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Abstract

The products of addition of secondary amines to platinum(II)-coordinated terminal olefins undergo a fast Markovnikov (M)–anti-
Markovnikov (anti-M) isomerization process, leading to an equilibrium composition different from that obtained under kinetic control;
in basic medium, the amination products undergo intramolecular ring closing reaction which is faster for the anti-M isomers, so decreas-
ing the M/anti-M ratio in the final complexes.
� 2006 Elsevier B.V. All rights reserved.
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The addition of nucleophiles to olefins coordinated to
late transition metals is a key step in many organometallic
reactions [1]. In this context, particular attention has been
devoted to the amination of terminal olefins, the interest
being focused on catalytic pathways able to enhance the
regioselectivity of the nucleophilic attack (M versus anti-
M) [2,3].

Selectivity aspects, concerned with the formation of M
and anti-M addition products and subsequent ring closing
reactions with formation of azametallacyclobutane species,
have been widely investigated in the case of platinum(II)
[4–6]; however, differences between kinetically and thermo-
dynamically controlled compositions of the isomeric mix-
tures have never been reported or discussed.

We have investigated the reaction of the cationic com-
plexes [PtCl(g2-olefin)(tmeda)]+ (olefin = propene, 1a,
and styrene, 1b; tmeda = N,N,N 0,N 0-tetramethylethylen-
ediamine) [7] with dialkylamines (NHMe2, m, and NHEt2,
n) (Scheme 1) in CDCl3 and over the temperature range
243–303 K. The addition reaction was fast in the whole
range of temperatures (occurring within the mixing time
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of the reagents) and showed a net kinetic preference for
the M isomer (M/anti-M ratio �80:20). With time, and
at a rate that increased as the temperature was raised [8],
the solution reached an equilibrium composition which
was in favour of the M isomer in the case of 2an (M/
anti-M ratio P95:5, Fig. 1) and in favour of the anti-M iso-
mer in the case of 2bm and 2bn (M/anti-M ratio �30:70
and 10:90, respectively; Fig. 2). In the examined systems,
the equilibration between the two forms (M and anti-M)
was a rapid process at temperatures above 263 K, as wit-
nessed by the fast equilibration of solutions having initially
the kinetically controlled composition.

Under basic conditions (addition of a slight excess of
aqueous KOH to a dichloromethane solution of the plati-
num substrate at ambient temperature), the deprotonated
amination products (2 in Scheme 1) undergo a further
transformation in which the aminic nitrogen displaces the
cis chloride forming azaplatinacyclobutane species (3 in
Scheme 1) [4a,4b]. We have found that the M/anti-M ratio
decreases in the conversion of the linear addition product
into the ring closed species. The linear addition product
2an, containing at equilibrium only 5% of anti-M isomer,
yields, upon ring closing reaction, compound 3an for which
the anti-M isomer raises to 25%. Similarly, the linear
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Fig. 2. Region of the NMR spectrum of compound 2bm showing the
resonance peaks of the phenyl protons of styrene for the anti-M (7.12,
7.19, and 7.58 ppm for p, m, and o protons, respectively; peaks labelled
with an asterisk) and M isomers (7.40 for o and p protons and 7.57 for m
protons). The signals of the anti-M isomer increase considerably as the
temperature is raised from 243 K (kinetically controlled composition,
spectrum A) to 293 K (thermodynamically controlled composition,
spectrum B).
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Scheme 1. Summary of the amine addition reaction leading to 2 and of the
following ring closing reaction leading to 3.
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addition product 2bm, for which at equilibrium the anti-M
isomer is already prevalent (70%), gives, after ring closing
process, compound 3bm for which the anti-M isomer is
the exclusive form. The behaviour of 2an and 2bm can be
explained by assuming a greater propensity of the linear
anti-M addition products to undergo ring closing reaction.

The first outcome of this investigation is a net kinetic
preference for the M addition product that does not appear
Fig. 1. Region of the NMR spectrum of compound 2an showing the
resonance peaks of the CH3 protons of propene and diethylamine for the
anti-M (doublet at 0.95 ppm for propene and triplets at 1.34 and 1.39 ppm
for diethylamine: peaks labelled with an asterisk) and M (doublet at
1.26 ppm for propene and triplets at 1.43 and 1.49 ppm for diethylamine)
isomers. The signals of the anti-M isomer practically disappear as the
temperature is raised from 243 K (kinetically controlled composition,
spectrum A) to 293 K (equilibrium composition, spectrum B; the multiplet
centred at 1.59 ppm belongs to one of the two Pt–CH2– protons).
to depend very much upon the type of olefin substituent
(methyl or phenyl). A slipping of the olefin in the p-bonded
precursor, which brings the more substituted carbon atom
farther from the metal centre and more exposed to the sol-
vent, can account for such a kinetic preference [5].

In contrast, the thermodynamic stabilities of the M
and anti-M addition products appear to depend very
much upon the nature of the substituents. A methyl
group favours the M isomer, whereas a phenyl group
favours the anti-M form. This could be attributed to a
phenyl stabilization and a methyl destabilization of the
high electron charge localized on the metal-bound carbon
atom.

The new finding of a ready M/anti-M isomerization
appears to contradict a recent paper by Pryadun et al. [9]
reporting a very slow isomerization (months at room tem-
perature) for the transformation of an initially formed anti-
M addition product (cis-[PtCl2{g1–CH(Me)CH2NHEt2}
(PPh3)]) into the M isomer (cis-[PtCl2{g1–CH2CH(Me)N-
HEt2}(PPh3)]). The Pryadun data, however, are susceptible
to a different interpretation. The presence of a strong labi-
lizing ligand (PPh3) trans to the leaving chloride and of
excess diethylamine able to deprotonate the ammonium
group could have induced a fast ring closing reaction with
the consequence that the reported isomerization process
does not concern the linear ammonium ethanide species
(analogous to compounds 2 in Scheme 1) but the ring
closed product (analogous to compounds 3 in Scheme 1)
[10].

In the presently investigated systems, the intramolecular
cyclization, via displacement of the cis chloride by the N



Fig. 3. ORTEP drawing of the complex cation [Pt{CH(Ph)CH2NEt2–
jC,jN}(tmeda)] + (3bn), the ellipsoids enclose 20% probability. Selected
bond distances [Å] and angles [�]: Pt–N1 2.084(3), Pt–N2 2.209(3), Pt–N3
2.085(3), Pt–C8 2.053(4), C8–C7 1.522(6), C7–N3 1.516(5), C8–Pt–N1
100.3(1), N1–Pt–N2 83.3(1), N2–Pt–N3 106.0(1), C8–Pt–N3 70.4(1), Pt–
N3–C7 92.0(2), N3–C7–C8 103.5(3), C7–C8–Pt 93.1(2), N1–Pt–N3
170.5(1), C8–Pt–N2 176.4(1).
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atom of the 2-aminoethanide chain, has been clearly estab-
lished (see also Supplementary Information). Generally,
either the presence of a labilizing ligand trans to the leaving
chloride [4], and/or of a significant steric bulk on the etha-
nide chain was required (such a steric bulk promoting the
ring closing reaction by Thorpe–Ingold effect [11]) [6].
However, notwithstanding the fact that our addition prod-
ucts lack a labilizing ligand trans to the leaving chloride, a
ready ring closing reaction is observed with propene and
styrene. Furthermore, we could prove that it is possible
to completely remove the substituents from the ethanide
chain and still have the ring closing reaction.

Hence, the ethene derivative [PtCl(g1–CH2CH2

NHEt2)(tmeda)](ClO4), 2cn, was treated with a slight
excess of NHEt2. Under such weakly basic conditions, par-
tial conversion of the linear compound 2cn into the cyclic
compound 3cn took place (Figure S1, Tables S1 and S2).
Therefore, we can conclude that in the systems here consid-
ered neither the trans labilization of the leaving chloride
nor the presence of substituents on the ethanide chain is
necessary for the ring closing reaction to take place. The
main difference between our substrates and those previ-
ously investigated [4,6] is the absence of a formal negative
charge on the aminoethanide compound (deprotonated
compound 2) undergoing cyclization. A greater electrophi-
licity of the metal centre could therefore be an important
aiding factor for the ready occurrence of the ring-closing
process.

Another outcome of the present investigation is the
greater propensity for the linear anti-M isomer, as com-
pared to the M one, to undergo ring closing reaction.
The anti-M addition product differs from the M isomer
for having the alkyl substituent (methyl or phenyl in the
present investigation) and the amine group on different car-
bons of the ethanide chain. Steric repulsion between the
two groups would set them in an antiperiplanar conforma-
tion. As a consequence, the amine group should be brought
in a synclinal conformation with respect to platinum and
therefore in a suitable position to give chloride substitution
and ring closing reaction. This cooperative effect cannot be
present in the M isomer having the alkyl substituent and
the amine group on the same carbon atom of the ethanide
chain.

The X-ray structure of the species 3bn [12] is reported in
Fig. 3 [13–19]. The cyclobutane metallacycle is rather
strained and ‘‘quasi planar’’; as a consequence, the substit-
uents on adjacent atoms of the aminoethanide chain are
placed in eclipsed positions. Notwithstanding the large
deviation from theoretical values of bond angles, the cyc-
lobutane-metallacycle bond distances are rather normal
and in accord with values found in the analogous
[Pt(CH2CH2NMe2–jC,jN)Cl(PPh3)] complex in which,
however, the ethanide chain had no substituents and the
Pt–N bond was ca. 0.04 Å longer because of the phosphine
trans influence [4b]. The accumulation of electron charge
on the platinum-bound carbon atom (C8) is revealed by
the narrowing of the corresponding angle in the phenyl ring
[C10–C9–C14 = 117.3(4)�] [20,21] and the lengthening of
the trans Pt–N2 bond, which is 0.12 Å longer than the
other two Pt–N bonds (the latter Pt–N distances are prac-
tically coincident, no matter if one belongs to a four-mem-
ber and the other to a five-member chelate ring). The
stabilization of such an electron charge by the phenyl ring
has been invoked to explain the thermodynamic preference
for the anti-M addition product in the styrene derivatives.
The steric interaction between substituents on cis ligands
[particularly C9� � �C3 = 3.426(8) and C6� � �C15 =
3.548(8) Å] can fully explain the pyramidal distortion of
the platinum coordination centre.

The cyclic species (3) of this work are closely related to
the metallacycles recently proposed by Hartwig for the rho-
dium-catalyzed anti-M amination of vinylarenes [3]. Our
findings prove that the formation of such intermediates is
very likely, and the greater propensity of the anti-M isomer
to undergo ring closing reaction may be the reason for the
anti-M selectivity of the Hartwig reaction.

In conclusion, the present investigation has demon-
strated the following aspects: (i) the kinetic preference for
the Markovnikov isomer in the amination of platinum-
coordinated olefins; (ii) the ready isomerization between
Markovnikov and anti-Markovnikov addition products
taking place at room temperature; (iii) the ease of the ring
closing reaction in systems that lack a formal negative
charge on the metal core; (iv) the faster ring closure of
the linear anti-Markovnikov amination product (as com-
pared to the Markovnikov one) contributing to the
increase of this form in the ring closed products.
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