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SYNTHETIC COMMUNICATIONS, 25(6), 813-818 (1995)

LOW-VALENT TITANIUM MEDIATED DEPROTECTION OF

N-ALLYL/BENZYL AMINES : A NEW APPROACH

Sanjay Talukdar and Asoke Banerji'

Bio-Organic Division
Bhabha Atomic Research Centre
Trombay, Bombay-400085

Abstract: A novel low-valent titanium (LVT) mediated cleavage of N-allyl/
benzyl amines is reported. Regio- and chemo-selective cleavages were also
observed.

Selective protection/deprotection of reactive sites in multifunctional com-
pounds remains an area of active research in the chemical manipulation of
synthetic as well as natural products’. Protection of amino function is called for
in the synthesis of many compounds and particularly in peptides. Amongst dif-
ferent protective groups for amines, N-benzylation is most frequently used.
Classically, debenzylation of N-benzyl amines is achieved by high pressure
catalytic hydrogenation 2, by using hydrogen donors*>5 or by B-trimethylsilyl
chloroformate’. Photo-sensitised single electron transfer (SET) mediated proto-
cols® have also been used successfully for N-debenzylation reactions. Recent
report on zirconocene complex mediated deallylation of O-allyl/N-allyl amines®
prompted us to communicate our results on the cleavage of N-allyl/benzyl bonds
by low valent titanium (LVT) reagents.

* To whom correspondence should be addressed.
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In continuation of our work on LVT mediated synthetic transformations, a
novel approach to selective deprotection of allyl, benzyl!® and propargyl!! ethers
of alcohols and phenols was described. The selectivities in the cleavages could
be explained by the differential stabilities of the intermediate Ti-complexes.
Based on these findings, it could be argued that N-benzyl/allyl bonds should also
undergo cleavages through similar mechanism though at comparatively slower
rates. In order to verify this hypothesis, a systematic study on the effects of
LVT on different N-benzyl/allyl amines was undertaken,

When a reaction was carried out with N-allyl diphenylamine (ib) and LVT
(TiCl,-Li-THF, reflux, 20 h), smooth deprotection occurred furnishing di-
phenylamine (2b) in 65% yield (Table, entry 1). Compared to N-deallylation,
O-deallylation was much faster and required only 2.5 h'®. The N-CH, group
remains unaffected under these conditions as evidenced by the formation of N-
methylaniline (2a) from N-methyl-N-allylaniline (1a) (Table, entry 2). Similar-
ly, selective N-debenzylation could be carried out in the presence of N-Me
group. Thus, when N-benzyl-N-methyl aniline (3a) and N-(4-N,N-dimethyla-
minobenzyl) aniline (3b) were treated with LVT, N-methyl aniline( 2a) (Table,
entry 4) and p-N,N-dimethylamino toluene (4'b) (Table, entry 3) were obtained
respectively. The scope of this methodology has been illustrated by the depro-
tection of a variety of N-allyl/benzyl amines. As an example of alicyclic com-
pounds, deallylation of N-allyl dicyclohexylamine (ic) (Table, entry 5) was
carried out successfully. This protocol could be used for substituted benzyl
amines also. Thus, in the cases of N-(2-hydroxybenzyl)aniline ( 3¢) and N-(4-
N,N-dimethylamino benzyl)aniline (3b), aniline was obtained in both the cases.
In addition to aniline, p-N,N-dimethylamino toluene (4'b) (Table, entry 3), o-
cresol (4'c) (Table, entry 6) were also isolated.

Selective cleavage of allyl group could be shown by using substrates con-
taining both N-allyl and N-benzyl groups. Thus, N-allyl-N-benzylaniline (1d)
furnished N-benzylaniline (2d) (Table, entry 7). O-Benzyl bond could be selec-
tively cleaved in preference to N-benzyl bond. Thus, 2-hydroxybenzyl aniline
(6a) was obtained as the sole product when 2-benzyloxy-N-benzyl aniline (Sa)
was used as substrate (Table, entry 8). N-Cinnamyl group could be cleaved at a
faster rate possibly due to the additional stability of cinnamy! radical. 2-Meth-
oxyaniline (8a) was obtained from N-cinnamyl-2-methoxyaniline (7a) (Table,
entry 9). This reaction also shows the compatibility of methoxy groups under
the present reaction condition.
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Mechanistically, the reaction probably proceeds via Single Electron
Transfer (SET) process where LVT species donate electrons to amine (I) giving
radical intermediate (II) which undergoes regioselective cleavage leading to
stable allyl or benzyl radical and the amine complex (III); the free amine is
liberated during the aqueous work-up.

.0

R R,
R-N-r, SEL. N-R, | i® — R’Ne“ca + Ry
R Ti(0) R
I i m
Intermediate
R = Alkyl, Aryl, H

R| = Allyl, Benzyl

This is the first report of LVT-mediated deprotection of N-benzyl or N-allyl
amines which holds considerable promise in both aliphatic and aromatic domain.
Regioselectivity and chemoselectivity have been demonstrated by the selective
cleavage of N-allyl bond in the presence of N-benzyl bond and cleavage of O-
benzyl bond in the presence of N-benzyl bond respectively. N-Methyl or O-
methyl groups remain unaffected under the reaction conditions. This along
with our earlier reports offer several protocols for the protection of alcohols,
phenols and amines in multistep organic synthesis.

General Procedure for the N-deallylation/debenzylation

A mixture of TiCl, (3.47 g, 22.5 mmol) and lithium (0.525 g, 75 mmol) in
dry THF (70 ml) was refluxed (3 h, argon). After cooling, an appropriate N-
allyl or N-benzyl compound (5 mmol, 5 m! THF) was added and refluxed
{monitored by TLC). After completion, the reaction mixture was cooled, dilut-
ed with petroleum ether-ethyl acetate mixture and passed through celite, the
organic layer was washed with water, brine and dried (Na,SO,). Concentration
gave crude product which was purified by preparative thin layer chromatogra-
phy (8i0,) to furnish desired amino derivative.
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Table : Cleavage of N-Allyl and N-Benzyl Amines with LVT

Entry  Substrate Conditions  Product(s)®  Yield(%)

1 1b 20 hreflux  2b 65
2 la 18h " 2a 48
3 3b 22h * 4b 49

4'd 47
4 3a 22h " 2a 55
5 Ic 20h * 2c 47
6 3¢ 22h " 4b 47

4'c 47
7 1d 18h " 2d 49
8 Sa i6h " 6a 48
9 7a Sh " 8a 53

® Products were characterised by comparison with authentic samples (IR,
'HNMR, TLC and M.P.)
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