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Convenient Synthesis of a-Chiral Platinum Alkyls
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Summary: The platinum complexes [PtX,(n%-dppm)] (X
= Cl, Br, I) and [PtClL,] (L, = dppe, 2 PPh,, 1,5-cod)
react with EtO,CCHN, to give the racemic monoalkyl
complexes [PtX(CHXCO,Et)L,] in high yield. Addition of
EtO,CCHN, to [PtCl,{(-)-diop}] gives a 3:1 mixture of di-
astereoisomers of [PtCKCHCICO,Et){(-)-diop}] from which
the major isomer is readily separated and crystallized; the
X-ray crystal structure reveals that the major isomer has
the R configuration at the a-carbon atom.

Transition-metal alkyls which are chiral at the a-carbon
atom are invaluable for fundamental mechanistic studies!
(e.g. oxidative additions, reductive eliminations, and in-
sertions) and are purported intermediates in many asym-
metric catalyses® (e.g. HX (X = H, HCO, CN, SiR;,,
CH=CHR) additions to alkenes, Grignard cross-coupling
reactions, alkene isomerizations). The most common way
to synthesize a-chiral metal alkyls is by oxidative addition
of a chiral haloalkane to a low-valent metal complex,® but
because these syntheses are dependent on the availability
of suitable chiral haloalkanes and require the oxidative
addition to be highly stereospecific, they are of limited
generality. We now report a simple, efficient, general route
to highly functionalized, optically stable a-chiral platinum
alkyls from readily available starting materials.

Jennings et al.# reported the synthesis of the cis/trans
mixture of racemic complexes [PtCI(CHCICO,Et)py,] (1a,
2a) by the reaction of ethyl diazoacetate with Zeise’s dimer
in the presence of pyridine. We have found that this route
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can be generalized to the synthesis of 1b—g and 2b by the
reaction of ethyl diazoacetate with haloplatinum complexes
of the type [PtCl,L,], where L, = 2 PPh;, 1,5-cod, dppe,
and dppm, and [PtX,(n*dppm)], where X = Cl, Br, and
I (see eqs 1 and 2).5¢ For example, when [PtCly(n*-dppm)]
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is treated with an excess of EtQ,CCHN,, the monoalkyl
complex [PtCI{CHCICO,Et)(n*-dppm)] (le), which has
been fully characterized,™ is the only product observed by
31p{IH} NMR spectroscopy. The 'H NMR spectrum of le
reveals the inequivalence of the diastereotopic CH, protons

(6) Complexes 1b~e, 2b, 3a,b, and 4a,b can be made by two methods
(eqs 1 and 3), exemplified here by the preparations of 3a,b and le: (a)
In a typical reaction, 0.76 g (0.10 mmol) of [PtCl,{(-)-diop}] was dissolved
in 20 mL of dichloromethane and an excess of NJCHCOOEt (0.80 mmol)
was added. After the mixture was stirred for 48 h, the solvent was
removed under reduced pressure and the residue triturated with Et;0 to
give a 3:1 mixture of products 3a,b in 72% yield. Recrystallization from
CH,Cl,/Et,0 gave pure 3a. (b) Ina typical reaction, 0.46 g (0.11 mmol)
of [PtCl(CHClCOzEt)(l 5-cod)] (1c¢) was dissolved in 5 mL of dichloro-
methane and then 0.042 g (0.11 mmol) of the dppm in § mL of CH,Cl,
was added dropwise over 10 min. After a further 30 min of stirring at
room temperature, the solvent and the displaced 1,5-cod were removed
under reduced pressure to give the crude product le, which was recrys-
tallized from CH,Cl, and Et,0 in ca. 80% yield.

(7) (a) Characterization data for le: Anal. Found (caled for
CopsHpsClO,PsPt): C, 47.54 (47.32); H, 4.03 (3.83). Spectroscopic data
for le: IR (Csl pellet) u(CO) 1720 (s), v(PtCl) 280 (m) cm™; 'H NMR
(CDC]s, 300 MHZ) 61.02 (t JH H® 7.0 HZ, 3 H CH CHs)y 3. 30 (dq, ']H-H
= 7.0 Hz, %Jy 4 = 11.25 Hz, 1 H, CHCH,), 365(dq, Jy-p = 7.0 Hz, Wy
=11.25 Hz, CHCHa), 4.20 (m, 1 H, CHPPh,), 4.35 (m, 1 H, CHPPh. 4 75
d,Jp.y = =93 Hz,2Jp. =974 Hz, 1 H, CHCICOOE); $ip NMR ( DCl,.
36.4 MHz) 4 -47.7 (d, Jp p= 56 Hz, lJp‘ p = 3485 HZ), -49.8 (d ’Jp_y
= 56 Hz, !Jp, p = 1645 Hz). (b) Characterization data for 3a,b: Anal.
Found (calcd for CgsHj3;Cl;0,P,Pt with 0.25 mol of CH,Cl,): C, 47.91
(48.00); H, 4.31 (4.41). Spectroscopic data for a,b: IR (Cal pellet) #CO)
1730 (s), »(PtCl) 300 (m) cm™, P NMR (CDCla, 38.4 MHz) 3ad1.51

Jpp-20Hz, an—4099HZ) ~0.5 (d, 2Jp_p'20HZ, %@. p = 1946
Hz) 3b, 5 1.51 (d, %Jp_p = 20 Hz, 1Jp,.p = 4099 Hz), -1.3 (d, 2Jp.p = 20
Hz, IJH p = 1932 Hz). 'H NMR (CDCl;, 300 MHz): pure 3a, & 1.03 (s,
3 H, CH,CMe(0),), 1.21 (s, 3 H, CHBCMse(O),), 1.22 (t, %Jy.x = 10.8 Hz,
3 H, CH,CH,), 2.24, 2.60, 2.98, 3.47 (4 multiplets, each 1 H, PCH), 3.73
(m, 1 H, CHCHj,), 3.78 (m, 1 H, CHCHjy), 4.0-4.2 (complex m, 3 H,
OCH(CH,)CH(CH;0CMe; overlapping with CHCO,Et). The data for
the othaelr complexes reported here are deposited in the supplementary
material.
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in the dppm backbone, consistent with the presence of the
a-chiral center.

The complex [PtCI(CHCICO,Et)(1,5-cod}] (le) is a
convenient starting material for the synthesis of other
[PtCI(L);(CHCICO,Et)] species by substitution of 1,5-cod
(eq 3).8 When lc is treated with the chiral diphosphine
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(-)-diop or (+)-chiraphos, the products, as shown by 3'P{'H}
NMR spectroscopy, are 1:1 mixtures of diastereoisomers
3a,b or 4a,b. Significantly, treatment of [PtCly{(-)-diop}]
(5) with EtO,CCHN, gave the same diastereoisomers™ in
solution (eq 4), but in the ratio ca. 3:1. The major isomer
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3a was readily separated by fractional crystallization from
CH,Cl,/diethyl ether; CDCl, solutions of the pure 3a were
found to be optically stable at +20 °C for at least 14 days.

The X-ray crystal structure® of the major isomer 3a as
its dichloromethane solvate was determined and reveals
that the configuration at the a-carbon is R (see Figure 1).
The  chiraphos complex [PtC1,{(R,R)-
Ph,PCHMeCHMePPh,}] reacts similarly with
EtO,CCHN, to give 4a,b in a similar ratio (ca. 3:1), but
assignment of R or S configuration has not been proven.

The diastereoselective insertion reaction shown in eq 4
is a simple, general,? and efficient method for the synthesis
of chiral platinum alkyls which we are presently developing
by extending the reaction to other metals (e.g. Pd, Rh, Ni,
Cu), to other diazoalkanes, and by elaboration of the
chemistry of the ester and halogen functionalities.’® It
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tion-corrected data for which I > 2¢(). The absolute structure shown
in Figure 1 was confirmed by refinement.
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Figure 1. Molecular structure of 3a showing atom labeling.
Important molecular dimensions include the following: bond
lengths (&) Pt-C(1) = 2.114 (18), Pt-P(1) = 2.320 (3), Pt-P(2)
= 2.233 (3), Pt-CI(1) = 2.362 (3); bond angle (deg) P(2)-Pt(2)-P(1)
= 96.3 (1); torsion angle (deg) P(2)-Pt-C(1)-H(1) = 5 (10).

is well-known that many late-transition-metal complexes
catalyze carbene-like reactivity of diazoacetates!! such as
alkane C-H insertion,!? dimerization to give RO,CCH=
CHCO.R,!® ylide formation,'* and most importantly
asymmetric cyclopropanation.’® The accepted mechanism
for this disparate group of reactions involves discrete metal
carbene intermediates.!® Since in many cases the catalysts
used are halometal complexes,!®1¢ our results suggest that
a-haloalkyl complexes may be involved, and this possibility
is under investigation.
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