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ABSTRACT 

The synthesis and mass spectra of some 2-methyl- and 2-phenyl-5-(poly- 
acetoxyalkyl)-1,3,4_oxadiazoles (4-9) are described. The preferred conformations of 
4-9 in solution have been determined by p.m.r. spectroscopy. 

INTRODUCTlON 

In the literature, several reactions of 5-alkyl- and 5-aryl-tetrazoles 
electrophilic reagents, leading to the formation of various heterocyclic rings, 

_ _ 

with 
have 

been reported’-‘; the synthesis of oxadiazole derivatives has been widely described. 
Thus, the reaction of 5-alkyl- and 5-aryl-tetrazoles with acyl chlorides or acid 
anhydrides alforded the corresponding oxadiazoles in moderate yield3-*. 

We now describe an extension of the above-mentioned reaction using 5-(poly- 
acetoxyalkyl)tetrazoles (1) which, on treatment with acetic anhydride or beuzoyl 
chloride, yield 2-methyl- (2) or 2-phenyl-5-@olyacetoxyalkyl)-1,3+oxadiazole (3), 
respectively. 
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*Dedicated to the memory of Professor Edward J. Boume. 
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RE!3JL.TS AND DISCUSSION 

Reaction of 5-(D-gZuco-l,2,3,4,5-penta-acetoxypentyl)tetrazole6 with acetic 
anhydride afforded 2-methyl-5-(D-gZuco-1,2,3,4,5-penta-acetoxypen~l)-1,3,~oxadia- 
zole (4), and the reaction with benzoyl chloride produced 5-(D-g/Uco~l,2,3,4,5-penta- 
acetoxypentyl)-2-phenyl-1,3/I-oxadiazole Q_ Similar reactions applied to S-(D- 
galacto-1,2,3,4,5-penta-acetoxypentyl)tetrazole’ and 5-(L-urabino- 1,2,3,4-tetra- 
acetoxybutyl)tetrazole6 gave 2-methyl-5-(D-galacro- 1,2,3,4,5-penta-acetoxypentyl)- 
1,3,4-oxadiazole (6), 5-(D-galacfo- 1,2,3,4,5-penta-acetoxypentyl)-Z-phenyl- 1,3,4- 
oxadiazole’ (7), 2-methyl-5-(~-arubi~-1,2,3,4-tetra-acetoxybutyl)-l,3,~oxadiazole (S), 
and 2-phenyl-5-(L-arabino-l,2,3,4-tetra-acetoxybutyl)-l,3,4-oxadiazole (9). 
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Compounds 4-9 were subjected to mass spectrometry, and their conformations 
in solution were evaluated by analysis of their respective p.m.r. spectra. 

The mass spectra of the phenyloxadiazole derivatives 5, 7, and 9 (see Table II) 
are closely similar to that described by El Khadem et &.a. In addition to the typical 
fragmentation of an acetoxyalkyl chain, the spectra show the stability of the 
oxadiazole nucleus towards electron bombardment, as the major fragment ions are 
those formed by the cleavage of the acetoxyalkyl chain. This view is confirmed by the 
strong peaks at m/e 218 [2-(acetoxymethyl)-5-phenyloxadiazole], 176 [2-(hydroxy- 
methyl)-5-phenyloxadiazole], and 145 (2-phenyloxadiazole ion)g. A y-fission is 
reflected by the presence of ions at m/e 289, 247, and 205. The important peaks at 
lower mass are m/e 105 (PhCO), 77 (ph), and 43 (AC). 

For the methyloxadiazole derivatives 4, 6, and 8 (Table I), the mass spectra, 
as expected, resemble those of the phenyl analogues. The main peaks are those 
formed by an assumed /?-cleavage of the acetoxyalkyl chain. Thus;ions at m/e 156 
[2- (acetoxymethyl) - 5 - methyloxadiazole], 114 [2-(hydroxymethyl)-5-methyloxa- 
diazole], and 85 (protonated oxadiazole ion) are abundant. It is not possible to assert 
whether a McLaiXerty rearrangement, rather than a simple &cleavage, gives rise to 
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TABLE I 

MAJOR FRAGMENTS RESULTING FROM ELECTRON-IMPACT IONIZATION 

OF COMPOUNDS 4,6, AND 8 

de Intensity (%)= Assignment9 

4 6 8 

444 
402 
384 
372 
359 
342 
330 
312 
287 
282 
270 
257 

227 
223 
210 

198 
197 
187 
185 

168 
156 
151 
145 
143 
127 
114 
85 
60 
43 

-Cl Cl. 
Ccl tl 
<l Cl 
- - 

Cl <I 
9.7 16.7 

- - 
- - 
- - 

13.9 16.7 
- - 

13.9 8.2 
6.9 6.1 
2.6 2.1 
5.5 4.1 

- 

25.0 
6.0 

20.0 
10.0 

- 

20.8 

2::: 
8.3 

- 

77.8 

- 

75.0 
- - 

4.0 4.0 
4.0 4.0 

19.4 16.7 
58.3 50.0 
16.7 10.4 

<I Cl 
100.0 100.0 

- 
- 
- 
<1 
- 
- 
<l 
<I 
<I 
- 

21.0 
10.0 

- 

5.0 
- 

31.6 
15.8 
3.0 
2.0 

15.8 
39.5 
94.7 
13.0 
4.0 
8.0 

18.4 
94.7 

7.9 
- 

100.0 

M 
M - C&Ha0 
M - AcOH 
M 
M-CC2HzO-AC 
M - CzHzO - AcOH 
M - &Hz0 
M-AcOH 
M - CzHzO -AC 
M-CC2H20-2AcOH 

M-CC~H~O-ACOH 
(CH,C,NzOCHOAcCHOAcCHOH)+ 
M--2(C,H,O)-2AcOH 
(CH,C,N,OCHOAcCHOAc) + 
M-CCzH20--2AcOH-AcO 
M - C2H20 - 2AcOH 

(CH&tNzOCsH703)+ 
(CH&~‘W’GH~OS)+ 
KH3C2N~HOCHOk.cCH20H)+ 
(CH,C,NzOCHOAcCHOH)* 
M-~AcOH--~(C~H~O) 
(CH3C2N20CH20Ac)+ 
M-C2H20--2AcOH-AcO 
(CH3C2NzHOCHOHCH20H)+ 
(CH,C,N,OCHOHCHOH)+ 

(CH&N~OCZHJO)+ 
(CH3C2NZOCH~OH)+ 

(CHGzNzHzO) + 

AcOH 

AC 

“Expressed as percent of the base peak. *Assignments are assumed. 

those major peaks. It is also noticeable that a y-cleavage is operative with formation 
of ions at m/e 227, 185, 143, and the protonated species at m/e 187 and 145. The 
spectra also show the characteristic ions of a polyacetoxyalkyl chain with losses of 
AcOH, AcO, and AC fragments. 

The p.m.r. spectra of 4-9 in solution in deuteriochloroform show essentially 
the same pattern of signals as that described for 5-(polyacetoxyalkyl)tetrazoles10, 
except for the additional signals from the methyl or the phenyl group attached to the 
heterocyclic ring. All the spectra, except those corresponding to D-galacto derivatives 
6 and 7, were amenable to full analysis at 60 MHz. For 6 and ‘7, the signals for H-3 
and H-4 overlapped at 60 MHz and even at 100 MHz the spectra. provided insufkient 
data for analysis. However, at 220 MHz, the multiplets could be treated as an ABh%X 
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TABLE II 
MAJOR 3RAGMENlS RJZXJL-lll’lG FRO>M EL.EClRON-IMPACT IONIZATION 

OF COhXPOuNoS 5,7, AND 9. 

m/e. Intensity (%) Assignment? 

5 7 9 

SO6 
464 
446 

434 
421 
404 
392 
374 

349 
344 

332 
302 
289 
285 
272 
260 
259 
247 
230 
218 
213 
20s 
189 
176 
147 
14s 

105 
77 
60 

43 

2.5 Cl 
2.5 tl 
5.1 2.8 

- - 

4.0 Ccl 
61.5 31.8 

- - 
- 
- - 

66.7 66.7 
- 

30.8 
9.0 

15.0 

- 

18.2 
3.0 
6.0 

- - 

25.6 13.6 

43.6 31.8 
12.0 5.0 

- 

92.3 

- 

40.9 
- - 

4.0 3.0 
23.0 13.6 

loo.0 54.5 
12.8 9.0 
12.8 4.5 

53.8 31.8 
15.4 13.6 

26 2.3 
97.4 100.0 

- 

-- 
- 
- 
2.0 

- 
- 

2.0 

:5 
- 

72.7 
- 

9.0 
- 

100.0 
8.0 

13.6 
9.0 

409 
SO.0 
36.4 

5.0 
18.2 
95.5 

9.0 

3:: 
18:2 

- 

86.4 

M 

M - &Hz0 
M-AcOH 

M 
M-CCzH20-AC 
M-CzH,O-AcOH 
M - C&H20 
M-AcOH 

M - C2H20 -AC 
M--HIO-2AcOH 

M - C2H20 - AcOH 
M-2(C2HzO)-2AcOH 
(PhC2N+OCHOAcCHOAQf 
M-C2HIO--2AcOH-AcO 
M-CC2H20-2AcOH 

(PhCzN+OCd%Od+ 
(PhCzNzOC5H,Od+ 
(phCzN,OCHOAcCHOH) + 

M-2(C2H20)-2AcOH 
(PhC2N20CH20Ac)+ 
M-CC2H20-2AcOH-AcO 
(PhCzNzOCHOHCHOH)’ 
(PhC2N20C2H40)+ 
(PhCZN20CH~0H)+ 

(PhCzNzHzO)* 
(PhCzNzO) + 

PhCO 
Ph 
AcOH 
AC 

“Expressed as percent of the base peak. *Assignments are assumed. 

system (where H-2 is M, and H-5 is X) to obtain JAB, JAhl , and JB, . The experimental 
spectra fit perfectly, on the assumption that the~H-3 quartet is at lower field than that 
for H-4. The data on chemical shifts and coupling constants for the above-mentioned 
compounds are recorded in Tab!e III. From the values of the coupling constants, it 
was-possible to infer the most-probable conformation for each of these compounds in 
solution. 

The favoured cotiormation of 2-methyl-S-(n-&co-1,2,3,4,5-penta-acetoxy- 
pent&-1,3&oxadiaole (4) is formed by distortion of the planar, zig-zag confor- 
mation by rotation about the CXZ-C-3 bond, thus‘expiaining the value ofJ2,s (7.0 Hz) 
which indicates an essentiahy antiparallel disposition of K-2 and H-3. The vahte of 
Je,& (3.0 Hz) indicates a gauche ankgement between H-3 and H-4, and that of _ 
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J4,5 (8.0 Hz) indicates H-4 and H-5 to be antiparallel. Hence, the most-probable 
rotamer for this compound is 10, in which the orientation about the C-5-C-6 bond is 
devoid of destabilization factors. 

12 

Likewise, the coupling constants J2,3 7, J3,4 3, and J4,5 8 Hz indicate that 
5-(D-gZ~co-1,2,3,4,5-penta-acetoxypen~l)-2-phenyl-l,3,~oxadiazole (5) also adopts 
conformation 10. 

The values of the coupling constants for 2-methyl-5-(D-galacto-1,2,3,4,5-penta- 
acetoxypentyl)-1,3,4oxadiazole (6) indicate a planar, zig-zag arrangement of the 
carbon skeleton. The coupling for antiparallel protons, (J3,4 10.0 Hz) and gauche 
protons (J2,3 2.0, J4,5 1.5 Hz) are consistent with the conformation 11. Likewise, the 
coupling constants J2,3 1.5, J3,4 10.0, and J4,5 2.0 Hz for 5-(D-galacto-1,2,3,4,5-penta- 
acetoxypentyl)-2-phenyl-1,3&oxadiazole (7) are also indicative of conformation 11. 

The value of 3.0 Hz for Jzs3 for 2-methyl-5-(L-urabino-1,2,3,4-tetra-acetoxy- 
butyl)-1,3,4_oxadiazole (3) indicates that H-2 and H-3 are gauche, whereas the value 
(8.0 Hz) of J3,a+ shows H-3 and H-4 to be antiparallel. These values are consistent 
with the planar, zig-zag conformation 12. The values of J4,5 (3.0 Hz) and J4,5p 

(4.0 Hz) indicate a preponderance of that rotamer in which both H-5 and H-5’ are 
almost gauche to H-4, as other arrangements would introduce destabilization by 
i,3_interaction of polar groups. Likewise, t?. coupling constants Jzs3 3 and J3,4 

8.5 Hz for 2-phen~l-5-(~-nrabino-l,2,3,4-tetra-~~~toxybu~l)-1,3,4-oxadiazole 
consistent with conformation 12. 

EXPEiRIMENTAL 

(9) are 

General. - T.1.c. was performed on silica gel G (Merck) with 19:1 chloroform- 
methanol and detection wi*cI iodine vapour. Melting points are uncorrected_ Optical 
rotations were determined at 20”. 

Mass spectra were recorded with a Varian-Mat CH-7 spectrometer, at an 
ionizing potential of 70 eV; the temperature of the direct-insertion probe was lOO- 
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82” (from ethanol), [c&, -1-54~ (c 0.8, 96% ethanol), &_ 250 nm (log E 4.42); lit.’ 
m-p. 82”, [z}n + 53.9” (c 1, ethanol). 

2-Phenyl-5-(L-w&no- 1,2,3,4-tetra-acetoxybutyl)- 1,3,4-oxadiazole (9,56%) 
Eprepared from 5-(L-arabino-1,2,3,4-tetra-acetoxybutyl)tetrazoie6] had m-p. 98-100” 
(from methanol), [a]n + 13” (c 1.1, chloroform), J_, 251 run (log E 4.42). 

Anal. Calc. for C,,Hz,N,09: C, 55.29; H, 5.06; N, 6.45. Found: C, 55.46; 
H, 5.09; N, 6.71. 

ACKNOWLEDGMENTS 

We thank the Consejo Naciond de Investigaciones Cientfficas y Tecuicas and 
the Universidad. de Buenos Aires for financial support, and Dr. A. B. Pomilo 
(Heidelberg UniversitZt, Germany) for the p.m.r. spectra at 220 MHz. 

REFERENCES 

1 R. HUISGEN, H. J. ST-~, AND M. SEIDEL, Chem. Ber., 94 (1961) 1555-1562. 
2 R. HUISGFX, J. SAUER, AND M. SEIDEL, Chem. Ber., 93 (1960) 2885-289:. 
3 J. SAUER, R Hms~m, AND H. J. Smmhf, Tetrahedron, 11 (1960) 241-251. 
4 R. HUISGEN, J. SAUER, H. J. STUR~I, AND J. MAFCKGRAF, Chenz. Ber., 93 (1960) 2106-2124. 
5 R. HUISGEN, J. SAI%R, AND H. J. STURM, Angew. Cbem., 70 (1958) 272-273. 
6 A. M. SELDES, I. M. E. THIEL, AND J. 0. D-, Carbohyd. Res., 39 (1975) 47-51. 
7 J. 0. DEFERRARI, A. M. SELDES, 0. G. MARZOA, AND I. M. E. THIEL, Curbobyd. Res.. 17 (1971) 

237-239. 
8 H. EL KHADEM, M. SHABAN, AND M. NASSR, Curbohyd. Res., 23 (1972) 103-109. 
9 J. L. CO~R, J. Chem. Sot., (1965) 6842-6844. 

10 A. M. SELDES, E. G. GROS, I. M. E. THIEL, AND J. 0. DEFERRARI, Curbohyd. Res., 39 (1975) 
11-17. 


