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Abstract: Ouuole-#-sulfones, -phosphonates, and -nitriles are prepared by rhodium(II) catalysed addition of nitriles 

to the corresponding diazo compound. The @ect of the ligand on rhodium was briefly investigated, with rhodiutn(l1) 
triflrcoroacetamide generally proving the most effective catalyst. The 4-cyanooxazole 9 is readily converted into the 

bis-oxazoles 10-12. 

INTRODUCTION 

Oxazoles, which have been known for well over a hundred years, have been of considerable interest to organic 
chemists ever since the 1940’s, when the intense research effort on penicillin led Comforth and others to 
develop new routes to the oxazole ring. This work, summarised in the classic treatise in 1949,’ is the 
foundation of modern oxazole chemistry. The subsequent discoveries during the 1950’s by Kondrat’eva that 
oxazoles can function as azadienes in the Diets-Alder reaction, and by Huisgen that mesionic oxazoles 
participate in 1,3dipolar cycloaddition prompted further research into the ring system. More recently the 
isolation of a large number of oxazole containing natural products has caused a renewed interest in the chemistry 
of oxazoles.2-4 Naturally occurring oxazoles range in structure from relatively simple 2,Sdisubstituted 
derivatives such as pimprinine 1,5-9 to the more complex 2,4-disubstituted compounds such as phenoxan 
2 , t”*tl calyculin A,12-t7 and rhizoxin. t&t9 Bis-oxazoles such as hennoxazole A 3,20 and diazonamide A 4,21 
and ttis-oxazoles such as the ulapualides and kabiramides are also known,22-25 as is an ever increasing number 
of oxazole containing cyclic peptides. 3,26.27 In view of the above, it is perhaps not surprising that a number of 
new synthetic methods for the construction of oxazoles has been published in the last few years.28-58 
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One particular method involves the reaction of diazocarbonyl compounds with nitriles (Scheme 1). The reaction 
can be carried out under therma1,59s60 photochemical, or Lewis acid31*49,62-65 or metal catalysed 
conditions,25,2aLW37,46S2~66-71 and presumably involves the 1,3-dipolar cycloaddition of the carbonylcarbene 
(or its metal carbenoid if a metal catalyst is being used) to the nitrile (oath A, Scheme 1) or formation and 
subsequent 1,5-cyclisation of a nitrile ylide (path B, Scheme 1). 

R’-CEN + 
N2 

x 

R2 

0 Fts 
R’qNx 

R2 

0 R3 

Scheme 1 

As with many other reactions of diazocarbonyl compounds,72-77 the transition-metal catalysed processes are 
often the higher yielding and most synthetically useful. Thus the addition of diazo carbonyl compounds to 
nitriles has been subject to copper,“669*70 tungsten,67 palladium6* and rhodium catalysis.25*29*30*37.46~52*71 
Despite the vast increase in interest in rhodium carbenoids, the rhodium(H) catalysed variant is still somewhat 
poorly described and is limited to simple diazoesters. Therefore in continuation of our work on the use of other 
functionalised diazocarbonyl compounds such as diazo-sulfones, -phosphonates and -nitriles,78.79 we were 
keen to investigate their reactions with nitriles to give 4-functionalised oxazoles, and we now report our results 
in fu11.8o 
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RESULTS AND DISCUSSION 

The starting diazo compounds 6 were prepared from the corresponding methylene compounds by diazotransfer 
techniquesst as indicated in the Experimental Section. The diazosulfone 6a reacted with a range of nitriles in 
refluxing chloroform in the presence of rhodium(I1) acetate to give 4benzenesulfonyloxazoles 7a - 7g in 
varying yield (Table 1). Although 4benzenesulfonyloxazoles are known,Bsm the present use of diazosulfones 
represents a useful extension of the rhodium carbenoid methodology. The reaction of the diazosulfone 6a with 
propionitrile was further investigated using a range of rhodium(R) catalysts. The results (Table 2) demonstrate 
that there is little variation in the yield of oxazole, although the rate of reaction is somewhat increased using 
rhodium@) trifluoroacetamide, a catalyst we have found useful for other rhodium carbenoid transfonnations.82 

diazo transfer 
* 

0 OEt 

6 6 

Scheme 2 [a, Z = S@Ph; b, Z = PO(OEt)z; c, Z = CN] 

Table 1. Synthesis of Cfunctionalised oxazoles 7 by rhodium@) acetate catalysed addition of diazo 
compounds 6 to nitriles 

R-CZN 

DiUW 

6a 
6a 
6a 
6a 
6a 
6a 
6a 
6b 
6c 

Notes: 

+ 
Z 

OEt 

Hhs(OAc)q 
* 

CHCls, heat 

6 7 

Z R Oxazole Yield(%) 

SO;?Ph Et 7a 52a 
SOzPh Ph 7b 71 
SOzPh 2-Cl-C&I4 7c 56 
S@Ph 4-Cl-c&I4 7d 46 
S@Ph 3-MeO-C& 7e 24 
S02Ph 4-MeO-C& 7f 28 
S@Ph 2-thienyl 7g 

PO(OEt)z Ph 7h 16:523p 
CN Ph 7i 25 

a yield increased slightly using other RhfJI) catalysts - see Table 2 
b yield increased to 53% using Rh#HCOCP~)4 as catalyst. 
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Table 2. Catalyst effect in the formation of 4-benzenesulfonyl-Sethoxy-2-ethyloxazole 7a by reaction of 
propionitrile with diazosulfone 6a 

N2 S&Ph 
Rh24 

S02Ph 

Et-GIN + * 

0 OEt 
CHC13, heat 

OEt 

6a 7a 

L Yield 7a (%) 

MeC@- 52 
CF$ONH- 64 
PhCH(OH)C@- 68 
1-c1oH7c02- 65 
1-benzenesulfonylprolinate 44 

The preparation of Sethoxy-oxazole-4-phosphonates and -nitriles from the corresponding diazophosphonate 6b 
and diazonitrile 6c was also briefly investigated. Diazo compound 6b gives a poor yield (16%) of the oxazole 
7h on reaction with benzonitrile in the presence of rhodium(I1) acetate. However, the yield was increased to 
53% when rhodium(I1) trifluoroacetamide was used as catalyst. The corresponding reaction with diazonitrile 
6c, however, could not be improved upon by change in catalyst, and the yield of the oxazolenitrile 7i remained 
poor (Table l), although another product (a bis-oxazole) was formed in the reaction (see below). 

The need to prepare oxazoles with a functional group at the 4-position was stimulated by our interest in the 
synthesis of oxazole containing natural products, in particular, the hennoxazoles q20 and diazonamides 521 in 
which the two heterocyclic rings are directly linked ‘through their 4- and 2-positions. Although, in principle, the 
4-sulfonyl group can be substituted, thereby allowing the preparation of more complex linked oxazoles, the 
corresponding 4-cyano derivative (e.g. 7i) could act as a direct precursor to bis-oxazoles. Bis- and tris- 
oxazoles have been prepared previously by iterative cyclisations,24 double cyclisations,50 or repetitive 
rhodium(I1) acetate catalyzed addition reactions of diazomalonates to nitriles .= Our present use of diazonitriles 
which leads directly to a 4-cyanooxazoles obviates the need for the 4-step conversion of the oxazole-4-ester to 
the corresponding nitrile. 

Thus, although ethyl diazocyanoacetate 6c only gave a poor yield of the 4-cyano oxazole 7i (see Mow also), 
the corresponding methyl ester 8 reacted with benzonitrile in the presence of rhodium(I1) acetate to give the 4- 
cyanooxazole 9 in acceptable yield (35%). In contrast to the related work referred to above.25 no attempt was 
made to remove the 5-methoxy group at this stage. Rather, reaction of the 4-cyanooxazole 9 with dimethyl 
diazomalonate under similar conditions gave the desired bis-oxazole 10 but in only 4% yield; possibly the 
presence of the 5-methoxy group adversely affects the reaction (cf. ief. 25). However, using rhodium(I1) 
trifluoroacetamide as catalyst the yield of bis-oxazole 10 was improved to 53%. Finally, as had been hoped, 
both methoxy groups were cleaved from the bis-oxazole, with concomitant reduction of the ester, by reaction 
with lithium aluminium hydride to give the bis-oxazole 11 (Scheme 3). Use of the diazocyanoacetate 8 in the 
second rhodium mediated oxazole forming step should lead directly to a bis-oxazole nitrile, and this indeed 
proves to be the case (Scheme 3), reaction of the 4-cyanooxazole’9 with diazonitrile 8 giving the bis-oxazole 12 
in 28% yield (62% based on recovered starting material). Thus, this first use of diazonitriles in oxazole 
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synthesis represents a useful advance, bis-oxazoles being available in just 2 steps from the original nitrile 
precursor. 

N2 CN 

x 

PhCN, Rhp(OAc),l CN 
* 

0 OMe 
CHC$, heat PhqNx 

35% 
0 OMe 

be 

10 

,,y-, /N 1 CN -rx 0 OMe 
OMe 

12 

I LiAIH4 
THF 
38% 

11 

Scheme 3 

Interestingly, some “double addition” also occurred to a small extent in the original preparation of cyanooxazole 
7i; careful examination of the reaction mixture indicated that in addition to the oxazole 7i (25%), the bis-oxazole 
13 (the diethoxy equivalent of 12) is also formed (Scheme 4). Although the yield of 13 is low (lo%), the 
conversion of a simple nitrile into a relatively complex bis-oxazole in a single step is a remarkable 
transformation. As expected, reaction of oxazole nitrile 7i with diazonitrile 6c also gives the bis-oxazole 13. 

Ph-C=N 

EtO$CN$N 
Rhz(OAc)4 

CHCl3, heat 

bEt 

(I&, 

Scheme 4 
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EXPERIMENTAL 

For general experimental points, see ref. 79. 

Preparation of Diazo Compounds 

Ethyl benzenesu@onylacetate 5a 
A solution of ethyl bromoacetate (5.0 g, 30 mmol) and benzenesulfinic acid, sodium salt (5.9 g, 1.2 
equivalents) in ethanol (200 mL) was refluxed for 3 h. Excess solvent was removed in vucuo. The remaining 
precipitate was dissolved in ether (200 mL) and washed with water (2 x 200 mL) and brine (50 mL). The 
organic layer was dried (MgS04) and concentrated under reduced pressure. The product was then recrystallised 
from dichloromethane to give the tide compound as a colourless crystalline solid (5.92 g, 86 %), m.p. 39 - 41°C 
(lit.,83 42-43°C); va,ax. (KBr); 3006, 1742, 1325, 1154 cm- l; &-I (250 MHz; CDC13); 1.17 (3 H, t, J 7.1), 

4.05-4.17 (4 H, m), 7.55-7.69 (3 H, m), 7.93-7.97 (2 H, m); 6~ (62.5 MHz; CDC13); 13.8, 61.0, 62.3, 
128.5, 129.2, 134.3, 138.5, 162.5; m/z (EI) 229 (MH+, 80%), 164 (80%), 141 (lOO%), 91 (95%), 78 
(75%); (Found: M + 228.0456. Ct&II2O4S requires 228.0456). 

Ethyl diazo(benzenesulfonyl)acetate 6a 
(a) To a stirred solution of ethyl benzenesulfonylacetate Sa (5.8 g, 25.4 mmol) and 4acetamidobenzenesulfonyl 
azide84 (9.16 g, 1.5 equiv.) in acetonittile (200 mL) at O’C, was added triethylamine (5.31 mL, 1.5 equiv.) 
dropwise. The reaction mixture was then stirred at room temperature for 16 h. After this time it was 
concentrated in vucuo, and the resulting precipitate was uiturated (3 x 200 mL, 1 : 1 ether : light petroleum). 
The combined organics were concentrated under reduced pressure. Purification by flash chromatography 
(eluant ether : light petroleum) yielded the title compound as a pale yellow solid (4.76 g, 74%), data given 
below. 
(b) A solution of 1-ethyl-2-chloropyridinium tetrafluoroborate 85 (2.40 g, 1.2 equivalents) and sodium azide 
(678 mg, 1.2 equivalents) in 70% methanolic solution (100 mL), at 0°C was stirred for 10 min. Ethyl 
benzenesulfonylacetate 5a (2.0 g, 8.7 mmol) and sodium acetate (856 mg, 1.2 equivalents) were added as a 
solution in 70 % methanolic solution (50 mL). The reaction mixture was stirred for 24 h, after which time 
excess solvent was removed under reduced pressure. The residue was diluted with ether (150 mL) and washed 
with water (2 x 50 mL) and brine (50 mL). The organic layer was dried (MgS04) and concetrated in vacua. The 
product was purified by flash chromatography (eluant ethyl acetate : light petroleum) to yield the tide compound 
as a yellow solid (1.45 g, 65%), m.p. 51 - 53’C; v max. (CHC13) 2129, 1416, 1345, 1160 cm-l; 8~ (250 MHz; 

CDC13) 1.25 (3 H, t, J 7.1), 4.18 (2 H, q, J 7.1), 7.53-7.66 (3 H, m), 8.01-8.05 (2 H, m); 6~ (62.5 MHz; 
CDC13) 14.0, 62.0, 127.0, 129.0, 133.9 (diazo and carbonyl carbons not observed); m/z (E.I.) 254 (W, 
20%), 226 (10%). 209 (20%), 182 (20%), 141 (100%); (Found: M+ 254.0362 CtuHloN204S requires 
254.0361). 

Triethyl diazophosphonoacetclte 6b 
Prepared by the literature method from triethyl phosphonoacetate and azidotris(diethylamino)phosphonium 
bromide.g6 

Ethyl diazocyanoacetate 6c 
A mixture of 1-ethyl-2-chloropyridinium tetrafluoroborate (12.1 g, 1.2 equiv) and sodium azide (3.4 g, 1.2 
equiv) in 70% methanolic solution (140 mL), at O’C, was stirred for 15 min. Ethyl cyanoacetate 5c (5 g, 44.2 
mmol) and sodium acetate ( 4.3 g, 1.2 equiv.) was added to the reaction mixture as a solution in 70% 
methanolic solution (60 mL). After stirring for 15 min, the reaction mixture was diluted with ether (100 mL). 
The resulting solution was washed with water (70 mL). The organic layer was washed with brine (20 mL), 
dried (MgS04) and concentrated in vucuo. Purification by dry-flash chromatography (gradient of light 
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pettoleum to light petroleum-ethyl acetate) gave the rifle compound as a yellow oil (4.89 g, 80%) (lit.,87 oil), 
vtnax. (neat) 2230, 2137, 1719 cm-l; 8~ (250 MHz; CDC13) 1.34 (3 H, t, J 7.1), 4.35 (2 H, q, J 7.2); 8~ (62.5 
MHz; CDCl3) 14.3, 63.45 (d&o and carbonyl carbons not seen); m/z (EI) 139 (M +, 30%), 94 (20%), 44 
(30%). 129 (100%); (Found: M + 139.03817. C$QN3& requires 139.03817) 

General Procedure for Preparation of Oxazoles 7 

4-Benzenesulfonyl-S-ethoxy-2-ethyloxazole 7a 
(a) To a refluxing solution of propionitrile (0.357 mL 5 equiv) and rhodium(I1) acetate (3 mg, 1% mol. equiv) 
in ethanol-free chloroform (3 nL) was added a solution of ethyl diazo(benzenesulfonyl)acetate 6s (254 mg, 1 
mmol) in ethanol-free chloroform (7 mL) over a 7 h period. After the addition was finished, the reaction 
mixture was refluxed for a further hour, after which time it was concentrated in vacua. Purification by flash 
chromatography (eluant: ethyl acetate-light petroleum) followed by recrystallisation from ethyl acetate gave the 
title compound as a colourless solid (147 mg, 52%), m.p. lOl-103’C; (Found C, 55.6; H, 5.10; N, 4.9. 
C13Ht5NOqS requires C, 55.5; H, 5.37; N, 5.0 %); v max. (KBr) 2360, 1633, 1327, 1150 cm-l; 8~ (250 
MHz; CDC13) 1.26 (3 H, t, J 7.6) 1.47 (3 H, t, J 7.1), 2.65 (2 H, q, J 7.6), 4.45 (2 H, q, J 7.1), 7.48-7.59 
(3 H, m), 8.01-8.04 (2 H, m); 6~ (62.5 MHz; CDCl3) 13.8, 14.8, 63.4, 70.7, 114.1, 127.4, 129.0, 131.4, 
141.5 (C-4), 155.7 (C-5), 157.9 (C-2); m/z (FAB) 282 (MH+, lOO%), 236 (M-45, lo), 197 (20), 135 (25), 
125 (20); (Found: MH + 282.080. Cl3Hl5N04S + H requires 282.0799). 
(b) The above reaction was carried out using rhodium(K) trifluoroacetamide (6.5 mg, 1% mol equiv.) as catalyst 
to give the title compound (180 mg, 64%). 
(c) The above reaction was carried out using rhodium(I1) (S)-mandelate (8.1 mg, 1% mol equiv.) as catalyst to 
give the title compound (190 mg, 68%). 
(d) The above reaction was carried out using rhodium(H) 1-naphthoate (8.9 mg, 1% mol equiv.) as catalyst to 
give the title compound (183 mg, 65%). 
(e) The above reaction was carried out using rhodium(I1) 1-benzenesulfonyl-(S)-prolinate (12.0 mg, 1% mol 
equiv.) as catalyst to give the title compound (125 mg, 44%). 

4-BenzenesulfionylJ-ethoxy-2-phenyloxazole 7b 
Yield 71% 
m.p. llO-112°C; (Found: C, 61.8; H, 4.64, N, 4.2. Cl7Hl5N04S requires C, 62.0; H, 4.59, N, 4.2%); v,,,. 
(KBr) 1615, 1343, 1163 cm-l; 8H (250 MHz; CDCl3) 1.54 (3 H, t, J 7.1), 4.58 (2 H, q, J 7.1), 7.40-7.57 (6 
H, m), 7.88-7.92 (2 H, m), 8.06-8.10 (2 H, m); 8~ (62.5 MHz; CDC13) 14.9, 71.1, 116.0, 126.0, 127.5, 
128.7, 129.1, 130.8, 133.3, 141.5 (C-4), 151.5 (C-5). 158.0 (C-2); m/z (FAB) 330 (MH +, lOO%), 284 (M- 
45,40%), 154 (35%), 122 (45%); (Found: M+ 329.0721. C17Hl5N04S requires 329.0722). 

4-Benzenesulfonyl-2-(2-chlorophenyl)=T-ethoxyoxazole 7c 
Yield 56% 
m.p. 145-147°C; (Found C, 56.2; H, 4.0; N, 3.8. Cl7H14ClN04S requires C, 56.1; H, 3.9; N, 3.85 %); 
vmax. (KBr) 1612, 1341, 1157 cm-l; 8~ (250 MHz; CDC13) 1.53 (3 H, t, J 7.1), 4.59 (2 H, q, J 7.1), 7.32- 
7.58 (6H, m), 7.92 (1 H, m), 8.07-8.11 (2 H, m); 8~ (100 MHz; CDCl3) 14.7, 70.8, 115.3, 124.8, 126.8, 
127.4, 128.9, 130.8, 131.0, 131.5, 132.0, 133.2, 141.3 (C-4), 149.3 (C-5), 158.0 (C-2); m/z @.I.) 363 (M 
+, 30%), 358 (50 S), 286 (100%); (Found: MH + 364.0410. C17Hl4ClN04S + H requires 364.0410). 

4-Benzenesulfonyl-2-(4-chlorophenyl)-5-ethoxyoxazole 7d 
Yield 46% 
mp. 127-129’C (decomposes); Vmm. (KBr) 1622, 1302, 1155 cm-l; 8~ (250 MHz; CDC13) 1.52 (3 H, t, J 
7.1), 4.57 (2 H, q, J 7.1), 7.36-7.39 (2 H, m), 7.52-7.55 (3 H, m), 7.80-7.83 (2 H, m), 8.04-8.08 (2 H, m); 
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8c (62.5 MHz; CDCl3) 14.9, 71.2, 124.4, 127.2, 128.7, 129.0, 133.3, 136.9, 141.2 150.6 (C-4), (C-s), 
158.0 (C-2); m/z (FAB) 364 (MH +, lOO%), 318 (it4 -45, 6%), 307 (18%), 289 (18%); (Found: MH + 
364.041. Ct7Hl4ClNO4S + H requires 364.0410). 

4-Benzenest#onyl-S-ethoxy-2-(3-metho~phenyl)oxazole 7e 
Yield 24% 
m.p.121-123’C; (Found C, 59.9; H, 4.7; N, 3:9. C18H17NOgS requires C, 60.2; H, 4.8; N, 3.9 96); vmax. 
(KBr) 2957, 1618, 1345, 1157 cm-l; 81-l (250 MHz; CDCl3) 1.53 (3 H, t, J 7.1) 3.84 (3 H, s), 4.57 (2 H, q, J 
7.1) 6.99 (1 H, m), 7.31-7.60 (6 H. m) 8.05-8.09 (2 H, m); 8~ (100 MHz; CDC13) 14.8, 55.3, 71.0, 110.7, 
116.0, 117.0, 118.3, 127.0, 127.4, 128.9, 129.7, 133.1, 141.3 (C-4), 151.3 (C-5). 157.8, 159.7 (C-2); 
(Found: MH + 360.091. ClaH17NOsS + H requires 360.0905). 

4-Benzenesulfonyl-S-ethoxy-2-(4-methoxyphenyl)oxazole 7f 
Yield 28% 
m.p. 125-127’C, (Found C, 60.1; H, 4.74; N, 4.0. C18Hl7NC$ requires C, 60.2, H, 4.77; N, 3.9 %) v,,,~. 

(KBr) 3003, 1605, 1323, 1155 cm-l; 8~ (250 MHz, CDC13) 1.53 (3 H, t, J 7.1), 3.84 (3 H, s), 4.55 (2 H, q, 
J 7.1), 6.90-6.93 (2 H, m), 7.52-7.59 (3 H, m), 7.82-7.85 (2 H, m), 8.06-8.10 (2 H, m); 8~ (100 MHz; 
CDC13) 14.9, 55.3, 71.0, 114.1, 118.6, 127.4, 127.7,128.9, 129.0, 133.1, 141.4 (C-4), 151.8 (C-5), 157.6, 
161.6 (C-2); m/z (FAB) 360 (MI-I+, 85%), 314 (M-45, lo), 135 (100); m/z (E.I.) 359 (M 30%), 286 +, 
(100%); (Found: MI-I+ 360.0906. C&l7N05S + H requires 360.0905). 

4-Benzenesulphonyl-S-ethoxy-2-(2-thienyl)oxazoie 7g 
Yield 22% 
m.p. 9698’C. vtnax. (KBr) 1621, 1331, 1160 cm-l; 8B (250 MHz; CDC13) 1.53 (3 H, t, J 7.0). 3.48 (2 H, q. 
J 7.0), 7.07 (1 H, dd, J 3.7, J’ 4.9), 7.41 (1 H, dd, J 1.2, J’ 5.0), 7.49 - 7.63 (4 H, m), 8.05 - 8.10 (2 H, m) 
; k(62.5 MHz; CDC13) 14.8, 71.3, 116.0, 127.4, 127.8, 128.3, 128.9, 129.0, 133.3, 141.2 (C-5), 148.0 
(C-4), 157.4 (C-2) ; m/z (E.I.) 336 (MH +, lOO%), 272 (25%), 168 (30%), 111 (10%); (Found MH+ 
336.0364. Cl5Hl3N04Sz + H requires 336.0364) 

Diethyl S-ethoxy-2-phenyloxazole-4-phosphonate 7h 
(a) To a refluxing solution of benzonitrile (309 mg, 1.5 equiv) and rhodium(I1) trifluoroacetamide (13 mg, 1% 
mol equiv) in ethanol-free chloroform (5 mL) was added a solution of methyl diazophosphonoacetate 6b (468 
mg, 2 mmol) in ethanol-free chloroform (16 mL) over a 6 h period. The maction mixture was refluxed for a 
further hour, after which time it was concentrated in vacua. Purification by flash chromatography (eluant ethyl 
acetate: light petroleum) gave the title compound as an oil (254 mg, 53% yield). viuax (neat); 2985, 1614, 1248, 
1023, 735 cm-t; 8B (250 MHz; CDCl3) 1.37 (6 H, dt, J 2.6), 1.51 (3 H, t, J 7.1), 4.14-4.30 (4 H, m), 4.54 
(2 H, q, J 7.1) , 7.41-7.44 (3 H, m), 7.93-7.97 (2 H, m); 6~ (62.5 MHz: CDC13) 14.1, 16.1 and 16.2 ( Jcp 
6.8), 62.4 and 62.5 (Jcp 5.3), 70.2, 125.7, 126.5, 128.6, 130.1, 131.8 (C-5). 152.6 and 153.0 (C-2, Jcp 
22.6), 163.1 and 163.6 (C-4, Jcp 34.5); m/z (FAB); 326 (MH +, lOO%), 297 (M -28, 8%), 280 (M -45, 
15%); (Found:MH+ 326.1157. Ct5H2oNO5P + H requires 326.1157). 
(b) The above reaction was carried out on the 3mmol scale using rhodium(II) acetate (26 mg, 2% mol equiv.) as 
catalyst, to give the title compound (161 mg, 16%). 

5-Ethoxy-2-phenyloxazole-4-carbonitrile 7i and 5-Ethoxy-2-[5-ethoxy-2-phenyloxazol-4-yl]oxazole-4-carbo- 
nitrile 13 
To a refluxing solution of benzonitrile (1.21 g, 3 equiv) and rhodium(E) acetate (86.2 mg, 5% mol equiv) in 
ethanol-free chloroform (4 mL) was added a solution of ethyl diazocyanoacetate (546 mg, 4 mmol) in ethanol- 
free chloroform (10 mL) over a 10 h period. The reaction mixture was refluxed for a further hour. The reaction 
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mixture was concentrated in vucuo to yield a crude mixture. This was purified by flash chromatography (ehrant 
diethyl ether : light petroleum) to yield the (i) title compound 7i as a colourless crystalline solid (209 mg, 25%). 
m.p. 7880°C, (Found C, 67.3, H, 4.6, N, 13.1. C12HtoN202 requires C. 67.3, H, 4.7, N, 13.1 %); vmax. 

(KBr) 2989, 2223, 1616, 1604, 1568 cm -l; 8B (400 MHz; CDC13) 1.54 (3 H, t, J 7.1), 4.60 (2 H, q. J 7.0), 

7.43-7.46 (3 H, m), 7.87-7.90 (2 H, m); 6~ (100 MHz; CDC13) 14.6, 69.9, 89.0, 112.9, 125.6, 125.8, 
128.8, 130.8, 152.1, 163.8; m/z (EI); 214 (M +, 20%), 186 (40%), 105 (100%); (Found: iU+ 214.0742. 
C12HI&@ requires 214.0742), and 5-ethoxy-2-[5-ethoxy-2-phenyloxazol-4-yl]oxazole-4-carbonitrile 13 as 
a colourless crystalline solid (64 mg, 10%); data given below. 

S-Ethoxy-2-[5-ethoxy-2-phenyloxazol~-yl]oxarole-4-carbonitrile 13 
To a refluxing solution of 5-ethoxy-2-phenyloxazole-4-carbonitrile 7i (80 mg, 0.37 mmol) and rhodium(II) 
acetate (8.0 mg, 5% molar equivalents) in ethanol-free chloroform (1 mL) was added a solution of ethyl 
diazocyanoacetate (103.9 mg, 2.0 equivalents) in ethanol-free chloroform (6 mL) over a 6 h period. After the 
addition was complete the reaction mixture was refluxed for a further 4 h. The reaction mixture was allowed to 
cool, then concentrated in vacua. Purification by flash chromatography (eluant ethyl acetate-light petroleum) 
gave the title compound as a crystalline solid (19 mg, 16%), v -. (CDC13) 2254, 1629, 1618, 1348 cm-l; 8B 
(400 MHz; CDC13) 1.52-1.58 (6 H, m), 4.59 (4 H, quintet, J 7.0, J’ 7.1) 7.43-7.53 (3 H, m), 7.80-7.99 (2 
H, m); 6~ (100 MHz; CDC13) 14.6, 14.9, 70.0, 70.35, 112.9, 125.8, 126.2, 128.5, 128.7, 130.4, 146.3, 
152.3, 157.2, 163.3; mlz (FAB) 326 (MH +, 65%) 281(40%), 207(25%), 147 (35%), 136 (35%), 105 
(65%), 73 (100%); (Found MH + 326.114. CI7HI5N304 + H + requires 326.114.) 

Methyl diazocyanoacetate 8 
A mixture of 1-ethyl-2-chloropyridinium tetrafluoroborate (7.64 g, 1.1 equiv) and sodium azide (2.19 g, 1.1 
equiv) in acetonitrile : water solution (7:3; 200 mL), at O’C, was stirred for 15 min. Methyl cyanoacetate (3.0 g, 
30.3 mmol) was added to the solution, followed by a catalytic amount of potassium carbonate. After stirring for 
10 min, the reaction mixture was diluted with ether (100 mL). The resulting solution was washed with water 
(70 mL). The organic layer was washed with brine (20 mL), dried (MgS04) and concentrated in vacua. 
Purilkation by dry-flash chromatography (gradient of light petroleum to light petroleum-ethyl acetate) gave the 
title compound 8 (2.37 g, 62%) as a yellow oil (lit., ** oil), vmax. (neat) 2231,2142, 1729 cm-l; 8~ (250 MHz; 

CDC13) 3.90 (3 H, s); 6~ (62.5 MHz; CDC13) 53.6 (nitrile, diazo and carbonyl carbons not observed); m/z 
(EI) 125 (M +, 50%), 97 (M -28, 15%), 94 (20%) 54 (100%); (Found M+ 125.0223. C4H3N302 requires 
125.0225). 

S-Methoxy-2-phenyloxazole-4-carbonitrile 9 
To a refluxing solution of benzonitrile (3.3 g, 2 equiv) and rhodium(B) acetate (70 mg, 1% molar equiv) in 
ethanol-free chloroform (10 mL) was added a solution of methyl diazocyanoacetate 8 (2.0 g, 16 mmol) in 
ethanol-free chloroform (40 mL) over a 20 h period. The reaction mixture was refluxed for a further 2 h, after 
which time it was then concentrated in vacua. The product was purified by flash chromatography (eluant light 
petroleum : ethyl acetate) to yield a crystalline compound. Recrystallisation from light petroleum gave the title 
compound as a colourless crystalline solid (1.10 g, 35%), m.p. 107-108’C, (Found; C, 66.0; H, 4.0; N, 13.9. 
CtIHgN202 requires C, 66.0; H, 4.0 N, 14.0%); v max. (KBr) 2228, 1628 cm-t; 8B (250 MHz; CDC13) 4.3i 

(3 H, s), 7.44-7.48 (3 H, m), 7.88-7.93 (2 H, m); 6~ (62.5 MHz; CDC13) 59.3, 112.8, 125.5, 125.8, 128.8, 
130.9, 152.5, 162.1; m/z (EI) 200 (M+, lOO%), 157 (M -43, 30), 105 (M -95, 100); (Found: M + 200.0586. 
ClIH8N202 requires 200.0586). 

Methyl 5-methoxy-2-/5-methoxy-2-phenyloxazol-4-yl]oxazole-4-carbo~late 10 
To a refluxing solution of 5-methoxy-2-phenyloxazole-4-carbonitrile 9 (150 mg, 0.75 mmol) and rhodium(I1) 
trifluoroacetamide (9.8 mg, 2% molar equiv) in ethanol-free chloroform (3 ‘mL) was added a solution of 
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dimethyl diazomalonate (216.2 mg, 2 equiv) in ethanol-free chloroform (10 rnL) over a 10 h period. The 
reaction mixture was refluxed for a further 2 h, after which time it was concentrated in vucuo. The residue was 
purified by flash chromatography (eluant light petroleum : ethyl acetate) to give the zirle compound as a 
colourless crystalline compound (131 mg, 53%), m.p. 144-146’C; (Found C, 58.3; H, 4.12; N. 8.4. 
Cl6Hl4N206 requires C, 58.2; H, 4.27; N, 8.5 96); v max. (KBr) 2956, 1713, 1615 cm-l; 8R (400 MHz; 
CDC13) 3.88 (3 H, s), 4.25 (3 H, s), 4.26 (3 H, s), 7.43-7.45 (3 H, m), 7.98-7.99 (2 H, m); & (100 MHZ; 
CDC13) 51.5, 59.8, 60.0, 104.8, 107.0, 125.6, 126.4, 128.6, 130.2, 144.8, 151.7, 157.5, 161.3. 161.7; m/z 
(EI) 330 (M +, 50%), 287 (M -43, 30), 202 (50), 105 (100); (Found: M + 330.0850. C16I-I14N206 requires 
330.0852). 

2-(2-PhenyloxazoWyl)oxazole&nethanol 11 
To a stirred solution of methyl 5-methoxy-2-[5-methoxy-2-phenyloxazol-4-y1] oxawle-4-carboxylate 10 (43 
mg, 0.13 rnmol) in THF (5 mL) at -78’C under a nitrogen atmosphere, was added lithium alurninium hydride 
(0.195 mL, 1.0 M solution in THF, 2 equiv). The reaction mixture was stirred at -70°C for 1.5 h, then allowed 
to warm up to room temperature. The reaction was then worked-up by the successive addition of water (0.1 
mL), NaOH solution (15%; 0.1 mL) then diluted with diethyl ether (20 mL), which was then filtered. The 
organic layer was then washed with brine (10 mL) and dried (MgS04), then concentrated under reduced 
pressure. The residue was purified by flash chromatography (eluant light petroleum : ethyl acetate) to yield the 
title compound as a colourless solid (13 mg, 38% yield), m.p. 142-144’C, vmax. (KBr) 3293, 1635, 1523, 
1456, 1330, 1114, 1034 cm-l; 8R (400 MHz; CDC13) 2.26 (1 H, br s, exchangeable DzO), 4.69 (2 H, s), 
7.44-7.52 (3 H, m), 7.67 (1 H, s), 8.12-8.17 (2 H, m), 8.27 (1 H, s); 6~ (100 MHz; CDC13) 56.9, 126.3, 
126.8, 128.7, 131.0, 131.5, 134.9, 138.2, 141.4, 155.6, 162.7; m/z (EI) 242 (M +, lOO%), 172 (M -70, 80), 
80 (50); (Found: M + 242.0690. Cl3HtuN203 requires 242.0691). 

J-Methoxy-2-~5-methoxy-2-phenyloxazol-4-yl]oMzole-4-carboni~ile 12 
To a refluxing solution of 5-methoxy-2-phenyloxazole-4-carbonitrile 9 (250 mg, 1.25 mmol) and rhodium(B) 
acetate (27.6 mg, 5% molar equivalents) in ethanol-free chloroform (5 mL) was added a solution of methyl 
diazocyanoacetate 8 (187 mg, 1.2 equivalents) in ethanol-free chloroform (IO mL) over a 10 h period. After the 
addition was complete the reaction mixture was refluxed for a further 4 h. The reaction mixture was allowed to 
cool, then concentrated in vacua. Purification by flash chromatography (eluant ethyl acetate-light petroleum) 
gave the starting nitrile (137 mg), and the title compound as a colourless solid (104 mg, 28% yield, 62% based 
upon recovered starting material), m.p. 140-142 “C; (Found C, 60.6, H, 3.60; N, 14.1. Cl5HllN304 requires 
C, 60.6; H, 3.73; N, 14.2 %); vmax. (KBr) 2230, 1654, 1627, 1582, 1377, 1221, 1138, 1041,700 cm-t; 8B 
(400 MHz; CDC13) 4.27 (3 H, s), 4.29 (3 H, s), 7.43-7.46 (3 H, m), 7.95-8.00 (2 H, m); 8~ (100 MHz; 
CDC13) 60.12, 60.14, 88.5, 104.4, 112.6, 125.7, 126.1, 128.7, 130.4, 146.2, 152.0, 157.8, 163.9; m/z 
(E.I.) 297 (M +, 40%), 254 (M -43, 50%), 105 (100%); (Found M + 297.0750. C!l=,HllN304 requires 
297.0749). 

ACKNOWLEDGEMENTS 

We thank Fisons Pharmaceuticals for their generous support of our research programme, and the S.E.R.C. MS 
and NMR Services at Swansea and’warwick respectively for spectroscopic data. 

REFERENCES 

(1) Comforth, J. W. In The Chemistry of Penicillin; H. T. Clarke; J. R. Johnson and R. Robinson, Ed.; 
Princeton University Press: Princeton, 1949; pp 688-848. 

(2) Lewis, J. R. Nat. Prod. Rep. 1992, 9, 81-101. 
(3) Lewis, J. R. Nat. Prod. Rep. 1993,10, 29-50. 



The rhodium adenoid route to oxazoles 3771 

(4) Michael, J. P.; Pattenden, G. Angew. Chem. Int. Ed. Engl. 1993,32, l-23. 
(5) Joshi, B. S.; Taylor, W. I.; Bhate, D. !I.; Karmarkar, S. S. Tetrahedron 1963.19, 1437. 
(6) Gikawa, Y.; Yoshida, T.; Mohri. K.; Yonemitsu, 0. Heterocycles 1979,12, 1457. 
(7) Koyama, Y.; Yokose, K.; Dolby, L. J. Agric. Biol. Chem. 1981.45. 1285. 
(8) Yoshioka, T.; Mohri, K.; Gikawa, Y.; Yonemitsu, 0.1. Chem. Res. (S) 1981, 194-195. 
(9) Molina, P.; Fresneda, P. M.; Almendros, P. Synthesis 1993, 54-56. 
(10) Jansen, R.; Kunze, B.; Wray, V.; Reichenbach, H.; Jurkiewicz, E.; Hunsmann, G.; Hofle, G. Liebigs 

Ann. Chem. 1991, 707-708. 
(11) Kunze, B.; Jansen, R.; Pridzun, L.; Jurkiewicz, E.; Hunsmann, Cl.; Hofle, G.; Reichenbach, H. J. 

Antibiotics 1992,45, 1549- 1552. 
(12) Kato, Y.; Fusetani, N.; Matsunaga, S.; Hashimoto, K.; Fujita, S.; Furuya, T. J. Am. Chem. Sot. 1986, 

108, 2780-2781. 
(13) Evans, D. A.; Gage, J. R.; Leighton, J. L. J. Am. Chem. Sot. 1992,114, 9434-9453. 
(14) Barrett, A. G. M.; Bdmunds, J. J.; Hendrix, J. A.; Malecha, J. W.; Parkinson, C. J. J. Chem. Sot., 

Chem. Commun. 1992, 1240-1242. 
(15) Yokokawa, F.; Hamama, Y.; Shioiri, T. Synlett 1992, 149-150. 
(16) Yokokawa, F.; Hamama, Y.; Shioiri, T. Synlett 1992, 151-152. 
(17) Yokokawa, F.; Hamada, Y.; Shioiri, T. Synletf 1992, 703-705. 
(18) Iwasaki, S.; Namikoshi, M.; Kobayashi, H.; Furukawa, J.; Okuda, S.; Itai, A.; Kasuya, A.; Iitaka, Y.; 

Sato, Z. J. Antibiotics 1986,39, 424-429. 
(19) RamaRao, A. V.; Sharma, G. V. M.; Bhanu, M. N. Tetrahedron Len. 1992,33, 3907-3910; Keck, G. 

E.; Park, M.; Krishnamurthy, D. J. Org. Chem. 1993,58, 3787-3788; Nakada, M.; Kobayashi, S.; 
Shibasaki, M.; Iwasaki, S.; Ohno, M. Tetrahedron Left. 1993,34, 1039-1042. 

(20) Ichiba, T.; Yoshida, W. Y.; Scheuer, P. J.; Higa, I.; Gravalos, D. G. J. Am. Chem. Sot. 1991, 113, 
3173-3174. 

(21) Lindquist, N.; Fenical, W.; Duyne, G. D. V.; Clardy, J. J. Am. Chem. Sot. 1991,113, 2303-2304. 
(22) Roesener, J. A.; Scheuer, P. J. J. Am. Chem. Sot. 1986,108, 846-847. 
(23) Matsunaga, S.; Fusetani, N.; Hashimoto, K. J. Am. Chem. Sot. 1986,108, 847-849. 
(24) Knight, D. W.; Pattenden, G.; Rippon, D. E. Synlett 1990, 36-37. 
(25) Yoo, S. Tetrahedron Lett. 1992,33, 2159-2162. 
(26) Debono, M.; Molloy, R. M.; Occolowitz, J. L.; Paschal, J. W.; Hunt, A. H.; Michel, K. H.; Martin, J. 

W. J. Org. Chem. 1992,57, 5200-5208. 
(27) Foster, M. P.; Conception, G. P.; Caraan, G. B.; Ireland, C. M. J. Org. Chem. 1992,57, 6671-6675. 
(28) Turchi, I. J. In Oxazoles; I. J. Turchi, Ed.; Wiley Interscience: New York, 1986; Ch. 1. 
(29) Connell, R.; Scavo, F.; Helquist, P.; Akermark, B. Tetrahedron L-ett. 1986,27,5559-5562. 
(30) Shi, G.; Xu, Y. J. Chem. Sot., Chem. Commun. 1989, 607-608. 
(31) Ibata, T.; Isogami, Y. Bull. Chem. Sot. Jpn. 1989,62, 618-620. 
(32) Takeuchi, H.; Yanagida, S.; Ozaki, T.; Hagiwara, S.; Eguchi, S. J. Org. Chem. 1989,54,431-434. 
(33) Freeman, F.; Kim, D. S. H. L. Tetrahedron Left. 1989.30, 2631-2632. 
(34) Alvarez-Ibarra, C.; Mendoza, M.; Grellana, G.; Quiroga, M. L. Synthesis 1989, 560-562. 
(35) Zhao, Z.; Scarlato, G. R.; Armstrong, R. W. Tetrahedron Lett. 1991,32, 1609-1612. 
(36) Bossio, R.; Marcaccini, S.; Pepino, R. Liebigs Ann. Chem. 1991, 1107-l 108. 
(37) Connell, R. D.; Tebbe, M.; Helquist, P.; Akermark, B. Tetrahedron Len. 1991,32, 17-20. 
(38) Cunico, R. F.; Kuan, C. P. J. Org. Chem. 1992,57, 3331-3336. 
(39) Fukumoto, T.; Aso, Y.; Otsubo, T.; Ogura, F. J. Chem. Sot., Chem. Commun. 1992, 1070-1072. 
(40) Bet-&e, F.; Marchand, E.; Morel, G. Tetrahedron Letr. 1992.33, 6155-6158. 
(41) Mazurkiewicz, R. Synthesis 1992, 941-943. 
(42) Yokokawa, F.; Hamama, Y.; Shioiri, T. Synlen 1992, 153-155. 
(43) Williams, E. L. Tetrahedron Lerr. 1992,33, 1033-1036. 
(44) VanAken, K.; Hoomaert, G. J. Chem. Sot., Chem. Commun. 1992, 895-896. 
(45) Pattenden, G. J. Hererocycl. Chem. 1992,29, 607-618. 
(46) Gangloff, A. R.; Akermark, B.; Helquist, P. J. Org. Chem. 1992,57, 4797-4799. 



3772 K. J. DOYLE and C. J. MOODY 

(47) Yolcoyama. M.; Irie, M.; Sujino, K.; Kagemoto, T.; Toga, H.; Funabashi, M. J. Chem. Sot.. Perkin 
Trans. 1 1992, 2127-2134. 

(48) Das, J.; Reid, J. A.; Kronenthal. D. R.; Singh, J.; Pansegrau, P. D.; Mueller, R. H. Terrahedron Lerr. 
1992,33, 7835-7838. 

(49) Vedejs, E.; Piotrowski, D. W. J. Org. Chem. 1993,58, 1341-1348. 
(50) Wipf, P.; Miller, C. P. J. Org. Chem. 1993,58, 3604-3606. 
(51) Short, K. M.; Ziegler, C. B. Tetrahedron Left. 1993,34, 71-74. 
(52) Connell, R. D.; Tebbe, M.; Gangloff, A. R.; Helquist, P.; Akermark, B. Tetrahedron 1993,49, 544% 

5459. 
(53) Kawase, M.; Miyamae, H.; Narita, M.; Kurihara, T. Tetrahedron Len. 1993,34, 859-862. 
(54) T&co, M.; Testaferri, L.; Tingoli, M.; Marini, F. J. Org. Chem. 1993,58, 1349- 1354. 
(55) Eissenstat, M.; Weaver, J. D. J. Org. Chem. 1993,58, 3387-3390. 
(56) Shapiro, R. J. Org. Chem. 1993,58, 5759-5764. 
(57) Banish, J. C.; Singh, J.; Spergel, S. H.; Han, W.-C.; Kissick, T. P.; Konenthal, D. R.; Mueller, R. H. 

J. Org. Chem. 1993.58, 44944496. 
(58) Molina. P.; Fresneda, P. M.; Almendros, P. Heterocycles 1993,36, 2255-2258. 
(59) Huisgen, R.; Sturm, H. J.; Binsch, G. Chem. Ber. 1964,97, 2864. 
(60) Kuo, Y.-C.; Aoyama, T.; Shioiri, T. Chem. Pharm. Bull. 1982,30, 526-533. 
(61) Buu, N. T.; Edward, J. T. Can. J. Chem. 1972,50, 3730-3737. 
(62) Doyle, M. P.; Gppenhuizen, M.; Elliott, R. C.; Boelkins, M. R. Tetrahedron Lett. 1978, 2247-2250. 
(63) Doyle, M. P.; Buhro, W. E.; Davidson, J. G.; Elliott, R. C.; Hoekstra, J. W.; Gppenhuizen, M. J. Org. 

Chem. 1980,45, 3657-3664. 
(64) Ibata, T.; Yamashita, T.; Kashiuchi, M.; Nakano, S.; Nakawa, H. Bull. Chem. Sot. Jpn. 1984,57, 

2450-2455. 
(65) Ohno, M.; Itoh, M.; Ohashi, T.; Eguchi, S. Synthesis 1993, 793-796. 
(66) Komendantov, M. I.; Novinskii, V. N.; Bekmukhametov, R. R. J. Org. Chem. USSR 1973,9, 431- 

432. 
(67) Kitatani, K.; Hiyama, T.; Nozake, H. Tetrahedron Let?. 1974, 153 l- 1532. 
(68) Paulissen, R.; Moniotte, P.; Hubert, A. J.; Teyssie, P. Tetrahedron Left. 1974, 3311-3314. 
(69) Moniotte, P. G.; Hubert, A. J.; Teyssie, P. J. Organomet. Chem. 1975,88, I15- 120. 
(70) Alonso, M. E.; Jane, P. J. Heterocycl. Chem. 1980,17, 721-725. 
(71) Ibata, T.; Fukushima, K. Chem. Left. 1992, 2197-2200. 
(72) Doyle, M. P. Chem. Rev. 198686, 919-939. 
(73) Doyle, M. P. Act. Chem. Res. 198619, 348-356. 
(74) Maas, G. Top. Curr. Chem. 1987,137, 75-253. 
(75) Adams, J.; Spero, D. M. Tetrahedron l!J91,47, 1765-1808. 
(76) Padwa, A.; Hombuckle, S. F. Chem. Rev. 1991,91, 263-309. 
(77) Padwa, A.; Krumpe, K. E. Tetrahedron 1992,48, 5385-5453. 
(78) Davies, M. J.; Moody, C. J.; Taylor, R. J. J. Chem. Sot., Perkin Trans. I 1991, l-7. 
(79) Moody, C. J.; Sie, E.-R. H. B.; Kulagowski, J. J. Tetrahedron 1992,48, 3991-4004. 
(80) Doyle, K. J.; Moody, C. J. Tetrahedron Left. 1992.3.3, 7769-7770. 
(81) Regitz, M.; Maas, G. Diazo Compounds. Properties and Synthesis, Academic Press, Orlando, Florida, 

1986. 
(82) Cox, G. G.; Kulagowski, J. J.; Moody, C. J.; Sie, E.-R. H. B. Synleft 1992, 975-976. 
(83) Dressler, H.; Graham, J. E. J. Org. Chem.1967,32, 985-990. 
(84) Baum, J. S.; Shook, D. A.; Davies, H. M. L.; Smith, H. D. Synch. Commun. 1987,17, 1709-1716. 
(85) Monteiro, H. J. Synth. Commun. 1987,17, 983-992. 
(86) McGuiness, M.; Shechter, H. Tetrahedron Len. 1990,31, 4987-4990. 
(87) Balli, H.; Low, R.; Milller, V.; Rempfler, H.; Sezen-Gezgin, A. Helv. Chim. Acra 1978,61, 97-103. 
(88) Ciganek, E. J. Org. Chem. 1970,35, 862-864. 

(Received in UK 20 December 1993; accepted 14 January 1994) 


