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ever, the results at both irradiation wavelengths support the
view that the thermally equilibrated excited states of com-
plexes may be distorted from their ground states.?

The most extensive kinetic measurements were made in
acetonitrile. From the relaxation times and spectrophoto-
metrically determined equilibrium constant® K = k¢/k;,
both measured over the temperature range 10-50°, the fol-
lowing kinetic and thermodynamic parameters were ob-
tained

]
Ni(dpp)Cl, === Ni(dpp)Cl,
ky

(planar) (tetrahedral)

K® = b /by = 075, AH® =7 + 1kJ mol;
AS" =20 x 2 J K!'mol! A% = 4.5 x 105 sec!,

23 = 6 x 10° sec-!

Activation parameters, determined from a plot of log k/r
against 771, were AH =354+ 1 kJ mol™}; AS =—-15 4
4 J K~! mol™!, These rate constants are of the same order
as have been reported! for related complexes investigated
by NMR but much slower than for bischelate complexes.!3
These systems, where k28 > 107 sec™! is expected, are out-
side the range of NMR but are likely to be within the scope
of the present method where the principal limitation is the
laser pulse duration.

Finally we note that a useful link is beginning to emerge
between the reactivity of the photoexcited states of transi-
tion metal complexes and strictural equilibria involving
such complexes in their ground electronic states. Specific
photodissociation!© or electron transfer!! processes or, as in
the present case, an excited state distortion may provide
convenient means of perturbing such equilibria and hence,
through chemical relaxation,!? of studying the kinetics of
interconversions.
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Antiport Regulation of Carrier Mediated
Chiroselective Transport through a Liquid Membrane!
Sir:

Selective transport of amino acids through a liquid mem-
brane by lipophilic carrier molecules has been described.?
Coupling to acid-base reactions and to cation gradients was
used to pump the transport process. pH effects on trans-
membrane diffusion of weak acids has also been observed in
biological model systems (see for instance ref 3 and refer-
ences therein).

We wish to report regulatory effects of the counter trans-
ported (antiport) species on chiroselective transport by a
chiral carrier molecule, i.e., on preferential transport of one
optical antipode of a racemic substrate. The carrier was the
optically active hydrochloride of (—)-/N-(1-naphthyl)methyl
a-methylbenzylamine*® ((=)T+Cl~, C¢HsCH(CH;)N™-
H,CH,-a-CioH7, CI7; [a]D = —22.2 + 0.4°, ¢ 3.565,
CHCIl3) dissolved in chloroform, and the substrate was ra-
cemic sodium mandelate, STNa*, in water.5 This system
displays partial resolution by extraction of S~ by T+ from
water into chloroform.* The experiments were performed in
a setup consisting of a stirred chloroform membrane M sep-
arating two stirred water phases IN and OUT,7 which
contained initially () sodium mandelate and the sodium
salts of different acids, A™Na*, respectively. The amount
and optical rotation of mandelate in all three phases was
followed as a function of time.

(1) When the carrier T* is added to the membrane,
mandelate S~ and the antiport anion A~ are taken up and
exchanged across the interfaces, so that S~ and A~ appear
simultaneously in the OUT and IN phases, respectively. In
the absence of carrier in M the leakage of mandelate (or
mandelic acid) through the membrane is negligible (<2
pmol/(hr cm?)). Since both antipodes of mandelate are
competing for the carrier, the transport process may be de-
scribed as competition flux of (+)S™ and (—)S~ in ex-
change diffusion with A~ (see for instance ref 8) mediated
by the carrier T. It may present both flux stimulation, as is
generally possible in exchange diffusion,® and substrate se-
lectivity via the diastereomeric pairs [(=)T*, (+)S~] and
[(=)T*, (—)S~] formed in M. Table I and Figure 1 give re-
sults for a variety of antiport anions.

(2) Sodium mandelate, initially racemic in IN, becomes
optically active in all three phases. Thus, the transport pro-
cess is chiroselective. Although the maximum optical reso-
lution obtained (<10%) is at most equal to that of a two-
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Figure 1. Variation of the specific optical rotation [«]D of mandelate in
the IN and OUT phases as a function of per cent mandelate transport-
ed when the antiport anion is chloride (a) or propionate (b) (see also
footnote to Table I). The points are experimental results and the curves
are computed as described in ref 11. Because resolution of the trans-
port equations'! would have been much more involved, the amount of
mandelate extracted from IN into M was neglected. The calculated
curves should be displaced toward the bottom of the figures (to about
[a]D = =0.3° for IN, CI~ case) leading to agreement with the experi-
mental numbers.
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Table I. Chiroselective Transport of () Mandelate Anion by (—)-N-(1-Naphthyl)methyl-w-methylbenzylamine Hydrochloride

as a Function of Antiport Anion4

% man-
% mandelate  Transport rate [o] D mandelate delate
Entry Antiport anion, A~ (in M) umol/(hr cm?) IN M ouT transported

1 Cl—b 835 5035 -0.30 £ 0.03 +9.5 £ 0.5 -0.8x0.1 S
2 HCOO~ 38+3 303 -0.30£0.03 +10.7 £ 0.5 +1.8 £0.3 8
3 CH,CO0~ 5+0.5 202 -0.40 £ 0.04 +6.9 £ 1 +6.4 £ 0.5 7
4 CH,CH,CO0~ 283 100z 10 -1.0 = 0.05 +8.4+ 04 +6.2+ 0.4 11
S CH,(CH,),C00~ 22 £2¢ 160 = 16 -0.75 £ 0.05 +5.0 £ 0.3¢ +5.3:0.5 9
6 CH,(CH,),CO0~ 82 707 -0.350.05 d +2.6 £ 0.5 9
7 CH,(CH,),CO00~ 2505 9:1 ~0 d ~0 5

a Initial concentrations: IN and QUT, ca. 1 M solutions (40 ml) of racemic sodium mandelate and Na* A ~, respectively, at pH 6—8; M, 0.12
M carrier T*Cl~in chloroform (10 ml). Temperature was maintained at 20 + 1. All phases were stirred at 300 rpm. Area of interface is 2 =
0.2 cm? Mandelate concentrations (+5%) have been obtained from the uv absorption at 257 nm (Cary 118C spectrometer. [«] D is measured
on a Perkin-Elmer 141 polarimeter (+0.008°); concentrations were in the range ¢ ~14 (IN) and ¢ ~2—4 (M, OUT). Percent mandelate is the
amount of mandelate in M with respect to carrier (i.e., carrier saturation). Percent mandelate and [a] D listed have been measured after the
fraction of total mandelate given in the last column has been transported from IN to OQUT. Transport rates are obtained from the rate of
appearance of mandelate in OUT. Transport rates are about 10%. Carrier concentration in the aqueous phases is <10 ™ M/1. b Results similar
to those obtained for C1~ have been obtained for SO,?~ back-transport. ¢ Values corresponding to 20% mandelate transported. 4 Values were

too small for accurate measurement.

phase extraction (about 10% in the chloroform layer) per-
formed in the same conditions as between IN and M, the
actual resolution in a given phase depends strongly on the
conditions of a given experiment (see below).?

(3) Both the rate and the chiroselectivity of the transport
display effects of regulation by the antiport anion A~. Such
phenomena are particularly interesting since they link the
forward flux to the nature of the counter transported
species. Changing A modifies the relative amounts of S~
and A ~in M, i.e., the effective affinity of the carrier for
mandelate.

(4) The rates of transport are fastest when anions A~
and mandelate S~ have similar lipophilicity (Table I,
entries 4 and 5) and are slower otherwise.

(5) The sign of the transport chiroselectivity is depen-
dent on the nature of the antiport anion. In the case of A~
= CI~ the optical rotation of mandelate has the same (—)
sign in IN and OUT whereas it is of (+) sign in M. The sit-
uation is different in all other cases where one has (=) IN,
(+) M, (+) OUT.

(6) When A~ = propionate (Figure 1b) the evolution of
the specific rotations of the IN and OUT phases resembles
respectively that of the starting material and the product of
a kinetic resolution experiment. The optical purity of the
IN phase becomes appreciably higher than achieved in an
extraction experiment in the same conditions. It behaves
like the starting compound in a chiral destruction experi-
ment.!® However, after about 30% transport, back-trans-
port of mandelate is no more negligible and the optical pu-
rity of IN begins to decrease. At the end of the experiment
both IN and OUT phases have the same slightly negative
[a]D corresponding to the excess of (+) antipode in the
membrane.

(7) A detailed analysis of the kinetics of the transport
flux has been performed. The calculated curves shown in
Figure 1 are in satisfactory agreement with the experimen-
tal results.!! According to the present computations, the re-
sults obtained for both A~ = Cl™ and A~ = propionate re-
quire that the system be asymmetrical, with higher extrac-
tion efficiency and (+)/(—) selectivity at the M/OUT in-
terface than at the M/IN interface.!?

In a symmetrical membrane system (i.e., same (+)/(—)
>1 selectivity on both sides) the computations show that,
after 10% transport, OUT would display only slight (+)
rotation in the chloride case but would have about the same
(+) optical purity as M when A~ = propionate.

When the system is made asymmetrical, with (+)/(—)
selectivity higher on the M/OUT than on the M/IN side,

the result is that the [a]D (OUT) curves are displaced in
favor of the (—) antipode for both antipode anions. Thus,
for chloride, OUT can change from weakly (+) (symmetri-
cal) to weakly (—) (asymmetrical), whereas for propionate,
OUT remains (+) but with lower optical purity than in the
symmetrical case, Therefore, the striking inversion of trans-
port selectivity observed may be ascribed to the effect of the
lipophilicity difference (i.e., distribution constants, with re-
spect to mandelate or S~ in general) of the antiport anions
A~ in an asymmetrical membrane system.

In conclusion, the nature and the amount of transport
chiroselectivity in an exchange diffusion process may be
regulated to some extent via the antiport anion. This should
hold not only for the separation of optical antipodes but also
in the regulation of the selective transport of different sub-
strates in artificial or biological systems.

The use of multiple consecutive membranes operating in
the same or in opposite directions should allow high selec-
tivities to be reached while retaining great flexibility. The
design of more elaborate carriers will allow further refine-
ments, for instance, by means of chiral polycyclic lig-
ands!3!14 presenting marked chiral recognition.!> Applica-
tions in various fields from analytical techniques to drug ab-
sorption may be envisaged.
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On the Regio- and Stereoselectivity of
Allylic Alkylation
Sir:

The utility of allylic alkylation via z-allylpalladium com-
plexes stems from its control of the course of the carbon-
carbon bond forming reaction.!> We have established that
the nucleophile bonds to the face of the 7-allyl unit opposite
to palladium.? In extending our studies to cyclic com-

pounds, we discovered a remarkable regioselectivity and
stereoselectivity in methylenecyclohexane derivatives.*

Nuc
._~PdC1/2
< . N Nuc
- ligand L
Nuc: (
R R R R

1

Treatment of 1 (R = H) with the anions derived from
methyl methylsulfonylacetate, methyl phenylsulfonylace-
tate, methyl phenylthioacetate, and methyl malonate in the
presence of hexamethylphosphorus triamide (2) leads to
substitution at the primary rather than the secondary car-
bon atom (see eq 1 and Table I). On the other hand, utiliz-
ing a bulky activating ligand, such as tri-o-tolylphosphine
(3) leads to predominate reaction at the secondary carbon
atom.’ At present, the reaction is best considered as a nu-
cleophilic attack on #n3-allylpalladium cationic complex-
es.?2® Thus, this selectivity may be attributed to the stabili-
ty of the presumed initial product of alkylation—the olefin-
palladium = complexes 4 and 57—compared to the steric
hindrance to the approach of the nucleophile. Normally, the

Table I. Regioselectivity of Allylic Alkylation?
~Attack atf —
Pri-  Sec-
Phos- mary ondary
m-Allyl phine®  Alkylating agent¢ Yieldd (%) (%)
1R=H HMP  CH,SO,CH,CO,CH, 58 100
1R=H HMP CH,SO,CH,CO,CH, 90¢ 100
1R=H TOT CH,SO,CH,CO,CH, 90 15 85
1R=H HMP  PhSO,CH,CO,CH, 34 71 29
1R=H TOT PhSO,CH,CO,CH, 83 26 74
1R=H HMP  PhSCH,CO,CH, v 57 47
1R=H TOT PhSCH,CO,CH, 18 <l >99
1R=H HMP  CH,(CO,CH,), 34 79 21
1R=H TOT CHL(CO,CH,), 57 26 74
1R=¢+CH, HMP CH,SO,CH,CO,CH, 31 95 S
1R=¢+CH, TOT CH,SO,CH,CO,CH, 52¢ 45 55
1R=rCH,; HMP CH,CO,CH,), 95 63 37
1R=¢t+CH, TOT CH,CO,CH,), 83h 21 79

2 All reactions were carried out at room temperature in DMSO as
solvent unless otherwise specified. ’HMP = hexamethylphosphorus
triamide. TOT = tri-o-tolylphosphine. ¢ The anions were generated
by treatment of the active methylene compound with sodium hyd-
ride in the solvent of the reaction. 4 Yields are for isolated purified
compounds. € THF was employed as solvent in this run. /'Not deter-
mined. &Ligand and complex were heated at 70° for 1.5 hr. #Li-
gand and complex were heated at 60° for 1.5 hr. { Ratio determined
by NMR spectroscopy of the crude product as well as the purified
product utilizing the ratio of the absorptions for the vinyl protons
at & 5.4-5.6 for the product of primary attack and 5 4.5-35.0 for
the product of secondary attack.

R,P P
R.P PR 5 s
N \Pd/R

Pd {
2 N
Nuc ue

4 5

nucleophile prefers to approach at the less-hindered end of
the w-allyl system to generate 5.2 However, if the palladium
bears very bulky phosphines, the steric congestion that de-
velops in the transition state for the formation of 5 increases
the energy of this transition state such that the nucleophile
is “directed” toward the more substituted carbon to gener-
ate the less congested olefin-palladium = complex 4.8
Complex 1 (R = ¢-C4Hg) shows similar behavior. Fur-
thermore, it allows determination of the stereochemistry of
alkylation at a ring carbon. NMR data® indicate this com-
plex to be approximately a 3:2 mixture of 6 and 7 (6, Hy (8

4.26, bs), Hy (2.67, bs), Hc (3.60, bs); 7, H, (6 4.18,d,J =
7 Hz), Hy, (2.57, bs), H. (3.60, bs). The splitting of H, in
these complexes is in accord with the major isomer having a
dihedral angle between this proton and the adjacent methy-
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