February, 1978]

BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN VOL. 51 (2), 503—505 (1978)

503

Stereoselective Substitution of Zrans-2-Butene for the S,S-2-Butene
in Trichloro-S,S-2-buteneplatinate (II) in Acetone
Yoshiro Teral and Kazuo Sarto

Department of Chemistry, Faculty of Science, Tohoku University, Aoba, Aramaki, Sendai 980
(Received September 1, 1977)

A new complex salt [Ph,P][PtCl;(S,S-tbn[1,3-2H])] (tbn, #rans-2-butene) undergoes racemization and ligand

isotopic exchange in acetone containing a large excess of tbn without side reactions.

Both rates are expressed by the

second order rate equations, R cpy==FKspy[Pt][tbn] and R g =ksqm [Pt][thn], the £, values being 17.6 and

70.6 X 10-3M~1 51 at 8.0 °C, respectively (M=mol dm=3).

Individual %, values for the substitutions without and

with inversion of configuration of coordinated tbn are calculated to be 62.0 and 8.7 X 10-3M~1 s~1, respectively, the
corresponding AH* and AS* values being 36.3+3.1 and 37.64+-2.7 kJ mol1, and — 138412 and —149+10 J-.

mol-1 K-1,

Source of the stereoselectivity appears to consist in the difference in ease of formation of square

pyramidal transition state on the nucleophilic attack of thn upon the complex.

In a previous paper we have reported the kinetics of
ligand isotopic exchange and epimerization of trans(N,
olefin) [PtCl(L-pro) (§,5-2-butene)] in acetone in the
presence of an excess of frans-2-butene (tbn), and found
that the coordinated §,5-2-butene is replaced by thn
faster with retention than with inversion of configuration
by ca. 10 times.)) The substrate complex has two asym-
metric sources, the L-prolinate (with two asymmetric
centers, the carbon and the coordinated nitrogen) and
the §,5-2-butene. In order to find the origin of the
stereoselectivity, complexes having only one source
of asymmetry should be needed. @We have found
that frans(N,olefin)[PtCl(L-pro) (S,5-2-butene[1,3-3H])]
gives [PtCly(S,S8-2-butene[1,3-3H])]- in 6 M hydro-
chloric acid and crystallizs as tetraphenylphosphonium
salt with retention of configuration. This salt enabled
us to carry out kinetic studies of the isotopic exchange
and racemization in acetone.

Experimental

Materials, Tetraphenylphosphonium trichloro-S,S-2-
butene[1,3-3Hplatinate(I1) was prepared by treating optical-
ly active [PtCl(L-pro)(S,S-2-butene[1,3-3H])] (0.2 g, Ae at
27000 cm—t 1.05) with 6 M hydrochloroic acid (4 cm?) and
tetraphenylphosphonium chloride (0.23 g) for 1h at room
temperature, and cooling in a refrigerator. The precipitated
product was filtered off, air dried, and recrystallized from
acetone by adding petroleum ether. Yield 0.3 g (85% on
platinum). The specific activity was ca. 2x 10* d.p.m. per
mg,and Ae at 23800 cm™1 ca. 0.7. The purity was examined
by the ultraviolet (UV) absorption spectrum. The elemental
analysis of carbon and hydrogen was carried out by use of a
similarly prepared non-radioactive sample. Found: C, 48.22;
H, 4.049%, Caled C, 48.25; H, 4.059%,.

trans-2-Butene of research grade (>>99.3%) from Nippon
Tokushu Gas Co. was used without further purification. Ace-
tone and acetonitrile were purified by the usual method.

Kinetic Runs. trans-2-Butene boils at 0.88 °C under
atmosphere and the solutions for kinetic studies should be
prepared carefully as follows. trans-2-Butene chilled in a
mixture of Dry Ice and acetone (0.1 to 2 g) was swiftly added
into a stoppered Erlenmeyer flask containing a known amount
(30 to 40 cm?) of acetone, weighed, and preserved in a mixture
of Dry Ice and acetone. The complex solution (to produce
ca. 5 cm® of 1074 to 10-3 M) was added to 6 to 10 small test
tubes kept in a mixture of Dry Ice and acetone, and the thn
solution was added to each tube by use of a pipette wrapped

with powdered Dry Ice. The tubes were stoppered and kept
in a thermostat at —30 to +8 °C. They were withdrawn at
appropriate intervals, placed in a liquid nitrogen bath, and
tbn and the solvent evaporated off in a vacuum line at Dry Ice
and room temperature, respectively. The residue consisting
of pure complex was dissolved in acetonitrile (5 ml), and the
UV absorption and CD spectra were recorded. A 1 ml
portion of the AN solution was mixed with the liquid scintil-
lation medium (0.108 mg of p-bis(5-phenyl-2-oxazolyl)benzene
and 4.29 g of terphenyl per 1 dm3; 14 cm?®) and submitted to
the counting of the f-rays. The density of tbn solution in
acetone differs significantly at reaction and Dry Ice-acetone
temperatures, and due correction was made.

The experimental results of racemization and isotopic
exchange were calculated in accordance with the first order
kinetic law and the McKay formula, respectively.

Measurements. The UV absorption and CD spectra
were recorded with a Hitachi 323 Spectrophotometer, and
JASCO J-40 Spectrometer, respectively. The radioactivity
was recorded with a Liquid Scintillation Spectrometer from
Nuclear Chicago. The electrolytic conductivity was measured
with a Conductoscope from Metrohm Co.

Results and Discussion

Synthesis and Spectra. The UV absorption curve
(Fig. 1) is very similar to that of Zeise’s salt,® and
remains unchanged for many hours both in the absence
and the presence of an excess of tbn in many kinds of
solvent. Konya et al. gave the CD spectrum of (+)35-
trans(N,olefin) [PtCl(r-pro) (S,S-2-butene)] in concent-
rated hydrochloric acid, and considered that the pattern
represented the CD of [PtCl(S,S-butene)]—.® The CD
curve in Fig. | is very similar to theirs, and the small
difference may be due to the difference in solvent, and
to the presence of free L-proline in their solution, which
can give outer-sphere perturbation. Since the tetra-
phenylphosphonium salt of this complex is sparingly
soluble in hydrochloric acid, the pure salt must have
been precipitated as shown in the Experimental part.

This salt is insoluble in water and methanol, rather
readily soluble (to give 0.1 M solution) in acetone,
acetonitrile (AN), N, N-dimethylformamide (DMF), and
dichloromethane, and dissolves in dimethyl sulfoxide
with gradual decomposition. The CD pattern changes
very slowly in acetone, AN, and DMF. The apparent
first order rate constant of the spontaneous racemization
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Fig. 1. Ultraviolet (UV) absorption and circular dichro-
ism (CD) spectra of [(CgH;) P1[PtCl,(S,S-2-butene)] in
acetonitrile (AN) at room temperature.

is <3x10-%8s-1 at 15°C in acetone. Addition of
water, acetic acid and alcohols enhanced whilst that of
chloride retarded the spontaneous racemization. How-
ever, under the present experimental conditions, such
a CD change can be ignored. Molar conductivity
measurement in acetone gave a straight line on the
plot vs. square root of concentration of this salt for
<1x10-3M. The degree of electrolytic dissociation
of a 0.9x10-3 M solution (almost equal to the con-
centration at which the kinetic studies were made) was
0.91 at 8.0 °C.

Kinetic Data. The absorption spectrum of the
reaction mixtures was equal to that of the complex and
remained unchanged during the course of the kinetic
runs. The kinetic measurements were made in the
concentration ranges, [complex]=0.0005 to 0.003 M
and [trans-2-butene]=0.02 to 1.15 M (40 to 1500 times
excess to the complex). The CD strength at 23800
cm~! decreased with time to reach zero at infinite time,
and the diagram In(a;/a,) vs. t was straight as shown in
Fig. 2. (a; and g, stand for the CD strengths at time ¢
and zero, respectively). The observed first order rate
constant ko(py increased linearly with increase in free
tbn concentration, and it did not change on addition of
tetraphenylphosphonium chloride (Fig. 3). The
decrease in specific f-activity of the recovered complex
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Fig. 2. The first order kinetic plots of the racemization
() and isotopic exchange (@) of [PtCl,(S,S-2-butene-
[3H])]~ in acetone at 8.0 °C. [Complex], 8.61x 10—
M, [tbn], 0.218 M

also decreased in accordance with first order rate law
as shown in Fig. 2, where x’s denote the specific counting
rate at the times indicated by the subscripts. McKay’s
R was proportional to the concentration of the complex,
and the observed first order rate constant kg increased
linearly with increase in concentration of the free thn
as shown in Fig. 3.

Thus the rate constants obtained by both CD and
B-activity measurement can be written as Egs. 1 and 2.

koop) = ka(opy [thn] M
koumy = kaap [tbn] (2)

The k, values are shown in Table 1.

The linear diagrams in Fig. 3 give no intercept. The
spontaneous racemization was very slow, and the
racemization must proceed exclusively via a bimolecular
mechanism. When the individual second order rate
constants of the substitution reaction with retention and
inversion of configuration are written as kyss; and
kotsry, they are related to the observed £,’s by Egs. 3
and 4.

ksopy = 2k2[sm (3)
kaamy = Farsmy + Earssy )

TABLE 1. SECOND ORDER RATE CONSTANTS AND ACTIVATION PARAMETERS FOR THE SUBSTITUTION
OF trans-2-BUTENE FOR [PtCl,(S,S-trans-2-BuTeENE[1,3-3H])]~ IN ACETONE
Temp ks (om ks (1p) kassy Karsm Karssy
°C 10-3M-1s-1 103 M-15-1 10-3 M-15-1 10-3M-1s-1 Kocsm
8.0 17.3 70.6 62.0 8.7 7.2
—5.0 6.74 35.1 31.7 3.4 9.3
—20.0 2.65 11.4 10.1 1.3 7.8
AH*
T mol T 36.34+-3.1 37.6+2.7
AS* — 138412 — 149410

J mol-1 K-!
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Fig. 3. Dependence of the observed first order rate con-
stants of the racemization () and isotopic exchange
(@) of [PtCl,(S,S-2-butene[3H])]~ upon the concentra-
tion of free tbn in acetone at 8 °C. (A0.0034 M Ph,-
PCl added.)

On the basis of the observed k,’s, kasri, and kyssy were
calculated as shown in Table 1. The activation para-
meters are also included in the same table.

Dynamic Stereoselectivity. The ratio kyssi/kgrsm s
ca. 8 in the present temperature range. The activation
parameters involve rather large experimental errors,
but the difference in k,’s must consist in the AS* term.
It is generally believed that the substitution of such
square planar complexes proceed via Sy2 mechanism,
and the ease of nucleophilic attack by the incoming
ligand is the rate-determining step. The two kinds of
substitution with retention and inversion of configuration
should have very similar transition states and the
approach of tbn resulting in retention of configuration
must be slightly easier than that resulting in inversion.
Such a difference must be of a steric origin, and very
naturally reflected in the AS* rather than in the AH*
value.

So far as the substitution reaction proceeds via an
associative mechanism, the transition state should be
either a trigonal bipyramid or a square pyramid. Some
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Fig. 4. Plausible transition state on the nucleophilic
attack of tbn upon [PtCl,(S,5-2-butene)]-.

trigonal bipyramidal complexes have been isolated as
crystals (e.g. [PtCly(C,H,)(phen)]® and [Ir'CI(C,-
H,),]?), and s-accepting ligands are claimed to stabilize
trigonal bipyramidal structure.®» Hence the present
substitution reaction may have a square pyramidal
transition state (Fig. 4), which undergoes internal
rearrangement to give a trigonal bipyramidal inter-
mediate. Even a simple molecular model study discloses
that the approach of tbn as shown in Fig. 4A involves
less steric hindrance than that as shown in Fig. 4B. The
stereoselctivity of the present substitution is slightly
smaller than that in the substitution of thn for trans(N,
olefin) [PtCl(r-pro) (S,5-2-butene)], but very near to it.
Similar difference to that shown in Fig. 4 may be
encountered in the substitution of the wL-prolinato
complex, and we can conclude that the main source of
selectivity in this complex should be in the asym-
metrically coordinated trans-2-butene.
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