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Debenzylation by Ni-Al alloy
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Abstract

Nickel-atuminum alloy in aqueous sodium hydroxide-ethanol medium brings about facile hydro-
genolysis of benzyl ether function in subsirates carrying a vicinal methoxy group. Simplicity of the
reaction conditions and cheapness of the reagent are some of the advantages of the procedure.
Additionally, carbonyl functions when present are untouched and alkaline medium of the reaction
makes it compatible with the presence of acid-sensitive groups.
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1. Introduction

Introduced by Schwenk and co-workersi-® nickel-aluminium alloy? (I : [} in aqueous
alkali has proved to be quite useful in several reduction reactions because of cheapness
of the reagent and operational simplicity of the reaction. ¢, f-Unsaturated acids
with®8° and without® 6 1% 11 aryl substitution, y-aryl-f, y-unsaturated acids!*-1
chlorinated polyene acids®® and neutral substrates like benzyl alcohols®, aldehydes
and ketones? 6 17, aromatic halides® 8, nitroaromatics®, oximes'* and nitriles?® have
been reduced by Ni-Al alloy essentially under aqueous conditions. Displacement of
some groups (sulphonic acid and alkoxy groups) was also encountered in some cases?,

2. Discussion
Our recent finding of facile hydrogenolysis of benzyl ethers with vicinal methoxy func-
tion conmstitutes a useful addition to the above list of applications of Ni-Al alloy in
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organic synthesis. Thus 3-methoxy-4-benzyloxytoluene (I), 3- ~methoxy- -4-bezyloxy-
bepzaldehyde (ID) and 3-(2'-methyl-4’-methoxy-5'-benzyloxybenzoyl) propanoic aci
(ID) underwent debenzylation in excellent yield on stirring with Ni-Al alloy powder
in sthanolic sodium hydroxide to afford the corresponding hydrogenolysis products v,
v and VI respectively. The hydrogenolysis of compounds IT and III is particularly
noteworthy in that the carbomyl functions are left in tact, whercas Jiterature records
rednction of the carbonyl group, in most cases, to the carbinol or to the methylene stage,
depending on reaction temperature® % 17,

Recently Kametani ef a/** reported cleavage of benzyl ethers with sodium bis (2
methoxyethoxy) aluminium hydride in refluxing xylene. Thus benzyl vanillin afforded
(i) & mixturs of the phenol (IV) and the alcohol (VID) (reaction time 6 hr) and (i) exclu-
sively the phenol (IV) (reaction time 10 hr), the aldehyds function in either case redused
partially or completely depending on the length of time of the veaction. On the other-
hand Ni-Al alloy, as found by us, does not reduce the carbonyl function while cleaving
the benzyl ether (IL— V; i1l —» VI). However, as observed by Kametani efal%, o
vicinal methoxy function appears to be essential for debenzylation in the case of Ni-Al
alloy too, as shown by the complete recovery of 4-benzyloxytoluene under identical
experimental conditions. Subject to this limitation, Ni-Al alloy seems to score an
advantage over some of the alternate catalytic®®, metal hydride®, and alkoxy metal
hydride®* debenzylation techniques, as the reagent (Ni-Al alloy) is accessible even
to a low-budget laboratory., It also demands no special handling (except for keeping
the pyrophoric nickel wet till disposal) and storage precautions and the reaction is

conducted in alkaline aqueous sthanolic medium, compatible with acid sensitive
functions.

CHQ Q
oM
HCO H3CO H3CO
QCH2CgHg 0CHoCgHp QCHoCgHs
1 N I 10
CHO 0 ChigOH
o
COoH & ‘
HaCo HyCO HyCO L HaCoT Yy
oH OH OH OCHCgls

v v Vi Vit



DEBENZYLATION BY Ni-AL ALLOY 179
3. Typical experimental procedure

To a solution of the benzyl ether (I/II/IIL) (0-01 mol) dissolved in ethanolic sodinm
hydroxide [NaOH (1 g) dissolved in minimum amount of water and the volume made
up to 10 mi with ethanol] and maintained at gentle reflux. Ni-Al alloy pewder (1 : 1,
1g) was added under stirring in small lots, keeping the frothing under control by
adjusting the rate of addition of the alloy. After completion of addition, the reaction
mixture was stirred fer 6 hr, allowed to cool and the nickel was filtered off, taking care
to see that it is maintained wet. Most of the ethano! from the filirate was distilled
off under suction and the residue was acidified with dilute hydrochloric acid (1 : 1).
The product was thoroughly extracted with ether and the extract was washed with
brine and dried over anhydrous sodium sulphate. Removal of solvent furnished the
debenzylated products IV (95%)), V (60%), VI (95%) vield. identified by L.T. and spectral
comparison (iLr. and p.m.r.) with authentic materials™.

4. Acknowledgement
MVN thanks the UGC, New Delhi, for a research fellowship,

References

i, WaHITMAN, B., J. Biol. Chem., 1937, 118, 789.
WINTERSTEINER, O.

AND SCHWENK, E.

Papra, D., SCLWENK. E. J. Org Chen, 1942, 7, 587,
AND WHITMAN, B.

I

Ind Engg. Chem. Analy. Edi., 1943, 15, 376.

w

. ScHwEeNK, E., Para, D.
AND GiNsseRG, H.

4 SChRWENK, E., Para, D., J. Org. Chen., 3944, 9, 1.
WHITMAN, B. AND
GINSBERG, H.

5. SCBWENK, E., Para, D, J. Org. Chem., 1944, 9, 175.

WaHITMAN, B, AND
GINSBERG, H.

6. Scewsnk, E., Para, D, Org. Synth., 1955, Coll, Vol. 3, 742,

Hangm, H. AND
GINsgERG, H.
Reagents for Organic Synthesis, John Wiky, New York, 1967,

7. Frser, L. F. AND
1, 718; 1969, 2, 289; 1974, 4, 350.

Freser, M.

8. Page, G. A. AND Org. Synth., 1963, Coll. Vol. 4, 136.

TARBELL, . S.



180 M. VENKAMA NAIDU AND G, S. KRISHNA RAO

9. Sang, P. P, Indian J. Chem., 1978, 16B, 366.
KuLkarni, B. 8.,
VAIDYA, A. S. AND

Rao, A. S.

10, Jomw, T. K. AND Indian J. Chem., 1979, 17B, 307.
Krisana Rao, G. 8.

[1. VeEngaMA NapU, M. Ph.D. Thesis, Indian Institute of Science, Bangalore, 1979,

12. Sux" Dy J. Indion Chem. Soc., 19535, 32, 513,

i3. Krisans Rao, G. S. AND J. Indian Chem. Soc., 1959, 36, 1.
SukH Dev

14. Guera, A. S., Tetrahedron, 1967, 23, 2481,
MurtHY, K. L. AND
SuxH Dev

15. Mang, R. B. aND J. Chem. Soc. Perkin I, 1975, p, 1235,
Krisirna Rao, G. S.

16, RoEDIG, A., MARRL, G. Ber., 1962, 95, 2844,
AND SCHAAL, V.

17. Cook, P. L. J. Org. Chem., 1962, 27, 3893.

18. Maerxr, G. Ber., 1963, 96, 1441,

1%, Grauam, S. H. anp J. Chem. Soc. {C), 1966. p. 655.
WiLLiams, A. J. S.

20. VYax Es, T. anp Org. Synth., 1971, 51, 20,
Staskux, B.

21, Kawmerant, T., J. Org, Chem., 1976, 41, 2543,

HUANG, S. P., WHARs, M.
ann Fuxkumoro, K.

22. HasLam, E. Protective groups in organic chenmistry, McOmie, J. F. W. (Ed)
Plenum Press, London, 1973, p. 145,
23. TWEBDIE, V. L aND J. Am. Chem. Soc., 1957, 79, 5463.

CuUscurInA, M.



