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Abstract—A novel aromatic ring-alkylation was achieved by condensation between aniline-HCI salts and cyclic or acyclic ketones

under hydrothermal conditions.
© 2005 Elsevier Ltd. All rights reserved.

Over the past decade, a great deal of attention has been
focused on the development of new synthetic reactions
in aqueous media, mainly due to the increasing impor-
tance of ‘green chemical processes’ in modern organic
synthesis.! In our own efforts in this field, we recently re-
ported a novel synthesis of phenanthridine derivatives
that involves the efficient condensation of o-phenylani-
line-HCI with cyclic ketones under hydrothermal condi-
tions (Scheme 1).> In this work, in addition to the
targeted 6-alkyl-substituted phenanthridine derivatives,
we noted that unexpected byproducts with a cycloalkyl
functionality at the 2-position were formed in the reac-
tion mixture. We considered that the latter compounds
might be accessed through aromatic ring-alkylation
followed by phenanthridine core-construction.?

A survey of the literature revealed that there are no
precedents for this type of alkylation, except for the re-
lated work on the alkylation of pyrrole with ketones in a
hot-water system.* The purpose of this study was to
clarify the general features of the above mentioned aro-
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matic ring-alkylation and to demonstrate the power of
the hydrothermal technique in the development of envi-
ronment-friendly chemical transformations. The results
are summarized in Table 1.°

When a mixture of aniline-HCI (1a, 2 mmol)® and cyclo-
hexanone (2a, 7 mmol) in 10 mL of H,O was reacted at
250 °C for 24 h, p-cyclohexylaniline (3) was isolated in
29% yield along with tetrahydrophenanthridine deriva-
tives 4 (36%) and 5 (17%) (entry 1).” It is conceivable that
1a was first condensed with 2a at both the ortho- (prod-
uct A) and para-positions (product D), and, because of
its favorable 6m-electronic system (B—C), the intermedi-
ate ortho-adduct A was converted immediately to 4 by
condensation with another equivalent of 2a (Scheme 2).
Following an identical process, 5 should be derived from
3. Accordingly, the only problematic pathway in this
reaction sequence is the formation of 3 from D. One pos-
sible explanation for this step is that ionic hydrogenation
of the benzylic carbocation intermediate E occurs,®®
since under hydrothermal conditions the acidic reaction
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Table 1. Reaction of aniline-HCI salts (1) with ketones (2) under hydrothermal conditions (250 °C, 24 h)*

Entry  Aniline'HCI (1) Ketone (2) Product(s) (yield, %)°
INH2 HoN
1 o:<:> X X
2a 430 . san
i 3(29) N~ “CsHyy N "CsHyq
HoN
2 1a OZQ N A
T P 8(7)
2b 6 (38) N” “CgHys N™ "CeHys
HoN
¢ O:O X X
3 1a \©\E> 10 (33) 11.(14)
2c Z Z
9 (21) N™ "C4Hg N~ “C4Hg
HoN CoHs CaHs
com " 9. oo “oo
2d — ~
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12 (3) 13 (48) 14 (trace)
5 la 3-Pentanone (2e) HzN@CH(Csz)Q 15 (27)
6 1a 3-Heptanone (2f) HQNOCH(C3H7)2 16 (31)
HoN
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1
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# All reactions were performed with 1 (2.0 mmol) and 2 (7.0 mmol) in water (10 mL).

®Isolated yields after silica gel column chromatography.
¢2-Cyclopentylidenecyclopentan-1-one was also isolated in 7% yield.

media might be considerably altered, leading to a
superacidic-like environment.'?

Under similar conditions, cycloheptanone (2b), cyclo-
pentanone (2c¢), and cyclobutanone (2d) reacted with
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1a to give adducts 6-14, following the same reaction
course as above (entries 2-4). By analogy with our pre-
vious observations,” the formation of quinolines 13 and
14 can be interpreted as the result of a sequential
mechanistic relay of (i) 6m-electrocyclic ring closure,
(i) spontaneous [1,2]-migrative ring-expansion, and
(iii) cyclobutane ring-opening (Scheme 3). The present
method was also effective for reactions using acyclic
ketones such as 3-pentanone (2e) and 4-heptanone
(2f), and para-alkylated compounds 15 and 16 were
obtained in respective yields of 27% and 31% (entries 5

and 6).
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The use of 4-methylaniline-HCI (1b) as the substrate
proceeded cleanly to provide tetrahydrophenanthridine
17 in reasonably good yield (71%) (entry 7). On the
other hand, N,N-dimethylaniline (1c) was less reactive
than aniline itself: compounds 18-21 were obtained in
a combined yield of 56% and in a ratio of 34:32:16:18
(entry 8). These results imply that the presence of a free
NH function is essential for the desired aromatic ring-
alkylation.!!

We also examined the reactions using 2,6-disubstituted
anilines such as 1d and 1le to protect against concomi-
tant ortho-alkenylation. As expected, the reaction be-
tween 1d and 2a gave 22 as a single product in 67%
yield (entry 9). Interestingly, when 4-tert-butylcyclo-
hexanone (2g) was used as a ketone component, the
thermodynamically stable frans-isomer 23 was only iso-
lated in moderate yield (48%) (entry 10). The use of
diketone 2h caused no dialkylation, and instead arylated
compounds 24 and 25 were obtained in low yields (entry

¢ — )
N= N N™  "CgHyy
B C 4

(H] 2a X
NH NH N~ > CeH
2 3 2 5 5111

11), suggesting that the alkylation—aromatization pro-
cess is much faster than the double alkylation—hydroge-
nation process. Finally, the reaction between 2,6-
dichloroaniline (le) and 2a also proceeded effectively
to afford the desired adduct 26 in 47% yield without loss
of the chlorine atoms (entry 12).

In conclusion, we have described a novel pathway for
the aromatic ring-alkylation of anilines with a variety
of cyclic and acyclic ketones under hydrothermal condi-
tions.'? Although the yields are not always so high, we
believe that the method provides a potential utility of
hydrothermal chemistry in organic synthesis. Further
studies to explore the feasibility of hydrothermal reac-
tions in other types of transformation are now in
progress.
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followed by deprotection of the Boc group. When this
substrate, as its HCI salt, in H,O was reacted at 250°C for
24 h, the formation of 3 and 4 was observed in addition to
a significant amount of aniline (1a).

O NH3*CI

D (1 mmol)

250°C,24h

H,0 (10 mL)

1a(68%) + 3(14%) + 4(5%) + b5 (trace)
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The formation of 6-unsubstituted products 20 and 21
indicates that the reaction may proceed via the methylene
imine intermediate F formed by a loss of methane from

initial adducts.
R O
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N

We briefly examined the applicability of this method to
phenols, anisole, and pyridine under acidic conditions, but
the reactions completely failed. Although further studies
are necessary, at present we can conclude that this method
is limited to aniline-HCI salts. See also Ref. 3.

F: R=H or CgHy4
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