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Abstract: The first transition metal-catalyzed Friedel-Crafts alkyl-

ation of aromatic amines with styrene is reportetho-Alkylation
of anilines occurs using catalytic amounts of [Rh(¢@&h, / 4 PPh
and HBF,.
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There has been much effort in recent yearstowardsthe de-
velopment of catalytic electrophilic aromatic substitution
reactions.! Of special importance are methods, e.g.
Friedel-Crafts reactions, which enable the introduction of
carbon substituents onto aromatic rings. Although these
reactions work best for electron-rich aromatic com-
pounds, frequently the observed selectivities (ortho vs.
para) are low and the reactions proceed only in the pres-
ence of stoichiometric amounts of Lewis acids.
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Unlike typical Friedel-Crafts processes of substituted
benzenes, electrophilic carbon-carbon bond forming reac-
tions of aromatic amines are more problematic.2 This is
due to the coordination of the Lewis acid to the aromatic
nitrogen atom which leads to a deactivation of the aromat-
ic ring and side reactions. Hence, few examples of alkyla-
tions of anilines with olefins under Friedel-Crafts
conditions have been described.®> On the other hand, the
alkylation of aniline with ethylene has been reported using
basic duminium anilide as catalyst under drastic condi-

tions (40-60 bar; 330°CY¥ In addition, the reaction of

aniline with styrene, leading to the formatioroatho-C-

andN-alkylation products is possible when using alumin

ium phenoxide or zeolites as catalystsowever, these
catalysts always produce a mixture of regioisome;{

version of norbornene with anilifé. Using
[(PEL),RNCI], / PhNHLI as catalyst thertho-C-alkyla-
tion product (30 %) and thid-alkylation product (15 %)

was obtained after 12 days at 70 °C. When applying the

rhodium. Eriedel-S&Me catalyst to the reaction of styrene with anilin€no

alkylation product was detectéd.

Based on our recent investigations on the regioselective
amination of aromatic olefins with aliphatic amirtesye
became interested in the reaction of styrene with various
substituted anilines in the presence of cationic rhodium
complexes. Herein, we demonstrate for the first time that
anilines afford alkylated anilines in the presence of cata-
lytic amounts of HBE-OEt, anda cationic rhodium spe-
cies. Often high regioselectivities for theho-alkylated
anilinela —5a are obtained.

Recently, we described the first cataltiti-Markovnik-

ov hydroamination of styrene with aliphatic amifiess-

ing a catalyst system consisting of HBPEt, and a
cationic rhodium complex. Now, we used this catalyst
system for the reaction of substituted anilines with sty-
rene. In general, the experiments were performed in Ace-
pressure tubes at 140 °C in the presence of 2.5 mol%
[Rh(cod)]BF, / 4 mol% PPhand 20 mol% HBJOEt,
using toluene as solvent (Table 1).

Table 1: Ortho-alkylation of aromatic amines with [Rh(cod),]BF, / 4
PPh, (2.5 mol%) and HBF,.OFEt, (20 mol%) as catalyst*®

Yield (%)

Entry Product R' R? R a b c
1 1 H H H 56D 2420 <01
2° 1 H H H 64 24 <0.1

3¢ 1 H H H 51 3 2

4¢ 1 H H H 32 16 14
5t 1 H H H 13 6 <0.1
6 2 OMe H H 46(39) 5 <0.1
7t 2 OMe H H 61 2 <0.1
8 3 F H H 3128 23015 <01
9 4 H Me H 82(73) 0 <01
10 5 H Me Me 17(16) 0 7 (6)

® styrene:amine = 5:1, 20 mol% HBFOEt,, [Rh(cod),]BF, / 4 PPh, (2.5 mol%),
toluene, 140 °C, pressure tube, 20 h; ®yields are determined by gas chromatography

alkylated an”ine)- To the best of our kn0W|Edge the Onlusing hexadecane as internal standard, isolated yields are in brackets; °©
known transition metal-catalyzed aIkyIation of aniline¢ styrene:amine = 10:1; *reaction temperature 160 °C; ©20 mol% CF,SO;H instead of

was previously observed by J. J. Brunet efaalthe con-
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HBF,; fstyrene:amine = 1:1; ®styrene:amine = 2:1.
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After someinitial screening studies of reaction conditions It is notable that the cationic rhodium catalyst system is
(vide supra) it turned out that aniline can be successfully  approximately two orders of magnitude more active under
ortho-alkylated with styrene in the presence of both acid  acidic conditions (turnover frequency 1.8, meaction of

and a cationic rhodium phosphine complex at tempera-  styrene with aniline vs 0.02reaction norbornene with
tures of 140 — 160 °C. In addition to 2-(1-phenylethaniline) compared to Brunet's system under basic condi-
yhaniline (1a), N-(1-phenylethyl)aniline ib) is obtained tions.

in 24% yield. Without either HBFOEL or [Rh(cod)IBF; A stated above the reaction of aniline with styrene does

/ PPh no reaction is observed. To verify the generality gfot proceed in the absence of a cationic rhodium complex.
the acid effect on this reaction other acids were used as gRsuever. it was questionable whether this is also true for
catalysts (HCl, CECOH; CRSO;H; p-CH:CeH,SOH).  more electron-rich anilines. Indeed, when using 20 mol%

So far only triflic acid shows a similar effect compared (oF: HBF,-OEY, as catalysp-anisidine and\-methylaniline

HBF,-OEt,. A critical reaction parameter is the ratio Ofareortho—alkylated. Again, in the presence of a large ex-

styrene to aniline. Best results are afforded applying @ass of styrene (styrene : amine ratio of 5:1) the reaction,

excess of styrene. Although the reaction takes place Wil op anisidine leads mainly to di- and trialkylation of
a ratio of styrene to aniline of 1:1, the yieldslaf(13%)  apiline. While in the reaction oN-methylaniline the

and1b (6%) are significantly decreased (Table 1, entry Sgrinq.c-alkylation product is formed regioselectively,
Also, using a large excess of styrene (> 10:1) decreasgq\_dimethylaniline gives considerably lower yields and
the yield inla and1b due to the fact that mainly di-, ri- gg|ectivities. Apart from anilinp-fluoroaniline aiso does
and tetra-alkylated products are afforded. not react under these reaction conditions (Table 2).
Apart from aniline we studied the reactionpsénisidine
andp-fluoroaniline?? In the latter case the yield of the cor-
responding products is slightly lower. Interestingly, th
ratio of C- andN-alkylated products changes significantly

Table 2: Friedel-Crafts alkylation of aromatic amines with HBF ,.OFEt,
(20 mol%) as catalyst™

with the electronic nature of the aryl amine. Next, we ir Yield (%)
vestigated the influence of substituents on the N-akpm. Entry Product R’ R° R'  a B c
Methylaniline gave the correspondingtho-C-alkylated ! 1 H H H 0 0 0
product in good yield (82%) with excellent selectivity 2 2 OMe H H 8 2 0
(Table 1, entry 9N,N-Dimethylaniline is much less reac- 3° 2 OMe H H 61 2 0
tive and leads to considerable amounts of ghea-C- 4 3 F H H 0 0 0
alkylation productce. In additiona-methylstyrene reacts 5 4 H  Me H 75 0 0
with aniline to afford 2-(1-methyl-1-phenylethyl)aniline 6 5 H Me Me 10 0 4
(6&) l_n 20 % yleld an(N-(l-methyl-l-phenylethyl)anlllne ® styrene:amine = 5:1, 20 mol% HBF,-OEt,, toluene, 140 °C, pressure tube, 20 h;
(Gb) in 33 % yleld' ® yields are determined by gas chromatography using hexadecane as internal
standard; © styrene:amine = 2:1.
NH,
©/\ . © Although it is too early to give a detailed mechanistic ex-
planation for the new rhodium/acid-catalyzed alkylation
of aniline we propose that the reaction involves the key
[+H intermediates shown in Schemé&®%2The six-membered
‘ \ cyclic intermediate is more favourable, this accounts for
the formation ofla - 5a as the main reaction products. The
H_ ﬁ\ | H_ . H beneficial effect of the rhodium catalyst is explained via a
o TRV | coordination to the arene ring of styrene which results in
<™ an activation of styrene towards nucleophiles. This as-
sumption is supported by the observation that simple ali-
phatic olefins such as cyclohexene and vinylcyclohexene
J H* -H show no reactivity in preliminary catalytic tests.
Alternatively, theortho-alkylation could be explained by
an initial ortho-metallation of aniliné® Indeed, the reac-
H\NJ\© NH, tion of [d;]-aniline with with [Rh(cod)]BF, / 4 PPh
shows a C-D activation in thertho andpara position of

O O aniline. Nevertheless, this reaction pathway seems less vi-
able since the observed Markovnikov selectivity is not ex-
plained.

In summary, we have reported the first transition metal-
catalyzed alkylation of anilines with aromatic olefins.
This reaction allows a simple and straightforward access

O

Scheme 2
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to 2-(1-arylethyl)anilines which can be further exploited
for the synthesis of awide range of heterocycles. Remark-
ably, the combination of both [Rh(cod),|BF, / 4 PPh; (2.5
mol%) and HBF,-OEt, (20 mol%) is necessary to achieve
reactions of aniline and p-fluoroaniline. On the other hand
electron-rich anilines react already in the presence of
HBF,OEt, (20 mol%) whereby the addition of
[Rh(cod),]BF, / 4 PPh; (2.5 mol%) increases the yield of
alkylated anilines (exception p-anisidine at low styreneto
anisidineratio). Extensions of rhodium-catalyzed reaction
of anilineswith styrenesfor the synthesis of quinoline het-
erocycles will be reported in due course.*
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