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Trimethylplatinum(IV) systems with labile ligands and weakly coordinating anions were investigated
with respect to their Lewis-acidity and their ability to act as Lewis-acidic catalysts. The Lewis-acidity of
tetrameric trimethylplatinum(1V) triflate (triflate= trifluoromethanesulfonate, OTff MesPtOT# 4], toward
carbonyl compounds was quantified by NMR titration with crotonaldehyde (Childs’ method) i@lgD
The data show moderate but significant Lewis-acidity of the trimethyl platinum(IV) center (27% of the
acidity of BBr;) and commensurate (moderate) intrinsic catalytic activity of the trimethylplatinum(IV)
unit. Crystals of an aldehyde adduct were obtained. X-ray crystallography shows a binuclear metal complex,
[{ MesPt(crotonaldehyde)tOTf)},]. Despite the relatively low Lewis-acidity, in the absence of oxygen-
donor ligands, the trimethylplatinum(IV) is capable of decomposing the [B{Aranion (AF = 3,5-
(CRs),CsHs) to yield B(Ar")s, apparently via aryl abstraction. Salt metathesis reactiond\é{PtOTH 4]
with Na[B(ArF),] in the presence of oxygen-donor ligands lead to mixtures that are highly catalytically
active in the diastereoselective Mukaiyama-aldol reaction, likely via generation of very electrophilic silicon
species.

Introduction is likely important for controlling stereoselectivity of metal-
catalyzed reactions), where three facial positions are occupied
gy strongly bonded ligands and the remaining three positions
are labile: afac-LsM(solv)z*" cation as the active species.
Extremely strong Lewis acids are useful for stoichiometric
reactions, but generally exhibit too low substitution rates to be
of synthetic use. A good catalyst is moderately Lewis-acidic.
In order to achieve catalytic turnover, substitution reactions at

Lewis acids are powerful tools in the hands of the synthetic
organic chemist since they can enhance rates for many reaction
and can increase yield and selectivity. Lewis acids based on
transition metals often offer advantages: many systems, in
particular those based on second- and third-row transition metals,
are less oxophilic than “classic” Lewis acids (aluminum or boron

halides), and inhibition by product or adventitious water can the metal should be fast. Even in low-soirf dvstems
often be prevented with transition metal Lewis acida/ell- - ui D ven | W-spirt Sy ’
traditionally considered “inert”, fast ligand substitution can be

designed transition metal systems can offer the high ligand chieved if a stron@-donor. for example an alkvl. is present
exchange rates needed for turnover, and a catalytic amount of? o g-donor, P Kyl 1S pr

the Lewis acid might be sufficient, rather than a stoichiometric In trans position. A part|c_ularly stabl_e metal trialkyl unit can
amount (normally needed for traditional systems). Tuning of be found in the solvated trimethylplatinum(lV) complexesshe

PR TN
stereoselectivity is generally very feasible since the design of Pt(solv)g , which has been shown to act as three-point binding

spectator ligands for transition metals is highly developed. Also, in interaction with carbohydratéd.igand exchange is expected

- ) I
complexes can often be designed such that more than one Lewis:[c)%cbuerssgfg'g'%n%lIzle'::jcﬁmvéa;iréacgggiggnatgtl ea mre:ozbr)l?é m-
acidic site is present and generally within a well-defined ) ’

geometry. Examples are square-planas’M(solv) 2+ cations istry at the metal will be well-defined: all trimethylplatinum-
M = Pt.Pd) where twccis positions are bI0(2:ked by the (IV) complexes structurally characterized so far are six-

spectator ligand “k” such that two labile solvent molecules (2) (a) DutcaL.-M.; Ko, K.-S.; Pohl, N. L.; Kosti¢N. M. Inorg. Chem.

(solv) create two Lewis-acidic sites iris arrangement. Such é%?%%bgégl'5%37Myco)vli\’(/|:i|’<\)l\}r’(\:ﬂi\;|Dnl/ljt-cﬁé_éii'}é'NK&StiJC'/L\‘rhMér%hn?ms:) .
systems are of growing importance, and mechanisms often,n53 125 781, (d) Brunkan. N. M. White, P. S Gagnal. R.

invoke utilization of both Lewis-acidic sitésCatalysts having Organometallics2002 21, 1565. (e) Brunkan, N. M.; GagneM. R.
threeLewis-acidic sites in a well-defined geometry have proven Organometallics2002 21, 1576. (f) Michelin, R. A.; Pizzo, E.; Scarso,

; ; T A.; Sgarbossa, P.; Strukul, G.; TassanOkganometallic2005 24, 1012.
useful already. However, examples exist mainly for meridionally o B?unetta, A Strukul, GEUr J. Inorg%%emZOO 4 1030. (?]) Cendron,

three-point binding acids, and facially three-point binding acids A': Strukul, G.J. Mol. Catal. A2003 204-205, 187. (i) Gavagnin, R.;
are rare-3 Systems havingac geometry appear promising for ~ Cataldo, M.; Pinna, F.; Strukul, Grganometallics1998 17, 661. (j)

cooperative action of all three acidic sites. Thus, we may Eﬁﬁ;"ﬂgﬁ'}gé‘é“% Y. Uesugi, O.; Oi, S.; Miyano, $.Chem. Soc., Chem.
) . e .
consider pseudo-octahedral complexes ideally having®a d (3) (a) Evans, D. A.; Downey, C. W.: Hubbs, J. L. Am. Chem. Soc.

electron count (a well-defined geometry around the metal center2003 125,8706 (b) Itoh, K.; Kanemasa, S.. Am. Chem. So2002 124,

13394.
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coordinate and pseudo-octahedral, with the only exception of methylplatinum species, added &¥sPtOT# 4. The'H NMR

[(nacnac)PtMg (nacnac = {(2,6/Pr-CsH3)NC(Me)},CH),
which is five-coordinate, exhibiting square-pyramidal structure
in the solid staté.By virtue of being square-pyramidal, even

signals of complexed and free crotonaldehyde were not observed
as separate signals but were in rapid exchange such that the
observed shift, at room temperature, was the weighted average

this exception is essentially based on an octahedron, since a&or complexed and free crotonaldehyde. Figure 1 shows a plot
square pyramid resembles an octahedron having one open siteof the observed change in chemical sh¥, for the3-hydrogen

Despite these promising properties, the potential of the trim-
ethylplatinum(lV) unit forcatalyticuse as a three-point binding

versus equivalents of Pt added. The observed valueAfor
converges rapidly to yieldé = 0.40 &0.01) ppm, and just

Lewis acid has not been investigated. Even the Lewis acid after the addition of ca. 1 equiv of Pt, the observed shift change

strength of the trimethylplatinum(lV) unit is not known. Here,

we report our results on the Lewis-acidity of the trimethylplati-
num(lV) unit in pseudo-octahedral complexes having labile
anionic and neutral oxygen-donor ligands.

Results and Discussion

Trimethylplatinum(IV) Triflate. Trimethylplatinum triflate
(triflate = trifluoromethanesulfonate,s;ESG;~, OTf ~) exists

is indistinguishable, within the error of the measurement, from
the final limiting value. This limiting value would correspond
to a situation where for each molecule of aldehyde such an
excess of platinum is available that each crotonaldehyde
molecule is bonded to platinum. Provided that crotonaldehyde
acts only as a terminal (nonbridging) ligand, it would follow
that any given molecule of crotonaldehyde is bonded to exactly
one MgPt(1V) unit.
The dimeric type of structure shown ag“triflate” in Scheme

as a tetrameric heterocubane species where each platinum centeryoyld allow for this 1:1 stoichiometry. An X-ray structure of
is octahedrally coordinated and each triflate coordinates to threegp g1dehyde adduct crystallizing from such a reaction mixture

platinum centers. Triflate is relatively labile, and added ligands
L can force it to switch into lower coordination modes (—~
u?— terminal) and eventually into a noncoordinating mode, as
shown in Scheme 1.We quantified the Lewis-acidity of
trimethylplatinum triflate by means of NMR titration with
crotonaldehyde, and we began to test for catalytic activity in

will be discussed below, and a dimeric structure involving
bridging triflate is indeed observed. Under conditions where
the aldehyde concentration is higher than the platinum concen-
tration, structures containing two molecules of aldehyde per Pt
(“terminal triflate” in Scheme 1) or even three (“noncoordinating
triflate™) aldehydes will also exist? In our pursuit of a Me-

selected reactions that are typically enhanced by Lewis-acidic py(crotonaldehyde cation, we performed AgBFmetathesis

catalysts.

Lewis-Acidity. To determine the Lewis-acidity of trimethyl-
platinum triflate, we used the NMR method developed by
Childs, Mulholland, and Nixof.This empirical method has
received theoretical suppdrtand it involves formation of a

on (tetrameric) trimethylplatinum iodide in the presence of 3
equiv of crotonaldehyde in GICl, solvent. Such a sample,
apparently containing Met(crotonaldehydejBF,~ as the
major species, shows somewhat broadened signals for coordi-
nated aldehyde and gives a shift change foratgydrogenAd

Lewis acid/Lewis base adduct where the carbonyl oxygen of =0.34 ppm. The true value @ for MesPt(crotonaldehyde)

an o,f-unsaturated compound coordinates to the Lewis acid.

Particularly the change itH chemical shift for the olefinic
hydrogen ing-position (at the C3-carbon), compared to un-
complexed base, is an excellent indicator of relative acidity of

might be higher because the observed value may be an averaged
value containing some contribution from free crotonaldehyde.
Therefore, the limiting valu&\d = 0.40 ppm, obtained in the
presence of excess Pt{.2 equiv), is arguably a more accurate

the Lewis acid. Crotonaldehyde is most commonly used as the getermination of the electron-withdrawing effect of thefde

Lewis base. A positive shift differenc®d (downfield shift) is

(IV) unit on the 8-hydrogen of crotonaldehyde. The observed

expected as a consequence of the electron-withdrawing (deshielda ¢(1H) for the 8-hydrogen (0.40 ppm) correlates extremely well

ing) effect of a Lewis acid. A known amount of crotonaldehyde
(trans-2-butenal, 0.1 mmol in 0.57 mL of CGl,) was titrated
with trimethylplatinum triflate, by stepwise adding small
amounts of trimethylplatinum triflate, each step involving ca.
10 mol % Pt, relative to crotonaldehyde. As expected, all proton
resonances of crotonaldehyde were found to be shiftedne
slightly, some considerabtyupon complexation with the tri-

(6) Fekl, U.; Kaminsky, W.; Goldberg, K. 0. Am. Chem. So001
123 6423.

(7) Schlecht, S.; Magull, J.; Fenske, D.; Dehnicke,Afigew. Chem.,
Int. Ed. 1997, 36, 1994.

(8) Childs, R. F.; Mulholland, D. L.; Nixon, ACan. J. Chem1982 60,
801.

(9) Laszlo, P.; Teston, MJ. Am. Chem. S0d.99Q 112 8750.

with the A0(*3C) of carbon C3. Using Childs’ empirical relatibn
for C3/H3, namely Ad(*3C) = 22.3Ad6(*H) — 0.1 ppm, a shift
changeAd(3C) of 8.8 ppm would be predicted for C3. &C
experiment yieldsAd(*3C) = 9.1 ppm. Childs’ method allows
conveniently comparing Lewis acids, and the convention is to
relate their5-hydrogen-based crotonaldehydé to the corre-
sponding value obtained for the very strong Lewis acid 8Br
(A6 = 1.49), which is arbitrarily assigned a relative Lewis
acidity of 18 “MezPtOTf" in CD,Cl, thus has a relative Lewis-

(10) This is apparent from Figure 1: at 0.5 equiv of ®d, is already at
85% of the limiting value, showing that more than one aldehyde binds under
such conditions. If just free aldehyde and 1:1 complex were in equilibrium,
Ao would be at 50% of the limiting value.
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Figure 1. H chemical shift difference A6 in ppm) of the
pB-hydrogen (H3) of crotonaldehyde (180 mM in @Ib,), at 20°C,
upon adding increasing amounts of trimethylplatinum(1V) (equiva-

lents of PtMg units are shown), added in the form dfMes-
PtOTH 4.

acidity of 0.27. This value places it at the lower end of the
scale of typical Lewis acids, and we would like to compare it
with two Lewis acids of similar strength: the Lewis-acidity of
the trimethylplatinum(lV) unit is somewhat lower than that of
CpFe(CO)" (0.36), which appears to have some intrinsic
catalytic activity, in addition to catalysis by impurities present
in the iron system! Trimethylplatinum(lV) seems to be more
acidic than the catalytically useful [(G§CH,CH,PPR)W(CO)-
(NO)]* fragment (apparent relative Lewis-acidity 0.19). How-
ever, it was argued that Childs’ method underestimates the true
acidity of the latter tungsten complex, due to ring-current effects
(NMR) of the phenyls on the phosphine, such that the tungsten
complex is likely more Lewis-acidic than the apparent value
(0.19) suggests: Thus, the relative Lewis-acidity of the
trimethylplatinum(IV) unit (0.27) seems to be just below the
acidity of the weakly acidic soft metal carbonyls discussed here,
just below the synthetically useful threshold of ca. 0.36.

Structure of [{ MesPt(y-O=CHCH=CHMe)(u-OTf)},]. A
crystalline sample of a crotonaldehyde adduct of trimethylplati-
num triflate was obtained. An NMR sample from a titration
experiment such as described above (containing 1.4 molar equi
of MesPtOTf) was kept at-35 °C, until the adduct between
trimethylplatinum triflate and crotonaldehyde crystallized. The
crystals, colorless blocks, were subjected to a single-crystal
X-ray structure determinatiof?. The molecular structure was
found to be a dimer of the typéesPt(;-O=CHCH=CHMe)-
(u-OTf)} 2], shown in Figure 2 (relevant bond lengths and angles
in the legend). The two M@t(crotonaldehyde) units are linked
by two bridging triflates and are related by crystallographic
symmetry (inversion center). The topology observed here, shown
as ‘u?-triflate” in Scheme 1, resembles that observed for the
THF complex [ MesPt(THF)-OTf)}2].” The Pt=O(crotonal-
dehyde) bond (2.195 A, P1O1 in Figure 2) is significantly
shorter, by 0.08 A, than the average of the-Btbonds to the
triflate ions (average= 2.272 A). This likely indicates that
aldehyde is a stronger donor to the trimethylplatinum(lV) unit
than triflate.

The P+0O bonds involving Pt-coordinated triflate are of
expected lengths, very similar to those obtained {dgsPt-
(THF)(u-OTf)},].” The bridging S-O bonds, with individual
lengths of 1.435 and 1.456 A, yield an average of 1.446 A, not
significantly different from the length of the terminat-® bond
(1.444 A), and the SO bond seems to be weakly affected by
the coordination to Pt. Platinum is six-coordinate in this complex

\Y
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Figure 2. Thermal ellipsoid plot (30% probability, except for
hydrogens, which are shown as spheres of arbitrary radius) for
[{ MesPt(p*-crotonaldehyde)-OTf)},]. The center of the eight-
membered ring is a crystallographic inversion center. Selected
distances and angles (A, deg): P11, 2.011(7); Pt+C2, 2.007-

(8); Pt1—C3, 1.998(7); Pt301, 2.195(5); Pt+ 02, 2.266(5); Ptt

03, 2.278(6); S+ 02, 1.435(6); St0O3, 1.456(6); S04,
1.444(6); OF-C4, 1.240(9); C4C5, 1.421(11); C5C6, 1.318-
(11); C6-C7, 1.493(11); C:Pt1-C2, 88.8(3); C+Pt1-C3, 91.3-

(3); C2—-Pt1-C3, 89.0(3); C+Pt1-01, 90.9(3); C2Pt1-01,
177.6(3); C+Pt1—03, 173.3(3); O+ Pt1-03, 94.1(2); O2-Ptl—

03, 90.9(2); 01-Pt1-02, 88.3(2); Pt+01—C4, 125.8(5); torsion
Pt1—-01-C4—C5, 171.7(3).

and only marginally deviates from octahedral geometry. The
aldehyde adopts di-configuration around the carbonyl bond.
The Pt+01-C4-C5 torsion angle is 1717 The Pt:-0O1—

C4 bond angle is 12528 This angle is close to the 12@ngle
expected for sphybridization at oxygen. Very similar geometric
features involving;*-bonded crotonaldehyde were reported for
crotonaldehyde bonded to the tungsten fragment [TpW(CO)-
(PhCCMe)] (Tp= tris(pyrazolyl)borate), but the bond angle
around the carbonyl oxygen was larger (139i0 the tungsten
example, very likely due to the steric demand of the Tp ligend.
For the G=O bond length and the <€C bond length, very
similar values were found in the present platinum complex and
in the tungsten complex discussed above, namely, 1.240(9) vs
1.232(8) A (G=0) and 1.421(11) vs 1.423(10) A €€r),
respectively. The question arises as to whether the conformation
and the binding mode of the aldehyde observed in the solid-
state structure resemble the binding mode in solution. The NMR
data (see Experimental Section) indicate that this is indeed the
case. First, there is strong spectroscopic evidence that coordi-
nated crotonaldehyde is thetrans isomer in solution. The
s-transisomer is the crystallographically observed isomer and,
for free crotonaldehyde, also the thermodynamically preferred
isomer. In solution, the vicinabJyy coupling between the
o-proton (G=CHCH=) and the aldehydic proton (CHO) is
indicative of eithercis or trans geometryl* and the value we
obtain for the coordinated crotonaldehyde (8 Hz) corresponds
to thes-transconformation. With regard to the question whether
aldehyde acts as @donor ¢, as observed in the solid state)
or possibly as ar-donor {?), we observe that théH NMR

shift of the aldehydic proton (CHO) remains virtually unchanged
from that of free crotonaldehyd@Xo| < 0.01 ppm). Small shift
differences for the aldehydic proton (typically-@ ppm) are
characteristic for terminally;t) metal-bonded aldehydes, and
large shift differences)(shifted upfield by more than 2.5 ppm)
would be expected fay?-aldehydet3 Furthermore, we observe

(11) Bonnesen, P. V.; Puckett, C. L.; Honeychuck, R. V.; Hersh, W. H.
J. Am. Chem. S0d.989 11, 6070.
(12) Details are given in the Experimental Section.

(13) Schuster, D. M.; White, P. S.; Templeton, J.Qrganometallics
2000 19, 1540.
(14) McNab, H.J. Chem. Soc., Perkin Trans.1®81, 1283.
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a13C chemical shift of 202 ppm for the carbonyl oxygen. Such
a shift, largely unperturbed from free crotonaldehyde (194 ppm),
is indicative of then!-binding mode, whereas the carbonyl
resonances for?-complexes are strongly upfield shifted, by
typically 100 ppmt3 Thus, the NMR data show that crotonal-
dehyde isy-bonded in solution, too.

Catalytic Activity of Trimethylplatinum(lV) Triflate. We
investigated the catalysis of Diet&\lder reactions where the
dienophile contains a potentially coordinating oxygen function-
ality. We found that the room-temperature Diefslder reaction

between 1,2,3,4,5-pentamethylcyclopentadiene (Cp*H) and di-

methylmaleate is significantly sped up {NlesPtOT#},] is

Organometallics, Vol. 26, No. 4, 20971

studies aimed at exploring the potential of trimethylplatinum-
(IV) fragments as actual catalysts have to be carried out with
acyclic dienes. We performed such experiments, and the reaction
between methacrolein (2-methyl-2-propenal) and isoprene (2-
methyl-1,3-butadiene), to form the expected 1,4-adétatas
catalyzed by 5% of {MesPtOTf,4]. Using stoichiometric
amounts of the reactants at ca. 350 mM concentration, 50%
conversion to product was observed within 18 days. During this
time, the uncatalyzed reaction produced only traces of product.
However, surprisingly, the catalyzed reaction slowed down and
essentially came to a halt after ca. 20 days and roughly 10
turnovers.

added. When 5 mol % of Pt was used to catalyze the reaction Attack of Trimethylplatinum(lV) on the B —C Bond of
between the above reactants, both initially present at 180 mM B(Ar F),~. Having obtained a quantitative measure of the Lewis-

concentration in CBCl, solvent, the reaction was complete
within 5.5 h, as observed Y4 NMR spectroscopy. When the
reaction was finished, an NMR analysis employing an internal
standard showed that the Dieldlder adduct was obtained in

acidity of trimethylplatinum(lV) triflate and having shown that

trimethylplatinum(1V) triflate can coordinate to aldehydes, we
focused on the counterion. The counterion is not entirely
innocent under all reaction conditions since triflate was clearly

83.5% yield. The only detectable side-products were assignedable to coordinate. This makes it worthwhile investigating less

as polymerized/oligomerized Cp*H, and due to this loss of

coordinating anion% such as [B(AN)4]~ (ArF = 3,5-(CR),CeHy),

Cp*H, a small amount of unreacted dimethylmaleate was also and we tried to obtain monomeric NRI[B(ArF)4].23 We

present when the reaction stopgé€d.he Diels-Alder adduct
formed was exclusively thanti-endoadduct!®1’” The uncata-
lyzed reaction took 10 days to complete. WhilélesPtOTf 4]

attempted a salt metathesis reaction, using Na[B¢hron
[{ MesPtOTH 4], with the aim of exchanging triflate for the bulky
tetraarylborate anion. This appears particularly promising if

indeed functioned as a catalyst precursor, this does not necesnonpolar solvents are used, since the small triflate ion should

sarily mean the MgPt(1V) unit has to be directly involved in

contribute to the driving force of such a reaction via the lattice

the catalysis observed. For example, it is known that a metal energy of sodium triflate. Salt metathesis reactions{dviek-

complex sometimes simply acts to produce8Since triflic
acid (HOTTf) itself is an efficient catalyst for the Dietg\lder

PtOTHf 4], where KOTf precipitated, have recently been used
to synthesize the first stable coordinatively unsaturated platinum-

reaction, we ran a control experiment with 15% HOTf. The (IV) alkyl complexes®?* We found that the use of benzene
reaction appeared to be complete after 5 min when catalyzedallows for dissolving both{{MesPtOT# 4] and Na[B(Ar),] to

by 15% HOTT. It is thus very likely that species other than sufficient extent, and a reaction does indeed occur at room
trimethylplatinum(IV) species are responsible for catalysis in temperatue in the absence of oxygen-donating ligands: the
this particular reaction. The formation of new Lewis acids and colorless solution, over a period of a few hours, however,
Bransted acids was indicated By NMR spectroscopy on a  produces a black, insoluble precipitate (see Experimental
stoichiometric reaction between Cp*H anfiMesPtOTf 4], Section). Following this reaction b4 NMR spectrocopy in
employing equimolar amounts of Cp*H and Pt. We found that Cg¢De shows that some{ MesPtOTf4] (6 1.26 ppm,Jpn =

in this control reaction more than 50% of thigMesPtOTf 4] 81.6 Hz) can still be observed after mixing, but rapidly vanishes.
was converted into [Cp*PtMEOT].1° The latter complex has  After 45 min, [ MesPtOT# 4] has virtually completely disap-
been previously synthesized by protonating Cp*PsMeéth peared, and a complex product mixture is indicated by a large
triflic acid, showing a very characteristitl NMR spectrum of number of new peaks. An analysis of the complex mixture was
[Cp*PtMeOTf].2° For its formation in the reaction of tetrameric  not attempted, but it is a significant observation that, after
trimethylplatinum triflate with Cp*H, we propose the following  removal of the precipitate, clear, white crystals can be grown,
reaction sequence: 1/4NlesPtOTf4] + Cp*H — Cp*PtMe; by removing the solvent under vacuum. The unit cell parameters
+ HOTf — [Cp*PtMeOTf] + CHs. Both the triflate complex of the crystalline species were obtained by single-crystal X-ray
[Cp*PtMe,OTf] and residual acid, generated in the first step, diffraction and demonstrated that these crystals are B{Ar~
might contribute to the catalysis observed for the reaction = 3,5-(CR),CsHs), previously crystallographically characterized
between Cp*H and a dienophile. Thus, Dielslder reactions by Konze, Scott, and Kub&8.This 1999 paper reported the
involving cyclic dienes would harbor at least an ambiguity as first example of B-C bond cleavage in the [B(A)y;]~ anion

to whether or not a M@t(IV) species is the true catalyst. Thus, mediated by a transition metal species, arahs[(PhsP).Pt-
(Me)(OEw)]™ was used?® The dissolved [(PiP)Pt(Me)(OE$)] ™
[B(ArF)4]~ salt was stable only at temperatures bele@0 °C,

and at room temperature the complex decomposed within days,
to produce B(AF)s. In our case of attempted synthesis of gve
Pt][B(ArF),], degradation of [B(A)4] ~ appears complete within

a matter of hours at room temperature. This suggests that the

(15) The fact that the side products stem from Cp*H alone was confirmed
by reacting Cp*H with catalytic amounts of [MetOTfls, in the absence
of a dienophile.

(16) Stereochemistry confirmed by NOE spectroscopy (Experimental
Section).

(17) For the uncatalyzed reaction of Cp*H with other (somewhat related)
dienophiles: Letourneau, J. E.; Wellman, M. A.; Burnell, D.JJ.Org.
Chem.1997, 62, 7272.

(18) Wabnitz, T. C.; Yu, J.-Q.; Spencer, J. GBhem=—Eur. J.2004 10,

484, T.-P. Org. Lett 2005 7, 2539.

(19) As demonstrated byH NMR spectroscopy in CECl, solvent. (22) For a review on weakly coordinating anions: Krossing, |.; Raabe,
Interestingly, this reaction produced a deep bluish-purple color. However, |I. Angew. Chem., Int. ER004 43, 2066.
this color is not caused by a platinum species, since a control experiment, (23) Metal complexes containing coordinated B{Ar are known:
reacting Cp*H with HOTTf, produced the same color, and it is concluded Powell, J.; Lough; A; Saeed, T. Chem. Soc., Dalton Tran$997, 4137.
that a trace amount of a deeply colored organic species is responsible for  (24) Fekl, U.; Kaminsky, W.; Goldberg, K. 0. Am. Chem. So2003

(21) For spectroscopic data on the 1,4-adduct, see: Teo, Y.-C.; Loh,

the deep color. Both [Cp*PtMOTf] and [MePtOTf]; are virtually 125 15286.
colorless. (25) Konze, W. V.; Scott, B. L.; Kubas, G. Chem. Commun1999
(20) Howard, W. A.; Bergman, R. QRolyhedron1998 17, 803. 1807.
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trimethylplatinum(IV) unit may be even more reactive toward
cleaving the B-C bond. Its small size may contribute to making
attack at the B-C bond of a bulky triarylborate facile. Thus,

although { MesPtOT# 4] is not extremely electrophilic, attempts

to create free MgPt™ lead to decomposition reactions that
indicate the involvement of an extremely electrophilic species
It is consistent with this view that we observed neither
decomposition of the solution nor precipitation of sodium triflate
when we performed a similar reaction in THF. In fact, THF
complexes of trimethylplatinum(lV) are known to be staffle,

and coordination of THF apparently attenuates the electrophi-

licity. Similarly, the reaction mixture did not decompose to any

noticeable extent if at least 3 equiv of crotonaldehyde (per Pt)

Hsieh et al.

Scheme 2

OTMS (o} OTMS

PhCHO
—

Mukaiyama Product:

o
+

syn (erythro) and anti (threo) isomers Enone side products

Mukaiyama-aldol reaction between 1-cyclohexenyl-OTMS and
benzaldehyde. Possible products are shown in Scheme 2.
We found thatin situ Na[B(ArF),] metathesis on{Mes-

were present. In the presence of crotonaldehyde and using the’tOTf 4] (5 mol % Pt) creates a catalytic system that is able to

[B(ArF)4]~ counterion, a new Mgt unit was observed biH
NMR spectroscopy (ad 1.22 ppm), and it$Jp—y coupling
constant (77 Hz) was significantly smaller than that of the
crotonaldehyde MesPtOTf complex Jpi—n = 80 Hz). We may
assign this species as [Met(crotonaldehydg)B(ArF)4). In a
similar experiment, where we used &I}, as the solvent in

achieve stereoselectivity for tlaati (threo) isomer of the desired
trialkylsilyl aldolate in high yields at room temperature. The
procedure involves adding reactants (silyl enol ether and
aldehyde) and 5% Na[B(A),] in dry, chlorinated solvent (CP

Cl, or CDCh) and, as the last step, generating the catalyst in
situ under vigorous shaking{ MesPtOT# 4] (Pt equimolar to

order to obtain a meaningful number (same solvent) for the shift Na[B(Ar)a]). The *H NMR spectrum of the reaction mixture

difference Ad at the hydrogen on C3 of crotonaldehyde, we
obtained aAo of 0.41 ppm, very similar to the value obtained
for Pt-coordinated crotonaldehyde {MesPt(-O=CHCH=
CHMe)(u-0Tf)} ;] described aboveAd = 0.40 ppm). TheéH
NMR peaks for [B(AF)4~ were present, and there was no

after 5 min is remarkably clean, showing the complete disap-
pearance of a telltale peak at 4.86 ppm corresponding to the
olefinic proton in 1-cyclohexenyl-OTMS, which shows that the
starting material has been consumed in the reaction. Two
doublets appear at 5.02 and 5.27 ppm (in GipCbrresponding

evidence for decomposition of this anion under these conditions. f0 the HC-OSi protons of theanti and synaldolates respec-

Mukaiyama-Aldol Reaction, Catalyzed by Systems Gen-
erated from [{ MesPtOTf}4] and Na[B(Ar F)4]. While we have
not obtained MgPt[B(ArF)4] free of additional ligands, addition of

oxygen-containing donor ligands L prevents significant decom-

position, by allowing for the formation of [M@tLs] T[B(ArF)4] .

The oxygen ligand can be one of the reactants of the reaction
to be catalyzed. Motivated by this reasoning, we investigated

reactions where salt metathesis with Na[B{Arwas performed
on {MesPtOTH 4] in the presence of the organic reactants of

the reaction to be catalyzed. We found particularly noteworthy

results for the Mukaiyama-aldol reaction, the Lewis acid-

catalyzed reaction between a silyl enol ether and either an

aldehyde or a ketone. However, it will be shown below that

the trimethylplatinum(lV) system acts as a precatalyst, generat-
ing highly reactive active catalysts that appear to be something

other than [MePtLs]* compounds. The Mukaiyama reaction
was an attractive choice for testing trimethylplatinum(lV)

catalysis since the selectivity of this reaction, including stereo-

selectivity, can strongly depend on which Lewis acid is ui&ed.
Traditionally, stoichiometric amounts of Lewis acids such as
TiCl, were used® Use of a Lewis acid ircatalyticamounts is

desirable, and more recently several Lewis-acidic catalysts for

the Mukaiyama-aldol reaction were reported, ©Tf, Sc-
(OTf)3, MeAICI, 'PrSit [B(OTf)4] ~, and CpZr(OTf),, among
others?® A possible complication with the Mukaiyama-aldol

reaction is the formation of undesired side-products such as

enones? For this reason, this reaction is often performed at
temperatures below fC.2%30We investigated catalysis of the

(26) Baldwin, J. C.; Kaska, W. Gnorg. Chem.1979 18, 686.

(27) (a) Le Roux, C.; Gaspard-lloughmane, H.; Dubad,Qrg. Chem.
1993 58,1835 (b) Ohki, H.; Wada, M.; Akiba, KTetrahedron Lett1988
29, 4719.

(28) Mukaiyama, T.; Banno, K.; Narasaka, K.Am. Chem. S0od974
96, 7503.

(29) Kobayashi, S.; Mori, Y.; Yamashita, Y. l@omprehensie Coor-
dination Chemistry tl McCleverty, J. A., Meyer, T. B., Eds.; Elsevier
Pergamon: Amsterdam; Boston, 2004; Vol. 9.8, p 399.

(30) Nakamura, E.; Shimizu, M.; Kuwajima, |.; Sakata, J.; Yokoyama,
K.; Nayori, R.J. Org. Chem1983 48, 932.

tively.2” Mass balance was quantitative, as showrithjNMR
spectroscopy employing an internal standard, and no side-
products (such as enones) were formed. Reproducibly, good
anti:syn(=threaerythrg, determined byH NMR spectroscopy)
ratios were observed, 72:28 when the reaction was performed
in CDCl; and 75:25 in CECl,. The question arises to whether
aldehyde-ligated trimethylplatinum(IV)is truly the catalytically
active species, or rather a catalytically active decomposition
product generated in small amounts. We prepared a sample of
MesPt(benzaldehydg)BF,~ and found it ineffective as a
catalyst. Thus it is not the trimethylplatinum(lV) that is
catalytically active. We considered the possibility that traces
of boron triaryl generated in the salt metathesis reaction are the
active catalyst. Surprisingly, a control experiment with 5% of
commercially available B(€s)3 led to 50% conversion within

5 min, but conversion slowed down and required 24 h to reach
84% conversion, which casts some doubt on the role of boron
triaryls as catalysts in this reaction, in particular since previous
IH NMR experiments showed that [B(Bgk] was intact in the
presence of oxygen-donating ligands during salt metathesis.
Many apparently metal-catalyzed Mukaiyama reactions are in
fact catalyzed by Lewis-acidic silicon specfégzor example,
MesSIOTf can act as a catalyst for the Mukaiyama-aldol
reaction®2 As a control, the same Mukaiyamaldol reaction
was run at room temperature in the presence of 5% pure Me
SiOTf (Aldrich). After 2 h and 10 min, we observed 15%
conversion to the aldolate, in amti:synratio of 40:60. This
ratio is the reverse of what Hollis and Bosnithobserved in

the same M¢SiOTf-catalyzed reaction at80 °C. After 24 h,

the IH NMR revealed disappearance of the HGSi proton
peaks of the aldolate and formation of byproducts, as indicated
by the appearance of many peaks in the-R2® ppm region.
Clearly, our reactive mixture behaves differently than a reaction
catalyzed by pure MSIOTf. However, it is well-known that

(31) (a) Hollis, T. K.; Bosnich, BJ. Am. Chem. S0d.995 117,457Q
(b) Carreira, E. M.; Singer, R. ATetrahedron Lett1994 35, 4323.

(32) Murata, S.; Suzuki, M.; Noyori, Rl. Am. Chem. S0d.98Q 102
3248.



Lewis-Acidity of Trimethylplatinum(IV)

Table 1. Comparison of Diastereoselectivities for the
Mukaiyama-Type Aldol Reaction Between
1-Cyclohexenyl-OTMS and Benzaldehyde

catalyst temp threderythro refs
5% MesPtOTH/ RT 75/25 (CDCly), this work
Na[B(Arf)J] 72128 (CDCh)
(in situ)
5% Me;SiOTf RT 40/60 this work
5% B(GsFs)3 RT 73127 this work
5% I7/BiCl3 RT 63/37 Dubac et &2
5% trityl —78°C  36/64 Mukaiyama et &f
perchlorate
10% MeAICI —78°C  63/37 Yamamoto et &F
100% RT 77123 Mukaiyama et &f
(stoichiometric)
TiCly

the ligand attached to the “silyl cation” has crucial impact on
the rate and outcome of the Mukaiyama-aldol reaction. For
example, toluene-coordinated 3Bt is orders of magnitude
more reactive than M&iOTf32 The fact that many metal salts
act as cocatalysts for M8IOTf is well recognized! The best
hypothesis explaining our data seems to be thmtsitu
Na[B(ArF),] metathesis on{MesPtOT# ], in the presence of

Organometallics, Vol. 26, No. 4, 20043

nitriles), albeit in a stoichiometric fashion because of the low
substitution rate at chloride-ligated platinum(I¥)Now that

the two extremes have been described, we think there exists a
better basis for careful tuning of the electron density at the
platinum(IV) center for the development of sufficiently strongly
Lewis-acidic platinum(lV) systems that still exchange ligands
fast enough to be of catalytic use.

Experimental Section

General Information. *H NMR spectra were collected on either
a Varian Gemini 200 or Varian 500 spectometer in the solvents
specified. The chemical shifts are reported in parts per millign (
and the multiplicities are reported as s (singlet), d (doublet), (triplet),
q (quartet), m (multiplet), and br (broad). All reactions were
performed under inert conditions (water-free, oxygen-free) using
J. Young NMR tubes. These tubes were oven-dried before use.
Reactions were performed using dried glassware in a glovebgx (N
CD,Cl, and CDC} obtained from Cambridge Isotopes were dried
over CaH and vacuum-transferred before use. Crotonaldehyde
(95%), dimethyl maleate, pentamethylcyclopentadiene, trimethyl-
silyl trifluoromethanesulfonate (98%), benzaldehyde (99.5%), meth-
acrolein (95%), isoprene (99%), 1-(trimethylsiloxy)cyclohexene

the silylated enol ether, generates trace amounts of extremely(99%), and 1-bromo-2-chlorobenzene (99%) were obtained from

active, weakly ligated silyl cations. In this regard it is interesting

Aldrich and stored over molecular sieves. Bf§); (95%) was also

to note that a very active cocatalyst was designed as a trap forpurchased from Aldrich and stored in an inert atmospherg (N

triflate to activate the silyl catioft Given the apparent
propensity of triflate to coordinate to platinum(lV), it might be

glovebox. Na[B(AF)4] was purchased from Matrix Scientific and
dried under vacuum (0.02 Torr){ MesPtOTf 4 was prepared

speculated that the platinum(lV) system acts by coordinating according to published method%® [{MesPtl}] (99.8%) was

to triflate and thus activating silyl cations. From a practical point
of view, the system described here works cleanly and within

purchased from Strem Chemicals.
Solution Data for Crotonaldehyde—MezPtOTf (Pt/aldehyde

minutes at room temperature, and the good diastereoselectivityl:1) Complex, fMesPt(y*-O=CHCH=CHMe)(u-OTf)}2]: *H
is fairly competitive with existing systems, as shown in Table NMR (500 MHz, CDCl,) 6 9.46 (d, 1H,J = 8 Hz, CHO), 7.27

1.

Summary and Conclusion

We have shown that trimethylplatinum(lV) triflate exhibits
moderate but significant Lewis-acidity, using Childs’ crotonal-

(dg, 1H,J =16, 7 Hz, Me@{=CH), 6.38 (qdd, 1HJ = 1.5, 8, 16
Hz, MeCH=CH), 2.11 (dd, 3HJ = 1.5, 7 Hz,H5C), 1.38 (s-d,
9H, 2Jpyy = 80 Hz, Pt-Me); 13C NMR (125 MHz, CQCl,) 6 202.0
(C1), 163.5 (C3), 134.1 (C2), 20.0 (C4)10.5 (Jpic = 813 Hz,
Pt—Me).

Solution Data for Free Crotonaldehyde.!H NMR (500 MHz,
CD,Cl,) 6 9.47 (d, 1H,J = 8 Hz, CHO), 6.87 (dq, 1H) = 16, 7

dehyde method. A structure of an adduct between crotonalde-,, MeCH=CH), 6.10 (qdd, 1HJ = 1.5, 8, 16 Hz, MeCH-CH)

hyde and trimethylplatinum triflate was obtained, where the
structure was dimeric with bridging triflate. Although trimeth-
ylplatinum triflate can be used to generate highly electrophilic

2.06 (dd, 3HJ = 1.5, 7 Hz,H4C); 13C NMR (125 MHz, CDQCly)
5 194.0 (C1), 154.4 (C3), 134.8 (C2), 18.7 (C4).
[Me sP{(O=CHCH=CHMe)4]BF .. [{ MesPtl} 4] (6.0 mg, 0.0163

species, the intrinsic catalytic activity of the weakly ligated mmol) and 4.054L (0.0489 mmol) of predominantlytrans
trimethylplatinum(IV)" unit was found to be commensurate with  crotonaldehyde were added to a J. Young NMR tube containing
its Lewis-acidity, which is slightly below what is considered 522 4L of CD,Cl,. Under the exclusion of light, 3.17 mg (0.0163
synthetically useful. However, ligand exchange was consistently mmol) of AgBF, was added, and reaction mixture was shaken for
found to be fast on the NMR time scale at room temperature, 30 s and left to react at room temperature. After 30 min Agl was
indicating that it is not slow ligand exchange that inhibits removed by filtration, leaving a colorless solution. Solution data
catalysis. The reason that MRi(solvk™ systems are rather  for (CHs)sPt(O=CHCH=CHMe);BF4;: H NMR (500 MHz, CD-
inefficient Lewis-acidic catalysts is thus rooted in the slightly Clz) 6 9.40 (s br, 3H, €l0), 7.23 (s br, 3H, MeB=CH), 6.28 (s
too low intrinsic Lewis-acidity of the trimethylplatinum(IV) unit ~ br, 3H, MeCH=CH), 2.08 (s br, 9HH3C), 1.25 (st d, 2)(Pt,H)=
(27% of the acidity of BBg), a situation where the anticipated  77-5 Hz, 9H, PtEls).

strong acidity of “Pt*” is attenuated by three strongly donating ~ Crystal Structure of [{MesPt(5'-O=CHCH=CHMe)(u-
methyls. This platinum(IV) unit is thus on the “fast exchange, OTf)}2]. Crystals were grown from a titration sample (see above),
low Lewis-acidity” end of the spectrum. This strongly contrasts PY keeping the sample at35 °C for 5 months. GHadFsOsPbS,,
with the trans-Pt(IV)ClsL, systems, where extremely strong Mr = 918.70, orthorhombic, space grobpcn a = 14.8158(3) A,
Lewis-acidity of the platinum(IV) centers enables unprecedented b= 1_7 7164(4) Ac = 10.5482(3) AV = 2768.72(12) A, Z = 4,

. . ; = 2.204 gcm3, Mo Ka radiation ¢ = 0.71073 A), crystal
synthetically useful transformations at the ligands L (e.g., fd)??rliensions 0912( 0.10 0%6 i Atc?tal of 24 580 rgflec)t/ions

were collected on a Nonius KappaCCD area detector at 150(2) K,
of which 3163 were independent and 2387 were greater than 2

(33) Hara, K.; Akiyama, R.; Sawamura, MDrg. Lett 2005 7, 5621.
(34) Oishi, M.; Aratake, S.; Yamamoto, H. Am. Chem. Sod 998

120 8271.

(35) Mukaiyama, T.; Kobayashi, S.; Murakami, i@hem. Lett.1985 (37) (a) Makarycheva-Mikhailova, A. V.; Kukushkin, V. Y.; Nazarov,
447, A. A.; Garnovskii, D. A.; Pombeiro, A. J. L.; Haukka, M.; Keppler, B. K.;
(36) Naruse, Y.; Ukai, J.; lkeda, N.; Yamamoto, Ghem. Lett1985 Galanski, M.Inorg. Chem2003 42,2805 (b) Kukushkin, V. Y.; Pombeiro,

1451. A. J. L. Chem. Re. 2002 102, 1771.
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(). The structure was solved by direct methods and refineB%on
using the SHELXTL (version 6.12) software package. Final
residuals, RE 0.0403 ( > 20(1)), wR2= 0.1020 (all data). Further

Hsieh et al.

solution. The reaction was complete when the first NMR spectrum
was acquired (within 5 min), and the product ratio was determined
from *H NMR integration. Yield was quantitative. Removal of €D

details of the crystal structure investigations may be obtained from Cl, and vacuum transfer of CDgallowed for direct comparison
the Cambridge Crystallographic Data Centre, on quoting the with literaturé’ data: *H NMR (CDCl;, 200 MHz)6 —0.06 @nti)

depository number CCDC 286 403.

Diels—Alder Reactions.Cp*H + dimethyl maleatet 5% Pt in
the form of [ MesPtOTf},4]. Under inert conditions, 12.GL (0.1
mmol) of dimethyl maleate, 1GL (0.1 mmol) of Cp*H, and 2.0
mg (0.5 x 1072 mmol Pt) of [ MesPtOTf 4] were added to a J.
Young NMR tube containing 55@L of CD,Cl,, 11.7 uL (0.1
mmol) of 1-bromo-2-chlorobenzene, and a small amount of TMS.
IH NMR of the anti-endoadduct formed: (500 MHz, CiZl,) 6
3.6 (s, 6HH;C—00C), 3.0 (s, 2H, ECOOMe), 1.6 (s, 6HHC—
C=C—-CHy), 1.4 (g, 1H, HCCH), 1.1 (s, 6HH3C—CCHMe), 0.6
(d, 3H, HsCCH).

NOE Confirmation of anti-endoGeometry. Irradiation of the
CHCOOMe resonance led to observation of an NOE gE€&H
but not atH3;CCH. Irradiation of theH;CC=CCHs; resonance led
to observation of an NOE at48—OO0C but not at EICOOMe.
Irradiation of the HCCH resonance led to the observation of an
NOE at (HCOOMe but not at HC—OOC.

Cp*H and [{ MegPtOTf} 4] 1:1 Mixture. Under inert conditions,
8 uL (0.05 mmol) of Cp*H and 19.5 mg (0.05 mmol) of Pt in the
form of [{Me3sPtOTf,] were added to a J. Young NMR tube
containing dry CRCl,. Cp*PtMe(OTf): *H NMR (200 MHz, CD)-
Clp) 6 1.77 (s, 15 H{?’]S-Cs(CH3)5}, 3Jpy = 22 Hz), 1.43 (s, 6H,
2{ CH3}, Zth_H =70 HZ)

[{MesPtOTf} ]-Catalyzed Reaction between Isoprene and
Methacrolein. Under inert conditions, &L (0.1mmol) of meth-
acrolein, 2.0 mg (5«mol Pt) of [ MesPtOTf#,], and 10.uL (0.1

and 0.00¢yn) (9H, 2s,anti:syn 75:25), 1.22-2.66 (6 H, m), 2.16-
2.45 (3 H, m), 5.024nti) and 5.27 ¢yn (1 H, 2d,anti:syn 75:25,
J = 8 Hz andJ = 4 Hz, respectively). A product ratianti:syn=
72:28 was obtained when the reaction was performed in ¢DCI
guantitative yield.

5% Me3SiOTf Catalysis of the Mukaiyama-Aldol Reaction.
Benzaldehyde (10.kL, 0.1 mmol) and 19.5L (0.1 mmol) of
1-cyclohexenyl-OTMS were added to a J. Young NMR tube
containing 522uL of CD,Cl,. Then 0.91uL of MesSIOTf (99%
Sigma-Aldrich) was added, and 1.9L (2.5 x 102 mmol) of
1,2-dichloroethane was also added, as internal standard.

Synthesis of [MgPt(benzaldehydej]BF .. [{ MesPtl} 4] (6.0 mg,
0.0163 mmol) and 5.&L (0.0489 mmol) of benzaldehyde were
added to a J. Young NMR tube containing 522of CD,Cl,. Under
the exclusion of light, 3.17 mg (0.0163 mmol) of AgBFas added,
and the reaction mixture was shaken for 30 s and left to react at
room temperature. After 30 min Agl was removed by filtration,
leaving a colorless solution. Solution data for (§4Pt(GsHs-
CHOXBF,: H NMR (200 MHz, CQyCly) 6 10.015 (s, 3H, EO),
7.99 (d,J(H,H) = 7 Hz, 6H, C-H), 7.75 (t,J(H,H) = 7.4 Hz, 3H,
C—H), 7.55 (t,J(H,H) = 7 Hz, 6H, C-H), 1.55 (s+ d, 2J(Pt,H)=
73.0 Hz, 9H, PtEly).

Testing MesPt(benzaldehyde)BF, for Activity in the Mu-
kaiyama-Aldol Reaction. Benzaldehyde (1@L, 0.1 mmol) and
19.5uL (0.1 mmol) of 1-cyclohexenyl-OTMS were added to a J.
Young NMR tube containing 480L of CD,Cl,, 2.0 uL (2.5 x

mmol) of isoprene were added to a J. Young NMR tube containing 10-2 mmol) of 1,2-dichloroethane as an internal standard, and 5%
dry CDCE, and the reaction proceeded as described under Resultsmol of (CHg)sPt(benzaldehydelF, (prepared as described above).

and Discussion above. The 1,4-adduct is obtained; 1,4-dimethyl-

cyclohex-3-enecarbaldehydé&1 NMR (200 MHz, CDC}) 6 9.47
(s, 1H, HO), 5.37 (m, IHHC=C), 2.35-1.79 (m, 6H H,C=CH,
H,CCH;,, H,CC(Me)y=CH), 1.53 (m, 3HH3;CC=CH), 1.04 (s, 3H,
HsCCCHO).

Generation of B(ArF); from NaB(Ar ), and [{Me3PtOTf} ).
To a solution containing 520L of CgDg and 1.9 mg of {Mes-
PtOT# 4] (4.9 umol of Pt) was added 4.0 mg (4:Bnol) of NaB-

The reaction was monitored by NMR spectroscopy. Catalysis to
yield Mukaiyama products was not observed, and decomposition
products appeared slowly (within 24 h).

Borane-Catalyzed Mukaiyama-Aldol ReactionsBenzaldehyde
(10 uL, 0.1 mmol) and 19.5L (0.1 mmol) of 1-cyclohexenyl-
OTMS were added to a J. Young NMR tube containing GRMf
CDClz and 2.0uL (25 umol) of 1,2-dichloroethane as an internal
standard. Then 2.6 mg ¢gmol) of B(CsFs); was then added to the

(ArF),. Both reagents dissolved, and upon shaking, the colorless solution. The NMR tube was shaken for approximately 30 s and

solution darkened to a light amber color. NaOTf precipitated within
minutes, as white microcrystals. The solution, which had slightly

monitored by NMR spectroscopid NMR (CDCls, 500 MHz): &
—0.26 @nti) and 0.26 ¢yn (9H, 2s,anti:syn 75:25), 1.55-2.55

darkened upon mixing, turned brownish-orange within minutes and (6 H, m), 2.36-2.74 (3 H, m), 5.024nti) and 5.27 ¢yn) (1 H, 2d,

continued to darken over a period of a few hours, as black
precipitate started to form. The solution was filtered, and the filtrate
volume was reduced, from which white crystals were grown.
Determination of the unit cell constants by single-crystal X-ray
diffraction identified the compound as the known BfAr
Mukaiyama-Aldol Reactions. [{ MesPtOTf 4] + Na[B(Ar),]
catalyzed Mukaiyama-aldol reaction: Under inert conditions, 10
uL (0.1 mmol) of benzaldehyde and 19,8 (0.1 mmol) of
1-cyclohexenyl-OTMS were added to a J. Young NMR tube
containing 520uL of CD,Cl, and 2.0uL (25 umol) of 1,2-
dichloroethane as an internal standard. Then 4.43 mgn(@l) of
Na[B(ArF),] was completely dissolved in the solution, and finally
2.0 mg (5umol of Pt) of [ MesPtOTf 4] was added to the mixture.
The NMR tube was shaken for approximately 30 s, after which a

anti:syn 75:25,J = 8 Hz andJ = 4 Hz, respectively).
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