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Summary: Rhodium(II) acetate catalyzes the reaction of dimethyl diazomalonate with n i t r i les  
to give 4-carbomethoxy-5-methoxy-l,3-oxazoles. Oxazole formation exceeds cyclopropane 
formation even in cases of conjugated and non-conjugated unsaturated n i t r i les .  

1,3-Oxazoles of various substitution patterns and their reduced derivatives (oxazolines, 

oxazolidines) are well-known heterocyclic compounds for which a number of methods of 

synthesis have been reported. 2"3 Many examples of these compounds having important uses and 

biological act iv i ty are known, 2 but our interest in this area is due primarily to the 

presence of an oxazole system of a particular substitution pattern in the streptogramin 

antibiot ics, of which griseoviridin 1 and virginiamycin M 1 2 are specific examples. 4-6 
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Based upon the strategy that we have chosen in our approach to the synthesis of these 

antibiot ics, we sought a method for oxazole formation that would be based formally upon the 

reaction of an acylcarbene 3 with a n i t r i l e  (eq 1). Acylcarbenes, or functionally equivalent 

species, have been generated by several means in the past and have been found to undergo 

reactions not only in the desired manner with n i t r i les  but also in an analogous fashion with 

carbonyl compounds and other substrates. 2,7 We believed that recent studies of the rhodium- 

catalyzed reactions of diazo compounds 8 could be applied to the problem at hand to provide a 
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very simple and ef f ic ient  route to the particular oxazoles required in our work. Indeed, we 

are very pleased to report our success in achieving this goal. 
~-~ RO2C OR 
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Dimethyl diazomalonate 9 undergoes react ion with a range of n i t r i l e s  in the presence of 

rhodium(II) ace ta te  as a c a t a ly s t  ( t y p i c a l l y  0.005 to 0.01 mol-equiv) to give 2 - subs t i t u t ed  

4-carbomethoxy-l ,3-oxazoles  (4, eq 2)° Although other  solvents  may be used in th i s  r eac t i on ,  

chlorocarbons,  such as chloroform or 1 ,2-d ichloroe thane  are e spec i a l l y  usefu l ,  To date ,  

optimum resu l t s  are obtained when the diazomalonate is added very slowly to the o ther  

rea gent s. CH302C~ .,,,.,,OC H 3 

T : l  O O Rh2(OAc) 4 
/ ~ ~  + R'-CN ~ N ~[,,,,/O (2) 

CH30 OCH 3 CHCI3, reflux 
N 2 R' 

4 

Table Preparation of Substituted Oxazoles 4 (equation 2) 

Entry R'-CN mol-equiv, of % Yield a mp (°C) 
diazomalonate 

a C6HsCN 1.5 85 98-99°C 
b 4-CI-C~H~CN 2.0 go 111-113°C 
c 4-CH3-C~H4CN 2.0 93 133-134°C 
d 4-CH30-C6H~CN 2.0 47 b 121-123°C 
e 4-NO?-C~H4CN 2.0 0 . . . .  
f 3-CT-C~HaCN 2.0 96 134-136°C 
g C6Hs-CH2CN 2.0 50 183°C 
h C6H5-CH=CHCN 2.0 44 78-80°C 
i CH3CN 1.5 58 119,122°C 
j CH3CH?CH2CN 1.5 59 oi l  
k CH3(CR2)7CH 1.5 58 oi l  
l (CHR)~CHCN 1.5 51 52-54°C 
m (CN~CCN 1.5 46 oi l  
n CH3CN=~HCNC 1.0 64(E) 49-50°C 

IO(Z) 90-BI°C 
o CH2=CHCH2CN 1.0 45 55-57°C 

21 d oil 
p HOCH2CH2CN 1.0 0(96) e oil 

ayields of isolate~, pure products. All products exhibit satisfactory spectroscopic and 
analytical data. The solution of rhodium(II)acetate and n i t r i l e  turned black upon refluxing 
in CHCI 3. Only starting materials were recoverd upon workup. 
Cpurchased and used as a mixture of predominantly trans isomer, dRefers to cyclopropane 
product derived from addition of diazomalonate to alkene double bond. eRefers to yield of 
product derived from carbene insertion into the OH bond of the alcohol. 

As may be seen from the table, the reaction proceeds with a wide range of n i t r i l es .  The 
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yields are higher, for aromatic n i t r i les  than for aliphatic n i t r i les ,  but the difference is 

due, in part, to the greater efficiency in isolating and purifying the crystal l ine 2-aryl 

derivatives. Not surpr is i ,gly,  cyclopropanation 8 is a competing reaction in the case of 

unsaturated n i t r i les  (entry o). Free hydroxyl groups also interfere in the expected 

fashion 10 to give insertion products (entry p). 

Finally, we have br ief ly  investigated the reductive cleavage of the 5-methoxy group from 

our oxazoles in order to reach the basic substitution pattern seen in the streptogramin A 

antibiotics. Preliminary studies with lithium triethylborohydride 11 (eq 3) demonstrate the 

feas ib i l i ty  of selectively removing the 5-methoxy group from the ring. We have yet to study 

this reaction systematically with a wide range of reducing agents. 

CH302C~ OCH3 CH302C'~H (3) 
N~O + LiBEt3H " N~O 

Ph Ph 
In conclusion, we have developed a convenient procedure for obtaining the desired types 

of functionalized oxazoles. Ongoing studies are being directed toward further optimization 

of the reaction described above, the use of alternative diazo compounds leading to more 

direct formation of oxazoles lacking the undesired 5-methoxy substituent, and the application 

of these reactions to natural product synthesis. 

T~/pical procedure: To a stirred solution of Rh2(OAc) 4 (0.020 9, 0.04 mmol) in ethanol 

free CHCI 3 (1 mL) at 25 ° C was added benzonitrile (0.40 g, 3.9 mmol). After being heated to 

, reflux, the solution became purple, and a solution of dimethyl diazomalonate (0.93 g, 5.8 

mmol) in CHC] 3 (5 mL) was added over an 8-h period. After the addition was complete, the 

solution was cooled to 25 ° C and was concentrated by rotary evaporation. The residual oil 

was purified by flash chromatography 12 (4:1 hexane: ethyl acetate) to give 0.77 g (85%) of 4- 

carbomethoxy-5-methoxy-2-phenyloxazole (4a) as a white solid: mp 98-99 ° C; 1H NMR (200 MHz, 

CDCI 3) 6 7.91-7.97 (m, 2H), 7.38-7.41 (m, 3H), 4.22 (s, 3H), 3.87 (s, 3H), 13C NMR (75 MHz, 

CDCI 3) 6 161.68, 161.55, 150.61, 130.23, 128.52, 126.3, 125.65, 107.23, 59.63, 51.63, ; IR 

(CDCl 3) 1716, 1625 cm-1; mass spectrum m/e (tel intensity) 233(M +, 27), 173(11), 146(15), 

104(100, 77(24). Anal. Calcd for C12H11N04: C, 61.80, H, 4.75. Found: C, 61.53; H, 4.75. 
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