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Abatraet: Rhodium@) acetate serves as a catalyst for the heterocycloaddition reactm of diazodicarbonyl cotn- 
pounds with nitriles to gwe fimctionalized lJ-oxaxole derivatives in a simple one-step procedure. In pamcular, 
dunethyl Wonate undergoes this reaction to give 2-uyl-, 24kenyl-, or 2-alkyle xy-s-methoxy- 
1,3-oxazoles, and ethyl formyldiaxoacetate (duzomalonate half-ester half-aldehyde) gives 2-aryi-, Zalkenyl-, or 2- 
aikyl-4-carboethoxy-1,3-oxazoles. These products are of potential importance as key intermediates in the 
synthesis of several oxaxolecontaining natural products and other heterocyclic systems. 

INTRODUCTION 

1,3-Oxazoles (1) are wry well-investigated of 

oxazole derivatives have of extensive reviews. Because of 

in natural products 

is seen with various in 

4m5 
large of naturally occurring compounds. as synthetic 

intermediates leading many other systems. 
3Nv01 

In this 

as “2~azadiene” components in 4+2 cycloadditions, hetero- 

* 1 Diels-Alder reactions, with several types of dienophiles. Further transformations of the 

products then lead to a number of other nitrogen- or oxygen-containing heterocyclic products.4 

Of the many specific types of 1,3-oxazoles, those bearing a 4-carboxy-derived group, are of considerable 

importance. Among these compounds are several natural products, including many which contain this moiety, 

or the analogous thiazole moiety, as a repeating unit. A few examples include virginiamycin Ml (2)5, parabactin 

(3),6 bistratamide C (4),7 and kabirsmide A (S).S 

Several methods are available for the synthesis of 4-carboxy derivatives of l$-oxaxoles.1 A very well- 

established, classical method is the Comforth oxazole synthesis (Scheme 1). This method has been shown to be 

widely applicable, although it employs a complex, multi-step pathway.9 
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Scheme 1 

In consideration of conceivable strategies for the more direct construction of these derivatives, nitriles can 

be regarded as simple starting materials with which the 3+2 cycloaddition of acylcarbenes would, in a formal 

sense, provide the desired oxazoles (eq 1). This approach follows directly from the ubiquitous 1,3-dipolar 

cycloadditions that have been developed by many groups of investigators during the past several decades. to 
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Obviously, free acylcarbenes themselves should probably not be regarded as appropriate synthetic 

intermediates for this type of transformation. However, this basic conceptual approach could, in principle, be 

implemented through use of the corresponding diazocarbonyl compounds. Carbene-like reactions of these 

compounds can be induced under thermal, photochemical, or metal-catalyzed conditions. Oxazoles, in fact, have 

previously been obtained by the reaction of diazocarbonyl compounds with nitriles through use of boron 

trifluoride etherate as a Lewis acid promoter or under photochemical conditions.’ 1 In order to develop a more 

general, synthetically useful version of this reaction, we considered the use of various metal species that have 

come into common use for reactions of diazo compounds. Among the metals used in this sense, copper and 

several of its compounds have most commonly been employed, although a large number of the transition metals 

and even many of the main-group metals have also been shown to be effective catalysts for diazocarbonyl 

reactions. In recent years, rhodium compounds have been shown to be particularly effective catalysts for many 

different types of reactions of diazo compoundstz Among others,l3 a recent example that is especially relevant 

to our studies is the rhodium-catalyzed reaction of ethyl formyldiazoacetate (6) with enol ethers to give 

dihydrofuroates (eq. 2) as reported by Professor Wenkert and co-workers.14 

Et02C H 
Et02C 

I( 

CHO - 

+ &O-n-B” 
44OAc), W.1 

N2 
55 “C 

- v 

0 (2) 

(neat,excess) 

6 0-n-Bu 

In this paper, we wish to report our investigations of the rhodium-catalyzed reactions of diazodicarbonyl 

compounds with nitriles. These reactions have indeed proven tc be useful for the one-step preparation of 4- 

carboxy-1,3-oxazole derivativest5J6 

RESULTS 

Applications ofDimethy1 Diazomalonate 

The studies of this approach to the desired oxazoles were begun with dimethyl diazomalonate (7) which is 

readily prepared from dimethyl malonate itself. Especially convenient is the use of diazo transfer reactions using 

reagents such as p-toluenesulfonyl azide. 17 Compared to simple diazoalkanes, diazocarbonyl and especially 2- 

diazo-1,3-carbonyl compounds are much more stable, but appropriate precautions should still be taken as 

protection againstpossible explosion hazards. 

Although a number of rhodium compounds have come into use as catalysts for reactions of diazo com- 

pounds, one of the simplest and most readily available, rhodium@) acetate, Rh2(OAc)4, is still the most com- 

monly employed. Our attempts to use it as a catalyst for our proposed oxazole synthesis were successful right 

from the outset of these studies. In an initial test reaction, a solution of dimethyl diazomalonate (7) in 

benzonitrile was added dropwise to a solution of Rhz(OAc)4 in benxonitrile at 80 “C. The product, 2-phenyl-4- 

carbomethoxy+methoxy-1,3-oxazole @a), was obtained in nearly quantitative yield. A number of other 

rhodium and copper compounds were also studied as possible catalysts in this reaction, but Rhz(OAc)4 ulti- 

mately proved to give the highest yield of the desired product (Table 1). 
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Table 1. Effect of the Catalyst on Oxazole Formation 

CH302C CO&H3 

N2 

7 

CH3OaC 0CH3 
Catalyst M 

- 

PhCN, 80 “C N, 0 Y m 
8a 

Addition Time (h)a Reaction Time (h)b Yield (%)c 

Rhz(OAc)s 0.5 12 99 

Rh2(NHAc)4 2 12 83 

Cu(OTf)2 2 36 65 

Cu(Et-acac)z 3 36 44 

Rh2(02CC3F7)4 3.5 36 35 

Rh3(co)16 2.5 36 23 

%efers to the time for the adhtion of the solution of the diam compound to the solution of the catalyst 
wtb neat be.nzouimle as the solvent Qzfers to the reaction tune at 80 “C after completion of the 
addition Solated yield of pure product 

The nitrile substrate can be used in neat form, or the reaction may also be done through use of various 

solvents. Halogenated solvents such as chloroform and 1,2dichloroethane are particularly effective, whereas no 

reaction is observed when THF or diethyl ether is employed, and the use of benzene as solvent gives only low 

yields of the oxazole products. The highest yields of oxazoles are generally obtained by slow addition of a dilute 

solution of the diazomalonate to a solution of the nitrile and the rhodium catalyst. At these lower concentrations, 

there is a reduced tendency for the formation of dimeric materials from the diazo compound. Under these 

conditions, dimethyl diazomalonate reacts with a wide range of nitriles in the presence of catalytic quantities 

(0.005 to 0.01 mol-equiv) of Rh2(OAc)4 to give 2-substituted-4-carbomethoxy-5-methoxy-1,3-oxazoles (8) 

directly (eq 3) The summary of results in Table 2 shows that the highest yields of oxazoles are obtained when 

the nitrile substrate is conjugated with an alkenyl or an aryl group (see especially entries a, c, k, 1, and p), whereas 

simple saturated alkyl-substituted nitriles typically give lower yields of the desired products unless they are used 

in neat form (entries d-i) Exceptions to this pattern are the case of 4-methoxybenzonitrile (entry m) which gives 

only a modest yield and the case of 4-nitrobenzonitrile which formed a very dark or black solution upon being 

mixed with the rhodium catalyst; upon workup of the reaction mixture, no oxazole was isolated, but unreacted 

diazomalonate was recovered. A non-conjugated, unsaturated nitrile (entry n) undergoes competitive 

CH3OsC 0CH3 
CH3OaC COsCH3 Rha(OW4 (cat.) )_( 

- 

+ R-CN 

N2 7 
CHCls or CICH2CH2CI 

reflux “YO (3) 
R 8 
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Table 2. Reaction of Dimethyl Diazomalonate (7) with Nitriles and 

Rh2(OAc)4 Catalyst to Give Oxazoles 8 

Entry NitriW mol-equiv. of 7 Yield of 8 (%)b 

a 

b 

C 

d 

e 

f 

g 
h 

i 

j 
k 

1 

m 

n 

0 

P 

c&,cN 

neat, 5.0 mol-equiv. 

E-CbH=jCH=CHCN 

neat, 4.0 mol-equiv. 

E- and Z-CH$H=CHCN 

neat, 4.0 mol-equiv. 

n-C9Ht&N 

neat, 3.6 mol-equiv. 

CH3CN 

8.0 mol-equiv. 

CH3CH2CH2CN 

(CH3)ZCHCN 

(CHMCN 

C6HsCH2CN 

4-CIC,jH4CN 

3-ClQjH4CN 

4-CH$6H&N 

4-CH3GCgHqCN 

HzC=CHCH$N 

HOCH2CH2CN 

EtOCH=CHCN 

neat, 6.0 mol-equiv. 

1.5 
__ 

2.0 
__ 

1.0 
__ 

1.5 
__ 

1.5 
__ 

1.5 

1.5 

1.5 

2.0 

2.0 

2.0 

2.0 

2.0 

1.0 

1.0 
__ 

__ 

95 

99 

44 

68 

74e 

88 

58 

77 

58 

75 

59 

51 

46 

50 

90 

96 

93 

47 

45 (2 1)d 

0 (96)e 
__ 

97 

Wte reactions of these nimles were notmatly done with chloroform or 1,2- 
diCblonXthane as solvent Reactions that weffi nm w&Out solvent (neat nitrile) are 
specifically tndrcated bIsolated yteld of pure product. QSained as a mixture of 
E- and Z-isomers dYield of cyclopropane from adrhtton to alkene double bond 
%eld of the ether from O-H tnsertton 

cyclopropanation of the alkene double bond, and the presence of a free hydroxy group (entry o) leads to 

preferential O-H insertion of the diazomalonate to give the corresponding ether. 

Although many of the naturally occurring oxazoles of interest possess a 4-carboxy-derived substituent, 

very few of them bear a 5-alkoxy group. Therefore, methods were explored for removal of the 5-methoxy 

group from the oxazoles 8 obtained above. A number of reducing agents were investigated, including 
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NaBH$N, NaBH$N/ZnC$, LiB(sec-Bu)sH (Aldrich L-Selectride@), KB(sec-Bu)3H (Aldrich K-Selec- 

tride*), Na/EtOH, Na/t-BuOH, Mg/MeOH, Hz/Rh-C, Hz/Pd-BaS04, and (i-Bu)2AlH/CuI/MeLi/HMPA, but 

none of them gave significant amounts of the desired reductive cleavage products. The only useful results were 

obtained with LiB(Et)JH (Aldrich Super-Hydride@). When a THF solution of the oxazole is cooled to -116 ‘C, 

and the LiB(Et)#‘THF solution is added dropwise, the mixture becomes green. This color fades when the 

solution is warmed to -90 ‘C, but if the reaction is quenched at -90 “C with methanol, only starting oxazole is 

obtained. When the reaction mixture is warmed to -78 “C, quenched with methanol, treated with 30% H202, 

and warmed to 25 ‘C, the desired oxazole products 9 are obtained (eq 4). If the required temperature constraints 

are not properly observed, other products are obtained, including the alcohol 10 from reduction of the 4- 

carbomethoxy group and the oxazoline 11 from reduction of the oxazole nucleus. Based upon the results 

summarized in Table 3, the reductive cleavage reaction is useful for only those substrates bearing an aryl or a 

cinnamyl group at the C-2 position of the oxazole (entries a-d), whereas the reaction fails for alkyl-substituted 

derivatives (entries e and f). In these latter cases, the starting oxazoles are recovered nearly quantitatively. 

CH302 OCH3 

J-c 

LiB(Et)#THF 
CH302 

- 
-116to-78°C JT 

- 

“YO then CHsOH, HZ@ 
-78 to +25X 

y/C (4) 

R R 

8 9 

CH302 mH3 

J-i 

“YO ,, 

R 

Table 3. Cleavage of the 5-Methoxy Group of Oxazoles 8 Using LiB(Et)jH (eq 4) 

Entry Rin8and9 Yield of 9 (%) 

a C6HS 81 

b ChH&H=CH 84 

C 3-ClC& 63 

d 4-CH3C6& 89 

e CH3 0 

f t-Bu 0 
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Applications of Ethyl FormyIdiazomalonate 

The above studies demonstrated that dimethyl diazomalonate (7) could be used to obtain oxazoles directly 

from a number of nitriles. However, removal of the 5-methoxy group from the initially obtained products 

proved to be problematic in many cases. Therefore, we sought to employ a mixed aldehyde ester system which, 

in principle, should give the desired Sunsubstituted oxaz.o!es directly in one step (see eq 1) without the need for a 

subsequent reduction step to remove the 5-alkoxy substituent. 

The diazoaldehyde ester 6 is readily available by a Vilsmeier-Haack formylation @MF/oxalyl chloride) of 

ethyl diazoacetate.14v18 For the desired reaction of 6 with nitriles, a number of catalysts were investigated, 

including Rhz(OAc)4, BFFEt20, Cu(ethyl-acach, Cu(OTf)2, and Pd(OAc)d, but only Rh2(OAc)4 was found to 

be effective. The optimum conditions are use of excess nitrile as solvent at a temperature in the range of 65 to 95 

“C (eq 5). As shown in Table 4, the desired oxazoles 12 are obtained in modest to low yields. The reaction 

most often gives the best results with conjugated nitriles, although acrylonitrile itself gave unsatisfactory results 

due to rapid polymerization. With other nitriles, a principal limitation of this method is the competitive formation 

of a formal carbene dimerization product. This product has not been characterized fully, but 13 or related 

structures as reported by others may be proposed.19 

Et02C H 
Et02C 

K 

CHO Rh2(0AC)4 (caU k( 
- 

+ RCEN 
N2 

65-95 “C N\ O 
Y 

6 R 

12 
! 

E102C 

‘r\ 
- 

+ 0 

Y 

0 

I 
C02Et 

13 

Table 4. Reaction of Diazoaldehyde Ester 6 to Give Oxazoles 12 (eq 5) 

Entry Nitrile Temp. (“C) Yield of 12 (%) 

a Ph-CN 70 45 

b p-Tol-CN 95 25 

C 
H3C*C N 

65 30a 

d EtO-CN 65 36 

e ,,,,wCN 80 24 

f CH3CN 65 18 

g BrCHzCN 75 65 

I (3 

aThe startmg crotononlmle was mainly Z. ‘Ibe product was a 63:37 mixture of Z ad E isomers. 
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DISCUSSION 

The rhodium~atalyzed reaction of diszo dicarbonyl compounds with nitriles provides very direct access to 

useful classes of functionalized 1,3-oxazoles. Dimethyl diazomalonate (7) gives a variety of these oxaxoles 

through USC of nitriles in neat form or in a simple chlorocarbon solvent. This reaction produces oxazoles 8 (eq 

3) that bear a methoxy group at C-5. If desired, this substituent may be removed in some cases by reductive 

cleavage using LiB(Et)sH to give the Sunsubstituted oxazoles 9 (eq 4). On the other hand, the same type of 

product can be obtained more directly through use of the disxoaldehyde ester 6. It is best used with neat nitriles 

but gives only modest to low yields of the oxazoles 12 (eq 5). However, obtaining these products in just one 

simple step without the need for au additional reduction step to remove au undesired substituent is advantageous. 

Also, this method is more direct than the Comforth synthesis (Scheme 1). 

Several recent studies have indicated that many types of rhodium-catalyzed reactions of diazocarbonyl 

compounds proceed via formation of electrophilic rhodium carbene complexes as key intermediates rather than 

free carbenes or other types of reactive intermediates. 12 If this postulate holds for the reactions described herein, 

then the mechanism outlined in Scheme 2 may be proposed. lee The diaxo compound 6 or 7 is assumed to react 

with the rhodium catalyst to generate a carbene complex 14 (L = other ligands, e.g. OAc, solvent, etc.) which in 

turn is subject to nucleophilic attack at its electrophilic carbon center by the nitrile. A nitrilium species 15 then 

undergoes internal attack by what is essentially an enolate oxygen to give the observed oxazole product 8 or 12. 

To account for formation of the desired products 12 in the reaction of the diazoaldehyde ester 6 (eq 5), the more 

nucleophilic aldehyde carbonyl group (R2 = H) must participate in the cyclization rather than the ester group of 

the intermediate 15; the latter possibility would alternatively provide the regioisomeric 5-ethoxy4formyl-1,3- 

oxszoles. A less likely argument is that the regioisomeric products undergo an equilibration under the conditions 

of this reaction to give the desired oxaxoles as the favored products. 

RhnKW4 R3C3N 
0 0 o- 

N2 

6, R’ = Et, R2 = H 

7, RI = Me, R2 = OMe 

R’O R2 
0 

R2 

0 
- (L)mFth”+ 

N\ 0 

Y 8, R’ =Me, R2 = OMe 

15 R3 12, R’ =Et, R2 = H 

Scheme 2 

The oxazoles that are obtained from these rhodium-catalyzed reactions have many potential applications in 

synthesis. We have recently reported, for example, that the 2-bromomethyl derivative (12, R = CHZBr; Table 4, 

entry g) undergoes a modified Reformatsky reaction 20 with a number of aldehydes and ketones.21 



Heterocycloaddition route to 1,3-oxazoles 5453 

This reaction is potentially applicable to the synthesis of severally naturally occurring compounds mentioned 

in the introduction (e.g. virginiamycin MI, 2; bistratamide C, 4; and kabiramide A, 5) and many other oxazola 

containing systems.22 

CONCLUSIONS 

The overall goals of this work have been reached Rhodium-catalyzed cycloaddition reactions of diazo- 

carbonyl compounds with nitriles provide direct access to fimctionalized 1,3-oxazoles bearing a carboalkoxy 

group at the 4-position, a variety of alkyl, alkenyl, and aryl groups at the 2-position, and, in some cases, an 

alkoxy group at the S-position These oxazole derivatives have a number of poteutial applications as key syn- 

thetic intermediates. 
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EXPERIMENTAL SECTION 

General Procedure for Reaction of Dimethyl Diazomalonate with Nitriles. 4-Carbomethoxyd- 
methoxy-2-phenylorazole (8a). To a solution of rhodium (11) acetate dimer (0.021 g, 0 046 mmol) in CHCl3 
(1 mL) was added benzonitrile (0.402 g, 3 9 mmol) The solution was heated to reflux (68 “C) and became a 
deep purple color Dimethyl diazomalonatel7 (7,0 930 g, 5 88 mmol) in CHC13 (5 mL) was placed in a lo-mL 
conical vial fitted with a septum, and the solution was transferred to the reaction flask by a double-ended 
needle over 29 h through use of a syringe pump to pressurize the vial. After the addition, the solution was 
cooled to 25 “C and concentrated The remaining oil was purified by flash chromatography (20% ethyl acetate 
in hexane) to yield 0 776 g (85%) of 8a as white needles: mp 98-99 “C, ‘H NMR (200 MHZ, CDC13) 6 7 94 
(m, 2 H, Ar-fI), 7.40 (m, 3 H, Ar-LI), 4 22 (s, 3 H, C=COCJ&), 3 87 (s, 3 I-I, COOC&); 13C NMR (75 MHz, 
CDC13) 6 161 55 and 16168 GOOCH3 and C-2), 150 61 (C-S), 130 23 (C-4’), 128 52 (C-2’ and 6’), 126 31 (C- 
l’), 125 65 (C-3’ and 5’), 107 23 (C-4), 59 63 (C=COcH3), 51 63 (COOcH3); IR (CDC13) 1716 GOOCH3), 
1625 uOCH3) cm-l; mass spectrum (CI, argon) m/e (rel intensity) 233 @4+, 27) 173 (11) 146 (15), 105 
(100) 77 (24). Anal Calcd for C12Hl lN04 C, 61 80, H, 4.75 Found C, 61.53, H, 4 75 

4-Carbomethoxy-2-(E-cinnamyl)-S-methoxyoxazole (8b): 0 33 g (44%) as a white solid; mp 79-80 
‘C, *H NMR (200 MHz, CDC13) 6 7 43 (m, 5 H, Ar-fI), 7 38 (d, J = 16 Hz, 1 H, ArCH=CI-I), 6 79 (d, J = 16 
Hz, 1 H, ArCH=CH), 4 26 (s, 3 H, C=COCti3), 3 91 (s, 3 H, COOCK3), 13C NMR (75 MHz, CDC13) 
$161 70 and 161 36 GOOCH3 and C-2) 150 73 (C-5), 135 73, 135 08, 129 27, 128 85, 127 01, 112 90,107 45 
(C-4), 59 80 (C=COcH3), 51 76 (COOcH3), IR (CDC13) 1714 (mCH3), 1626 (C=COCH3) cm-l, mass 
spectrum (CI, argon) m/e (rel intensity) 260 (M+l, 14) 259 @I+, 73) 200 (14), 199 (100) 155 (21) Anal 
Calcd for Cl4HI3N04 C, 64 86, H, 5 05 Found C, 64 80, H, 5 18 

Reaction with Crotononitrile. From 7 (1 411 g, 8 92 mmol, 1 0 eq) in 1,2-dichloroethane (5 mL), 
Rhz(OAc)4 (0.029 g, 0 065 mmol), and predominantly Z-crotononitrile (3 001 g, 44 71 mmol) in 1,2- 
dichloroethane (4 5 mL) was obtained 1 54 g (88%) of 8c as a 86 14 22 2E mixture Pure fractions of each 
isomer could be obtained by an additional purification by radial chromatography (5% ethyl acetate in hexane) 
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2-Benzyl-4-carbomethosy-5-methoxyos~le (8i): 0.74 g (50%) as a white solid, mp 182-183 “C; tH 
NMR (300 MHz, CDC13)6 7.30 (m, 5 I-I, Ar-I-I), 4.10 (s, 3 H, GCOC~), 4.02 (s, 2 H, C&Ar), 3.87 (s, 3 
I-I, COOCJ&); 13C NMR (75 MHz, CDCl3) 6 161 84 and 161.66 aOOCH3 and C-2), 151.93 (C-5), 128.63, 
128.50, 127.12, 105.87 (C-4), 59.61 (C=COI(;H3), 51.57 (COOm3), 34.58 (Ar-cH2); IR (CDC13) 1716 
&QQCH3), 1637 mCH3) cm-l, mass spectrum (CI, argon) m/e (rel intensity) 248 (24, M+l), 247 (44, 
M+), 216 (13), 187 (12), 160 (25), 159 (25), 91 (100). Anal. Calcd for Cl3Hl3N04: C, 63 15; H, 5.30 
Found C, 63.12; H, 5.21. 

4-Carbomethory-5-methoxy-2-(4’-chlorophenyl)oxazole (Sj). 0.403 g (90%) as white needles; mp 
lll-l13°C,lHNMR(200MI-k,CDC13) 67.92(d,J=86Hz,2H,Ar-H),742(d,J=SSHz,2H,Ar-H), 
4.28 (s, 3 H, C=COCH3), 3.92 (s, 3 I-I, COOCH3), 13C NMR (75 MHz, CDC13) 6 161.78 and 161.70 
(cOOCH3 and C-2), 149.97 (C-5), 136 59 (C-4’), 129 06 (C-2’ and 6’), 127 12 (C-3’ and 5’), 124 83 (C-l’ , 
107 79 (C-4), 59.97 (C=COcH3), 5186 (COOcH3); IR (CDC13) 1716 &QQCH3), 1630 (c=CQCH3) cm- 1’ ; 
mass spectrum (CI, argon) m/e (rel intensity) 267 (23, M+), 207 (lo), 141 (32), 139 (loo), 111 (16), 75 (10) 
Anal Calcd for Cl2HlOClN04 C, 53.85, H, 3 77 Found. C, 53 86; I-I, 3 76. 

4-Carbomethoxy-5-methoxy-2(3’-chlorophenyl)ox~ole (Sk) 0 5 11 g (96%) as white needles; mp 
134-136 ‘C, lH NMR (200 MHz, CDC13) 6 7.98 (s, 1 H, Ar-I-I), 7.88 (m, 1 I-I, Ar-H), 7.40 (m, 2 H, Ar-H), 
4 29 (s, 3 H, COOCW), 3 93 (s, 3 I-I, OCW); 13C NMR (75 MHz, CDC13) 6 161 88 and 161 74 GOOCH3 
and C-2), 149.49 (C-5), 134.96 (C-3’), 130 43 (C-4’), 130.13 (C-2’), 127 95 (C-l’), 125.85 (C-5’), 123 92 (C-6’ 
107.77 (C-4), 59 98 (C=COcH3), 51 93 (COOcH3); IR (CDC13) 1715 mCH3), 1628 (c=CQCH3) cm- 1 

, 
; 

mass spectrum (CI, isobutane) m/e (rel intensity) 270 (35, M+3), 269 (29, M+2), 268 (1 00, M+l), 267 (31, 
M+), 236 (25), 139 (15) Anal. Calcd for Cl2HlOClN04’ C, 53 85, H, 3 77 Found. C, 53 82; H, 3.87 

4-Carbomethoxy-5-methoxy-2-(4’-methylphenyl)oxazole (81) 0 51 g (93%) as 
“C, ‘H (300 MHz, CDC13) (d, J = 8 3 2 H, Ar-I-I), (d, J = 8 3 2 I-I, Ar-I-I), 

4 24 3 H, OC&), 3.91 3 I-I, COOC&), 2 38 3 H, Ar-Cm), 13C NMR MHz, CDC13) 6 161.79 
and 161 53 aOOCH3 and C-2), 151 02 (C-5), 140 64 (C-4’), 129 28 (C-2’ and 6’), 125 72 (C-3’ and 5’), 123 51 
(C-l’), 107 27 (C-4), 59 70 (C=COcH3), 51 62 (COOcH3), 21 34 (Ar-cH3); IR (CDC13) 1714 &QQCH3), 
1631 (C=COCH3) cm-l, mass spectrum (CI, argon) m/e (rel intensity) 247 (30, M+), 216 (5), 187 (16), 119 
(loo), 91 (25). Anal Calcd for Cl3Hl3N04 C, 63.15, H, 5.30 Found C, 63 15, I-I, 5 23. 

4-Carbomethoxy-5-methoxy-2-(4’-methoxyphenyl)oxazole (8m) 0 21 g (47%) as a white solid, mp 
121-123 “C, 1~ NMR (200 MHz, CDCl3) 6 7 92 (d, J = 9 0 Hz, 2 H, Ar-I-I), 6 95 (d, J = 9.0 Hz, 2 H, Ar-I-I), 
4 25 (s, 3 H, C=COCm), 3 92 (s, 3 H, Ar-OCm), 3 86 (s, 3 I-I, COOCm), 13C NMR (50 MHz, CDC13) 6 
161 98, 161.56 and 161.40 (C-4’, C-2, and 1;00CH3), 151 07 (C-5), 127 56 (C-2’ and C-6’), 119 00 (C-l’), 
114 14 (C-3’ and C-5’), 107.24 (C-4), 59 79 (C=COcH3), 55 32 (Ar-OcH3), 51 75 (COOcH3), IR (CDC13) 
1714 &QQCH3), 1632 (C=CQCH3), 1612 (&-OCH3) cm-l, mass spectrum (CI, argon) m/e (rel intensity) 
263 (30, M +). 176 (11), 135 (100) Anal Calcd for Cl3Hl3N05 C, 59.31, H, 4 98. Found C, 59 36, H, 
4 93 

Reaction with 3-Butenonitrile. 7 (1 907 g, 12 0 mmol, 1 02 eq) in CHC13 (4 mL) was added over 13 h 
to Rh2(OAc)4 (0 023 g, 0.065 mmol) and 3-butenonitrile (0 709 g, 11 8 mmol) in CHC13 (1 mL) The resulting 
brown slurry was passed through a 25-cm column of silica gel and eluted with methylene chloride The yellow 
solution was then purified by flash chromatography (20% ethyl acetate m hexane) to yield two products. 1 07 
g (45%) of 8n and 0 642 g (27%) of 1,1-dicarbomethoxy-2-(cyanomethyl)cyclopropane 

4-Carbomethoxy Smethoxy-2-(2’-propenyl)oxazole (Sn) white solid, mp 55-57 “C, 1~ NMR (200 
MHZ, CDC13) 6 5 87 (m, 1 H, CH2CH=CH2), 5 15 (dd, Jl’,2’_trans = 16 4 HZ, Jl’,3’ = 1 5 HZ, 1 H, 
CH2CH=CH(H)), 5 13 (dd, Jl’,2’_cis = 10 4 HZ, Jl’,3’ = 1 2 Hz, 1 H, CH2CH=CH(H)), 4 08 (s, 3 H, 
C=COC&i), 3 79 (s, 3 H, COOCm), 3 39 (dt, J = 3 9 Hz, 1 2 Hz, 2 H, C&CH=CH2), 13C NMR (300 
MHz, CDC13) 6 161 23 and 161 34 (C-2 and cOOCH3), 151.28 (C-5), 130 02 (CH2cH=CH2), 118 31 
(CH2CH=cH2), 105 44 (C-4), 59 31 (C=COcH3), 51 05 (COOs;H3), 32 08 (cH2CH=CH2), IR (CDCl3) 
1714 (GQQCH3). 1639 (c=COCH3), 995 (CH2CH=CH2), 920 (CH2CH=CH2) cm-t, mass spectrum (CI, ar- 
gon) m/e (rel intensity) 198 (35, M+l), 197 (100, M +), 168 (30), 166 (58), 138 (16), 137 (37), 111 (IS), 110 
(72), 109 (34), 78 (1 l), 69 (44), 68 (50), 66 (13) Anal Calcd for C9Hl lN04 C, 54 82, H, 5.62 Found C, 
54 93, H, 5 69 
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l,l-Dicrrbomethoxy-2-(cyanomethyl)cyclopropane: colorless oil; 1H NMR (200 MHZ, CDC13) 6 
3 59 (s, 3 H, COOCH3), 3.54 (s, 3 I-L COW&), 2.39 (dd, J = 7.1 Hz, 5 1 Hz, 2 H, CH2CHC&CN), 1.99 
(m, 1 I-I, CH~CUCHZCN), 1.34 (m, 2 I-I, CH2CHCH2CN); 13C NMR (75 MHz, CDCl3) 6 168.88 and 
167 51 GOOCH3), 117.13 (CHGN), 52 84 (COOm3), 33.08 (Cm2CN), 22 42, 20.28, 16 78; IR (neat) 
2255 (CHa, 17.22 &QQCH3)cm-1, 
(18) 

mass spectrum (CI, argon) m/e (rel intensity) 198 (100, M+l), 166 
Anal. Calcd for CgHllNO4. C, 54.82; H, 5 62. Found. C, 54.87, H, 5.74 
3-~is(carbomethoxy)methyloxylpropmonitrile. From Rhz(OAc)4 (0.010 g, 0.023 mmol), 3-hydrox- 

yproprionitrile (0.371 g, 5.22 mmol) in CHC13 (1 mL), and 7 (0 901 g, 5.70 mmol) in CHC13 (5 mL). Obtained 
after flash chromatography (methylene chloride) was 1.003 g (96%) of 3-[bis(carbomethoxy)methyloxy]- 
propanonitrile as a colorless oil: lH NMR (300 MHz, CDC13) 6 4.65 (s, 1 H, OCH(COOCH3)2), 3 88 (t, J = 
6 3 Hq 2 H, OCH2CH2CN), 3.83 (s, 6Y CH(COOCH3)2), 2.76 (t, J = 6 3 Hz, 2 H, OCH2CfI2CN); 13C 
NMR (75 MHz, CDCl3) 6 166.03 (CH&OOCH3)2) , 117 00 (OCH2CH2cN), 78 58 &H(COOCH3)2), 
65 45 (OGH2CH2CN), 52 91 (CH(Coo11;H3)2), 18 66 (OCHa2CN); IR (CDC13) 2255 (CN), 1768 
&.QQCH3) cm-l; HRMS (EI) calcd for QHl2NO5 202.0715, found 202 0715 (M+H) 

4-Carbomcthoxy-2-(2’-ethoxy-E-ethenyl)-5ole (8~): 3 03 g (97%) as a white solid; 
mp 76-77.5 ‘C; lH NMR (300 MHz, CDC13) 6 7 38 (d, J = 13.01 HZ, 1 H, CfI=CH), 5.58 (d, J = 12 98 HZ, 1 
H CH=CH), 4.18 (s, 3 H CC&+), 3 96 (q, J = 7.02 Hz, OC&$H3), 3 85 (s, 3 H, CO2CEI3), 1 38 (t, J = 7 0 
Hz, 3 H OCH2CH3 13C NlKR (75 MHz, CDC13) 6 160.73, 159 79, 153 72, 149.62, 105.46, 91.47, 65 42, 
58 89, 50.32, 13.42, mass spectrum (BI) m/e (rel intensity) 227 (80, M), 170 (40), 139 (40), 99 (100) Anal 
Calcd for Cl0Hl3N05’ C, 52.86; H, 5.72 Found. C, 52 83; H, 5 86. 

General Procedure for the Reduction of 4-Carbomethoxy-5-methoxyoxazoles. 4Carbomethoxy- 
2-phenyloxazole (9a). 8a (0.283 g, 1.21 mmol) and THF (10 mL) under nitrogen was cooled to -116 ‘C using 
an ethyl ether/liquid nitrogen bath The colorless solution was stirred vigorously as LiBEt3H (Aldrich Super- 
Hydride@, 1.33 mL of a 1 0 M solution in THF) was added dropwise down the side of the flask. After the 
addition, the lime green-colored solution was warmed up and became colorless at -83 “C The solution was 
maintained at -78 ‘C for 2 h and warmed to -65 ‘C before methanol (5 mL) was added The solution was 
warmed to -10 ‘C, and 30% Hz02 (0 5 mL) was added The solution was warmws to 20 OC and stirred for 2 h 
The solution was poured into chloroform (70 mL) and washed with satd aq solutions of NaIlSO (2 x 20 mL) 
and NaCl (20 mL). The solution was dried (MgSO4), concentrated in vacua, and purified by radial 
chromatography on silica gel (20% EtOAc/hexane) to provide 8a (0 055 g, 19%) and 0 198 g (81%) of 9a as a 
white solid: mp 86-87 “C; lH NMR (300 MHz, CDC13) 6 8.28 (s, 1 H, H-5), 8 11 (m, 2 H, Ar-H), 7 48 (m, 3 
H, Ar-H), 3.96 (s, 3 H, COOCH3), 13C (75 MHz, CDCl3) 6 162.42 and 161 68 (C-2 and cOOCH3), 143 72 
(C-5), 134 33 (C-4), 131 13 (C-4’), 128.76 (C-2’ and 6’), 126 81 (C-3’ and 5’), 126 30 (C-l’), 52 20 (COOQ-i3), 
IR (CDC13) 1725 cm-l GCLLQCH3), mass spectrum (CL isobutane) m/e (rel intensity) 204 (loo), 203 (30, 
M+)+ 85 (28) Anal CalcdforCl~lH9NO3 C-65 OZH4 46 Found C,64 86,~H!463 

4-Carbomethoxy-2-(E-cinnamyl)oxazole (9b) Obtained 8b (0 063 g, 16%) and 0 198 g (84%) of 9b 
as a white solid. mp 133-134 “C; 1H NMR (300 MHz, CDC13) 6 8 21 (s, 1 H, H-5), 7 63 (d, J = 16 4 Hz, 1 H, 
ArCH=CH), 7.54 (m, 2 H, Ar-H), 7.40 (m, 3 H, Ar-H), 6 95 (d, J = 16 4 Hz, 1 H, ArCH=CH), 3 95 (s, 3 H, 
COOCH3); 13C NMR (75 MHz, CDC13) 6 162 07 and 161.57 (CPOCH3 and C-2), 143 28 (C-5), 138 29, 
134 82, 134 24, 129.26, 128 86, 127 29, 112 70 (C-4), 52 14 (COOm3); IR (CDC13) 1735 cm-l (aCH3); 
mass spectrum (CI, isobutane) m/e (rel intensity) 230 (100, M+l), 229 (20, M+) Anal Calcd for 
Cl3Hl lN03 C, 68 11; H, 4 83 Found C, 68 23, H, 5 00 

4-Carbomethoxy-2-(3’-chloro henyl)oxazole (9~) Obtained 8k (0 043 g, 25%) and 0 108 g (63%) of 
9c as a white solid mp 128-129 ‘C, P H NMR (300 MHz, CDC13) 6 8 30 (s, 1 H, H-5), 8 13 (s, 1 H, Ar-H), 
8 00 (d, J = 8 0 Hz, 1 H, Ar-H), 7 48 (m, 2 H, Ar-H), 3 96 (s, 3 H, COOCH3), 13C NMR (75 MHz, CDC13) 6 
161 49 and 161 10 aOOCH3 and C-2), 143 03 (C-5), 134 98 (C-4), 134 47 (C-3’) 131 17 (C-4’), 130 21 (C- 
2’) 127 84 (C-l’), 126 64 (C-5’) 124 82 (C6’), 52 27 (COOcH3), IR (CDC13) 1726 cm-l aCH3), mass 
spectrum (CI, isobutane) m/e (rel intensity) 240 (30, M+2), 238 (100, M+) Anal Calcd for Cl lH8ClN03 C, 
55 60, H, 3 74 Found C, 55 69, H, 3 25 

4-Carbomethoxy-2-(4’-methoxy henyl)oxazole (9d) Obtained 8m (0 010 g, 9%) and 0 801 g (89%) 
of 9d as a white solid mp 115-l 17 “C, P H NMR (300 MHz, CDC13) 6 8 24 (s, 1 H, H-5), 8 04 (d, J = 9 0 Hz, 
2 H, Ar-H), 6 96 (d, J = 9 0 Hz, 2 H, Ar-H), 3 94 (s, 3 H, Ar-OCH3), 3 86 (s, 3 H, COOCH3), 13C NMR (75 
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MHz, CDCl3) 6 162.92, 161.89 and 161.84 (C-4’. C-2 and cOOCH3), 143.29 (C-5), 134.00 (C-4), 126.94 (C- 
2’ and 6’), 118 98 (C-l’), 114.19 (C-3’ and S), 59.33 (Ar-OGH3), 52.13 (COOQ-I3); IR (CDC13) 1714 cm-l 
&QQCH3), mass spectrum (CL isobutane) m/e (rel intensity) 234 (70, M+l), 233 (1 00, M+) Anal Calcd 
for C12HllN04: C, 61.80; H, 4.75 Found C, 62.00; H, 4.72 

Ethyl a-Formyldiazoacetate (6). 18 Into a 1-L Schlenk flask was added DMF (14.2 mL, 13.4 g, 184 
mmol) and anhyd ethyl ether (800 mL) under nitrogen. The flask was placed in a cold bath at -78 “C. Oxalyl 
chloride (15 1 mL, 22.0 g, 175 mmol) was added, and a fluffy white precipitate formed. The CO2 was vented. 
After the addition, the mixture was stirred at 24 Y! for 2 h. The flask was transferred to a glove box and 
filtered The flu@ white solid was transferred into a clean 1-L flask fitted with a septum and removed from 
the glove box. The flask was placed under nitrogen, and chloroform (500 mL) was added. The solution was 
stirred at 24 ‘C for 10 min The flask was cooled to -78 “C. The nitrogen inlet was replaced with a drying tube 
as ethyl diazoacetate (39.6 g, 346 mmol) was added. After the addition, the flask was warmed to 24 ‘C. 
(caution. nitrogen gas evolution may become brisk upon warming. The -78 ‘C bath should be kept close by in 
case gas evolution becomes too brisk). After being stirred at 24 OC for 2 h, the solution was concentrated at ca 
10 torr at <30 ‘C. The yellow residue was treated with anhyd ethyl ether (100 mL), and the heterogeneous 
solution was placed in a -20 ‘C freezer for 1 h. The ether was decanted off, and 5% aq acetic acid (100 mL) 
and ethyl ether (200 mL) were added. The solution was stirred at 24 ‘C for 1 h. The solution was poured into 
a separatoty funnel, and the ether layer was isolated The aq layer was extracted with ether (5 x 40 mL). The 
combined ether extracts were washed with 1 N aq NaHC03 (30 mL) and satd aq NaCl (30 mL), dried 
(MgS04), and concentrated at ca. 10 torr at <30 “C), and the resulting yellow-orange oil was distilled at 
reduced pressure to provide 10 5 g (42%) of 6 as a bright yellow liquid (Caution: distillation should be carried 
out behind a safety shield in a well-ventilated hood.). bp 75-80 “C (9-10 tot-r, lit.** bp 35-36 “C, 0 7 torr); lH 
NMR (300 MHz, CDCl3) 6 9.68 (s, 1 H, fIC(O)), 4 33 (q, J = 7.11 Hz, 2 H, OC&CH3), 133 (t, J = 7 12 
Hz, 3 H, OCH2Cm); 13C (75 MHz, CDCl3) 6 180.83 (JIG(O)), 160.79 cO2CH2CH3), 103.55 a=N2), 
6148 (OcH2CH3), 13.81 (OCHm3); JR (neat) 2149 (C=N2), 1725 (COOCH2CH3), 1715 cm-l (C=O) 

General Procedure for the Synthesis of Oxazoles from Ethyl a-formyldiazoacetate (6). CCar- 
boethoxy-2phenyloxazole (12a). 6 (0.546 g, 3 84 mmol) in benzonitrile (20 mL) was added to Rhz(OAc)4 

(0.023 g, 0.06 mmol) in benzonitrile (20 mL) over a 4-h period. After the addition, the solution was stirred at 
65-70 “C for 6 h. The excess nitrile was distilled off under reduced pressure, and the residual brown oil was 
purified by radial chromatography on silica gel (10 % ethyl acetate in hexane) to provide 0.35 g (45%) of 12a 
which was recrystallized from ether as white needles mp 69-71 “C, 1~ NMR (300 MHz, CDC13) 6 8 25 (s, 1 
I-I, H-5), 8.10 (m, 2H, Ar-I$, 7.45 (m, 3 H, Ar-H), 4.40 (q, J= 7.1 Hz, 2H, OC&CH3), 1.39 (t, J = 7.1 Hz, 
3 H, OCH2Cm); 13C (75 MHz, CDCl3) 6 162.36 and 161.27 (C-2 and mCH2CH3), 143 58 (C-5), 134.58 
(C-4), 131.08 (C-4’), 128.73 (C-2’, 6’), 126.84 (C-3’, 5’) 126.33 (C-l’), 61.26 (OQ-I2CH3), 14 30 (OCH2Q-I3), 
JR (CDC13) 1736 cm-l &QQCH2CH3 str), mass spectrum (CL isobutane) m/e (rel intensity) 219 (20, M+2), 
218 (1 00, M+l), 217 (42, M+). Anal. Calcd for Cl2Hl lNO3 C, 66.35; H, 5.10. Found C, 66.49; H, 5.31 

4-Carboethoxy-2(4’-methylphenyl)oxazole (12b) 0.321 g (25%) as white needles, mp 93-94 “C, 1H 
NMR (300 MHz, CDC13) 6 8.14 (s, 1 H, H-5), 7 87 (d, J = 8 17 Hz, 2 H, Ar-H), 7 14 (d, J = 7 94 Hz, 2 H, 
Ar-H), 4 32 (q, J = 7.10 Hz, 2 H, COOC&CH3), 2 28 (s, 3 H, Ar-Cm), 1 29 (t, J = 7 17 Hz, 2 H, 
COOCH2CH3); 13C NMR (75 MHz, CDC13) 6 162 61 and 161.30 &OOCH2CH3 and C-2), 148 24 (C-5), 
141.44 (C-4’), 134.98 (C-4), 129.39 (C-2’ and 6’), 126 79 (C-3’ and 5’) 123.77 (C-l’), 61.06 (COOC.H2CH3), 
21.39 (Ar-CH3), 14 22 (COOCH2QJ3); JR (CDC13) 1726 cm-l mCH2CH3); mass spectrum (CI, isobu- 
tane) m/e (rel intensity) 232 (86, M+l), 23 1 (100, &), 203 (22, ti - CzH4). Anal Calcd for C 13Hl3N03’ 
C, 67 52; H, 5.66 Found. C, 67 51; H, 5.70 

4-Carboethoxy-2-Q’-propenyl)oxazole. Mixture of Z and E Isomers. Purification of the crude 
product from predominantly Z-crotononitrile by radial chromatography on silica gel (5% ethyl acetate in hex- 
ane) gave 0.801 g (30%) of lk as a 63.37 Z:E mixture. The first fractions gave the pure Z-isomer, and the last 
fractions gave the pure E-isomer. Z-12~: 1~ NMR (300 MHz, CDCl3) 6 8 24 (s, 1 H, H-5), 6.35 (d, J1’,2’ = 
11.71 Hz, 1 H, CH3CH=Cl$), 6.22 (dq, Ji’,2 = 11 78 Hz, J2’,3’ = 6.69 Hz, 1 H, CH3CJ&CH), 4.40 (q, J = 
7.15 Hz, 2 H, OCH2CH3), 2.20 (dd, J2’,3’ = 6 43 Hz, Jl’,3’ = 0.54 Hz, 3 H, CJ&CH=CH), 1.38 (t, J = 7.14 
Hz, OCH2CH3); 13C (75 MHz, CDC13) 6 161.29, 160.68, 142 25, 136 98, 133.43, 114 68, 6047 
(Cm2CH3), 15 01, 13.67; mass spectrum @) m/e (rel intensity) 181 (40, M+), 136 (24), 135 (loo), 69 (48) 
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Anal. Calcd for CloHl3N04: C, 59.60; H, 6.07 Found: C, 59.69; II, 6.17. E-12~: rH NMR (300 MHZ, 
CDC13) 6 8.14 (s, 1 I-I, H-S), 6.85 (dq, Jl’,2’ = 15.96 Hz, J2’,3’ = 6.90 Hz, 1 H, CH3CH=CH), 6.37 (dq, Jl’,2’ 
= 15.97 Ha, Jll,31 = 1.77 Hz, 1 II, CH3CH=CK), 4.40 (q, J = 7 13 Hz, 2 H, OC 

II: 
CH3), 

6.91 Hz, Jl’,3’ = 1.75 Hz, 3 H, CI&CH=CH), 1.38 (t, J = 7.13 Hz, OCH2C&3); 3C 
1.95 (dd, J21,3’ = 

(75 MHz, CDC13) 6 
161.45, 161 07, 142.66, 137.23, 133.84, 116.91, 60.85 (OQI2CH3), 18.21, 14.02; IR CDC13) 1726 cm-l 
(COOCH2CH3); mass spectrum (El) m/e (rel intensity) 181 (78, I@), 153 (100, I@ - C2H4), 136 (44), 135 
(70) 69 (100); mass spectrum @I) m/e (rel intensity) 181 (35, I@), 153 (55, I&- C2H4), 136 (22) 135 (38), 
69 (loo), 56 (44), 44 (78). Anal. Calcd for Cl0Hl3N04: C, 59.60; I-I, 6 07. Found: C, 59.46; H, 6.18. 

4-Carboethosy-2-(2’-ethoxy-E-ethenyl)oxazole (12d): 1.47 g (36%) as a white solid; mp 51-52 ‘C; 
lH NMR (300 MHz, CDC13) 6 8.079 (s, 1 H, H-5), 7.58 (d, J = 12.93 Ha, 1 I-I, CH=CI-I), 5.72 (d, J = 12.93 
Hz, 1 H CH=C 

I-? 
,4.40 (q, J = 7.07 Hz, 2 I-I, CG2CfIzCH3), 3.94 (q, J = 7.06 Hz, 2 I-I, GC&CH3), 1.39 (m, 

6 H, CH2CH3); 3C NMR (75 MHz, CDC13) 6 161.78, 161.15, 156.05, 141.74, 133.57, 92.22,66 29, 60.17, 
14.18,13 99, IR (CDC13) 1730 cm-l &QQCH2CH3); mass spectrum (CI, isobutane) m/e (rel intensity) 212 
(20, M+l), 211 (64, M+), 183 (27), 166 (30), 155 (42) 137 (100) 99 (58) 71 (42). Anal. Calcd for 
ClOHl3N04: C, 56.87; II, 6.16 Found: C, 57.00; I-I, 6 28. 

4-Carboethoxy-2-(E-cinnamyl)oxazole (12e): 0.846 g (24%) as a white solid; recrystallized as white 
needles from ethyl ether; mp 110-112 “C; 1H NMR (300 MHz, CDC13) d 8.20 (s, 1 H, H-5), 7.62 (d, J = 
16.46 Hz, 1 H, ArCH=CH), 7 52 (m, 2 I-I, Ar-H), 7.38 (m, 3 H, Ar-EL), 6 96 (d, J = 16.44 Hz, 1 H, 
ArCH=CH), 4.42 (q, J = 7.15 Hz, 2 I-I, OC&XH3), 1.40 (c J = 7.16 Hz, 3 II, OCH2CK3); 13C NMR (75 
MHz, CDC13) 6 161.98 and 161.11 aOOCH2CH3 and C-2), 143.13 (C-5), 138 10, 134.85, 134.55, 129.52, 
128.80, 127.3, 112.79 (C-4) 61.11 (CGGQI2CH3), 14 18 (COGCH2QI3); mass spectrum (CL isobutane) 
m/e (rel intensity) 244 (100, I&). Anal. Calcd for Cl4H13N03: C, 69.12; H, 5 38. Found: C, 69.08; H, 5.46. 

4-Carboethoxy-2-methyloxazoIe (129. 0.397 g (18%) as a colorless oil; 1H NMR (300 MHz, CDC13) 
6 8.07 (s, 1.9 H-5), 4.31 (q, J = 7.40 Hz, 2 H, OC&CH3), 2.45 (s, 3 H, Cm), 1 31 (t, J = 7.14 Hz, 3 H, 
OCH2Cm) (lit.23 lH NMR), IR (CDC13) 1736 cm-l aCH2CH3 str); mass spectrum (EI) m/e (rel 
intensity) 156 (10, M+l), 155 (50, M?), 127 (100, M+ - C2Hq), 110 (60), 99 (20). 

4-Carboethoxy-2-(bromomethyl)oxazole (12g): 2.21 g (67%) as a white solid; recrystallized from 
hexane; mp 43-44 OC!; 1H NMR (250 MHz, CDC13) 8 8 21 (s, 1 H, H-5), 4 45 (s, 2 I-I, C&Br), 4.36 (q, J = 7 1 
Hz, 2 II, CH3C&O), 1.35 (t, J = 7 1 Hz, 3 II, CH,3CH20); 13C NMR (62.5 MHz, CDC13) 6 160.64, 159 99 
(I;OzEt, C-2), 144.84 (oxazole C-5), 134.26 (oxazole C-4), 61 44 (CH31(3IzO), 19.35 UzBr), 14.24 
(m3CH2O); IR (neat) 3034 (aromatic C-H stretch), 2980, 2934 (aliphatic C-H str), 2253 (C=N str), 1738 
(C=O str), 1579 (C=C-0 str), 1468 (CHzOC(0) bend), 1447 (CHzBr scissoring bend), 1371 (CH3 bend), 
1315, 1245 (CH2Br wagging bend), 1110 cm-l, mass spectrum (EI) m/e (rel intensity) 233 (2 35, M+- 1), 154 
(14 0, M+ - Br), 149 (30 I), 126 (18 5), 119 (3 6, BrCH$N+), 94 (25.3, CHzBr+ + H+), 81 (19 4, isotope 
Br+), 79 (6 6, Br+), 73 (10 5, C3H&+), 71 (46.3, C3H#2+), 69 (36.9), 45 (17 3, CzH50+), 43 (100, 
C2H3O+) Anal Calcd for C7I-IaBrNO3 36 06% C, 3 46% H Found. 36 17% C, 3 34% H 
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