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Platinum(ll) bromide catalyzes the reaction of aniline witBusN to give N-butylaniline and 2-propyl-
3-ethylquinoline. The formation of the quinoline derivative is strongly favored (TON up to 40) by the
presence of both-Bu,PBr and 1-hexene. The same reaction products are formed by reaction of aniline
with eithern-Bu,NH or n-BuNH, (PtBr, catalyst). Under similar experimental conditions, the “RtBr
n-Bu,PBr—1-hexene” system catalyzes the transformatioN-bexylaniline into 2-pentyl-3-butylquinoline
(TON up to 42). Similarly,N-ethylaniline affords 2-methylquinoline (TON of 22). In both cases, the
presence of 1-hexene strongly favors the conversion of Nkakylaniline. On the basis of both
complementary experiments and literature data, these unprecendented results are interprete@-biian
activation ofn-BusN (iminium species as intermediate), leading\idbutylaniline (butyl group transfer
to aniline). The “PtBs—n-BuPBr—1-hexene” system also catalyzes&€C—H activation of the alkyl
part of N-(n-alkyl)anilines to generate the corresponding imines, which dimerize. A heterocyclization
then occurs, via a Pt(ll)-catalyzed aromatetho-C—H activation, followed by deamination and
dehydrogenation (1-hexene as hydrogen acceptor). Although not completely clear, the role of an alkene

(1-hexene or ethylene) is highlighted.

Introduction sociation provides the most efficient catalytic system reported
so far for the hydroamination of 1-hexeh&he activating role

During the last forty years, a great deal of effort has been of n-Bu,PBr has been clearly demonstrated. Furthermore, this
devoted to transition metal-catalyzed reactions and transforma-reaction occurs with an excellent Markovnikov regioselectivity

tions of amines. This

interest lies both in potential synthetic (eq 1).

applications (hydroamination reactiohsynthesis of hetero-
cycles? etc.) and in mechanistic aspects<N and G-H L, CH,

activation processe8).

~__.CH ~ . C¢H
HN H~ - Cellia

NH, N

. . . I CH, I
In recent years, we have been studying platinum(ll) catalytic @ + CyHyCHCH, PBranBurbr /1 @ . @ o

systems for théntermolecularhydroamination of nonactivated
alkenes$~8 We recently reported that a PtBm-BusPBr as- 1
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reaction was completely inhibited. Instead, the reaction resulted
in an alkyl group transfer, leading t¢-butylaniline,6, and also
in a heterocyclization, leading to 2-propyl-3-ethylquinoliie,

(eq 2). Both compounds have been isolated by chromatography

and spectroscopically characterized. Quantification with an
external standard\[,N-dibutylaniline) indicated that both com-
pounds are formed in a catalytic manner with a TON of 5 and
30 for 6 and 7, respectively. It must also be noted tmaBu,-

NH andn-BuNH, were observed as reaction byproducts (GC-
MS analysis) and that the platinum precursor was, at least in
part, reduced to platinum metal.

NHBu
+
P
N">C3H,

7

NH,

@ + C4Hy-CH=CH,

1 2

PtBr, /n-Bu,PBr

n-BuzN
150°C,96 h

@

6

The same reaction products were obtained when the reaction

was carried out in the absence of 1-hexene. In the latter case
however, although was formed with a TON of 47 was formed

in much lower amounts (TON= 2) than in the presence of
1-hexene. Therefore, 1-hexene appears to play an important rol
in the rate of formation of.

Finally, the reaction was shown to occur, although with lower
yields, in the absence ofBu4sPBr, therefore ruling out-Buy-

PBr as the source of the transferred butyl group.

Thus, the platinum(ll) system catalyzes both an alkyl group
transfer fromb to aniline to gives, and the formation of. The
presence of 1-hexene seems important for the formation of the
quinoline derivative.

Further studies into the reaction of aniline witkBusN in
the presence of PtBi(without n-BusPBr) as catalyst resulted
in the formation of platinum metal (as a coating on the glass)
at the end of the reaction. Replacing RPtBry commercial
platinum black resulted in alkyl group exchange with formation
of 6, n-Bu;NH, andn-BuNHj, but no trace of7 was detected.
Similarly, Pt(PPB),4 (slowly) catalyzed alkyl transfer but did
not promote the heterocyclization. It thus appears that platinum-
(0) species are able to promote alkyl group transfer, but that a
platinum(ll) catalyst is necessary for the heterocyclization to
take place. No reaction occurred in the absence of a platinum
catalyst.

The reaction of alkylamines using Pd(0) catalysts has been
thoroughly studied, especially by Murahashi efat In the
case otertiary aminegt!-12the results of quenching experiments
convincingly support the notion that the reaction involves
coordination of the transition metal to the nitrogen atom,
followed by insertion into ana-C—H bond, leading to an
iminium ion coordinated to a hydridopalladate species (€4 3).

Rl
RCHz-Il\I-RZ 2. RCH=FR'R? O

HPdG>
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Chem. Soc1973 95, 3038-3039.
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754.

(11) Murahashi, S.-I.; Hirano, T.; Yano, D. Am. Chem. Sod978§
100, 348-350.
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Am. Chem. Sod 983 105 5002-5011.

(14) Murahashi, S.-lIAngew. Chem., Int. Ed. Engl995 34, 2443~
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Subsequent nucleophilic attack occurs on the electrophilic
carbon atom of the iminium complex, resulting in the transfer
of an alkyl group from the amine to the nucleophile with
concomitant liberation of AR?NH. Palladium black, PdG| Pd-
(OAc),, and RuC§ were reported to give similar resuft.

Reactions similar to that illustated in eq 2 have recently been
observed between aniline and trialkylamines under the action
of a complex catalytic system (Ru@iH,0, dppm, SnGt2H,0)
in the presence of excess 1-hexene (e¢P)Vhen the above
reaction was performed in the absence of 1-hexene, a lower
yield was obtained fo® (48% vs PsN), whereas that oB
remained unchanged. No mention was made of free dealkylated

mines PANH and PrNH being observeék?

NHPr
X CH;
Q- OO W
N7 C,H;
8 9

28 % (/Pr3N)

al

H,
RuCl; .n H,0, dppm

sn€l,. 2H,0

dioxane,180 °C, 20 h
63 % (/Pr3N)

The first reaction pathway proposed by Cho et al. involves
the intermediate formation of an imine (Schem@é>¢'he imine
then dimerizes3® and as previously proposed by Watanabe et
al..}” the heteroannulation would occur via aromatitho-C—H
activation by ruthenium, followed by insertion of the=8! bond
into the Ru-C bond. The resulting quinoline is thought to form
through several classsical processes such as reductive elimina-
tion, deamination, and dehydrogenatién.

It must be noted, however, that the reaction (eq 4) was carried
out in the presence of catalytic amounts of water, introduced
with the RuC-3H,O and SnGl2H,O. Thus, an alternative
heterocyclizatiormechanism deserves consideration, in which
water plays a role. Indeed, Kharasch et al. reported that the
butylidene aniline dimer reacted simply with aqueous HCI at
room temperature, affording 2-propyl-3-ethylquinoling,in
50% yield?6

All reactions reported in the present work were conducted
with anhydrous PtBrbased systems under an argon atmosphere.
Therefore, the mechanism proposed by Kharasch et al. can be
ruled out in our case.

At any rate, we attempted to compare the RtBsstem with
the ruthenium-tin catalyst in the reaction between aniline and
n-BuzN. The reaction between aniline (6 mmol) am@usN (1
mmol), using 8% of the rutheniustin catalyst (in the presence
of 10 mmol of 1-hexene) for 20 h at 18C has been reported
to afford 7 in 51% yield (based om-BusN, i.e., TON= 6.5)

(the amount o6 was not specified)>2For comparison (Scheme
2), the reaction of aniline (45 mmol) with-BuzN (20 mmol)
catalyzed by PtBr(0.6%) was also conducted at 2&0r 20 h.

6 was produced in 90% yield based ofBusN (TON = 137)
and7 in 7% yield (TON= 5).

When the same reaction was performed in the presence of
1-hexene (90 mmol) (Scheme &and7 were produced with

(15) (a) Cho, C. S.; Oh, B. H.; Kim, T.-J.; Shim, S. Chem. Commun
200Q 1885-1888. (b) Cho, C. S.; Kim, J.-S.; Oh, T. J.; Shim, S. C., Yoon,
N. S.Tetrahedror200Q 56, 7747-7750. (c) Cho, C. S.; Kim, T. K.; Kim,
B. T.; Kim, T.-J.; Shim, S. CJ. Organomet. Chen2002 650, 65—-68.

(16) Kharasch, M. S.; Richlin, I.; Mayo, F. R. Am. Chem. S0d94Q
62, 494-497.

(17) Watanabe, Y.; Tsuji, Y.; Ohsugi, Y.; Shida, Bull. Chem. Soc.
Jpn 1983 56, 2452-2457.
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Scheme 2
NHBu
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TON = 58 and TON= 24, respectively. Finally, when the
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yields than those obtained in the corresponding reaction
betweeen aniline ana-BusN. These observations strongly
suggest that a common intermediate is involved for the
formation of 7, regardless of the nature of the starting alky-
lamine. Further investigations (vide infra) indicate the common
intermediate to bé&\-butylaniline.

Catalytic alkyl group exchange reactions pfimary and
secondanamines have also been studied by other autiot318
These reactions have been found to occur under the action of
palladium black, and also PdGind Pd(OAG), which are readily
reduced to give palladium black under the reaction conditiéns.
As seen for tertiary amines, aaC—H activation by palladium
is believed to occur, generating the corresponding imine
coordinated to a transition metal dihydride (eq 5).

Pd R*R’NH
RCH,NHR! === RCH=NR' ———— RCH,-NR’R’ + R'NH, (5

PdH,

reaction was performed in the presence of both 1-hexene and

n-BusPBr, 6 was formed in lower yield, wheredswas formed
in 50% vyield (vs5) (TON = 40). In all reactions depicted in
Scheme 2, formation of the dealkylated amimeBu,NH and
n-BuNH, and reduction of Pt(ll) to platinum metal were
observed.

It thus appears that PtBaloneis a very active catalyst for
alkyl group transfer, but much less active than the rutherium
tin system for the formation of7. As noted before, this
observation may be tentatively explained by the slow in situ
reduction of the Pt(Il) catalyst into Pt(0) species, which are
inactive for the heterocyclization (vide supra). However, in the
presence of 1-hexene aneBusPBr, the PtBs catalyst (0.6%)
system afford¥ in the same yield (50%) as that obtained with
the rutheniumrtin catalyst used in much higher catalyst ratio

Subsequent attack by a different amineRENH) results in
the transfer of the RCHgroup to afford RCEHNR;R; with
liberation of RNHo,.

The Pt(ll)-catalyzed butyl group transfer from eitireBu,-
NH or n-BuNHj to aniline can thus be rationalized by a similar
mechanism. This is the first report of the formation of quinoline
derivatives such ag from transition metal-mediated reaction
of aniline with a primary 1-BuNH,) or secondary aminen{
BuNH).

N-Alkylanilines: Heterocyclization to Quinolines. A sec-
ond intriguing observation was made during complementary
experiments aimed at examining the possible in situ isomer-
ization of N-hexylaniline intoN-(2-hexyl)aniline under condi-
tions similar to those shown in eq 1, but without the acid

(8%). The above results also clearly show that, as seen for thecocatalyst. It was observed tha&t-hexylaniline (14 mmol)

ruthenium-tin catalyst, the presence of 1-hexene has a great
influence on the formation of. Additionally, for the PtBs
catalyst, the presence ofBusPBr also promotes the formation
of the quinoline derivative. The reason for the last observation
is unclear at the present time. However, an intuitive hypothesis
would be to consider that-BusPBr inhibits, or at least retards,
the reduction of Pt(ll) to Pt(0) species.

For reactions conducted with the rutheniutm catalyst, Cho
et all® considered that the role of 1-hexene is to act as a
hydrogen acceptor, especially in the final step in the formation
of 7 (the PtBp—n-BusPBr system has also been shown to
catalyze a similar transfer hydrogenatidriijowever, it is clear
that 1-hexene also plays another role since in its absence, th
yield of 7 was only 6% (Scheme 2), whereas the corresponding

tetrahydroquinoline derivative was not detected. It thus appears

that 1-hexene is also implicated in the reaction of the platinum
complex withn-BusN, likely by increasing the reactivity of the

(prepared independently), when reacted at 1G0with PtBp
(1.3%) andn-BuyPBr (3 g) in the presence of a large excess of
1-hexene (90 mmol), produced (eq 6) a mixture of aniline (TON
= 6), 2-pentyl-3-butylquinolinel0 (TON = 32), and, unexpect-
edly, the branchedN-(2-hexyl)aniline,3 (TON = 12). The
reaction product8 and 10 were isolated by column chroma-
tography and clearly identified by comparison (GC-M8,
NMR) with authentic sample¥.

CH/C "
H. -
N g

4
Hj
AN
Nl
7,
N
3 10

This observation was somewhat troublesome, as it implied

...~ C
Hey 6His

C,H

_ PtBr, (1.3%) 479

+ CHyCH=CH, — 5 P
150°C,96 h

(6)
CsHyy

conv.:75 %

platinum center. The effect that an alkene has on the propertiesthat, in the hydroamination of 1-hexene with aniline (eq 1), the

of PtBr, catalytic systems will be discussed later in this paper.

Markovnikov hydroamination produ@ could be formed by

Thus, the reaction described in eq 2 may be explained by aiSomerization of the anti-Markovnikov isomér We have thus

mechanism similar to that proposed by Cho et®dt. is also
interesting to note that, under identical conditions (presence of
1-hexene), the PtB+n-BusPBr system is more active than the
ruthenium-tin system for the formation of quinoline derivatives.
Another point must be addressed. As mentioned previously,
the dealkylated amines-Bu,NH and n-BuNH, were also
formed during the PtBrcatalyzed n-butyl group transfer
reaction fromn-BusN to aniline. This observation led us to
briefly examine the reaction of aniline with-Bu,NH and
n-BuNH; in the presence of catalytic amounts of RtB¥8 h at
150°C). In both cases and7 were formed, although in lower

been led to investigate this possibility more thoroughly.

When the reaction shown above was performed in the absence
of 1-hexene, a much lower conversion was observed,18nd
(TON = 2) was the only reaction product, together with aniline

(18) The Ru(ll)-catalyzed conversion of primary alkylamines (bearing
ana-hydrogen atom) to symmetrical secondary amines is believed to involve
formation of an imine: Bui-the-Kai; Concilio, C.; Porzi, G. Organomet.
Chem.1981, 208 249-251.

(19) (a) An authentic sample & has been prepared by adapting the
procedure previously reported: Schellenberg, KJAOrg. Chem1963
28, 3259-3260. (b) An authentic sample &0 has been prepared according
to Kharasch et al and spectroscopically characterized in previous wérk.
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(TON = 3) (eq 7). To the best of our knowledge, this is the
first report of such a transformation ofNralkylaniline.

H\ N/ C6H13
|
H
PtBr, (1.3%) - Xy GaHo
n-BuPBr Z CH )
150°C,96 h N st
4 10

Comparison of eqs 6 and 7 again highlights the important

role of 1-hexene, in the presence of which interaction between

the catalyst and and heterocyclization to affortd are strongly
favored.

Formation of aniline (eqs 6, 7) is convincing evidence
supporting the formation df0through dimerization of the imine
PhN=CH—CsH3; (vide supra). The production df 3, and10
(eq 6) can thus be rationalized as follows: under the action of
the platinum catalys# is transformed into the corresponding
imine Ph-N=CH—-CsH13, which dimerizes as previously
proposed. After cyclization via aromatictho-C—H activation
(vide supra),10is finally formed with liberation of 1 equiv of
aniline. The latter is then available for the platinum-catalyzed
hydroamination of 1-hexene (95% Markovnikov), leadingto
according to eq 1. So, the formation ®fs not due to a direct
isomerization of4. Another comment may be added. In the
direct hydroamination of 1-hexene by aniline catalyzed by the
PtBr,—n-BusPBr system (eq 1), no traces @D have been
detected. This may be explained by the high regioselectivity
of the hydroamination, leading t8 (95%) and only small
amounts (5%) ofl. Furthermore, hydroamination reactions were
conducted with 0.3% catalyst (as compared to 1.3% for eq 6).
It is thus normal thatlO could not be detected in the direct
hydroamination reaction (eq 1).

So, the most intriguing observation is the unprecedented
platinum-catalyzed, direct transformationNhexyaniline into
the quinoline 10.10-13.18.20 Thijs reaction likely involves the
formation of the imine PAN=CH—CsH31, which then evolves
as previously proposed by different authors (vide supra),
affording the quinolinel0 and aniline.

The PtBg-catalyzed formation ofOis also seen in the PtBr
catalyzed hydroamination of 1-hexyne by aniline (e’
which 10is considered to originate from the anti-Markovnokov
hydroamination product, PAIN=CH—CsH;.

NH,
N-Ph
PtBr, (0.3 %) Il Xy CaHo
+ C,HyC=C-H ———"% C4Hy-C-CH; + +.. (8
100°C, 10 h N CaH,
1 1 12 TON=42 10 TON=8

Anguille et al.
Scheme 3
NHEt
RhCl;.3H,0 -2 PPh; @ m
100 bar, 200°C, 72 h + ~
NH, / . N cH,
14 TON=30 16 TON=10
+ CH,=CH,
NHEt NEt,
\  PtBn-n-BuPBr @ . m . @
35 bar, 150°C, 10 h N7 CH,
14 TON=83 16 TON=18 15 TON=2
Scheme 4
NH NH R H
2 RhX ‘ 2 CoH,y ™~ Rh<
= H - /A QEe— 16
Rh] CH,-CH,
X

activity of which is greatly increased in the presence of an
alkene. To confirm the above conclusidihexylaniline was
reacted with the PtBrn-BusPBr system undeethylenepres-
sure (25 bar) for 96 h at 150C. A complex reaction mixture
resulted, among which we could easily identyethylaniline
(TON = 3), N-ethyl-N-hexylaniline (TON= 6), and,interest-
ingly, 10 (TON = 7). As expected, the formation 40 from
N-ethylaniline is increased by the presence of ethylene (TON
= 7 vs TON= 2, eq 7). For this transformation, ethylene
appears less efficient than 1-hexene, but it may be considered
that although the amount of ethylene used (25400 mmol)

is near that of 1-hexene (90 mmol), the concentration of the
alkene in the condensed phase (at 269 is likely to be less
for ethylene (bp= — 104 °C) than for 1-hexene (b 63 °C).

The above results led us to question a related reaction,
namely, the formation of 2-methylquinolind6, during the
hydroamination of ethylene by aniline (Scheme 3). This reaction
product was first observed by Diamond et al. using RFE,0
as catalysf and later by us using the PtBrn-BusPBr systen?.
Very recently, a similar reaction has also been reported to be
catalyzed by a cationic Ru-alkylidene compféx.

An elegant mechanistic investigatf@ied Diamond et al. to
propose that the formation df6 involves an aromatiortho-
C—H activation of1 in the first step (Scheme 4).

Diamond et al. also reported that the REE2PPh system
does not catalyze the reaction of aniline with 1-but&énin
contrast, the PtBr-n-BusPBr system is a very efficient catalyst
for the hydroamination of 1-hexene (eq”ll}. is thus evident
that these two catalytic systems exhibit different properties. In
light of the observed formation of the quinolinEd from
N-hexylaniline in the platinum system (vide supra, eqs 6, 7),
we decided to examine the possible formation of the quinoline
16 from N-ethylaniline.

The reaction ofN-ethylaniline (45 mmol) with catalytic

As mentioned previously, the reactions of secondary amines gmounts of PtBr (0.3%) in n-BusPBr (7 g) (150°C, 96 h)
with Pd catalysts have been studied by Murahashi et al.; howeveregyited in a low conversion<(L0%) affordingl (TON = 10)

reactions involving\-alkylanilines gave very low conversions
and were not investigated in det&#® In the case ofN-
ethylaniline, reaction with palladium black (48 h at 1%0)
has been reported to yieltl,N-diethylaniline, with a 5%
conversion. No mention was made of the possible formation of
2-methylquinoliné

As discussed above, the PtBin-BusPBr system catalyzes
the formation of an imine directly from &-alkylaniline, the

(20) The Ru(ll)-catalyzed conversion bEmethyl andN,N-dimethyla-
Ikylamines intoN-methyldialkylamines is believed to involve formation of
an imine: Arcelli, A.; Bui-the-Kai; Porzi, GJ. Organomet. Chen1982
231, C31-C34.

(21) Brunet, J. J.; Chu, N. C.; Diallo, O.; VincendeauJSMol. Catal
2005 240, 245-248.

and N,N-diethylaniline,15 (TON = 6) (Scheme 5). Although
some unidentified side-products@.5% each) were also formed,
quinoline16 could not be detected. In contrast, when the same
reaction was performed in the presence of 1-hexene (90 mmol),
a 42% conversion 014 was observed affording5 (TON =

3), 16 (TON = 22), and3 (TON = 3), together with large
amounts of aniline (ca. 10 mmol) (Scheme 5).

(22) Diamond, S. E.; Szalkiewicz, A.; Mares,J=Am. Chem. So&979
101, 490-491. Diamond, S. E.; Szalkiewicz, A.; Mares,Fundam. Res.
Homogeneous Catal979 3, 345-358.

(23) During the preparation of the manuscript, a similar reaction has been
reported using the cationic Ru-alkylidene complex [(B&ZO)Ru=CH—
CH=C(CHg)2]*, BF4~ as catalyst: Yi, C. S.; Yun, S. YOrg. Lett 2005 7,
2181-2183.
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Scheme 5 Scheme 6
NG Bu,N-CH,-CH,Et + Pt === B%CHCHEt PhNH,
Uy IN- - + Pr— U, N=t -
PtBr, /n-Bu,PBr 2 - 2 * 2
- 1 + ©
NHEt 7 150°C,96h HPt @ o
conv.< 10 % 15 TON=6 NHZ—Ph
) |
NEt, Bu,NH Bu,N-CH-CH,-Et
1-hexene
N\_PBrn/mBuPBr oo . ©\/j\ ot
150°C, 96 h TON=3 N CH,
conv. =42 % 15 ToN=3 16 TON=22 PhNH-CH ;-CH, Et

niline is promoted by the presence of 1-hexene. More impor-

tantly, it is now clear that the presence of pressured ethylene as
reagent is not necessary for the formation 16 to occur. H-[P_ Ph
Another argument can be developed. If one considers that for N

the reaction performed in the presence of 1-hexene (Scheme 5) H, (Pt] @\/\/[E‘
the conversion (42%) oN-ethylaniline affords aniline and Pr
ethylene (whatever the mechanism), the total amount of ethylenePhN=CH-CH,R
liberated would reach 18 mmol. Taking into account the volume

of the autoclave, this would correspond to a less than 5 bar of _
ethylene pressure. The reaction of aniline (18 mmol) with Phe R [1');]4'?
ethylene (5 bar at RT) for 96 h at 18CQ in the presence of the N/I P @
PtBr,—n-BusPBr system (0.7% Pt/aniline) yieldgl and16 with PhNH R N R
TON = 25 and 4, repectively. Thus, even with a doubled catalyst H R

loading (0.7%), the yield of6 is much lower than that obtained

directly from N-ethylaniline in the presence of 1-hexene Nevertheless, the aromatictho-C—H activation of aniline
(Scheme 5). This result is a good argument to suggestihat ~ proposed by Diamond et al. (Scheme 4) seems to fit with the
is formed via the imine Phi¥CH—CHs and rules out the ortho-alkylation of aniline with norbornene observed in two
formation of 16 (Scheme 3, PtBrn-BusPBr catalyst) via the  instances: 2-(2-norbornyl)aniliné8 was formed during the
aromaticortho-C—H activation mechanism proposed by Dia- hydroamination of norbornene catalyzed by the PtBrBus-

PhNH,
i *H, Et
These results clearly show that the conversioiNadthyla- PhN=CH-CH,,Et [P @j
N

[Pt]H,

> Iz

Ph

mond et al. (Scheme 4). PBr system (eq 9)but also when catalyzed by @P)sRhCl/
These results are in agreement with the outcome of the PNNHLIin THF (eq 107 In the latter casel8was in fact the
reaction betweerN-hexylaniline and PtBrn-BusPBr (vide major reaction product

supra): the presence of an alkene promotes a higher conversion H,N

of N-alkylanilines. A possible hypothesis is that, in the presence @

of an alkene, the platinum complex evolves from [R}Br (or h PiBrzn BuPBr i NHPh % ©
[LPtBrs]7) to more active species such as [R(Blkene)t (or ts T s0ec.9sh H* H

[LPtBry(alkene)])? In its active form, the platinum complex 17 TON =65 18 TON=38
catalyzes the transformation dFalkylanilines. It is tempting

to speculate that in both casds-ljexyl- andN-ethylanilines) H,N.
the formation of the quinoline derivatives has the same origin: (Et,P);RAC NHPh @
a-C—H activation of theN-alkylaniline and formation of an 1 . PRNHLI q 0
imine.

In conclusion, the PtBrcatalyzed reactions studied in this
work may be rationalized by Scheme 6 (exemplified for  Such an aromatia-C—H activation of aniline is also believed
n-BusN). to be involved during the iridium(l)-catalyzexttho-alkylation

Two catalytic cycles seem to be involved. The first one (cycle of phenol with norbornen#. A few other examples obrtho-
A) corresponds to the transfer of an alkyl group frarBusN C—H activation of aniline derivatives have been repoRe#.
to aniline, catalyzed by either Pt(ll) or Pt(0) (referred to as “Pt”")
to affordN-butylaniline. This process originates from@C—H Experimental Section
activation ofn-BuzN. The second cycle (cycle B) describes the
formation of the quinoline derivative by reaction -
butylaniline with Pt(Il) species, noted “[Pt]". The first step of
cycle B, evidenced for the first time, is a platinum(ll)-catalyzed
o-C—H activation ofN-butylaniline, generating the correspond-
ing imine. Both the abover-C—H activation 'progesses are (24) Brunet; J. J.; Neibecker, D.; Philippot, K. Chem. Soc., Chem.
favored by the presence of an alkene, which increases theCommun1992 1215-1216. Brunet, J. J.; Commenges, G.; Neibecker, D.;
activity of the catalyst (likely as hydrogen acceptor for cycle Philippot K. J. Organomet. Cheni994 469, 221-228. o
B). The imine dimerizes, spontaneously or under Pt(1l) catalysis alkﬁ%ﬁ;ﬂ;ﬁ%gﬁ%’g&g@;bAeﬁgeﬁ%?{tf_(_j It_?; k}f}ﬁ;ﬁ'ffgé’}ég:ﬁt'g’f'c
(?), and a heterocyclization takes place in which a platinum- G, Org. Lett 2004 6, 2519-2522.

_(II)-cataIyzed aro_ma_ticortho_C—_H a_lcti\_/ation seems to be (g?) Eg[]tiar\ﬁ ;ij ?gwérﬁcggﬁ.m%%nggrﬁgg_ 7161C§1761.

involved. The quinoline derivative is finally formed through §28§ Vot e R e o v Ral. K. S.: Prasad, A,
deamination of a benzylic carbon atom, followed by dehydro- g -“kumar, S. K ; Kunwar, A. C.; Jayaprakash, P.; Jagannattrgew.
genation (alkene as hydrogen acceptor). Chem., Int. Ed2003 42, 5198-5201.

- +
aniline, 110 °C, 168 h H
17 TON=4 18 TON=8

Methods and Materials. Tetraf-butyl)phosphonium bromide
(Janssen)N,N-dibutylaniline, N-butylaniline, tributylamine, and
2-methylquinoline (Acros)N-ethylaniline and hexylamine (Ald-
rich), 1-hexene (Fluka), platinum bromide, platinum black, Pt-




2948 Organometallics, Vol. 25, No. 12, 2006 Anguille et al.

(PPh)4, [PtChL(CsHy)2]2, and RhCi-3H,O (Strem) were used as  The reaction mixture was dropped into 50 mL of diethyl ether,
received. Aniline (Fluka or Acros) was distilled before use. stirred, and then filtered. The solid phase was extracted again with
N-Hexylaniline was prepared according to Buchwald ef®al. diethyl ether (2x 50 mL). The external standardi (N-dibutyla-
Ethylene (N 45) was purchased from L’Air Liquide. All catalytic  niline) was added to the combined ethereal phases and the solution
experiments were carried out under argon using vacuum line analyzed by GC and GC-MS. For a run carried out according to
techniques. the last reaction of Scheme 2, the external standard was omitted.
Instrumentation. GC analyses were performed on a Hewlett-  After evaporation of the solvents, column chromatography (hexane/
Pac'karddHPh483?8 (Fll-:?:’)l Chrqlrratogr?ph (de g?iﬂémewlator) diethyl ether: 98/2) afforded pui(satisfactory elemental analysis).
equipped with a 30 m capillary column an -MS analyses .
on a Hewlett-Packard HP 6890 apparatus equipped with a HP 59731H)I:| 7N %R(S(Cﬁgbfgg (l\ngz&)a;%%er(fgc%§07(fsi§)ogg% (t
M ion detector. NMR analyses were performed ofik@muAM 250 2H), 2.84 (g, 2H), 1.731.92 (m, 2H), 1.38 (t, 3H), 1.06 (t, 3H).
i%r Qvfggem‘r’l_oit:ﬁﬁ:;?ﬁégaetliltfga\e/gp\?vri't??tsl werelz_ ConduEte‘jThis spectrum is identical to that reported in the literafdréC-
DomL glass finer-and a 15 (), 70 eV)miz 199, 184, 171, 157, 143, 128.
magnetic stirring bar.
Reactions.The typical procedure is exemplified in Scheme 2.
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