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MITSUNOBU N*-ALKYLATION OF 1,3,4-OXADIAZOL-2(3H)-ONES

A.Lochead’, F.Galli, S.Jegham, A.Nedelec, P.George

Synthélabo Recherche, Direction de Recherche SNC, 10 rue des carriéres, 92500,
RUEIL-MALMAISON, FRANCE

Abstract: The Mitsunobu reaction of 1,3,4-oxadiazol-2(3H)-ones with alcohols leads
to N*-alkylated products in high yields.

In connection With an on-going medicinal chemistry program  we required a
method which would allow a clean N-alkylation of 1,3,4-oxadiazol-2(3H)-ones under
neutral conditions. Although oxadiazolones of this type are frequently alkylated by alkyl
halides in good yield using base catalysis,' we believed that these conditions would be
inappropriate for alkylation with secondary halides, and inconsistent with sensitive
functionality and conservation of stereochemical integrity in the case of chiral
substrates.

The Mitsunobu reaction has been widely applied to the alkylation of heteroatom
functions.* Less information is available on the possibilities for application of this
method for the alkylation of heterocycles.* Recently, Mitsunobu alkylations of 2-
pyridones® and 3-methyl-1-phenyl-2-pyrazolin-5-ones® were reported to give
predominantely O-alkylation. 1,3,4-Oxadiazol-2(3H)-ones, like 2-pyridones and
pyrazolones, are potentially ambident nucleophiles. Indeed O-alkylation may be
conducted under appropriate conditions.’

We reasoned that 1,3,4-oxadiazol-2(3H)-ones would undergo Mitsunobu
alkylation on the basis of a measured®® pK, of 7.06 for the N*-H proton, and that the
a-effect would contribute to favor ~ N-alkylation over Q-alkylation.
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Results and Discussion

The results of this study are shown in the table. The reaction was conducted
with commercially available 5-phenyl-1,3,4-oxadiazol-2(3H)-one under normal
Mitsunobu conditions (triphenyl phosphine/diethylazodicarboxylate in tetrahydrofuran)
and with a range of alcohols.
In almost all examples a high yielding N-alkylation was observed. Only in the case of
menthol was partial O-alkylation observed. The reaction is applicable to primary,
secondary, benzylic and allylic systems. In the case of tertiary butanol only a poor yield
of alkylated materiel was recovered. Alkylation of (+)-menthol afforded mainly the N-
alkylated cis-product (2g).The results of an X-ray diffraction study are in agreement
with this structure.'® Therefore, as expected from the mechanism, clean Sy2 inversion
has taken place at the reaction centre.

In conclusion Mitsunobu alkylation is a synthetically useful and convenient
method for selective N*-alkylation of 1,3,4-oxadiazol-2(3H)-ones.

Table - Mitsunobu Alkylation of 5-Phenyl-1,3,4-oxadiazol-2(3H)-one with alcohols

H R
N-N PPhy/DEAD/THF N-N N-N
Ph Ph Ph 0
o0 ROH o0 0
1 2 3
Yield(%)
Example R
2 3
a Et 95 -
b Bn 65 -
¢ PhEt 86 -
d Cyclopentyl 78 -
e Allyl 84 -
f t-Bu 18 -
g 76 10
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Experimental

'H and C NMR spectra were measured at 200 Mhz and 50 Mhz respectively on a
Bruker DP200 spectrometer using CDCI, as the internal standard. Melting points were
determined on a Koeffler hot-stage or a Totoli apparatus and are uncorrected. Yields
were not optimised.

General procedure for the preparation of compounds 2a-g. In a typical
experiment 0.26g (1.5 mmol) of diethylazodicarboxylate was added slowly to a stirred
solution of 0.162 (1 mmol) of 5-phenyl-1,3,4-oxadiazol-2(3H)-one, (I mmol) of
alcohol and 0.39¢g (1.5mmol) of triphenylphosphine in Sml of tetrahydrofuran at 0-4°C
under argon. The mixture was stirred at room temperature for one hour and then the
solvent removed in vacuo and the residue chromatographed on silica gel eluting with
a mixture of heptane/ethyl acetate 20/80.

3-Ethyl-5-phenyl-1,3,4-oxadiazol-2(3H)-one (2a) Yield 95%, Mpt. 46-48°
C (lit."! yield 26%, Mpt. 46-47°C) 'H-NMR (CDCl,) & 1.45(t,3H), 3.85(q,2H), 7.4-
7.55(m,3H), 7.8-7.9(m,2H); *C NMR 513.5, 41.1, 125.6, 128.9, 131.4, 163.3.
(Found: C,63.07,63.05; N,14.64,14.62; H,5.31,5.30. Calc. for C,;H,(N,0,: C,63.15;
N,14.73; H,5.30.

3-Benzyl-5-phenyl-1,3,4-oxadiazol-2(3H)-one (2b) Yield 65%, Mpt.118-

120°C  (lit."? yield 85%, Mpt.118-119°C ) '"H NMR (CDCl,) & 4.95(s,2H), 7.3-
7.55(m,8H), 7.8-7.9(m,2H). Found: C,70.94,70.90; N,10.77,10.87; H,4.86,4.86. Calc.
for C;;H;,N,0,: C,71.27; N,11.08; H,4.81.

3-(2-Phenylethyl)-5-phenyl-1,3,4-oxadiazol-2(3H)-one (2¢) Yield 86%, Mpt.
83-85°C, 'H NMR (CDCly) & 3.15(t,2H), 4.05(t,2H), 7.15-7.35(m,5H), 7.4-
7.55(m,3H), 7.8-7.95(m,2H). Found: C,71.80,71.92; N,10.37,10.40; H,5.20,5.24.
Calc. for C,(H,N,0,: C,72.17; N,10.52; H,5.30.

3-Cyclopentyl-5-phenyl-1,3,4-oxadiazol-2(3H)-one (2d) Yield 78%, Mpt.
89°C dec., 'HNMR (CDCl,) d 1.6-1.8(m,2H), 1.85-2.15(m,6H), 4.45-4.65(m, 1 H),7 .4~
7.55(m,3H), 7.8-7.95(m,2H). Found: C,67.52,67.57; N,12.02,12.03; H,6.05,6.09.
Calc. for C,,H,N,0,: C,67.81; N,12.17; H,6.13.

3-Allyl-5-phenyl-1,3,4-oxadiazol-2(3H)-one (2e) Yield 84%, Mpt. 54-56°C
(lit. yield 85%, Mpt. 58-59°C) '"H NMR (CDCl,) 6 4.5(dd,2H), 5.3-5.55(m,2H), 5.8-
6.05(m,1H), 7.45-7.6(m,3H), 7.8-7.95(mn,2H). Found: C,65.15,65.10; N,13.63,13.52;
H.,4.92,4.89. Calc. for C,H,(N,0,: C,65.34; N,13.85; H,4.98.

3-t-Butyl-5-phenyl-1,3,4-oxadiazol-2(3H)-one (2f) Yield 18%, Mpt. 29-
31°C, 'H NMR (CDCly) & 1.6(s,9H), 7.4-7.55(m,3H), 7.75-7.9(m,2H). Found:
C,66.59,66.51; N,12.35,12.40; H,6.74,6.70. Calc. for C,,H,,N,0,: C,66.04; N,12.84,
H,6.46.
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3-((18,28,5R)-Menthyl)-5-phenyl-1,3,4-oxadiazol-2(3H)-one (2g) Yield
76%, Mpt. 45-47°C, [¢],, -3.6° {(c=1, MeOH), 'H NMR (CDC,) 6 0.80-1.05(m, 10H),
1.2-1.5(m,3H), 1.7-2.1(n,4H), 4.5-4.6(m,1H), 7.45-7.55(m,3H), 7.8-7.9(m,2H).
Found: C,72.16,72.11; N,9.41,9.43; H,8.10,8.10. Calc. for C,(H,,)N,0,: C,71.97;
N,9.33; H,8.05.

2-((18,28,5R)-Menthyloxy)-5-phenyl-1,3,4-oxadiazole (3g) Yield 10% 'H
NMR (CDCl,) 8 0.80-1.1 (m,10H), 1.1-1.3(m,3H), 1.4-1.9(m,3H), 2.4(br.d,1H),
5.4(s,1H), 7.45-7.55(m,3H), 7.9-8.0(m,2H). M* Found: 301, Calc. for C;;H,,N,O,:
301.

Acknowledgements

We wish to thank the analytical chemistry department of Synthélabo Recherche
(Rueil-Malmaison) for NMR spectral analysis and pKa measurements and Dr. Philippe
Ochsenbein for the X-ray structure determination.

References

Milcent, R; Yver, B; Barbier, G.; J.Heterocyclic Chem., 1992, 29, 959-962

Mitsunobu, O. Synthesis 1981, 1-28

Hughes, D.L.; Org.React. 1992, 42, 335-656

Comins, D.L.; Jianhua, G.; Ter. Letts.1994, 35(18), 2819-2822

See ref.3 for details of alkylation of carboximide, hydantoin, thiouracil and purine

systems. Katritzky et al. have recently employed a modification of the Mitsunobu

reaction for N'-alkylation of benzotriazoles, Synth. Commun. 1997, 27(9), 1613-

1621

6. Holzer,W.; Plagens,B.; Lorenz.;K.; Heterocycles, 1997, 45, 309-314
Golfier, M.; Milcent, R.; Bull. Chim.Soc.France, 1973, 254-258

8. The nucleophilic component in this reaction should have a pKa < 11 for an efficient
reaction to take place. See Tsunoda, T.; Yamammiya, Y.; Tetrahedron Lett. 1993,
34, 1639

9. The pKa of 5-phenyl-1,3,4-oxadiazol-2(3H)-one was estimated by extrapolation
(Yasuda-Shedlovsky method) in water/methanol using a Sirius PCA 101
instrument.

10. The X-ray structure of this compound will be published elsewhere.

11, Hai,S.M.; Lwowski,W_; J.Org.Chem. 1973, 38(14),2442

12. Padwa,A.; Caruso,T.; Nahm,S.; Rodriguez,A.; J.Am.Chem.Soc.1982, 104(10),

2865

AN e

(Received in the USA 28 August 1998)





