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Abstract - 7ke metallation and halogen ?,metal exchange reactions of oxazoles (1,3-axazoles) 

and the reactions of the resulting orgunometullic derivatives, panicularly lifhiated derivatives, 

are reviewed comprehensively. 
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I INTRODUCTION 

A general introduction to this topic was included in Pan I.' 

Oxazoles (13-oxazoles),24 like isoxazoles, have attracted considerable interest as starting materials for the 

synthesis of more complex molecules7-10 (and cross refs. to be found in refs. 11 and 12). This in turn has led 

to an interest in the introduction of suhstituents into oxazoles using mewllation and halogen + metal exchange 

methodologies. As with isoxazoles' the fragility of the C - 0  bond gives lise to ring-cleavage processes. 

I1 MONOMETALLATION IN T H E  RING 

Bowie er al., in 1968, first demonstrated that 4-phe11yl-,~~ 4-methy1-5-phenyl-,~~ 5-methyl-4-phenyl-,'3 and 

4,s-diphenyloxazole'4 could be mewllated by butyllithiurn in position-2; the resulting 2-lithiated derivatives 

This series of reviews is dedicnred to Professor Alan R. Kmilrky on the occasion of his 651h birthday 
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were mapped only with deuterium oxide (Table I). In 1975, however, Schr6der et d l 5  showed that 4.5- 

diphenyloxazol-2-yllithium (1) exists in equilibrium with the ring-opened lithium enolate (2) and that the choice 

of trapping agent determined the product (3)-(5) (Scheme 1) (A2-oxazolin-2-yllithium compounds behave 

analogouslyS,'2.'6-19). So far iso~azol-2-~llithium20 and its 4-methyl-,12,21v22 4.5-dimethyl-,23 

4-phenyl-,1o324 and various other 5-ql-12.15 and 43-diil-derivatives9 have been shown to behave similarly 

Ph 
THF 
u 

Ph 
-60 OC 

Scheme 1 

(for a review see ref. 5). However, lithiation of 5-ethoxy-4-methyloxazole [BuLitetrahydrofuran o/ 

-78 'C] and ethyl 4-methyloxazole-5-carboxylate [lithium isopropylcyclohexylamide (Li1CA)fIHFI-78 'C]25 

apparently results in irreversible fo~mation of a ring-opened species corresponding to 2.23 Butyllithium, lithium 

diisopropylamide (LDA). and lithium 2.2,5,5-tetramethylpiperidide (LiTMP) have been used to metallate 

oxazoles in position2. Quenching these equilibrium mixtures, e.g. 1 2 2, with deuterium oxide or aromatic 

aldehydes (for 4-unsuhstituted oxazoles: see later) invariably leads to the isolation of a 2-substituted oxazole 

(Table I) whist quenchmg with chlorotrimethylsilane9~15~21 and a ~ e t ~ l l 2 2 l . N  or benzoyl chloride24 appears to 

result in trapping of the ring-opened product However, the reactions are more complicated than they appear 

from the earlier literature. Noteworthy is the synthesis of 2-aroyloxazoles (Table I) by using N-methyl-N- 

(pyrid-2-yl)carboxamides as the quenchmg agents; a good yield of 5-phenyloxazole-2-carhaldehyde is available 

via this procedure.11 
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Ph 4-ClC.$I&!ONMe(pyrid-2-y1) 

Ph 4-FC&CONMe(pyrid-2-y1) 

Ph 4-@NmCONMe@yrid-2-yl) 

Ph 4-NCC&CONMe(pyrid-2-yl) 

Ph MqSiCI 

C&Cl-4 Me3SiC1 

M O M e - 4  MqSiQ 

C&(OMe)2-3.4 3.4-(MeO)zC&CHO 

CgH3(OCH20)-3,4 3,4-(OCHfl)c6H3CHO 

C&(OCH20)-3,4 3,4-(Me0)2C&CHO 

H DMF or N-formylmorpholine 

H PhCHO 



D20 

PhCHO 

EtI 

Prl 

PhCHzBr 

MezCHCHO 

CHz=CHCHO 

PhCN 

low, -, - 

75 

96 

100 

29 

21 

42 

a Variable yields after work-up due to volatility of product h Minor product, isolated only at ambient temperature or above; the major product is the 4- 
substituted isomer (Table II). c After distillation of a mixture of compounds (8) and (9) (Ar = Ph, WLICI-4, or C&OMe-4). 
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5-Phenyloxazol-2-yllithium reacts with tosyl fluoride in THF at low temperatures to give the coupled product 

(6); presumably the initially formed 2-tosyloxazole reacts with the unreacted 5-phenyloxazol-2-yllithium 

compound.1s 

A number of 5-aryloxazol-2-yllithium derivatives (derived from the corresponding 5-aryloxmle; 7) (Ar = Ph, 

C6HqCl-4, or CgH40Me-4) react with chlorohimethylsiiane to give comparable amounts of the ring-opened 

product (8) and the corresponding 2-tnmethylsilyloxazole (9) (Scheme 2).12 The former compounds are 

convertible into 2-uimethylsilyloxazoles by heating them in the presence of a base.s.12m.21+29 (however, see 

heat f 
Scheme 2 

also ref. 24). By contrast, when 4-methyloxazole is treated sequentially with butyllithium [diethyl ether (Et20)I 

-78 'Cl and chlorouimethylsfannane. only 4-methyl-2-uimethyktannane is isolated (Table I)22 (but see ref. 12). 

In order to maximix the yields obtained from the reactions of 4-phenyloxazol-2-yllithium (10) (Scheme 3) with 

benzaldehyde or benzophenone it is necessary to allow 18-24 hours to elapse between addition of these reagents 

and quenching the reaction mixtures with acid prior to work-up? The authors reasoned that addition of e.g. 

benzaldehyde to the initial equilibrium mixture, 10 2 11, creates another equilibrium as shown in Scheme 3. 

generating either aldol salt (12) or hemiacetal salt (13). Overall this results in a reduced availability of oxazol-2- 

yllithium. 
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CHPhOLi "T:' H U o r  '::xNC 
OCHPhOLi 

(12) (13) 

Scheme 3 

Recent results with isoxazol-2-yllithium, 14 2 15,(Scheme 4), have added a new dimension to these studiesu) 

Deuterium oxide quenches the lithium enolate at oxygen, to give product (16) which cyclizes to Z-deuterio- 

oxazolt: (17). Chlorouimethylsilane reacts similarly, to yield compound (18) which can be rearranged to 2- 

trimethylsilyloxazole (19) by distillation from base (see befo~e). Products of 2-substitution are observed with 

N.N-dimethylfomamide (DMF) (20) and benzophenone (21) hut, surprisingly, aldehydes such as 

benzaldehyde react with the lithium enolate at low temperatures, as shown in Scheme 4, to give an adduct (23) 

(analogous to 12) which cyclizes to give a4-substituted oxazole (24). This last obsewation has not been seen 

before because all previous oxazoles studied have been 4-substituted. At higher temperatures small amounts of 

the 2-substituted oxazoles studied have been 4-substituted. At higher temperatures small amounts of the 2- 

substituted product (22) begin to appear. Iodobutane, benzyl bromide, and ethyl carbonate are unreactive 

towards oxazol-2-yllithium (14). 

In summary, depending on the stmcture of the oxazole understudy, metallation of oxazoles can lead, after 

trapping with suitable reagents, to products of 2- or 4-substitution or of ring-opening via the formation of a 

lithium enolate. 

Few repo~@ have appeared on the metallation of oxazoles in positions-4 and -5. Lithiation of 2,s-diphenyl- 

oxazole with butyllithium is complicated by metallation in the ortho-position of the 2-phenyl groupz4 as well as 

by addition of the reagent to the C=N double bond?.24 which leads to the isolation of valerophenone on work- 
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PhCHO 
(21)(73%) 

Scheme 4 

up, and displacement of the Z-phenyl group by butyl.30 Use of LDA or potassium diisopropylamide (KDA) at 

-78 'C9,30orsec.-butyltithium and a catalytic amount of LiTMP24leads to clean metallation at position-4. A 

number of 4-substituenu (Table 11) can be introduced by quenching the resulting 2.5-diphenyloxazol-4-yllithium 

derivative with various electrophiles. We have mentioned already (Section II) that the lithium enolate (15) 

derived by the ring opening of oxazol-Zyllithium (14) reacts with aldehydes to give 4-substituted oxazoles, e.g. 

24 (Scheme 4) (Table 11).20 
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TBDMSO(CHz)3CHO 

PhCHO 

MgCO 

Me3SiCI 

Et3SiC1 

Dzo 
Me1 

Ell 

PhCHzBr 

MezCHCHO 

a These aldehydes react, as shown for PhCHO, in Scheme 4 (i.e. via initial generation of oxazol-2-yllithium, 14S15). b At ambient temperature 
PhCHzOH is formed also in 34% yield along with a trace amount (2%) of the corresponding 2-isomer (amount dependent on temperature). GTMS = 
uimethylsilyl. PTBDMS = terkbutyldimethylsilyl. 
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2,4-Diphenyloxazole is metallated at position-5 with butyllithium (THFI-60 'C) in the presence of hexamethyl- 

phosphoric triamide (HMPA)3' or with set.-butyllithium and a catalytic amount of L ~ T M P ~  and the resulting 5- 

lithiated derivative c m  be trapped with various electrophiles (Table 111). 2-Phenyloxazole is deprotonated 

similarly and exclusively at position-57 as shown by isolation of the 5-deuteriated derivative on addition of 

deuterium oxide. The same 5-deuteriated derivative is obtained following sequential treatment of 2-(2- 

bromophenyl)oxazole with butyllithium and deuterium oxide, showing that the C-5 proton is thermodynamically 

more acidic than the ortho-proton of the phenyl ring.7 

Oxawle-4-carboxylic acid is metallnted with butyllithium (2 mol. equiv. requil.ed: THFI-78 T) in position-5 as 

shown by isolation of its 5-deuteriatrd derivative after addition of MeO~.8.32 Similarly. 2-methyloxazole-4- 

carboxylic acid8.32.33 m d  its methy1,32 ethy134 and ten.-hutyl esters35 were not metallated by butyl- (THFI-78 

'C) or ten-butyllithium (THFI-40 'C) or LDA in their methyl groups (Section IV) but in position4 instead. The 

resulting oxazol-5-yllithium derivatives can be trapped with various electrophiles (Table In). Even more 

surprising perhaps is the fact that compound (25). prcpared in the manner just described, reacts with 2 mol. 

equiv. of tert.-butyllithium (hutyllithium is reponed not to react) at -78 OC only by deuterium extraction; addition 

of indomethane gives 2.5-dimethyloxazole-4-c'~1'boxylic acid together with 2-methyloxazole-4-carboxylic acid 

(ratio 10:90, which suggests that the dilithiated derivntive of 2-methyloxazole-4-carboxylic is a very poor 

nucleophile).8.32 

nr HALOGEN -t LITHIUM EXCHANGE REACTIONS 

Few have been reponed in the oxnwle area presumably due to the difficulties encountered in obtaining suitable 

halogeno-oxazoles. Bowie er 0 1 . 1 ~  obtained 2.5-djphenyloxazol-4-yllithium (26) from the corresponding 4- 

bromo oxazole and quenched it with deuterium oxide. 



Table 111 

5-Substituted Oxazoles Prepared from Oxazol-5-yliithium Derivatives 

Rz R4 R5 Reagent Yield (%) Ref. 
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-Ph 

Ph Ph 
OLi 

Scheme 5 

Interestingly lithium derivative (26) undergoes a similar ring-opening reaction (Scheme 5) to that which oxazol- 

2-yllithium derivatives undergo (Section 11) but under more forcing conditions (70 'C in hexan&MPA); the 

product (27) can be trapped, e.g. with banzaldehyde.37 

Similarly, with butyllithium (Et201-65 'C) 5-bromo-2-methyl-4-phenyloxazole yields the corresponding oxazol- 

5-yllithium derivative which has been trapped with deuterium oxide.13 Formation of 2-a1yloxazol-5-yllithium 

(THFI-18 "C) compounds is reponed36 to require 5 mol. equiv. of butyllithium for good conversion; the 

resulting 5-lithiated derivatives have been treated with water, deuterium oxide, iodomethane and -ethane, and 

henzyl bromide (Table 111). 

IV LATERAL METALLATION 

Modification of oxazoles at position-2 via rnelallation is complicated by ring-opening of oxazol-2-ylli~~um 

compounds (Section II). Another way of preparing 2-substituted oxazoles is through a-(or latera1)metallation 

of 2-alkyloxazoles. 

The fust reported lateral metilllation of an oxazole was the 2-a-deuteriation of 2-methyl-4-phenyloxazole 

through its sequential treatment with butyllithium (Et201-65 "C) and deuterium oxide.13 The same anion can he 

trapped also with 5-bmmopent-1-ene (see Table IV).24 

Kashima et a1.38 has generated anion (28) through treatment of the 2-methyl compound with LDA (THFI-78 'C) 

and trapped it with 4-methylbenzaldehyde. mkthyl 4-methylbenzoate and wilh varying amounts of iodomethane, 

iodoethane, and benzyl bromide (Table IV). The products obtained on alkylation depend upon the ratio of 2- 

methyl compound : LDA : RI: one. two. or three alkyl groups can be introduced successively. More than one 

mol. equiv. of LDA is required due to the formation of RNPSZ on addition of the alkylating reagent; attempted 



Table IV 

2-Substituted Oxazoles Prepared by Lateral Metallation of 2-Methyloxazole~ 

R4 R4 - 
R4 R5 E Quenching Reagent Yield (%) Ref. 

Dzo (A) 

CH2=CH(CH2)3Br (A) 

MeCOCl 

Me1 (B) 

Efl (B) 

Me1 (B) 

Efl (B) 

PhCH2Br (B) 

PhCH2Br (B) 

4-MeCgHqCHO (B) 

4-MeC6HqCOzMe (B) 

PhCH2CI (B) 

naphth-2-ylCH2Br (B) 
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THPO(CH2)111 (B) 57c 

THPO(CHZ)IZI (B) 4w 

THPOCHM~(CHZ)~II (B) 40f 

THPoCHMeCH2CH=CH(CHz)51 (B) 4% 

oxirane (B) 85 

2-rnethyloxirane (B) 45 

PhCHO (C) - 

PhzCO (C) - 

cyclopentanone (A. B) 90.90 

cyclohexanone (C) - 

cyclohexenone (A) 



C@H 

C@H 

CO2H 

C02H 

Me 

Me 

hle 

Me 

ivk 

Me3SiOCHzCHzI (A) 

CH2=C(OMe)CH2Br (A) 

 OM^ 

MeOD (A) 

Me1 (A) 

Me2CHCHO (A) 

M a c 0  (A) 

Me1 (A, B) 

EtI (A, B) 

CHz=CHCH2Br (A, B) 

PhCHO (A, B) 

C ~ H I ~ C H O  (A, B) 



Me C02H CH(OH)C&OMe-4 4-MeOC6&CH0 (A, B) 50 48 

Me COzH C(0H)Phz Ph2CO (A, B) 78 48.49 

Metallalion reagents: A = B u L i t 2 0  or THFIlow temperatures (e.g. -78 T ) ;  B = LDAfI'HFl-78 OC; C = LiNHgiquid NH3; D = ten-BuLi (2 mol. 
equiv. in THFI-78 'C). hThe product obtained depends on the ratio of starting material : LDA : RX; polyalkylation occurs under certain conditions. 
Yield of alcohol after hydrolysis of THP ether. Yield of alcohol after hydrolysis during work-up of TMS-protected alcohol. 



use of butyllithium resulted in failed reactions. Noteworthy is a comment by Meyers and Walker34that it is 

difficult to &protonate (some) 2-methyloxazoles. 

The most studied anion (29) (see ret 50) is generated from the corresponding 2-methyl compound using either 

butyllithium (THFI-78 'C or -90 'C)?245r(7 LDA (THW-78 'C or -50 'C)?,39-41,46 LDA in the presence of 

HMPAP3 or sodamide in liquid ammonia44 This anion (29) has been trapped with a number of different 

electrophiles (Table N). A nwnher of other 4.5-disubstituted 2-methyloxazoles behave similarly: the products 

obtained after quenching the resulting anion are listed in Table N.9.39 

Noteworthy is the fact that the methoxymethyl (MOM) protected ether (30; R = H) undergoes a-deprotonation 

with butyllithium (THFI-78 'C) rather than metallation at position3 and the resulting anion can he napped with 

acetyl chloride to give compound (30: R = COCH3) gab le  N).N 

Sequential treatment of 4.5-dimethyl-2-phenethyloxazole with LDA (THFI-78 'C) and cinnamaldehyde yields 

compound (31) (60% yield) as a mixture of diastereoisomers39 whilst similar reactions between the TBDMS- 

protected ether (32) and butyraldehyde43 and between 2-pentyl-4.5-diphenyloxazole and S-2-methoxymethyl- 

oxypropana142 yield compound (33) (75% yield) and compound (34) (58%). respectively. also as mixtures of 

diastereoisomers. (+)-(1RS2R,3S)-34 was obtained pure from the mixture by flash chromatography. Likewise, 

5-methyl4phenyl-2-Uimethylsilylmethyloxazole is a-metallated at position-2 and the a-lithiated product has 

been treated with benuldehyde.39 
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In order to substitute the methyl gmup in 2-methyloxazole-4-carboxylic acid it is necessary first to protect 

position-5 with a trimethylsilyl group (Section 11; Table 111). The product (35) can be metallated with tert-butyl- 

lithium (2 mol. equiv. in THFJ-78 'C); after 2 min the appropriate trapping agent can be added (Table N)33 and 

the trimethylsilyl group removed with cesium fluoride. When tert.-butyl2-methvl-5-uimethvlsilvloxazole-4- . . - .  . . 
H O ~ C  BUCO ~ ~ ~ - B u o ~ c  

Kx Me Me& ten- Bu MqSi  x> 0 hle 

(35) (36) (37) 

carboxylate is treated sequentially with butyllithium (THFI-78 'C) and iodomethane, the ketone (36) is 

unexpectedly produced (51% yield).35 Its sequential treatment with tea-butyllithium (THFI-90 'C) and 

iodomethane results in displacement of the t~imethylsilyl group, to give compound (37) (72%).35 

The powerful onho-directing capabilities of a 4-carhoxyl group in promoting lithiation at position9 in oxazoles 

with a free position-2 or carrying a 2-methyl group has been mentioned before (Section It). However, when 2 ,4  

dimethyloxazole-5-carboxylic acid is mewllnted with butyllithium or LDA (2 mol. equiv.; THFI-78 'C) only 

dianion (38) is fomed.48.49 This can he trapped with various electrophiles (Table IV). When position-2 is 

blocked, lateral metallation is possible in another position, as shown by generation of dianiou (39).'%49 At 

-78 % in THF (with BuLi or LDA) conversion is poor and LDA at a temperature of -35 OC is preferred if good 



yields (68%) of 4-ethyl-2-phenyloxazole-5-carboxylic acid are to be obtained following addition ofiodomethane. 

2.5-Dimethyloxazole-4-carboxylic acid (40) reacts at both methyl groups. Comparable amounts of compounds 

(41) and (42) (Scheme 6) are produced with LDA but, with butyllithium, the mtio 41:42 is 3:7,48.49 indicating 

the importance of complexation of the metdlating agent with the carhoxyl group. When position-2 is blocked a 

4-carboxyl group is capable of directing an adjacent alkyl group, as  shown by generation of dianion (0, R = Li) 

Scheme 6 

@uLimlFI- 78 'C), which can be quenched with iodomethane, IO give 5-ethyl-2-phenyloxazole-4sarboxylic 

acid (43; R = Me, Li = H) (86% yield).48,49 Compounds [43; R = CHzCHSH2, Li = H (75%) and R = 

CHzCH(0H)Et Li = H (60%)1 can be prepared similar1~.~8 Ethyl 4-methyloxazole-5-carboxylate is metallated 

with LiICA exclusively in position-2.25 The amide group in compound (44) is a much more powerful orrho- 

directing group which allows selective introduction of substituents into the 5-methyl group; compounds 

(4.51449 )can he synthesised in this way (using BuLiHFI-78 Y3.48.49 
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Noteworthy is the generation of anion (50) via treatment of the con.esponding 2-phenylsulfonylmethyl 

compound with sodium hydride in THF at -15 + -10 T35; it has been allowed to react with various acylating 

elect~ophiies. 

V POLYLITHIATED DERIVATIVES 

No oxamle ring dianions are known. The only dianions studied to date are those described in the previous 

Section involving ring and side-chain metallation of oxazolecuboxylic acids. 

VI OTHER ORGANOMETALLIC DERIVATIVES 

2-Methyl-4.5-diphenyloxazole reacts sequentially with hutyllithium (THFI-100 OC) and cuprous iodide (EtzOI 

-45 OC) in the presence of dimethyl sulfide to give organmopper derivative (51) which undergoes conjugate 

addition with 2-cyclohexenone, to give adduct (52) (> 80% yield).39 

2,4-, 2.5, and 4,5-Diphenyloxazole and 2-methyl-5-phenyloxazole are mercurated by mercuric acetate in the 

vacant ring-po~ition5~.5~ and the resulting mercurated derivatives =act with bromine or iodine51.53 to give 

moderate (55%) to high (85%) yields of the co~~esponding halogen delivative (see also ref. 54). The mercurated 

derivatives derived from 2.4- or 2.5-diphenyloxazole give the corresponding [oxazolJ(or 4)-yllzHg derivative 

with sodium stannite.51.52 Each of the mercurated derivatives is hydrolysed back to the corresponding oxazole 

with dilute mineral acid.51.52 
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Grignard derivatives of oxazoles are almost unknownf Noteworthy, however, is a report that the Grignard 

reagent prepared from 2-(2-bromopheny1)oxazole and activated magnesium rearranged to the isomeric 2- 

phenyloxazol-5-ylmagnesium bromide, as shown by isolation of compound (53) following addition of furan-2- 

carbaldehyde (furfwal).7 

This review does not cover the importvlt metallafed A~-oxazolines.5~1217~19~55-57 
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