuLimlFI-78 "C) exclusively in the bridge methylane gmup and the derived 

monoanion is coupled. on addition of iodine, to give the dimer (100% yield). It gives the wl~ tcd  dimeric ketone 

(67) (40%) with phosgene. and gives ketone (68) (35%) with 2-(3-me1hyI-oxazol-S-yl)ace1yI chloride.s0 

Compound (69) is deprotonnted similarly with hutyllithium prefelmtially in its hridge methylcue group (see also 

Section V) and the resulting monoanion can be deuteriated (100% yield) and condensed with benzoyl chloride. 

which gives a ketone (50%) analogous to 68 .so LDA, however (see also Section V), deprotonates compound 
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(69) mainly in the methyl group adjacent m oxygen and the resulting monoanion gives ketone (70) with methyl 

benzoate and compound (71) (52%) with the ethylene acetal of acetoacedc eskr.49.l05 

V POLYLITHIATED DERIVATIVES 

We referred to the formation of dianions (3; R = H, Me) in Section I1 and, in Section IV. we mentioned the 

formation of d i a ~ o n s  from the treatment of 3-hydroxymethyl-5-methyl- (46) and 4-hydmxymethyl-3.5-dimethyl- 

isoxazole (47; R = OH) with hutyllithium.37 

When 3-hydroxy-5-methylisoxazole is reacted with 2 mol. equiv. of hutyllithium (THFI-10 "C), it gives a 

mixture of dianions (74) and (75) (ratio 7 3  (Section II) .a With 2 mol. equiv. of LDA in THF at low 

temperatures, however, only lateral metnllation o c c u r s ~  (see also ref. 74) and the ~zsulting dianion can he 

quenched by various electrophiles, resulting in substitution in the 5-methyl group (Tahle V1). Similarly, dianions 

(76; R = Me, Ph) can he generated from the colxsponding 5-methylisoxazole-4-carboxylic acid using 2 mol. 

equiv. of hutyllithium (THFI-78 "C) and quenched at position-5 with vuious elwtrophiles (Table V1).77 This 

method allows entry into functionally complex isoxazole-4-ca&oxylic acids without the need for protecting group 

strategies. When hase in excess of 2 mol. equiv. is used producu arising from incorporation of more than one 

(74) (75) (76) 

electmphile are ohserved (Tahle VI).77 5-Ethyl-3-phenylisoxuole-4-carhoxylic acid is converted similarly into 

the 5-isopropyl derivative.78 

Dianion (77; R3 = Ph), similal-ly prepared, reacts with hmzonitrile, to give ketone (78; R5 = Ph, after 

hydrolysis of the intermediate imine)?' and with ethyl pyrid-2-ylcarhoxylate, to give ketone (78; R5 = py1id-2- 

- 
MeNCO MeNHCO 

C H ~  k5COCH2 
0 nPh 0 
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yl) (Tahle VI)?2 whilst dianion (77; R? = Et) reacts with henzaldehyde to give carhinol(79)85 (see also refs. 84. 

86, 88-90) (Tahle VI). 

The Hantzsch esters (SO, R = Me or Ph) € o m  dianions with LDA (THF/-78°C) which are quenched with 

electophiles, to give products of lateral substitution adjacent to the sulfonyl group (Tahle Vl)."' These esters 

form dianions also with potassium I-hutoxide hut addition of an electrophile, such as iodomethane, results 

in a mixture of the C- and N-alkylated product; addition of an excess of the elatrophile i ~ s u l t s  in disuhstitution 

(> 60%~ yield).94 

Compound (69) reacts with 2 mol. equiv. of LDA in THF hoth at the bridge methylene group and in the methyl 

group adjacent to oxygen and the ~ ~ s u l t i n g  dianion has hcen trapped with deute~ium oxide (100% yield) and 

phosgene [which yields compound (72) (40%)].50 However, with 2 mol. equiv. of hutyllitliium. compound 

(69) produces diketone (73) following addition of henzoyl chloridc.50 

VI GRIGNARD DERIVATIVES 

In 1969, 3-hromo-5-phenylisoxazole was convened into its Grifnard derivative (Mg/THF/O "C) which was 

hydrolysed by water to 5-phenylisoxazole (20% yield) and reacled with carbon dioxide, fo~maldehyde, and 

acetone, to give the acid (12%,), hydrnxymethyl de~ivative (15%). and 5-phmylisoxazol-3-yldimethyl carbinol 

( l l % ~ ) . ' ~  The low yields are attributable to a ring-cleavage reaction, giving rise to PhCOCHzCN (c f  the 

co~xsponding instability of isoxazol-3-yllithium derivatives: Section 11). 

As far as we are aware, there a1-c no reports of isoxazol-5-ylmagnesiurn halidcs h u ~ .  hy conlrasl, isoxazol-4- 

ylmagnsium halides arc wdl-known. These were first prepared in 1960 when Kochetkov er ~ 1 . ' ~ '  reacted 4- 
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bromo(and iodo)-3.5-dimethylisoxau,le with magnesium (Et20 or THF) in the presence of bmmoethane as an 

entrainer. The iodide gives significantly better results than the bmmide and, in some cases, the use of 

dibromoethane as the entrainer increases yields.lO* 4-Bromo(and iodo)-3.5-dimethylisor~zole yields a Grignard 

derivative also with ethylmagnesium bromide.1@',110 Pmlonged heating of 4-hromo-3.5-dimethylisoxazole with 

ethylmagnesium bromide yields 3.3',5.5'-teuamethyl-4,4'-diisoxazole.~~~ Attempts to prepare the Grignard 

reagent from 4-chloro-3.5-diphenylisoxazole result in ring-cleavage, to give the monoimine of dibenzoylchlom- 

methane (64% yield).lO',lm A transmetallation reaction between ethylmagnesium bromide and this chloro- 

isoxazole gives a similar result.'m Likewise, when 3.5-dimethylisoxazole. 4-iodo-5-phenylisoxazole.108 

4-chloro-3.5-dimethylisoxazole, 4-chloro-3-methyl-5-phenylisoxazoIe.1~) or 3-methyl-5-phenyl-isorazoIe.112 

are allowed to react with ethylmagnesium bromide a similar ring-cleavage reaction occurs. The suuctures of 3.5- 

diacyliioxazoles have been confirmed by examining the ring-cleaved products alising from their reactions with 

ethylmagnesium iodide.113 

4-Substituted 3.5-dimethyl- and 3-methyl-5-phenylisoxazoles prepared from isoxazol-4-ylmagnesium halides, 

are listed in Table XI. 

A Grignard reagent can be prepared fmm 4-chloromethyl-3.5-dimethylisoxazole hut its uwtment with carhon 

dioxidelm or chlorotrimethylsilane~in ether i~sul ts  mainly in a Wurtz-type coupling i~action. When THF is 

used as the solvent, however. compounds (81) (60% yield) and (82) (4995) can he obtained." 3-Chloromethyl- 

5-methylisoxazole also forms a Grignard derivative which reacts similarly with chlorotrimethylsilane(and 

stannane). 4-Chlom(and iodo)methyl-3.5-dimethylisordzole react with Gignard reagents and aluminium 

vialkyls to give C-a-alkylated products. Particularly good yields are obtained with allyl-. knzyl-. and phenyl- 

magnesium halides;.in other cases 3.4.5-trimethylisoxazole and the product of coupling of the isoxazole are 

obtained also. 4-(a-Chlomknzyl)-3.5-dimethylisorazole reacts similarly hut is more reactive.'14 
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2-Ethyl-3.4,5-t1iphenylisoxazolium sals arr cleaved hy methylmagnesium iodide or phenylmagnesium hromide. 

to give PhCOCPh=CPhNHEt1I5 2.3-,2.5-, and 4.5-Dihydroisoxazoles have been selectively synthesised 

through addition of organolithium, -magnesium, and -aluminium wgents to isoxazoles cat~ying clecuon- 

withdrawing groups (e.g. CN, N02)."6 Noteworthy is the displaccmcnt o i  a mclhoxy group i n  3-phenyl-5- 

methoxyisoxazole-4-carhonit~ile with phenylmagnesium bromide."' 

VII OTHER ORGANOMETALLIC DERIVATIVES 

Va~iously substituted isoxazoles, hut not isoxazolr itsrlf.'20 react with mercuric acetate under milder conditions 

than required for mercuation of k n z n e  and the resulting 4-mercuracctates react with potassium hromide to give 

the con~sponding mercurbromides. These mercurated derivatives arc particularly useful for introduction of 

halogen into the isoxazole ring at position-4.120.121 lsoxazole-horonic acids yicld Lhc con-csponding 

mercuracetates when they are treated with m e ~ r u ~ i c  acetate.l19 lsoxazole and its Xand 5)-methyl and 3.5- 

dimethylderivatives are cleaved in a homolytic process hy b;.~(uimethylsilyl)mercury. to give high yields of highly 

substituted hexadienes with the general st~ucture (83).'22 
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