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DFT (B3LYP) calculations have been carried out in order to quantitatively evaluate the energies and stereochemistry
of the accessible structures of [(dhpe)Pt(SiHR,)]* (dhpe = H,P—CH,—CH,—PHy; R = H, CHs, SiHs, Cl, OMe, SMe,
NMe;,) and of [(dhpe)Pt(SiRs)]* (R = CHs, Cl). A number of different isomers have been located. The expected
terminal silyl or hydrido-silylene complexes are often not the most stable complexes. An isomer in which an H or
an R group bridges a Pt=SiHR or Pt=SiR, bond is found to compete with the terminal silyl or hydrido-silylene
isomers. In some cases, isomers derived from cleavage of a C—H bond and formation of a silene or disilene
ligand are obtained. The structures of the platinum silyls differ from that of the equivalent alkyl complex, calculated
for [(dhpe)Pt(CHa)]*.

Introduction this coordination is unknown, to our knowledge, for-C
Silyl transition metal complexes have been studied ex- Single bonds. A StC agostic interaction has been suggested
tensively recently because of the number and variety of whereas a €C agostic interaction has been reported in the

transformations that the metal silylalkyl group can undérgo. Case of a heavily strained systérit.is currently accepted
Understanding of the bonding is a prerequisite for under- that Si-containing bonds are more reactive than the equivalent

standing the reactivity patterns of this class of complexes Pond with carborf.A silicon center is well-known for being
relative to the related metal alkyl. For instance, the-ISi able to increase its coordination up to 5 and even 6, that is,
bond forms an a or b agostic bond more easily than doesto become hypervalent, and this bonding situation is unfavor-

the C-H bond? The SiSi single bonds have been able for C! The ability of Si to become hypervalent
suggested to coordinate to a metal in hmannes but rationalizes some unusual structures in late transition metal
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Scheme 1 Table 1. Relative Energies of the Various Isomers or Transition States
SiHR SiR, iRy (TSs) for [(dhpe)Pt(SiHR]+ 2
— | (N typeA  typeB ypee typeD, E
MLn H—MLn n R M—SiHR, H—M=SiR, Rbridged H bridged other
A B c H 3.1 38TS 0
CH; 0 8.2 0.4
o - ) SiH3 15.2 0,5.0
complexe$' and reactivity properties in lanthanide com- ci 10.1TS 0 0.4
plexes!? From a computational point of view, the remarkable ©Me  225TS 0,24 13.9
ability of Si—X ¢ bond to participate in agostic interactions 23915 19 0
Yy o p p g NMe, 27.0TS 0 5.4

has been the subject of many studi€$>1°The comparison
of the reactivity of silanes, alkanes, or alkylsilanes has shown
that the presence of Si lowers the energy barrier for oxidative
addition??

In this paper, we start from the experimental fact that the
silylene [(dippe)Pt(H)(SiR] " (dippe= 'PLP—CH,—CH,—
PPr; R = mesityl) derived from a 1,2 H shift on the

aEnergies in kcamol™t. See Figures 14 for details.

and similarities between silicon- and carbon-containing
ligands may be delineated. In some key examples, the
transition state structures connecting minima have been
calculated. The key result of this work is that structures other

associated Pt(SiHR complex observed by NMR: It is
possible that the two structures, silyland hydrido/silylene

B (Scheme 1), could be two valence tautomers separated b

a transition state (TS). The factors that favor tautofer

B are the subject of this paper. In the carbon analogues, ther
is a reasonable understanding of the factors that stabilize a

M=CR, double boné and also of the factors that favor a
carbene complex compared to other isontérgransition

¥

e

than A and B are also minima and that the structural
preferences of this family of SiRcomplexes vary in an
unusual way with R. The type and relative energies of the
somers for the various SiHRomplexes have been collected
in Table 1, and the geometries with the atom numbering
scheme are given in Figures-3.

Computational Details

metal silylene complexes have also been the focus of & The calculations were carried with the Gaussian 98 suite of

number of studie¥’ Computational studies of transition metal
SiH, complexes have been carried &ut® As expected,

program&® within the framework of DFT with the B3LYP
functional?®2 The Hay and Wadt effective core potential ECP

silylene and carbene complexes obey the same genera{quasirelativistic for Pt) was used to replace the 62 inner electrons
bonding rules. However, the factors that control the relative of Pt?*and the 10 inner electrons of Si, S, P, and<Clhe double

energy of isomer# andB are not understood. Furthermore,

¢ basis sets associated with the ECP were used for the valence

the ability for Si to enter into unusual bonding modes derived shell of these atoms and were augmentga i polarization shell
from either agostic interaction or hypervalent situations might for Si and P Atoms not directly bonded to Ptlike H, C, N, O, S,
result in the occurrence of unexpected structures. Therefore @"d Cl were represented with a 6-31G basis’s&he H bonded

we have carried out DFT calculations on a homogeneous

series of complexes [(dhpe)Pt(SikR (dhpe= H,P—CH,—
CH,—PH;; R = H, CHjs, SiHs, Cl, OMe, SMe, NMeg) and
[(dhpe)Pt(SiR)]* (R = CHs, Cl). The SiH and CH

to Si or to Pt was described with a 6-31G(d,p) basigsenless

mentioned, full optimization was carried out without symmetry
restriction. The nature of all extrema was characterized by analytical
frequency calculation. The topological properties of the electronic
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0.0 6B 10.8 6C(Me)’

Figure 1. Optimized (B3LYP) structures for [(dhpe)Pt(SikR
(dhpe= H,P—CH,—CH,—PH,; R = H, Me) and [(dhpe)Pt(Ckj]*. Relative
energies in kcammol1. Selected geometrical parameters in A and deg.

8.4 6C(Me)

charge densif were investigated using Xafhand a version of
the AIMPAC packagé@® The basis sets in the density analysis were
those used for the geometry optimization except for Si. For this
atom, an all electron 6-31G(d) ba¥iset was used to avoid the
difficulties associated with the ECP in the density analysis. CCSD-
(T) calculationd® on the DFT geometries were carried out for a
more reliable evaluation of the relative energies of the extrema in
selected cases.

The Simplest System, [(dhpe)Pt(Sik)]", 1

Two minima, 3.1 kcamol™ apart, with a connecting
transition state 3.8 kcahol™! above the most stable species
have been found for [(dhpe)Pt(Sifi" (Figure 1). Single
point calculations of these structures at the CCSD(T) level
give the corresponding energy values of 4.6 and 5.0
kcalkmol™t. This indicates that DFT calculations give reliable
results for this class of compounds. Only this method of
calculation will be used for all other systems. In all extrema
(minima or transition states), the dhpe ligand is not planar

and takes its usual envelope shape. However, inversion of

(26) Bader, R. F. WAtoms in Molecules: A Quantum Thep@larendon
Press: Oxford, U.K., 1990. Bader R. F. \@hem. Re. 1992 92,
893.

(27) Xaim was developed by J. C. Ortiz and C. Bo, Universitat Rovira i
Virgili, Tarragona, Spain. Xaim is freely available from http://
www.quimica.urv.es/XAIM.

(28) Biegler-Konig, F. W.; Bader, R. F. W.; Tang, T. 5.Comput. Chem.
1982 3, 317.

(29) Francl, M. M.; Pietro, W. J.; Hehre, W. J.; Binkley, J. S.; Gordon, M.
S.; DeFrees, D. J.; Pople, J. A. Chem. Physl982 77, 3654.

the envelope is essentially barrierless, and thus, deviation
away from an ideaCs symmetry has no chemical meaning.
For this reason, we will not discuss the difference between
structural parameters that would be averaged by inversion
of the envelope. One of the two minima is a silyl complex,
can be assigned the type structure, and is thus labeled
1A. Complex1A has a T shape with one P trans to the empty
Pt coordination site. The two arms of dhpe are thus
different: the P+P bond trans to the empty site is short
2.198 A whereas that trans to Sikk longer (2.488 A)
because of a large trans influence. The threetSbonds

are different, but the averaging of the envelope of dhpe
results in only two different SiH bonds: Si-H in (H;) and

out (H, and Hy) of the molecular plane. The P8i—H; angle

is only 93.6 which puts H 2.890 A away from Pt. The
average PtSi—H, angle is 113.8 This may be indicative

of, at best, a weak agostic Si-H; bond although the lack

of Si—H elongation (1.488 A compared to the average Si
H, 1.485 A) is in contrast to the usual elongation observed
for an agostic SiH bond?™> The more stable minimum,
3.1 kcatmol™t below 1A, cannot be considered as repre-
sentative of the typ® species (Figure 1, Scheme 1) and is
thus labeled1C. In 1C, the PtSi bond (2.250 A) is
significantly shorter than i1A (2.386 A); the H—Si—Hy
moiety is essentially a planar silylene (angle sum at Si equal
to 359.5) coordinated to Pt. Despite the apparent formation
of a silylene group, Hdoes not occupy a terminal position
expected for a hydride. jHs almost equally bonded to Pt
(1.747 A) and also to Si (1.772 A) and is best viewed as
bridging the P+Si bond.

A transition state]l TS, connectd A and1C, and its nature
is confirmed by the presence of an imaginary frequency of
149i cnt, 1TSis 0.7 kcalmol™ abovelA, and the two
species have similar geometries. They differ by the $it-

H; angle (74.3in 1TSand 93.8 in 1A to compare to 4938

in 1C). In 1TS, the average PiSi—H, is equal to 109, and

the native silylene group is not yet planar (angle sum at
Si = 352.7). The other parameters dfTS intermediate
between that inLA and 1C deserve no specific comment.

No true hydride/silylene complex could be located as a
minimum on the potential energy surface. To have an
estimate of the energy of this type of structure, an optimiza-
tion of a species with SiPt—H; angle fixed at 90 was
carried out. This partially optimized structure of tyBevas
found to be 3.4 kcaimol™* abovelC and is thus even higher
in energy tharlLA. It is notable that the silylene moiety has
the same metric parameters in the forced hydride/silylene
complex (the same PiSi distance, and a planar silylene
group) in 1C; only the position of H differs. Clearly, a
terminal hydride is not favored in this system.

It is thus important to have a better understanding of the
bonding in1C. For this, we have calculated (dhpe)Pt(8iH
and (dhpe)Pt(Me)(Sik). The first species is a model for the
experimentally observed ,Pt(SiR) (R = mesityl, L =
PCy),%0 and the latter is a model for the experimentally

(30) Feldman, J. D.; Mitchell, G. P.; Nolte, J.-O.; Tilley, T. D.Am. Chem.
Soc.1998 120, 11184.
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observed (dippe)Pt(Me)(SIR(R = mesityl)}* The geometry potential energy surface which describes this system is rather
of these complexes is well reproduced by the calculations. flat, and minor chemical changes at Si can easily modify
In (dhpe)Pt(SiH), the calculated PtSi bond length is 2.230  the structural preferences.
A in the trigonal planar Pt(0) complex, close to the  To better understand the geometry of the SitHs complex
experimental value of 2.210 A, and the silylene is perpen- relative to the PtCH; bond, the methyl complex (dhpe)-
dicular to the P-Pt—P plane as experimentally observed. In  pt(CH,)* was calculated. The methyl complex and the
(dhpe)Pt(Me)(Sik), the Pt-Si single bond length is calcu-  hydrido-carbene complexes are both minima on the potential
lated to be equal to 2.367 A which is also close to the energy surface, the hydrido-carbene complex being 26.3
experimental value of 2.388 A. On the basis of the good kcakmol-! higher than the methyl complex. These two
reproduction of the metric of complexes with well defined minima are both clear representatives of tppandB species
double and single PtSi bonds, we carried out an AIM study and are labeledsA and 5B. The geometry of the two
of these Pt(0) and Pt(ll) complexes and complek€sThe  structures presents no remarkable features. The T shaped
value ofp (0.1057) for the PtSi bond critical pointis larger  methyl complex5A, has no strong agostic-¢H bond (C-
in (dhpe)Pt(SiH) than in (dhpe)Pt(Me)(Sik) (0 = 0.0936), H: is equal to 1.105 A compared to the two otheri€bonds
consistent with a double bond and a single bond, respectively.of 1.093 A), and the hydrido-carbene complBB, presents
Thep value in1C (0.1019 suggests a bond closer to thatin  no possible interaction between the hydride and the carbene
(dhpe)Pt(SiH). The value of the ellipticity¢, in the PtSi (C—Pt—H; = 84.7°). The transition stateh TS, connecting
bond € = 0.275) in1C, slightly closer to that in (dhpe)Pt-  the two minima is only 1 kcamol-* above the hydrido-
(SiHy) (e = 0.475) than in (dhpe)Pt(Me)(S#{ (¢ = 0.026) carbene comple$B. Consequently, the geometries®FS
is consistent with ar Pt—Si bond in this unusual structure. and5B are very similar; the only significant geometry change
This bonding scheme is very different from that which has is the decrease of -€Pt—H; from 84.7° to 64.£ in 5TS.
been observed in transition metal complexes withcan  The methyl complex is thus clearly the only accessible
agostic C-H bond with, in particular, the absence of any structure on the potential energy surface. A search was made
ring critical point3? for the structural equivalent dfC, but no minimum was
The situation found for specid< is analogous to that of ~ found. The bonding preferences of Sighd CH in this Pt
carbocations in which H bridges a &C bond. For this ~ complex are thus fundamentally different.
reason, a calculation of 85" (2), SiHs* (3), and CSiH*
(4) was carried out with the same method and level of Substituted Systems [(dhpe)Pt(SIHR]*, R = CH3, 6
calculations. The results are similar to these previously
published on these systefiBoth GHs', 2, and SiHs", 3,
have a H bridging an essentially planar frame. In the case
of the unsymmetrical SiCH, 4, the optimized structure is

that of a silylene bonded to a Gigroup. No bridged His contrasts with that found for the Sitomplex (Figure 1).

obtained, and the positive charge resides on the morer, bl o . hvdrido-silvi |
electropositive center (Si vs C). The preference for a bridged © most stable minimum 1s a hydrido-silylene complex,
j which belongs to typeB and is labeled6B. The PtH;

Versus gnbrldged cation has b_een th_e ce_nter of COI’]S"derabl%istance (1.638 A) is that of a terminal hydride. The-Bt
discussions, and no further discussion in the casg, &

. . . bond is short, 2.257 A, appropriate for a+%i double bond,
andfhs qeeded. Ogrconcern IS th? reason platinum complexand the silylene group is perfectly planar (sum of angles
1Cis bt”.dg?d as 'mzzloelrflpkm ;nhkg 4. Ln.(;hedca;se ct)f a  around SE 359.5). This geometry appears to be different
symmetrical Species M- like 2 or 5, a bridged SUUClUre - g0 1 ¢ a5 confirmed by further analysis. For instance, the
is found if the distances between the two X centers permit

. . . Pt—Si distance is equal iAC and 6B, and the angle Si
a good overlap with H so that the partial bonds oanh Pt-Hi is 66.6 which puts H 2.197 A away from Si. This
the two X centers are stronger thgn that oftd a unique X distance Si-H; is, however, too long fo suggest any
center. In the case of unsymmetrical systems su_ahamj significant interaction as confirmed by an AIM analysis
1C, the bond energy of_Hto each center plays an Important which shows no bond critical point between Si andHhus,
role. The electronegativity of the two centers is related to

. 6B is a true representative of speci®@f Scheme 1.
these bond energies. ) H prefers to make a bond to the A | P tat ftp t located
more electronegative center. A bridged-Be structure is A complex trﬁpres?n ? 'Ye of type W?S no Goca € i as at'
preferred forlC which is compatible with the fact that the minimum on the potential energy surtace. Leometry opti-

electronegativity difference is less between Si and Pt than mllzastl_oHnN:ﬁxmg thel H—S|—F:gaggle shovx;i thatzinkrgg)olt_rletl—
between C and Si. It should be kept in mind that the cal SsIifVi& complex would be more than o

: . . above6B. Furthermore, no structure with bridged H could
nonbridged systemA is very close in energy taC. The - ' - .
g y y 9y be located as minimum. A secondary minimum situated 8.4

kcalmol™? ve6B h nl ; it involv H
(31) Haaland, A.; Scherer, W.; Ruud, K.; McGrady, G. S.; Downs, A. J.; cakmol™ above as been located, it olves a &

Swang, OJ. Am. Chem. S0&998 120, 3762. Scherer, W.; Priermeier, ~ 9rOUp occupying a bridging position between Pt and Si and
T.;Haaland, A.; Volden, H. V.; McGrady, G, S.; Downs, A. J.; Boese, s thus labele®C(Me). The Pt-Si bond, in6C(Me), is not

The structure of silyl complexes strongly depends on the
nature of R, and calculations for representative R groups have
been carried out. In this section, we consider the case of the
methyl group. The geometry of the minima for this species

R.; Blaser, D.Organometallics1998 17, 4406. -
(32) Lammertsma, K.; Ohwada, T. Am. Chem. Sod.996 118 7247. very short (2.341 A) and is close to that IR, 2.386 A.
Trinquier, G.J. Am. Chem. S0d.992 114, 6807. The carbon of the bridging GHs 1.918 A from Si and 2.579
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A from Pt. Remarkably, the €H bond in the molecular

plane is positioned to suggest some agostic interaction with g

a Pt--H distance of 2.209 A and a-€H bond elongated to
1.129 A, the average distance of the other tweHCbonds
being 1.094 A. A structur&§C(Me), with the same bridging
CH; but without an agostic €H interaction, has been
located as a transition structure for exchange H in the
bridging Me group, 2.4 kcamnol™! above 6C(Me). The
transition state for the transformation 6B into 6C(Me)
was not searched.

It thus appears that the two methyl groups significantly
stabilize the hydrido-silylene complex by donating electrons
to the silylene group through hyperconjugation. Furthermore,
with the methyl group being not a very good candidate for
a bridge bond6C(Me) is only a secondary minimum.

Why a structure similar taC is not located as a minimum
on the potential energy surface, especially becausis klch

a good candidate for bridging bonds, has no clear explana-

tion. A possible explanation is that the methyl groups on
silylene give more electron density to the Si center which in
turn polarizes the PiSi z bond toward Pt. This favorsH

to get closer to Pt and to become a hydride. Why the methyl

group assumes a bridging position and why there is no
SiMe;H complex of typeA is also unclear. The agostit
C—H interaction from the bridging Me group BC(Me) is

removing the agostic €H interaction costs only 2.4
kcalFmol™! and keeps the Me group at the same position.
Specie6C(Me) and6C(Me) have truly bridging Me groups.

Case of [(dhpe)Pt(SiMe)]*, 7

How is the bonding of the commonly used trimethylsilyl
group related to that of SiMEl and that of SiH? The results
are shown in Figure 2. The number of isomers is large
because one can cleave aBg bond to form a C-Si double
bond or a G-Si bond to form a silylene group. The most
stable structure results from the cleavage of-aHCbond.
The resulting CH=SiMe; group is bonded to Pt, and the
remaining H center bridges the-P$i bond. This complex
does not belong to any of the previously defined structural
types and is thus labeledD. In 7D, the CH=SiMe; is
almost planar. The P{C bond (2.174 A) is within the range
found for olefin complexes. The P8i bond (2.646 A) is
long especially compared to that €. The distance of the
bridged H to Pt and Si is around 1.7 A and is thus very
similar to that in1C.

Another minimum, essentially at the same energy s
(0.2 kcatmol~* higher), has a Me group bridging a=F3iMe;
group and is thus labeletC(Me). As in the case 06C(Me),
which it resembles, the ground state has aHCbond
interacting with Pt. The transition stat&:(Me)', for rotating
the methyl group to remove the agostic interaction, is 2.1
kcalFmol™! above7C(Me). The situation for7C(Me) and
7C(Me) is thus very similar to that for6C(Me) and
6C(Me). The next higher minimumyE, is a hydride/
SiMe,=CH, complex with H cis to the carbon center. It is
14.1 kcalmol~* above7D. The binding of the SiMg=CH,

2.329 2.268

1523 8C
not the only reason for the stability of this structure because Figure 2. Optimized (B3LYP) structures for [(dhpe)Pt(SipJE" and

501 8E

[(dhpe)Pt(SiHR)]" (dhpe= H,P—CH,—CH;—PH;; R = SiHs). Relative
energies in kcaimol 1. Selected geometrical parameters in A and deg.

is slightly more symmetrical with respect to Pt than that in
7D. The Pt-H bond is typical of a terminal hydride.

The several extrema SiMeomplexes can be understood
from the previous results. When H is near a-BtR; bond,
it has a preference for a bridging position (like in the-Pt
SiH; complex) whereas when it is near a gtoup it prefers
to make a unique bond to C or to Pt (like in the-eH;
complex), or to favor the formation of a methyl bridging

group.
Case of [(dhpe)Pt(SiH(SiH)2)]*, 8

The remarkable differences between{Gidd SiH ligands
in these Pt complexes lead us to calculate the PtSiHjSiH
ligand and to compare it to the PtSiHMé& he results are
shown in Figure 2. The most stable struct8B, has a H
bridging the S=Si double bond. The next higher structure,
8E, (5 kcatmol™! above8D) has a SiH(Sik)=SiH, ligand
and H bridging the PtSi bond. The highest energy structure,
8C, 15.2 kcaimol™! above8D, has a Si(Sik), group and
bridging H. The geometries of these systems have no
surprising metric parameters compared to the previous
structures presented in this work, and they will not be
discussed further. It is noteworthy that the disilene species
is nonplanar, suggesting electron donation from Pt to the
Si—Si z* orbital. The energy pattern is interesting. The
silylene group is not stabilized by a group like Sitésulting
in the silylene isomer being higher in energy. In contrast,
the methyl group is a stronger donor througkn, (hyper-
conjugation) than Sikl The silylene group can thus be
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0.4 9C(Cl)

139 11C(OMe)

24 11B'

Optimized (B3LYP) structures for [(dhpe)PtH (SikR
(dhpe= H,P—CH,—CH,—PH;,; R = CI, OMe) and (dhpe)Pt(Sig)l Relative
energies in kcamolL. Selected geometrical parameters in A and deg.

Figure 3.

stabilized by the Ckl group and not by Sil Thus, a
complex with a SFSi bond receiving electron density from

Besora et al.

00 13B 5.4 13C(NMe,) 270 13A

Figure 4. Optimized (B3LYP) structures for [(dhpe)PtH (Sik)R"
(dhpe= HP—CH,—CH,—PH,; R = SMe, NMe). Relative energies in
kcalmol~1. Selected geometrical parameters in A and deg.

kcalmol™! above9B) between9B and 9C(Cl) the SiHC}
group has no bridging atom. The replacement of the unique
H by Cl in (dhpe)Pt(SIHG)" leads to complexlOC(CI),

that has a bridged CI. No other isomer could be located on
the potential energy surface; only ty@estructures are found
for this system.

The preferred structure of [(dhpe)Pt(SIH(OMé&) has
many more minima due to some additional conformational
possibilities associated with the OMe group. The most stable
group of structures is of the hydrido-silyleBetype. In the

the Pt(0) center is favored. The small energy preference for ymost stable arrangemenit] B, the O-Si—O plane is in the

H bridging the S=Si bond compared to a PSi bond has
no obvious origin.

molecular plane. Another minimurd1B, with the O-Si—O
plane perpendicular to the-#Pt—P plane is 2.4 kcaiol™*

It clearly appears from this first set of calculations that apove 11B, and the transition state between these two

the presence of a Psilylene bond favors the formation of

rotamers is 2.9 kcainol~* abovellB. There is clearly easy

a bridge with various other groups or atoms. Such featuresotation of the Si(OMe)group. The next group of structures,

are not present for the analogous carbon complexes.

Introducing Strong & Donors Cl, OMe, SMe, NMe

We will now discuss the structures for [(dhpe)Pt(S#iX
(X = CI, OMe, SMe, NMg) and [(dhpe)Pt(SiG)]". The
results are shown in Figures 3 and 4.

11C(OMe), 14 kcatmol™ higher than11B, has an OMe
group bridging the PtSi(H)(OMe) bond. The transition
state,11A, between the bridged OMe specié4,C(OMe),
and the hydrido-silylene complet,1B, has a SiH(OMe)
group with no bridging group and is found 22.5 keabl—*
above 11B. A transition state of comparable nature and

The X groups that are introduced on Si carry lone pairs energy tol1A was found to exchange the bridging and
that make them good candidates for bridging positions. They terminal methoxy groups.

are also efficient at stabilizing the silylene group through
donation into the empty p orbital of SiRThese two factors
should favor the silylene structur® type) or the unusual
bridge structure @ type) and disfavor the silyA type
complex.

The preferred structure of [(dhpe)Pt(SiHT is the
hydrido-silylene complexXdB, but at almost the same energy
(0.4 kcatmol™! above) is a structure with CI bridging the
PtSi(H)(CI) bond,9C(CI). The geometrical structure 68
is unremarkable. The structure @€(Cl) shows a Cl equally
bridging Si and Pt. For the transition stat@A, (10.1
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When OMe is replaced by SMe, the most important change
compared to OMe is that the bridged SMe spedi2€;(SMe)
becomes 1.9 kcahol~* more stable than the hydrido-silylene
complex,12B, where the silylene is stabilized by two SMe
groups. The transition stat&2A, betweenl2C(SMe)and
12B, with a nonbridging SiH(SMe)group is 23.9 kcaimol*
abovel2C(SMe) The more diffuse orbitals of S compared
to O make it an especially good bridging group.

In the case of two NMgegroups, the hydrido-silylene
complex,13B, is the most stable structure in accord with
the strongzr donating ability of N compared to O. The



Unusual Structures of [(dhpe)Pt(SiHR]*

Scheme 2 Although, as already mentioned, these bridging situations
SiR3 SiRs SiR3 are unprecedented for alkyl/carbene complexes, it is worth
LnM— LnM : LnM/ mentioning that related structures can be found in the
FI’ . \ chemistry of transition metal boryl complex®s.
H H In the case of the SiMegroup, the calculations have

) ) ) shown the presence of several isomers that are close in
structure with a bridged NMegroup, 13C(NMe,), is 5.4 gnergy. In our system, the least stable isomer is & Pt

kcalmol™! abovelSB._The transition statg13A, between methyl-SiMe, complex. At lower energy are isomers with
13B and13C(NMe) with a nonbridging SiH(NMe)group 4 silylene group with a bridged or terminal H depending on
is 27 kcatmol™ above13B. the position of H relative to the silylene and also & BiMe;
complex with a bridged Me group. The existence of these
nearly isoenergetic isomers is fully consistent with the
Our results generalize the results found for Sid&kthe  gpservation of a silenesilylene rearrengement in a cationic
case of the Sikigroup itself. In the case of SiRH, three jridjum complex?” It is also consistent with the observation
different structural types (Scheme 2) have been found of 3 H elimination of an aliphatic €H bond from a silyl
depending on the degree to which the hydride and the silyl jigand to generate a silene complex of RuffiLikewise,
group interact:* In our case, the degree of-Sil bonding  the redistribution of the Me group between silicon centers
also varies; the difference between &ifti and the present  jn the bis-silyl tungsten complex attributed to the presence
case is that the former corresponds to a change of oxidationof 4 silylene/silyl intermediate is probably related to our
state to the metal while the latter is not associated with a finding 3% The small calculated difference in energy between
redox process if the silylene is considered as a neutral ligand.the various isomers in our Pt complexes can easily be
No such behavior is seen in carbon chemistry where the modified by changing the metal and ligands. These points
bridged case is usually not found. As mentioned previously, require further studies. Our very different results on the Pt
the bridging hydrogen atom in carbon chemistry is very well gj, and Pt-CH; complexes are also consistent with the
documented in carbocation chemistry but not in transition poted propensity for silyl complexes to undergo 1,2-
metal alkane, alkyl, or alkylidene species. When H forms a rearrangement. These migrations have been found to be
bridge, it requires that the partial bonds to the bridge atoms egpecially facile when a comparison is made to the behavior
must be sufficiently strong to overcome the classical situation of the corresponding alkyl derivativé®:
when a H atom is bonded to a single carbon orsiliconatom.  The ability of as donor group to function as a bridging
The strong C-H bond (106-110 kcatmol™) disfavors such 455 is no surprise. Our results for the SR substituted silyl

a sitgation because the bond to the other gtom Woulq' begroup are fully consistent with the formation @ig-(PEt),-
considerably weaker when the other atom is a transition Pt(u-SBu) (HSi(SBu)]* from [cis-(PEE),Pt(H)Si(SBu);] .40
metal. The Si-H bond energy, around 90 kealol™,** is These two complexes, of typ@ and A according to our
closer to that of a MH bond™ These energy considerations  ¢|agsification, are calculated to be only 1.9 knadl - apart.
account for the occurrence of a bridging situation [ké/pe, A reversible 1,2 H-transfer was observed at low temperature
but these considerations do not say it will occur. They do i, the experimental system. The transition state for this
not give direction for when it does occur. Why is the bridge process has been calculated to be over 20-kuaf! above
situation favored with the Siggroup and not with SiHMg the two minima. This rather high transition state may be
T'he electron donqthg ablllty of Me'probably stabilizes the giapilized by coordination of OE&t the Pt empty site.
S|!ylene group. This is cpn5|stent with the same effect seen The groups that favor a stable silylene complex (i.e., a
with all other 7z donating groups (Cl, OR, SR, NR minimum on the potential energy surface) aréonors either

considered in this work. However, in each case, bridged with their lone pairs (Cl, OR, SR, NRR or because of

structures appear as alternate minima. This is the case for_.. . . . . .
. ; o efficient hyperconjugation. Thus, the silylene complex is not
groups which are known to form bridge bonds by utilizing VP Mg y P

. . - . a minimum for R= H and SiH. However, there is no simple
thelrllon.e pa|rs._1_'he ab.'“ty for C_&-anq S|H>,g.roups to take rationale for understanding the relative energies of the
a bridging position with the silyl ligand is remarkable.

! ) . nonbridged and bridged Psilylene complexes because the
Recently, Tilley et al. have found a Ta complex in which rag %9 Y piexes us

the SiMeH group of a CH—SiMe,—SiMe;H chain is shown

Discussion
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two situations can be stabilized by the occupied orbitals of diphosphine ligand and the two mesityl groups. The work is
the R groups. in progress using QM/MM methology.

The very high sensitivity of the silyl complexes to small
chemical changes shown in this work shows that special careConclusions
must be exercised when choosing the model for carrying out
calculations when an accurate geometrical minimum is the
goal. This could be a limitation for using calculations for
determining the absolute minimum in this family of com-
plexes. The electronic property of the phosphine ligand, its
steric influence, as well as the presence of a counterion could
all influence the geometry of the PEiR; moiety and need
to be included in the calculations. A similar conclusion was
reached in a study of silyl groups interacting with a
lanthanide metal centét A general conclusion that emerges
from our studies is that special care should be taken when
using computational studies for determining the absolute
minimum of silicon-containing transition metal complexes.
They are probably more sensitive to the nature of all elements  acknowledgment. Financial support from the Spanish
of the complex than equivalent carbon complexes. For pggs (Project PB98-0916-C02-01) and the Catalan DURSI
instance, the geometry of the molecule which initiates the (Project 1999 SGR00089) is acknowledged. F.M. thanks also

work, [(dippe)Pt(H)(SIR)]" (dippe = 'PrP—CH,~CH,— the support of DURSI, which has allowed the stay of M.B.
PPr; R = mesityl), needs to be calculated with the complete ;, Montpellier.

The (diphos)Ptsilyl complexes reveal structural features
that are unusual and unprecedented in equivalent alkyl
complexes. Unusual bridged structures appear as possible
minima in addition to or in replacement of the traditional
silyl or silylene complexes that are derived from the analogy
with the analogous carbon complexes. Even groups such as
CHs and SiH are candidates for bridging position in addition
to the usual groups CI, OR, SR, and Nf@r such position.

The nature of the minima depends strongly on the precise
nature of the ligands, suggesting that considerable caution
should be taken when modeling transition metal silicon-
containing complexes.
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