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Rh-catalyzed intramolecular debenzylative cyclization of amines.
Butyrolactams from benzylamines having a chloroacetylene moiety
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When benzylamines having a chloroacetylene moiety were heated in wet toluene with a catalytic
amount of rhodium trifluoroacetate dimer, intramolecular debenzylative cyclization took place to give
butyrolactams. This method is a new entry to selective debenzylation of amines.

© 2011 Elsevier Ltd. All rights reserved.

Benzylamines are widely distributed in natural products' and
are useful building blocks? as well as a versatile form of protected
amines.> When one considers to use these benzylamines for fur-
ther synthetic modification, one should require a debenzylation
process to give back to the parent amines or, more preferably, di-
rectly to other requisite amino derivatives. Although there are
many standard protocols for the removal of benzyl group(s) on
amino group,>* which include hydrogenation,** dissolving-metal
reduction,®® oxidation,** or dealkylation via quaternarization,*?
new methods are still called for, as these may contribute to the
development of selective and mild transformations that are hith-
erto unexpected. While the former three methods afford the parent
amines, the last one is characteristic of the formation of amides. If
this amide formation can be carried out in an intramolecular man-
ner, this will become a unique debenzylative cyclization, directly
forming lactams as shown in Eq. 1.
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However, such applications have not been documented due

perhaps to the incompatibility of labile acid chloride with other
functional groups and/or their harsh reaction conditions. We re-
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port herein that a chloroacetylene moiety is a convenient surrogate
of acid chloride in Eq. 1 so that an alternative debenzylative lacta-
mization is viable under Rh catalysis as shown in Eq. 2.
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During our study on a new Rh-catalyzed cyclization between
sulfonylacetylene and benzyl ether,”> we happened to examine
the same reaction between haloacetylene® and benzylamine, that
is, 1 as shown in Eq. 3. While this reaction did not afford a desired
product 3, a new product, butyrolactam 2, was detected albeit in a
low yield.
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As this reaction provides a new debenzylative cyclization just as
formulated in Eq. 2, we started optimization of its reaction condi-
tions that are summarized in Table 1. The overall outcome of Eq. 3
suggested the necessity of water for this transformation, because
the amide oxygen in 2, in any event, must come from hydrolysis
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Table 1
Optimization of Rh-catalyzed intramolecular debenzylative cyclization
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X
= Rh cat. or
Lewis acid cat.
(10 mol%) 0
N">Ph e N
solven
I\Ph reflux, 10 h Ph
(2)
Entry Rh cat. or Lewis acid cat. X Solvent Isolated yield? (%)
1 Rhy(tfa), Cl (1) 100:1-toluene/H,0 95
2 Rhy(tfa), Cl (1) 100:10-toluene/H,0 58
3 Rhy(0AC), Cl (1) 100:10-toluene/H,0 37
4 Rhy(tfa), Br — 100:1-toluene/H,0 (13)
5 Rhy(tfa), I — 100:1-toluene/H,0 (28)
6 BF5-OEt; Cl (1) Toluene (0)
7 BF3-OEt, Cl (1) 100:1-toluene/H,0 (0)
2 Yields determined by 'H NMR are in parentheses.
Table 2
Debenzylative cyclization of benzylamines
Cl
=
Rh,(tfa), cat. &
—_— O
N aAr  100: 1-toluene/H,0 N
R reflux, 10 h R
Entry Substrate Rhy(tfa), (mol %) Product Isolated yield (%)
P [
Z l\‘l\ O
N A Ar
kAr
1 Ar=Ph (1) 10 (2) 95
2 p-MeCgHy— (4) 20 (7) 81
3 p-CICeH4— (5) 20 (8) 82
4 p-MeOCgH,— (6) 10 9) 572
P [
Z4 ,I\l (0]
R
N"Ph
R
5 R = CH3(CH,)s— (10) 10 (15) 59
6 Ph(CH,);— (11) 15 (16) 65
7 BnO(CH,)s— (12) 20 (17) 58
8 CeHqi— (13) 20 (18) 68
o C-
Z N (0]
N /\@\
16
9 OMe 10 (16) 56
(14)

2 As a by-product, N,2-bis[(4-methoxyphenyl)methyl]butyrolactam was obtained in 9% yield.
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of a certain intermediate with water. This expectation was soon
found true, as the product yield increased to 95% when the reaction
was performed in the presence of a small amount of water (entry
1). Increase in the amount of water (entry 2) or the use of rhodium
acetate (Rhy(OAc),) instead of Rhy(tfa); (entry 3) decreased the
yield of 2. Variation of the halogen on haloacetylenes was also
examined (entries 1, 4, and 5). Of the three halides examined,
chloro-derivative 1 afforded the best result. Probably, the other
haloacetylenes are rather fragile under these reaction conditions.
It should be also noted that the use of a Lewis acid, such as
BF3-OEt,, did not promote the cyclization at all (entries 6 and 7),
showing the indispensable role of the Rh salt.

Other products prepared from various dibenzylamines or ben-
zylamines are summarized in Table 2.” Dibenzylamines 1, 4, and
5 having an electron-rich or -deficient aromatic ring gave the de-
sired products in almost similar yields (entries 1-3). However, in
the case of bis[(4-methoxyphenyl)methyl]amine 6 (entry 4), the
product yield decreased owing in part to the formation of a by-
product, N,2-bis[(4-methoxyphenyl)methyl|butyrolactam, which
will be discussed later. In all cases of dibenzylamines, only one
benzyl group was cleanly dealkylated to give desired butyrolac-
tams. This is in stark contrast to other debenzylation methods,
where exhaustive debenzylation often occurs. Mono-benzyl deriv-
atives 10-14 (entries 5-9) also underwent debenzylative cycliza-
tion to give alkyl-substituted butyrolactams 15-18 in good
yields. A benzyloxy group in the side chain of 12 survived the reac-
tion conditions to give desired compound 17 retaining this group
(entry 7), which is again an advantageous feature of this method
over other debenzylation methods. Even sterically hindered ben-
zylamine 13 having a cyclohexyl group smoothly reacted to afford
N-cyclohexylbutyrolactam (18) (entry 8). When monol(p-
methoxyphenyl)methyl]amine 14 was submitted to this cycliza-
tion, the benzyl-migrated product such as that in entry 4 was not
detected (entry 9).

At first glance, this reaction appears to involve hydrolysis of the
chloroacetylene moiety under Rh catalysis to give acid chloride,
which then effected the debenzylative cyclization as mentioned
in Eq. 1. However, the treatment of 19 with the Rh catalyst under
the same reaction conditions as shown in Table 2 yielded neither
the corresponding acid chloride 20 nor carboxylic acid 21 in a
detectable amount (Eq. 4). Thus, this experiment negotiates the
above possibility that the chloroacetylene works solely as a precur-
sor of acid chloride.

Rhy(tfa), cat.

Hy;Cy3 ——CI  ------- # ....... -
100: 1-toluene/H,O
(19) reflux, 10 h @
Hp7Ci5”~ “COCI O HyCig” “CO,H
(20) 1)

An alternative and more likely mechanism of this reaction is
proposed in Scheme 1. The Rh catalyst first activates the acetylenic
bond of 22 like a Lewis acid to promote quaternarization of the
amino group (to 23).2 The resulting benzylammonium salt 23 is
attacked by water or chloride anion (via 24), which cleaves the
benzyl-nitrogen bond (path a) to give transient 25.° This scission
of the carbon-nitrogen bond appears important to bring the first
equilibrium to an irreversible process. Subsequent hydrolysis of
o-chloroenamine 25 and the carbon-Rh bond in 26 affords the
observed butyrolactam 27.!° This mechanism is consistent with
the formation of the by-product, N,2-bis[(4-methoxyphenyl)-
methyl]butyrolactam, in entry 4 of Table 2, because the side path
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Scheme 1. Proposed mechanism.

b from the common intermediate 23, involving 1,3-benzyl migra-
tion (—28) and the hydrolysis as above via 29, afforded the by-
product 30. While this type of 1,3-benzyl migration has been doc-
umented in the relevant transition metal-catalyzed isomerization
of acetylenic ethers and sulfides,*¢ it is retarded in the present
reaction, as evidenced by the fact that product 30 was not usually
isolated (except for entry 4 of Table 2) even in dry toluene (Eq. 3).
Thus, the chloroacetylene serves for controlling the reaction to pro-
ceed exclusively along the path a.

As both introduction of an alkynyl group to amines and chlori-
nation of terminal acetylenes can be carried out by various stan-
dard methods, the above reaction provides a useful tool for the
debenzylative cyclization, directly giving butyrolactams as formu-
lated in Eq. 5. Further application of this method to more complex
substrates or naturally occurring products is in progress in our
laboratory.
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An alternative mechanism, consisting of demetallation of the rhodium moiety
followed by the hydrolysis of the resultant chloroenamine as shown below, is
also likely, but we could not isolate the intermediate chloroenamine 31 or 32
for now.
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