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Insertion of Phenylacetylene into [Pt(GeMe3)(SnMes)(PMe,Ph);]
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The reaction of Me3;GeSnMe; with a platinum(0) complex, in situ generated from [Pt(cod);] (cod = 1,5-cyclooc-
tadiene) and 2 molar quantity of PMe,Ph in Et, O, formed a cis—trans mixture of [Pt(GeMes)(SnMes)(PMe,Ph),] (1). Re-
crystallization of crude 1 from CH,Cl,—pentane gave pure cis-1, while the isolated cis isomer was again converted to an
equilibrium mixture (cis:trans = 8:2) in solution. The cis—trans mixture of 1 underwent competitive insertion of phenyl-
acetylene into Pt-Sn and Pt-Ge bonds to give cis-[Pt(GeMes;){C(Ph)=CH(SnMes)}(PMe,Ph),] (2a) and cis-
[Pt{ C(Ph)=CH(GeMes) } (SnMes)(PMe, Ph),] (3a), respectively, in a ratio of 80:20, while 2a was thermodynamically less
stable, and converted to 3a in solution. The insertion mechanism was examined by kinetic investigations.

Complexes bearing inter-element linkages between group 10
metals and heavy group 14 elements have attracted a great deal
of interest.! This is not only due to their key roles in the cata-
lytic addition of element—element bonds to unsaturated hydro-
carbons, but also due to their unique structures and chemical
properties, significantly different from those of common orga-
nometallic complexes with metal-carbon and metal-hydrogen
bonds.”® For example, cis-[M(ER3)(E'R3)L,] complexes (M
= Pd, Pt; ER3, E'R3 =ssilyl, germyl, stannyl; L = tertiary phos-
phine) have a twisted structure significantly distorted from a
square planar geometry, which is rather unusual for complexes
having a d® metal center.>%’*¢ Furthermore, it has been docu-
mented that these complexes undergo rapid twist-rotation via a
tetrahedral transition state in solution (Scheme 1).

We are currently interested in the reaction chemistry of such
complexes, particularly in alkyne-insertion into metal-element
bonds and reductive elimination giving carbon—element

Scheme 1.

bonds.”® Although these reactions have been assumed to be
key elementary processes for catalytic reactions,! their details,
especially from mechanistic viewpoints, have remained nearly
unexplored. In this paper, we describe the synthesis and alkyne-
insertion reaction of [Pt(GeMes)(SnMes)(PMe,Ph),] (1).!°
This study is closely related to our previous report on cis-
[Pt(SiR3)(SnMes)L,] complexes (A) (SiR3 = SiMes, SiMe,Ph,
SiMePh,, SiPhs).”>¢ Thus, we performed kinetic investigations
on the insertion of alkynes (ArC=CH) into A in solution, and
confirmed the following points: (i) A undergoes the competi-
tive insertion of alkynes into Pt—Sn and Pt-Si bonds to give
cis-[Pt(SiR3){C(Ar)=CH(SnMe3) }L,] (B) and cis-[Pt{C(Ar)=
CH(SiR3)}(SnMes)L,] (C), respectively. (ii) Although B is fur-
ther isomerized to C in solution, this reaction is effectively sup-
pressed by the addition of free L to the system. Accordingly, we
could observe the ratio of competitive insertion into the Pt—Sn
and Pt—Si bonds under a kinetic condition as well as the ratio of
B to C under a thermodynamic condition by choosing the pres-
ence or absence of added L. (iii) The Kkinetic ratio of B to C in
the competitive insertion markedly varies with silyl ligands
[e.g., B:C = 0:100 (SiMe3), 30:70 (SiMe,Ph), 59:41
(SiMePhy,), 97:3 (SiPhs), for PhC=CH (alkyne) and PMe,Ph
(L)]. On the other hand, (iv) C is thermodynamically more sta-
ble than B irrespective of the silyl ligands.

As described below, germyl(stannyl) complex 1 behaves
very similarly to silyl(stannyl) complexes A. Thus, 1 undergoes
competitive insertion of phenylacetylene into Pt—Ge and Pt—Sn
bonds under kinetic conditions, whereas under thermodynamic
conditions, the complex derived from the insertion into Pt—Sn
bond is exclusively converted to the other complex formed
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by insertion into the Pt—Ge bond.

Results and Discussion

Synthesis of [Pt(GeMes)(SnMe3z)(PMe,Ph),] (1). The
treatment of [Pt(cod),;] with PMe,Ph (2 molar quantity) and
Me;GeSnMes; (1 molar quantity) in Et,O at room temperature
gave a yellow solution containing cis and trans isomers of
[Pt(GeMe3)(SnMes)(PMe,Ph),] (1) in an 8:2 ratio, as con-
firmed by 3'P{'H} NMR spectroscopy (Scheme 2). Concentra-
tion of the solution by pumping, followed by washing the re-
sulting precipitate with pentane, afforded a yellow solid of
cis-1 in 73% yield, which was further purified by recrystalliza-
tion from CH,Cl,/pentane to give single crystals of cis-1
(56%), suitable for X-ray diffraction analysis.

Figure 1 shows an ORTEP diagram of cis-1, which adopts a
twisted structure significantly distorted from the square planar
geometry around platinum. The dihedral angle between the
PtP(1)P(2) and PtGeSn planes is 31.3°, and the Pt—Ge and
Pt—Sn bonds are tilted from the PtP, plane by 19.9 and 21.0°,
respectively, toward opposite directions from each other.

The isolated cis-1 underwent cis—trans isomerization in
CD,Cl, at 20 °C to give an equilibrium mixture containing
an 80:20 ratio of cis and trans isomers in 3 h. The isomerization

[Pt(cod), ] + 2L + MezGe-SnMey

RT | Et,O
Lo /SnMe3 (L) L. /SnMe3
Pt\ —_— /Pt\
L/ GeMe, 8:2) Me3Ge L
cis-1 trans-1

Scheme 2. L = PMe,Ph.

Fig. 1. X-ray structure of cis-1. The thermal ellipsoids are
drawn at 50% probability levels. Hydrogen atoms are omit-
ted for clarity. Selected bond distances (A) and angles
(deg): Pt—-Ge = 2.511(1), Pt-Sn = 2.580(1), Pt-P(1) =
2.310(3), Pt-P(2) = 2.315(3), Ge-Pt-Sn = 84.60(4), Ge—
Pt-P(1) = 157.32(8), Ge-Pt-P(2) = 93.27(8), Sn—Pt—
P(1) = 92.92(8), Sn—Pt-P(2) = 156.53(8), P(1)-Pt-P(2)
= 97.6(1).
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Fig. 2. 3'P{'H}NMR spectrum of a mixture of cis- and
trans-1 in CD,Cl, at —50 °C (121.49 MHz). L = PMe,Ph.

was markedly accelerated by the addition of free PMe,Ph to the
system. Thus, equilibrium was established within a few minutes
in CD,Cl, at 20 °C in the presence of a 0.1 molar quantity of
PMe,Ph. This observation is consistent with the Berry’s pseu-
do-rotation process involving five-coordinate intermediates
generated by the coordination of PMe,Ph to 1. A similar iso-
merization process has been proposed for bis(germyl)platinum
complexes.>®

The cis and trans geometries of 1 in solution were con-
firmed by 3'P{'H} NMR spectroscopy. Figure 2 shows the
SIP{'H} NMR spectrum of an equilibrium mixture of 1 in
CD,Cl, at —50 °C. The two sets of doublets at § —5.9 and
—7.1 are ascribed to cis-1, and the singlet at § —3.2 to trans-
1. The latter involves !*3Pt satellites with the 'Jpp coupling
constant of 2691 Hz. This value is consistent with the trans ar-
rangement of two phosphorus atoms around platinum. On the
other hand, the doublet signals at § —5.9 and —7.1 for cis-1 ex-
hibit the 'Jpp values of 2309 and 1940 Hz, respectively; the
values are consistent with the cis-PtP, structure having stannyl
and germyl ligands trans to the phosphine ligands, respectively.
Since the doublet at § —5.9 involves large couplings to Sn
[1686 (''°Sn), 1612 (''7Sn)] whereas the doublet at § —7.1 in-
volves relatively small couplings [189 (*'°Sn), 181 ('7Sn)], the
former and latter signals are assignable to the phosphorus trans
and cis to the SnMe; ligand, respectively.

The signal of frans-1 was temperature-independent. On the
other hand, the two sets of doublets of cis-1 gradually broad-
ened at elevated temperatures, and coalesced into a broad dou-
blet at 37 °C. A similar behavior has been observed for related
bis(silyl)-,’¢ silyl(stannyl)-,”>¢ and bis(stannyl)platinum(II)’
complexes, and attributed to the occurrence of a rapid twist-ro-
tation via a tetrahedral transition state (Scheme 1). In the pres-
ent case, the rate of rotation was estimated to be 1.8(2) x 10s~!
at 20 °C by applying the chemical shifts of the main peaks to
the Gutowsky—Holm’s equation.'!

Alkyne-Insertion. We have confirmed that germyl(stannyl)
complex 1 undergoes two types of processes in solution: cis—
trans isomerization and twist-rotation. The latter is operative
on an NMR time-scale. On the other hand, the former is a rel-
atively slow process, but notably accelerated by added
PMe,Ph. Having these observations in hand, we next examined
alkyne-insertion into 1.

Complex 1 (25 mM) was treated with phenylacetylene (0.25



T. Sagawa et al.

M) in CD,Cl, at 20 °C. As can be seen from the time-course
given in Fig. 3a, the cis and trans isomers of 1 were simultane-
ously reduced to be replaced by cis-[Pt{C(Ph)=CH(GeMej;)}-
(SnMe3)(PMe, Ph),] (3a). Thus, the initial ratio of the two geo-
metrical isomers of 1 (cis:trans = 81:19) was almost unchanged
during the reaction. The formation of 3a obeyed pseudo-first-
order kinetics with respect to the total concentration of cis-
and trans-1 (kgpsa = 1.55(2) x 1073 s71).

On the other hand, when the reaction was carried out in the
presence of added PMe,Ph (9 mM), cis-[Pt(GeMes){C(Ph)=
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Fig. 3. Time-courses of the reaction of 1 with phenylacety-
lene in CD,Cl, in the absence (a) and presence (b) of added
PMe,Ph at 20 °C. Initial concentration: [1] = 25 mM,
[PhC=CH] = 0.25 M, [PMe,Ph] = 0 (a) or 9 mM (b).
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Scheme 3. L = PMe,Ph.
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CH(SnMej3) }(PMe,Ph),] (2a) was observed in addition to 3a
(Fig. 3b). Similarly to the reaction without added PMe,Ph,
the initial isomer ratio of 1 (cis:trans = 78:22) remained almost
constant throughout the reaction. Furthermore, the ratio of 2a to
3a (80:20) remained constant (kgpsa = 0.92(2) x 1073 s71).

The site of phenylacetylene-insertion (i.e., Pt—-Ge or Pt—Sn)
was found to be altered by the absence or presence of added
PMe,Ph. As described in the introductory part, almost the same
dependence of the insertion site on the amount of added phos-
phine was observed for cis-[Pt(SiR3)(SnMes)L,] complexes
(A).7"¢ We may therefore consider very similar reaction proc-
esses for the present germyl(stannyl) complex 1 as well
(Scheme 3). Thus, 1 undergoes competitive insertion of phenyl-
acetylene into the Pt—Sn and Pt—Ge bonds to give the insertion
complexes 2a and 3a, respectively. Since 2a is thermodynami-
cally less stable than 3a, this complex may be successively con-
verted to 3a. Accordingly, 3a was observed as the sole insertion
product in the absence of added PMe,Ph (Fig. 3a). However,
since the isomerization is effectively retarded by free PMe,Ph,
the kinetic ratio of 2a to 3a (80:20) in the competitive insertion
is preserved in the presence of added PMe,Ph. Actually, a ki-
netic mixture of 2a and 3a, generated from 1 (25 mM) and
phenylacetylene (0.25 M) in toluene-ds in the presence of add-
ed PMe,Ph (5 mM) at 20 °C, was totally converted to 3ain 12 h
upon heating (50 °C).

Figure 4 shows the *'P{'H} NMR spectra of 2a (a) and 3a
(b). Two sets of doublets with Pt and Sn satellites can be ob-
served for each complex. The signals of 3a involve Jg,p cou-
plings comparable to cis-1 [1789 (''°Sn) and 1710 (''”Sn) Hz
for § —13.8; 168 (1'°Sn) and 160 (''7Sn) Hz for § —16.0]. This

] [ ]
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Fig. 4. 3'P{'H} NMR spectra of 2a (a) and 3a (b) in CD,Cl,
at 20 °C (121.49 MHz). The sample of (a) contains a small
amount to 3a. L = PMe,Ph.
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Fig. 5. X-ray structure of 3a. The thermal ellipsoids are
drawn at 30% probability levels. Hydrogen atoms are omit-
ted for clarity. Selected bond distances (A) and angles
(deg): Pt=Sn = 2.6140(7), Pt-P(1) = 2.301(2), P—P(2) =
2.338(2), Pt—C(1) = 2.090(6), C(1)-C(2) = 1.325(7),
C(1)-C(3) = 1.501(9), Ge-C(2) = 1.930(7), Sn—Pt-P(1)
= 92.38(5), Sn-Pt-P(2) = 173.54(4), Sn-Pt-C(1) =
84.0(2), P(1)-Pt-P(2) = 94.07(6), P(1)-Pt-C(1) =
175.4(2), PQ2)-Pt-C(1) = 89.6(2), Pt—C(1)-C(2)
127.9(5), Pt—C(1)-C(3) = 114.8(3), C(2)-C(1)-C(3)
117.3(5), Ge—-C(2)-C(1) = 133.3(5).

fact is consistent with the presence of a Pt—Sn bond in 3a. On
the other hand, the Js,p couplings observed for 2a were small
[29 Hz for § —13.1; 68 Hz for § —14.9].

The regiochemistry of phenylacetylene-insertion giving
the structures “PtC(Ph)=CH(SnMe3)” in 2a and “PtC(Ph)=
CH(GeMe3)” in 3a was determined by 'C{'H} NMR spec-
troscopy. Thus, the a-vinylic carbon bonded to platinum ap-
peared as a doublet of doublets with %Pt satellites, respective-
ly [2a: § 179.4 (dd, *Jpc = 103 and 14 Hz, ' Jpp = 749 Hz); 3a:
8 172.7 (dd, 2Jpc = 100 and 13 Hz, 'Jpc = 704 Hz)]. Since
these signals disappeared in the DEPT NMR spectra, they were
assigned to the phenyl-substituted carbons.

The structure of 3a was further confirmed by X-ray diffrac-
tion analysis. The ORTEP diagram given in Fig. 5 shows a
square planar structure having SnMe; and C(Ph)=CH(GeMe3)
ligands in mutually cis positions. The GeMes group is oriented
cis and trans to the platinum and phenyl group, respectively,
showing the occurrence of cis insertion of phenylacetylene into
the Pt—Ge bond.

The insertion reactions were examined with other alkynes.
The reaction of 1 (25 mM) with p-MeC¢H4sC=CH (0.25 M)
in CD,Cl, in the presence of added PMe,Ph (9 mM) proceeded
with a pseudo-first-order rate constant of 7.00(5) x 10~* s~! at
20 °C to give 2b and 3b in a 78:22 ratio (Scheme 3). On the oth-
er hand, 1 (25 mM) reacted with MeO,CC=CCO,Me (25 mM)
instantly at room temperature to afford cis-[Pt(GeMes)-
{C(CO,Me)=C(CO,Me)(SnMes) } (PMe,Ph),] (2¢) as the in-
sertion product into Pt—Sn bond, selectively.

Kinetic Study. The competitive insertion in the presence of
added PMe,Ph was examined by kinetic experiments. Table 1
lists the pseudo-first-order rate constants measured under vari-
ous concentrations of PhC=CH and PMe,Ph. The product ratio
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Table 1. Pseudo-First-Order Rate Constants for the Insertion
of Phenylacetylene into 1%

Run [PhC=CH]/M [PMe,Ph]/mM 103kopsa /s~
1 0.25 9 0.92(2)

2 0.25 23 0.759(2)
3 0.25 36 0.49(1)

4 0.25 60 0.349(7)
5 0.16 23 0.45(1)

6 0.45 23 1.31(1)

7 0.64 23 1.87(4)

a) All runs were carried out in CD,Cl, at 20 °C. Initial concen-
tration: [1]y = 25 mM.
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Fig. 6. (a) Plot of pseudo-first-order rate-constants against

the concentration of added PMe,Ph for the data of runs
1-4 in Table 1. The curve line is based on Eq. 8. (b) Plot
of pseudo-first-order rate-constants against phenylacety-
lene-concentration for the data of runs 2 and 5-7 in
Table 1. The straight line is based on least-squares calcula-
tion.

of 2a to 3a was 80:20 for all runs. Furthermore, the equilibrium
between cis- and trans-1 was established through the reactions.
The reaction progress was retarded by added PMe,Ph (runs 1-
4; Fig. 6a). On the other hand, the reaction rate increased line-
arly as the concentration of phenylacetylene increased (runs 2
and 5-7; Fig. 6b).
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Scheme 4. L = PMe,Ph.

These kinetic observations are in good accordance with
those previously reported for cis-silyl(stannyl)platinum com-
plexes (A).”® Accordingly, we may assume a very similar inser-
tion mechanism, as depicted in Scheme 4. The only difference
is the occurrence of cis—trans isomerization of the starting 1.
Thus, unlike the silyl(stannyl) complexes, for which only cis
isomers are present, we must consider which isomer of 1 is re-
active toward the insertion. Although we could obtain no direct
information concerning this point, a previous observation on a
related insertion system may be taken as an indication that cis-1
is the active species. Thus, it has been confirmed that only the
cis isomer of [PtMe(SiPhs)(PMe,Ph),] undergoes the insertion
of phenylacetylene, whereas the trans isomer is totally inactive
toward insertion.”®f

The next step is the coordination of phenylacetylene with
cis-1. This step is considered to proceed via an associative dis-
placement of one of the PMe,Ph ligands (L) with phenylacety-
lene. The presence of partial dissociation of L, prior to rate-de-
termining insertion, is in agreement with the fact that the inser-
tion is retarded by the addition of L to the system (Fig. 6a).
Complexes 4 and 5 thus formed are very probably interconvert-
ed with each other by twist-rotation, as observed for cis-1.
These intermediates then undergo migratory insertion of the co-
ordinated acetylene into the Pt—Sn or Pt—Ge bond. The resulting
6 and 7 are further converted to 2a and 3a, respectively, by
trans to cis isomerization, followed by the coordination of L.

When the interconversion between 4 and 5 is rapid enough to
keep the ratio of 4 to 5 constant, and the steady-state approxi-
mation can be applied to the total concentration of 4 and 5, the
following relation holds:

(kisn + kige)[PhC=CH][cis-1]

= (k_isnl4] + k_1Ge[SDIL] + (kasa[4] + kage[SD. (1)
Since [5] = K»[4],
(kisn + kiGe)[PhC=CH][cis-1]
= {(k—1sn + k—1GeK2)[L] + (kasn + kageK2)}[4].  (2)
Accordingly,
(4] (k1sn + k1Ge)[PhC=CH] cis1].  (3)

 (k_1sn + k_16eK2)[L] + (kasy + kageKo)

On the other hand, if the conversions of 6 to 2a and 7 to 3a are

sufficiently faster than the migratory insertion in 4 and 5, the
sum of the formation rates of 2a and 3a can be expressed as
follows:

d[2a] d[3a]
dt dt

Substitution of Eq. 3 into Eq. 4 yields the following rate expres-

sion:

d[2a] d[3a]
dr + dr

_ (kisn + kige)(kosn + kageK2)[PhC=CH]
(koo 4 k_16eK2)[L] + (kasn + kageK2)

= (kobsd[11)~
Since [1] = [cis-1] + [trans-1] and [cis-1]/[trans-1] = K,

= kosn[4] + kage[S] = (kasn + kogeK2)[4]. (4)

[cis-1]

&)

. K
[cis-1] =
14+ K

Therefore, the rate expressions given below are obtained:

K
dr - obsd[]—m

(kisn + kiGe)(kasn + koge K2)[PhC=CH]
(k—1sn + k—16eK2)[L] + (kosn + kageK2)
Ki[PhC=CH]  (k_isn + k—16eK2)[L]
(1 4+ Kkobsa  (kisn + kige)(kasn + kageK2)
1

(kisn + kige)

Figure 7 shows a plot of the K;[PhC=CH],/(1 + K)kobsa
values against the [PMe,Ph] values for all runs listed in
Table 1, giving a good linear correlation (r = 0.985), consistent
with Eq. 8. Based on the intercept and slope, the (kis, + kiGe)
and (k_isn + k_16eK2)/(kasn + kageK>) values were estimated
to be 0.86 x 1072 s~ M~! and 65, respectively.

Finally, the conversion of 2a to 3a was confirmed to be op-
erative by an intramolecular process. Thus, no incorporation of
p-MeCgH,C=CH into 3 was observed, when a kinetic mixture
of 2a and 3a in an 80:20 ratio was heated with 3 molar quantity
of p-MeC¢H4C=CH in toluene-dg at 50 °C (Scheme 5). Simi-
larly, heating a mixture of 2b and 3b (78:22) with PhnC=CH (3
molar quantity) in toluene-dg at 50 °C for 12 h led to the selec-
tive formation of 3b.

[1]. (6)

)

®)
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Fig. 7. Plot of K;[PhC=CH]/(1 + K)kopsa values against
the concentration of added PMe,Ph for all data in

Table 1. The straight line is based on least-squares calcula-
tion.
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Scheme 5. L = PMe,Ph.

Comparison of the Reactivities of Platinum—Element
Bonds. We have studied phenylacetylene-insertion into
[Pt(GeMes)(SnMes3)(PMe,Ph),] (1). While 1 undergoes cis—
trans isomerization, the essential features of the insertion were
very similar to those observed for cis-silyl(stannyl)platinum
complexes (A). Therefore, we now have data to compare the
relative reactivities of the platinum—group 14 element bonds to-
ward phenylacetylene-insertion. Table 2 lists the site-selectivi-
ties observed for [Pt(EMe;)(E'Me;)(PMe,Ph),] type com-
plexes under kinetic and thermodynamic conditions. The site-
selectivities measured under kinetic conditions suggest the fol-
lowing reactivity order: Pt-SiMe; > Pt—-SnMes > Pt—GeMes.
This order seems to reflect a balance of the strength of Pt—ele-
ment and C—element bonds, which are cleaved and formed
upon insertion, respectively. Thus, the bond dissociation ener-
gies of the Pt-element bonds decrease in the order (in
kI mol™!): Pt-SiMes (233) > Pt—-GeMe; (182) > Pt-SnMes
(172),'2 whereas those of C—element bonds decrease in the or-
der: Me-Si (317) > Me-Ge (265) > Me-Sn (226); Et-Si (287)
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> Et-Ge (243) > Et-Sn (195); Ph-Si (358) > Ph-Ge (312) >
Ph-Sn (261)."3 On the other hand, the insertion site under ther-
modynamic conditions seems to simply reflect the strength
of the C—element bonds (i.e., Pt-SiMe3; > Pt-SnMes and Pt—
GeMe; > Pt-SnMes), though direct information about the
site-selectivity between Pt—Si and Pt—Ge bonds is presently
unavailable.'*

Experimental

General Considerations. All manipulations were carried out
under a nitrogen atmosphere using conventional Schlenk tech-
niques. Nitrogen gas was dried by passing through P,Os (Merck,
SICAPENT). NMR spectra were recorded on a Varian Mercury
300 spectrometer. Chemical shifts are reported in § (ppm), refer-
enced to the 'H (of residual protons) and '3C signals of the deuter-
ated solvents, or to the >'P signal of external 85% H3PO, standard.
Elemental analysis was performed on a Perkin-Elmer 240011 CHN
Analyzer. Et,O, pentane, and toluene-dg were dried over sodium
diphenylketyl and distilled prior to use. CH,Cl, was dried over
CaH, and distilled prior to use. CD,Cl, was dried over LiAlH4,
vacuum transferred, and stored under a nitrogen atmosphere.
[Pt(cod),] was prepared according to literature.!> All other chem-
icals were obtained from commercial suppliers and used without
purification.

Preparation of cis-[Pt(GeMe3)(SnMe3z)(PMe,Ph),] (1). Toa
white suspension of [Pt(cod),] (207 mg, 0.50 mmol) in Et,O (10
mL) were successively added PMe,Ph (139 mg, 1.0 mmol) and
Me;GeSnMe; (142 mg, 0.50 mmol) at room temperature. The mix-
ture was stirred for 10 min to give a yellow homogeneous solution.
3SIP{'H} NMR analysis of the solution revealed the formation of
cis- and trans-1 in an 8:2 ratio. The solvent was removed by pump-
ing, and the resulting oily material was cooled to —78 °C and dis-
solved in Et;O (1 mL). The slow addition of pentane (3 mL) with
vigorous stirring led to the precipitation of a pale yellow solid of 1,
which was collected by filtration, washed with pentane (2 mL x 2),
and dried under vacuum (275 mg, 73%). Recrystallization of the
crude product from CH,Cl,/pentane gave analytically pure cis-1
as yellow crystals (211 mg, 56%).

cis-1. "HNMR (CD,Cl,, —50 °C) § —0.02 (s, *Jpx = 9.0 Hz,
2Jsom = 36.6 Hz, 9H, SnMe), 0.24 (d, *Jpy = 2.1 Hz, 3Jpy =
15.6 Hz, 9H, GeMe), 1.56 (d, 2Jpy = 8.1 Hz, 3Jpy = 25.8 Hz,
6H, PMe), 1.57 (d, 2Jpy = 7.8 Hz, *Jpy = 24.0 Hz, 6H, PMe),
7.2-7.8 (m, 10H, Ph). 3C{'H} NMR (CD,Cl,, —350 °C) § —2.4
(dd, 3Jpc = 11 and 4 Hz, 2Jp,c = 70 Hz, 'Js,c = 187 Hz, SnMe),
8.1 (dd, 3Jpc = 10 and 6 Hz, *Jpc = 70 Hz, GeMe), 17.9 (dd,
UJpc = 28 Hz, 3Jpc = 5 Hz, 2Jpc = 37 Hz, PMe), 18.9 (dd, ' Jpc =
28 Hz, 3Jpc = 5 Hz, 2Jpc = 33 Hz, PMe), 127.9 (d, 3Jpc = 1 Hz,
PPh), 128.0 (s, PPh), 129.6 (s, PPh), 129.7 (s, PPh), 131.2 (d,
2Jpc = 12 Hz, 3Jpc = 16 Hz, PPh), 131.3 (d, 2Jpc = 9 Hz, 3Jpic =
18 Hz, PPh), 138.4 (dd, 'Jpc = 39 Hz, *Jpc = 5 Hz, PPh), 138.7
(dd, 'Jpc = 38 Hz, 3Jpc = 3 Hz, PPh). 3'P{'H} NMR (CD,Cl,,
—50 °C) § —5.9 (d, 2Jpp = 25 Hz, 'Jpp = 2309 Hz, 2 ivgp =
1686 Hz, 2Jing,p = 1612 Hz), —7.1 (d, 2Jpp = 25 Hz, 'Jpp =
1940 Hz, 2Jiog,p = 189 Hz, 2Jing,p = 181 Hz). Anal. Calcd for

Table 2. Site-Selectivities for the Insertion of Phenylacetylene into Platinum—Element Bonds

Complex

Site-selectivity

Kinetic condition

Thermodynamic condition

cis-[Pt(SiMes)(SnMe3)(PMe,Ph), |
cis-[Pt(GeMe;)(SnMe3)(PMe,Ph), |

Pt-Si:Pt-Sn = 100:0
Pt—-Ge:Pt-Sn = 20:80

Pt-Si:Pt-Sn = 100:0
Pt—Ge:Pt-Sn = 100:0
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CyoHy9GeP,PtSn: C, 35.10; H, 5.36%. Found: C, 35.20; H, 5.09%.

trans-1. "HNMR (CD,Cl,, —50 °C) 8§ —0.37 (s, *Jpsr = 3.9 Hz,
2Jsou = 31.5 Hz, 9H, SnMe), —0.10 (s, *Jpy = 11.4 Hz, 9H,
GeMe), 1.95 (virtual triplet, Jy,p = 3.0 Hz, 3Jp = 34.2 Hz,
12H, PMe), 7.2-7.8 (m, 10H, Ph). 3'P{'H} NMR (CD,CL,, —50
°C) § —3.2 (s, "pp = 2691 Hz, 2Jing,p = 180 Hz, 2Jing,p = 171
Hz).

Identification of cis-[Pt(GeMes){ C(Ph)=CH(SnMe3;)}-
(PMe;,Ph),] (2a). Since 2a is readily converted to 3a in solution,
its formation was confirmed by NMR spectroscopy without isola-
tion. The sample solution was prepared by the treatment of 1 (48
mg, 64 umol) with phenylacetylene (7.0 mg, 69 pmol) in CD,Cl,
(0.6 mL) in the presence of PMe,Ph (1.0 mg, 7.2 umol) at room
temperature. Complex 1 disappeared within 3 h, as confirmed by
STP{'H} NMR spectroscopy, and the insertion complexes 2a and
3a were observed in an 80:20 ratio. Complex 2b was similarly gen-
erated from p-MeCgH4C=CH instead of PhC=CH and identified.

2a. "HNMR (CD»Cl,, 20 °C) § 0.09 (d, *Jpy = 1.7 Hz, 3Jpyy =
16.1 Hz, 9H, GeMe), 0.31 (s, 2Jisgyy = 52.6 Hz, 2Jing,y = 50.2
Hz, 9H, SnMe), 1.12 (d, 2Jpy = 8.2 Hz, 3Jpy = 21.2 Hz, 3H,
PMe), 1.32 (d, 2Jpy = 8.1 Hz, 3Jpy = 19.8 Hz, 3H, PMe), 1.38
(d, 2Jpy = 7.9 Hz, 3Jpyg = 19.8 Hz, 3H, PMe), 1.62 (d, 2Jpy =
11.7 Hz, 3Jp = 23.4 Hz, 3H, PMe), 7.0-7.8 (m, 15H, Ph), 7.97
(dd, *Jpy = 19.6 and 4.0 Hz, 3Jpu = 106.6 Hz, 1H, PtC=CH).
BC{'H}NMR (CD,Cl,, 20 °C) § —7.0 (s, "Jiwg,c = 327 Hz,
Wig,c = 312 Hz, SnMe), 6.0 (dd, *Jpc = 10 and 3 Hz, 2Jpc =
84 Hz, GeMe), 13.9 (dd, 'Jpc = 24 Hz, 3Jpc = 2 Hz, *Jpc = 25
Hz, PMe), 14.8 (dd, 'Jpc = 28 Hz, 3Jpc = 2 Hz, >Jpc = 33 Hz,
PMe), 17.9 (dd, 'Jpc =29 Hz, 3Jpc =5 Hz, 2Jpc =22 Hz,
PMe), 18.4 (dd, 'Jpc =30 Hz, 3Jpc =5 Hz, 2Jpc =38 Hz,
PMe), 125.6 (s, >Jpc = 6 Hz, Ph), 127.7 (s, Ph), 128.5 (s, PPh),
128.6 (s, PPh), 129.2 (d, *Jpc = 2 Hz, 3Jpc = 43 Hz, Ph), 129.8
(br(s), PPh), 130.8 (d, 2Jpc = 12 Hz, 3Jpc = 12 Hz, PPh), 131.2
(d, 2Jpc = 11 Hz, 3Jpc = 16 Hz, PPh), 138.3 (dd, 'Jpc = 35 Hz,
3Jpc = 2 Hz, PPh), 138.9 (dd, 'Jpc = 39 Hz, 3Jpc = 3 Hz, PPh),
152.6 (dd, 3Jpc = 7 and 2 Hz, PtC(Ph)=CH), 179.4 (dd, 2Jpc =
103 and 14 Hz, 'Jpc =749 Hz, PtC=CH). 3P{'H} NMR
(CDzClz, 20 OC) 8 —13.1 (d, ijp =17 HZ, ljp[p = 1729 HZ,
4Jsop = 29 Hz), —14.9 (d, 2Jpp = 17 Hz, ' Jpp = 1842 Hz, *Jspp =
68 Hz).

2b. "THNMR (CD-Cl,, 20 °C) § 0.07 (d, *Jpyy = 1.7 Hz, *Jpyy =
16.1 Hz, 9H, GeMe), 0.29 (s, 2Jiwgy = 52.6 Hz, 2Jing,y = 50.2
Hz, 9H, SnMe), 1.12 (d, 2Jpy = 8.2 Hz, 3Jpy = 21.4 Hz, 3H,
PMe), 1.31 (d, 2Jpy = 7.9 Hz, 3Jpu = 19.8 Hz, 3H, PMe), 1.38
(d, 2Jpy = 7.9 Hz, 3Jpy = 19.8 Hz, 3H, PMe), 1.61 (d, *Jpy =
7.9 Hz, 3Jpy = 23.4 Hz, 3H, PMe), 2.36 (s, 3H, p-Me), 7.0-7.8
(m, 15H, Ph), 7.73 (dd, *Jpy = 19.8 and 3.8 Hz, 3Jpy = 128.2
Hz, 1H, PtC=CH). *C{'H} NMR (CD,Cl,, 20 °C) § —7.0 (s,
1 Jsne = 326 Hz, SnMe), 6.0 (dd, >Jpc = 9 and 3 Hz, 2Jpc = 76
Hz, GeMe), 13.8 (dd, 'Jpc =25 Hz, 3Jpc =2 Hz, ZJpc = 25
Hz, PMe), 14.8 (dd, 'Jpc = 29 Hz, 3Jpc = 3 Hz, 2Jpc = 29 Hz,
PMe), 17.9 (dd, 'Jpc =28 Hz, 3Jpc =5 Hz, 2Jpc =22 Hz,
PMe), 18.4 (dd, 'Jpc =30 Hz, 3Jpc =5 Hz, *Jpc = 38 Hz,
PMe), 21.9 (s, p-Me), 128.2 (s, Ph), 128.4 (s, PPh), 128.5 (s,
PPh), 128.8 (d, “Jpc = 2 Hz, 3Jpc = 44 Hz, Ph), 129.7 (br(s),
PPh), 130.8 (d, 2Jpc = 12 Hz, 3Jpc = 12 Hz, PPh), 131.3 (d,
2Jpc = 12 Hz, 3Jpc = 17 Hz, PPh), 135.2 (s, 3Jpc = 7 Hz, Ph),
138.4 (dd, 'Jpc = 35 Hz, 3Jpc = 1 Hz, PPh), 138.9 (dd, 'Jpc =
39 Hz, 3Jpc =3 Hz, PPh), 149.8 (dd, 3Jpc =7 and 2 Hz,
PtC(Ph)=CH), 178.9 (dd, %Jpc = 103 and 14 Hz, PtC=CH).
3P{1H} NMR (CD,CL, 20 °C) § —13.0 (d, 2Jpp = 16 Hz, 'Jpp =
1717 Hz, *Jswp = 22 Hz), —14.9 (d, 2Jpp = 18 Hz, 'Jpp = 1868
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HZ, 4anp =64 HZ)

Preparation of cis-[Pt{C(Ph)=CH(GeMe;)}(SnMej3)-
(PMe;Ph);] (3a). To a solution of cis-1 (162 mg, 0.22 mmol)
in CH,Cl, (5 mL) was added phenylacetylene (43 mg, 0.42 mmol)
at room temperature. The starting 1 disappeared in 2 h, and selec-
tive formation of 3a was observed by 3'P{'H} NMR spectroscopy.
Solvent was removed by pumping, and the resulting pale yellow
residue was dried under vacuum. This product was dissolved in
Et;,O (ca. 0.5 mL) at —78 °C. Pentane (1 mL) was added, and
the mixture was vigorously stirred at the same temperature to give
white precipitation of 3a, which was collected by filtration, washed
with pentane (1 mL x 2), and dried under vacuum (132 mg, 70%).
Recrystallization of this crude product from Et,O/pentane gave
colorless crystals of 3a (106 mg, 56%). Complex 3b was similarly
prepared in 67% yield.

3a. 'THNMR (CD,Cl,, 20 °C) § —0.15 (d, *Jpy = 0.7 Hz,
3 Jpm = 7.8 Hz, 2Jsuy = 37.5 Hz, 9H, SnMe), 0.38 (s, 9H, GeMe),
1.14 (d, %Jpy = 8.4 Hz, 3Jpy = 24.9 Hz, 3H, PMe), 1.35 (d,
2Jpy = 8.1 Hz, 3Jpy = 23.4 Hz, 3H, PMe), 1.43 (d, 2Jpy = 7.8
Hz, 3Jpy = 22.2 Hz, 3H, PMe), 1.61 (d, 2Jpy = 8.1 Hz, 3Jpy =
26.1 Hz, 3H, PMe), 7.0-7.8 (m, 15H, Ph), 7.60 (dd, *Jpy = 19.5
and 4.5 Hz, 3Jpy = 112.2 Hz, 1H, PtC=CH). *C{'H} NMR
(CD,Cl,, 20 °C) § —4.3 (dd, 3Jpc = 10 and 2 Hz, %Jpc = 78
Hz, 'Jivg,c = 193 Hz, 'Jing,c = 182 Hz, SnMe), 0.47 (s, GeMe),
13.7 (dd, 'Jpc = 27 Hz, 3Jpc = 2 Hz, 2Jpc = 29 Hz, PMe), 14.5
(dd, 'Jpc =29 Hz, 3Jpc = 3 Hz, 2Jpc = 39 Hz, PMe), 18.8 (dd,
UJpe = 30Hz, 3Jpc = 5 Hz, 2Jpc = 29 Hz, PMe), 19.5 (dd, ' Jpc =
32 Hz, 3Jpc = 5 Hz, 2Jpc = 41 Hz, PMe), 125.7 (s, >Jpc = 6 Hz,
Ph), 127.6 (s, Ph), 128.4 (s, PPh), 128.5 (s, PPh), 129.0 (d, *Jpc = 2
Hz, 3Jpc = 45 Hz, Ph), 129.7 (br(s), PPh), 130.9 (d, 2/pc = 12 Hz,
3Jpc = 17 Hz, PPh), 131.0 (d, >Jpc = 12 Hz, *Jpc = 17 Hz, PPh),
132.8 (dd, 3Jpc = 8 and 5 Hz, 2Jpc = 47 Hz, PtC=CH), 138.1 (dd,
IJPC =36 HZ, 3JPC =2 HZ, ZJP[C =17 HZ, Pph), 139.0 (dd,
'Jpc =43 Hz, 3Jpc =3 Hz, 2Jpc =17 Hz, PPh), 153.2 (dd,
3Jpc = 6 and 2 Hz, PtC(Ph)=CH), 172.7 (dd, 2Jpc = 100 and 13
Hz, 'Jpc = 704 Hz, PtC=CH). 3'P{'H} NMR (CD,Cl,, 20 °C)
8 —13.8 (d, 2Jpp = 16 Hz, 'Jpp = 2067 Hz, *Jing,p = 1789 Hz,
2Jingp = 1710 Hz), —16.0 (d, 2Jpp = 16 Hz, 'Jpp = 1938 Hz,
2.]119Snp = 168 Hz, ZJI”SnP = 160 Hz). Anal. for C3yH46GeP,PtSn:
C, 42.14; H, 5.42%. Found: C, 42.53; H 5.27%.

3b. 'THNMR (CD,Cl,, 20 °C) § —0.14 (d, “Jpy = 0.7 Hz,
3Jpw = 7.7 Hz, 2Jspy = 37.5 Hz, 9H, SnMe), 0.39 (s, 9H, GeMe),
1.15 (d, 2Jpy = 8.8 Hz, 3Jpyy = 25.1 Hz, 3H, PMe), 1.35 (d,
2Jpy = 8.3 Hz, 3Jpy = 23.4 Hz, 3H, PMe), 1.44 (d, 2Jpy = 7.9
Hz, 3Jpy = 22.3 Hz, 3H, PMe), 1.62 (d, 2Jpy = 7.9 Hz, *Jpyy =
21.2 Hz, 3H, PMe), 2.32 (s, 3H, p-Me), 7.0-7.7 (m, 15H, Ph and
PtC=CH). 3C{'H} NMR (CD,Cl,, 20 °C) § —4.3 (dd, 3Jpc =9
and 2 Hz, 2Jpc = 78 Hz, 'Jguc = 189 Hz, SnMe), 0.48 (s, GeMe),
13.6 (dd, 'Jpc = 27 Hz, *Jpc = 2 Hz, 2Jpc = 29 Hz, PMe), 14.5
(dd, "Jpc =29 Hz, 3Jpc = 3 Hz, 2Jpc = 39 Hz, PMe), 18.7 (dd,
'Jpc = 30Hz, 3Jpc = 5Hz, 2Jpc = 28 Hz, PMe), 19.4 (dd, 'Jpc =
31 Hz, 3Jpc = 5Hz, 2Jpc = 43 Hz, PMe), 21.1 (s, p-Me), 128.3 (s,
PPh), 128.4 (s, PPh), 128.5 (s, Ph), 129.0 (d, *Jpc = 2 Hz, 3Jpc =
45 Hz, Ph), 129.6 (br(s), PPh), 130.8 (d, 2Jpc = 12 Hz, 3Jpc = 14
Hz, PPh), 131.0 (d, 2Jpc = 11 Hz, 3Jpc = 17 Hz, PPh), 131.5 (t,
3Jpc = 6 Hz, 2Jpc = 47 Hz, PtC=CH), 135.2 (s, Ph), 138.2 (dd,
'Jpc = 36 Hz, 3Jpc = 3 Hz), 139.1 (dd, "Jpc = 42 Hz, 3Jpc =3
Hz, 2Jpc = 16 Hz, PPh), 153.2 (dd, 3Jpc = 5 and 2 Hz, 2Jpc =
16 Hz, PtC(Ph)=CH), 172.3 (dd, 2Jpc = 100 and 13 Hz, 'Jpc =
698 Hz, PtC=CH). 3'P{'H} NMR (CD,Cl,, 20 °C) § —13.7 (d,
zJpp =18 HZ, l.lptp = 2076 HZ, Z.III‘)SHP = 1795 HZ, 2‘1”7SnP =
1713 Hz), —16.2 (d, 2Jpp = 16 Hz, 'Jpp = 1930 Hz, 2Jiog,p =
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Table 3. Crystallographic Data and Details of Structure Determination for cis-1 and 3a

cis-1 3a
Formula CyHy9GeP,PtSn C30Hy6GeP,PtSn
Formula weight 752.88 855.01

Crystal appearance
Crystal size/mm

Yellow plate
0.38 x 0.25 x 0.06

Colorless block
0.35 x 0.15 x 0.04

Crystal system orthorhombic triclinic
Space group Pbca (#61) P1 (#2)
a/A 15.306(2) 10.544(1)
b/A 17.511(2) 11.196(1)
c/A 19.724(3) 15.506(2)
o/deg 88.191(9)
B/deg 80.600(8)
y/deg 66.451(7)
v/A3 5286(1) 1654.3(4)
Z 8 2
degiea/gecm™ 1.892 1.716
(Mo Kar)/cm™! 74.52 59.65
Temp/°C -70 -50

20 max/deg 55.0 55.0

No. of reflections collected 52199 16291
No. of unique reflections 6054 (Rjn; = 0.123) 7431 (R;,, = 0.030)
Absorption correction Numerical Empirical

Transmission factors
No. of observed reflections

0.2137-0.7532
5685 (I > 2.00(1))

0.5639-0.7877
6839 (I > 2.00(1))

No. of variables 244 316

RY (I > 20(I)) 0.082 0.044

R, (all data) 0.213 0.107

GOF 1.16 1.07

Max and min peak/e A3 4.69, —2.94 (near Pt) 1.75, —2.29 (near Pt)

) R = Z||Fo| — |Fell/ZIFol. b) Ry = [Ew(F,> — F*)?/Zw(Fo*)*]'2.

168 Hz, 2‘]”7SnP = 160 Hz). Anal. for C3;Hy3GeP,PtSn: C, 42.85;
H, 5.57%. Found: C, 42.83; H, 5.37%.

Preparation of cis-[Pt(GeMe;){C(CO,Me)=C(CO,Me)-
(SnMe3)}(PMe,Ph);] (2¢). To a solution of 1 (182 mg, 0.24
mmol) in CH,Cl, (5 mL) was added dimethyl acetylenedicarbox-
ylate (42 mg, 0.30 mmol) at —50 °C. The color of the solution
changed instantly from yellow to red. The solvent was removed
by pumping at room temperature, and the resulting red oily mate-
rial was dissolved in Et,O (0.5 mL) at —78 °C. The addition of
pentane (1 mL) with stirring led to the precipitation of a reddish
orange solid, which was collected by filtration, washed with pen-
tane (1 mL x 2) at —78 °C, and dried under vacuum (175 mg,
81% yield).

2¢. "HNMR (CD,Cl,, 20 °C) § 0.13 (d, *Jpy = 1.8 Hz, 3Jpyy =
14.7 Hz, 9H, GeMe), 0.34 (s, 2Jiog,q = 53.7 Hz, 2Jirgy = 51.6
Hz, 9H, SnMe), 1.25 (d, %Jpy = 8.3 Hz, 3Jpy = 23.1 Hz, 3H,
PMe), 1.48 (d, 2Jpy = 9.8 Hz, 3Jpy; = 19.8 Hz, 3H, PMe), 1.51
(d, 2Jpy = 9.4 Hz, 3Jpy = 15.6 Hz, 3H, PMe), 1.57 (d, %Jpy =
9.4 Hz, 3Jpy = 26.0 Hz, 3H, PMe), 3.59 (s, 3H, CO,Me), 3.66
(s, 3H, CO,Me), 7.2-7.8 (m, 10H, Ph). 3C{'H} NMR (CD,Cl,,
20 OC) 5 —6.4 (S, 1J"”SnC = 352 Hz, 1‘]”7SnC =336 Hz, SnMe),
5.4 (dd, 3Jpc = 8 and 3 Hz, 2Jpc = 64 Hz, GeMe), 13.4 (d, 'Jpc =
28 Hz, 2Jpic = 26 Hz, PMe), 16.2 (dd, 'Jpc = 29 Hz, 3Jpc = 3 Hz,
2Jpc = 30 Hz, PMe), 16.8 (dd, 'Jpc =31 Hz, 3Jpc =4 Hz,
2Jpc = 32 Hz, PMe), 18.2 (dd, 'Jpc =33 Hz, 3Jpc =5 Hz,
2Jpic = 32 Hz, PMe), 50.6 (s, CO,Me), 51.3 (s, CO,Me), 128.4
(d, 3Jpc = 10 Hz, PPh), 128.7 (d, 3Jpc = 10 Hz, PPh), 129.9 (d,
4Jpc = 2 Hz, PPh), 130.0 (d, *Jpc = 3 Hz, PPh), 131.0 (d, 2Jpc =
10 Hz, 3Jpc = 17 Hz, PPh), 131.2 (d, 2Jpc = 7 Hz, *Jpic = 17 Hz,

PPh), 132.9 (t, 3Jpc = 5 Hz, PtC=C), 137.6 (dd, 'Jpc = 47 Hz,
3Jpc = 5 Hz, PPh), 137.8 (dd, 'Jpc = 35 Hz, *Jpc = 1 Hz, PPh),
168.4 (dd, *Jpc = 13 and 3 Hz, PtC(CO,Me)=C), 177.1 (d, *Jpc =
5 Hz, PtC=C(CO;Me)), 193.9 (dd, *Jpc = 100 and 13 Hz,
PtC=C). *'P{'"H} NMR (CD,Cl,, 20 °C) § —11.8 (d, 2Jpp =21
Hz, 'Jpp = 1678 Hz, *Jsyp = 27 Hz), —15.7 (d, *Jpp = 21 Hz,
Upp = 2174 Hz, *Jgop = 41 Hz). Anal. for CogHusGeO4P,PtSn:
C, 37.58; H, 5.18%. Found: C, 37.67; H, 5.16%.

Reaction of 1 with Phenylacetylene (Fig. 3 and Table 1). A
typical procedure is reported for the experiment given in Fig. 3b.
Complex cis-1 (11.3 mg, 15.0 umol) was placed in an NMR sam-
ple tube equipped with a rubber septum cap and dissolved in
CD,ClI, (0.6 mL). PMe,Ph (9 mM) was added at room tempera-
ture, and the sample was cooled to —78 °C. Phenylacetylene
(15.3 mg, 0.15 mmol) was added, and the sample tube was placed
in an NMR sample probe controlled at 20.0 £ 0.1 °C. The amounts
of cis-1, trans-1, 2a, and 3a at time ¢ were determined by the peak
integration of the following singlet signals: cis-1, § 0.29 (s,
GeMes); trans-1, § —0.24 (s, SnMe3); 2a, § 0.31 (s, SnMe;3); 3a:
6 0.38 (s, GeMes).

Isomerization of 2a to 3a (Cross-over Experiments). Com-
plex 1 (11.3 mg, 15.0 umol) was dissolved in toluene-dg (0.6 mL)
containing free PMe,Ph (2.5 mM) at room temperature. Phenyl-
acetylene (1.5 mg, 14.7 umol) was added, and the sample solution
was allowed to stand for 3 h at room temperature. '"HNMR analy-
sis revealed the formation of 2a and 3a in an 80:20 ratio. Then, p-
MeC¢H4C=CH (5.6 mL, 44.8 umol) was added, and the sample
was warmed at 50 °C for 12 h. The 'HNMR spectrum measured
at 20 °C showed the complete conversion of 2a to 3a; no trace
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of the methyl proton signal of 3b at § 2.20 was detected. A similar
experiment was carried out using PhC=CH (5.0 mL, 0.46 mmol)
and a 77:23 ratio mixture of 2b and 3b. In this case, no trace of
the methyl proton signal of p-MeCgH4C=CH at § 1.96 was detect-
ed after the isomerization of 2b to 3b.

X-ray Structural Analysis. X-ray diffraction studies of cis-1
and 3a were made on a Rigaku/MSC Mercury CCD diffractometer
with graphite monochromated Mo Ko radiation (1 = 0.71070 A
(1 A =1 x 107! m)). The intensity data were collected at —70
(cis-1) and —50 °C (3a), and corrected for Lorentz and polarization
effects and absorption (NUMABS and REQAB, respectively). All
calculations were performed with the teXsan crystallographic soft-
ware package of Molecular Structure Corporation. The structure
was solved by heavy atom Patterson methods (PATTY and
SAP91), and expanded using Fourier techniques (DIRDIF94).!%:17
All non-hydrogen atoms were refined anisotropically (SHELXL-
97).!8 In the final cycles of refinement, hydrogen atoms were locat-
ed at idealized positions (d(C-H) = 0.95 A) with isotropic temper-
ature factors (Bjso = 1.20Bponded atom) and were included in calcula-
tion without refinement of their parameters.

Crystallographic data and details of data collection and refine-
ment are summarized in Table 3. The data have been deposited
at the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK and cop-
ies can be obtained on request, free of charge, by quoting the pub-
lication citation and the deposition numbers CCDC 236892 and
236893.
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