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Protecting groups often play a crucial role in many complex
synthetic strategies.! The choice of protecting groups is one of
the decisive factors in the successful realization of a complex
demanding synthetic project. The allyl moiety is a protecting group
that permits orthogonal protection strategies with a wide range of
protecting groups and thus finds increasing application in the syn-
thesis of complex natural products.” The transition-metal-cata-
lyzed methods® are the most widely and commonly used
methods for allyl group deprotection. But selectivity can still be a
problem, since O-allyl derivatives are cleaved faster than N-allyl
derivatives in most cases. Reductive metals are not selective
either.* An important drawback of the w-allyl-palladium method-
ology is the requirement of stoichiometric amounts of a nucleo-
philic compound, which acts as the allyl group scavenger.
Selectivity is also a problem with chloroformate-mediated pro-
cesses,” which are capable of cleaving different types of N-C bonds.
New procedures involving Grubb’s-type catalysts have also
emerged in the last few years,® yet selectivity remains the problem
with these methods. In view of this we became interested in the
development of an alternative N-deallylation method that can
smoothly provide free amines.

The high oxidation potential (Ep) of DDQ has resulted in the
extensive use of this compound as a dehydrogenating agent in
organic synthesis.” Even though O-allyl ethers are oxidatively
cleaved in the presence of DDQ,® this reaction has not been devel-
oped further into a method of synthetic interest for the cleavage of
N-allylic bond.® We now report that the N-allylic group can be
cleaved oxidatively from a wide variety of orthogonally protected
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tertiary amine derivatives using DDQ as a dehydrogenating
reagent.

Our studies began with the reaction of a series of allyl sub-
strates on aliphatic, alicyclic, and benzylic amines. We carried
out reaction initially by choosing compound 1a as a model sub-
strate (Scheme 1). DDQ was added to a solution of compound 1a
in dichloromethane-water (9:1) (Table 1, entry 1) and the result-
ing dark red solution stirred at room temperature overnight, dur-
ing which time a pale yellow hydroquinone derivative was
precipitated. The reaction proceeded smoothly, however it was
found that correct work-up of the reaction was crucial. The
optimized procedure involved extraction with several portions of
CH,Cl, and washing with saturated sodium bicarbonate solution,
followed by loading the crude residue (after removal of the vola-
tiles) directly onto a short basic alumina flash column, eluting with
hexane-DCM to afford 92% yield of N-deallylated secondary amine
2a (Table 1, entry 1).

The reaction was studied in a variety of solvents and the results
are summarized in Table 1. It was observed that the presence of
water and its amount along with an organic solvent plays an
important role in the reaction. Decrease of the water ratio some-
what lowered the yield and increased the reaction time (Table 1,
entry 2). In the absence of water, most of the amine 1a was
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Table 1
Oxidative cleavage of compound 1a with DDQ in various solvents at room
temperature

Entry Solvent system DDQ (equiv) Time (h) Yield (%)

1 CH,Cl,-H,0 (9:1) 1.2 12 92
2 CH,Cl,-H,0 (9.7:0.3) 1.2 22 70
3 CH,Cl, 1.2 48 Trace
4 Hexane-H,0 (9:1) 1.2 24 0
5 Dioxane-H,0 (9:1) 1.2 10 Complex mixture
6 THF-H,0 (9:1) 1.2 12 Complex mixture
7 Toluene-H,0 (9:1) 1.2 36 45
8 CHCl3-H,0 (9:1) 1.2 24 60
9 EtOAc-H,0 (9:1) 1.2 12 Complex mixture
10 MeOH-H,0 (9:1) 1.2 6 Complex mixture
11 CCl4—H,0 (9:1) 1.2 24 20
12 MeCN-H,0 (9:1) 1.2 14 85

Table 2

Oxidative cleavage of compound 1a with DDQ under various reaction conditions

recovered (entry 3). No deallylation product was obtained when
the reaction was carried out in hexane-water (entry 4). The reac-
tions were performed in other solvents such as THF, toluene, CHCls,
MeOH, CCly, MeCN, EtOAc, and dioxane (Table 1, entries 5-12).
However, in most of the cases, a complex mixture was obtained
(entries 5, 6, 9 and 10). The rate of the reaction became slower
when CHCl3, CCly, or toluene were used as the solvent (entries 7,
8, and 11). Interestingly, the yield of reaction in MeCN was compa-
rable to that in CH,Cl, (Table 1, entry 12). The use of 1.2 equiv of
DDQ in a solvent mixture of CH,Cl,-H,0 (9:1) has an additional
merit. The weakly acidic DDQH, (2,3-dichloro-5,6-dicyanohydro-
quinone) that precipitated during the reaction is almost insoluble
in both CH,Cl, and H;0, so the reaction medium was constantly
kept almost neutral as long as the reaction proceeded (Table 1,
entry 1).58°19

This is sometimes very important in the case of substrates bear-
ing acid-sensitive functional and protecting groups. Based on the
above investigations; CH,Cl, was preferred as the reaction media
to perform the deallylation reaction.

In principle, a stoichiometric amount of DDQ should be suffi-

Entry Reaction conditions Time (h) Yield (%) cient for the oxidative cleavage of N-allylic amines, however the
1 0.8 equiv DDQ, CH,Clo—H,0 (9:1) rt 20 45 reaction progressed slowly, probably because of competitive aque-
2 1 equiv DDQ, CH,Cl,-H,0 (9:1) rt 18 30 ous decomposition of DDQ.!! To circumvent this problem, the DDQ
3 1.2 equiv DDQ, CH,Cl,-H,0 (9:1) rt 12 92 was added in small portions every 20 min (3-4 portions) and this
4 }g equiv DDQ CHZCCIZ‘HZ(;) 539-:1]) Oo‘fc 2;1 32 slow addition of DDQ resulted in high yield of products. Variation
5 -2 equiv DDQ, MeCN-H,0 (9:1) 7 ’ in the number of equivalents of DDQ was then examined (Table 2).
Low yield of the product was obtained and mostly starting material
Table 3
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Table 3 (continued)
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¢ Yields refer to chromatographically pure isolated compounds.

b Combined yield for the mixture of cyclohexanamine-N-allylcyclohexanamine in ratio 1:4.

was recovered when less than 1 equiv of DDQ was used (Table 2,
entry 1).

Use of 20% excess of DDQ brought about a large reduction in
reaction time and significant increase in the yield (Table 2, entries
2 and 3). When the concentration of the reaction mixture was var-
ied (between 0.4 and 0.02 M of starting material) it was found that
the best combination of rate and ease of handling was at a concen-
tration of approximately 0.1 M. Attempts to effect the reaction at
temperatures lower than rt slowed the reaction considerably
(Table 2, entry 4). An increase of temperature led to a faster

conversion but the yield of deallylated amine was found to be
lower (Table 2, entry 5).

Under the optimized reaction conditions, various substrates
were subjected to the deallylation reaction'? (Table 3). The reac-
tion proceeded smoothly with aliphatic, alicyclic, or benzylic allyl
amine substrates to give the corresponding secondary amines in
good to excellent yields.

During this study, N-benzyl (NBn), N-t-butyl carbamate (NBoc),
and N-tosylamide (NTs) groups were found to be stable to the reac-
tion conditions (Table 3, entries 1, 4, 9, 10, 11, and 14). Selective
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Table 4
Competitive one-pot reaction between N-allyl-N-cyclohexylcyclohexanamine and other reactants containing different functional groups
S. No. Substrates Products with yield Time
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Scheme 2. A plausible mechanism for the cleavage of allylic amine.

deprotection of an N-allyl group in the presence of an N-PMB group
could also be achieved under the conditions employed (Table 3,
entries 5, 6 and 7). Deallylation of N-tosyl and N-Boc protected
amine derivatives (Table 3, entries 9, 10, and 11) required longer
reaction time and higher equivalents of oxidant DDQ
(1.5-2.5 equiv). It has been observed that N-cinnamyl and N-prenyl
systems (Table 3, entries 13 and 14) deprotected much faster than
N-allyl substrates. But cleavage of N-propargyl amine (Table 3,
entry 12) resulted in a complex reaction mixture. Extrapolation
of the deprotection of tertiary allyl amines to secondary allyl

amines was not very clear. Even though secondary amine N-cinn-
amylcyclohexanamine gave cyclohexanamine in 65% yield (Table 3,
entry 16), conversion of N-allylcyclohexanamine to cyclohexan-
amine under the same reaction condition was very slow (Table 3,
entry 15). When N,N-diallylcyclohexanamine was treated under
the same condition (Table 3, entry 17), we obtained a mixture of
compounds cyclohexanamine (20) and N-allylcyclohexanamine
(2q) even after 2 days, suggesting that secondary N-allylamines
would require harsh reaction conditions to be cleaved.

In order to study the compatibility of this procedure with other
functionalities, we carried out the one-pot competitive reaction
between N-allylcyclohexylcyclohexanamine with other substrates
containing different functional groups (Table 4).

N-Allyl group is selectively cleaved in the presence of benzyl
and acetate groups (Table 4, entry 1). Similarly bromo- and cyano
groups remain intact during the cleavage of the N-allyl group
(Table 4, entries 2-4). When compounds with the N-allyl group
and primary O-allyl groups were subjected to oxidative cleavage
under the one-pot reaction conditions, both allyl groups were
cleaved simultaneously (Table 4, entry 5). Interestingly we
observed selectivity in the cleavage of the N-allyl group over the
sec-0-allyl group in a one-pot reaction (Table 4, entry 6). Also the
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imide, ester group, and Boc groups were found to be compatible
under the reaction condition employed (Table 4, entries 7-8). Thus
this method could synthetically be useful in the selective deprotec-
tion of the N-allyl group over the sec-O-allyl group and several
other functionalities and thus may find application in the design
and synthesis of complex natural products.

A plausible mechanism analogous to those reported for the
cleavage of prenyl ethers, cinnamyl ethers, or OPMB®® is shown
in Scheme 2. The reaction proceeds by the hydride abstraction
from the activated methylene of allylic amine 1 by DDQ followed
by trapping the iminium ion 4 by water giving a hemiaminal 5
which decomposes to give a secondary amine 2, DDQH,, and acro-
lein 6. During the cleavage process the heteroatom nitrogen
located at the o-position activates the adjacent allylic sp> C-H
bond and further stabilizes the in situ formed intermediate. The
oxidative cation formation appears to proceed through a sequence
of radical cation formations followed by hydrogen atom abstrac-
tion. DDQ is a well-known electron acceptor and forms charge
transfer (CT) complexes with a variety of donors indicated usually
by an immediate color change in the reaction mixture.'® In conclu-
sion, we have demonstrated an alternative, convenient, and gen-
eral method for the chemoselective cleavage of allylic amines'*
using DDQ-CH,Cl,-H,0 as a mild and efficient reagent.
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