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In this paper, the trans influence of boryl ligands, together with that of other ligands commonly believed to have
a strong trans influence, has been investigated theoretically via density functional theory (DFT) calculations on a
series of square-planar platinum(ll) complexes of the form trans-[PtL(CI)(PMes),]. The following order of trans influ-

ence has been obtained: —-BMe, > —SiMe; > —-BH, > —SnMe; ~ —BNHCH,CH,NH > —Bpin > -BOCH,CH,0 >

1
-BOCH=CHO ~ -Bcat ~ -BCl, ~ -BBr, ~ =SiH3 > —=CH,CH; > -CH=CH; > -H ~ —-Me > —CgHs >
=SiCl3 > =SnCl; > —C=CH. Natural bond order analyses have been used to understand how the substituents at
the boron center affect the trans-influence properties of the boryl ligands. The major factor is the o-donor strength
of the boryl ligand. However, surprisingly, very strong st acceptors also enhance the trans influence.

Introduction M—BR; bond! this is relatively weak even in BEs).
complexes? Despite the controversy, it is well-known that
the boryl ligands exhibit a very strong trans influence because
of their strong o-donating characteristic4! However,
several important questions remain, the answers to which
should enhance our understanding of the structure and
bonding in metal boryl complexes and aid in the design of

new catalytic systems. How do boryl ligands compare with

Transition-metal boryl complextbave attracted consider-
able interest because of their role in catalyzed hydroboration
and diboration reactions of unsaturated organitas well
as catalyzed borylation of-€H bonds in alkanes and arerfes.
Over the past decade, there has been a healthy discti$sion
of the relative importance of the metal(d)-to-bory)pack-
bonding interaction in the complexes. It is generally well
accepted now that while there is sommeomponent in the

(2) (&) Maning, D.; Ngh, H. Angew. Chem, Int. Ed. Engl985 24,
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1991 91, 1179. (c) Burgess, K.; van der Donk, W. A.lmcyclopedia
of Inorganic ChemistryKing, R. B., Ed.; Wiley: Chichester, U.K,
1994; Vol. 3, p 1420. (d) Fu, G. C.; Evans, D. A.; Muci, A. R. In
Advances in Catalytic Processd3oyle, M. P., Ed.; JAl: Greenwich,
CT, 1995; p 95. (e) Beletskaya, |.; Pelter, Petrahedron1997 53,
4957, (f) Crudden, C. M.; Edwards, Bur. J. Org. Chem2003 4695.
For recent reviews, see: (a) Marder, T. B.; Norman, N['@h. Catal.
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1999 57, 503. (c) Ishiyama, T.; Miyaura, Nl. Organomet. Chem.
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271.
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other strong trans-influence ligands, such as hydride, methyl,

and silyl? What is the effect of boron substituents on the
trans influence of the boryl ligands? What are the effects of
substituents on C, Si, or Sn on the trans influence of alkyl,
silyl, or stannyl ligands? In this paper, we focus on square-
planar platinum(ll) complexes in order to gain a deeper
insight into the trans-influence properties of boryl ligands.

Computational Details

Molecular geometries of platinum boryl complexes were opti-
mized at the Becke3LYP (B3LYP) level of density functional
theory?? Frequency calculations at the same level of theory have
also been performed to confirm that all stationary points were
minima (no imaginary frequencies). The effective core potentials
of Hay and Wadt with a doubl&-valence basis set (LanL2D?2)

(5) (a) Iverson, C. N.; Smith, M. R., I1J. Am. Chem. Sod.999 121,
7696. (b) Waltz, K. M.; Hartwig, J. FJ. Am. Chem. So200Q 122
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Anastasi, N. R.; Hartwig, J. B. Am. Chem. So2002 124, 390. (i)
Kondo, Y.; Garica-Cuadrado, D.; Hartwig, J. F.; Boaen, N. K.; Wagner,
N. L.; Hillmyer, M. A. J. Am. Chem. So2002 124, 1164. (j) Takagi,
J.; Sato, K.; Hartwig, J. F.; Ishiyama, T.; Miyaura, Netrahedron
Lett. 2002 43, 5649. (k) Ishiyama, T.; Takagi, J.; Hartwig, J. F.;
Miyaura, N.Angew. Chem., Int. EQRR002 41, 3056. (I) Wan, X,;
Wang, X.; Luo, Y.; Takami, S.; Kubo, M.; Miyamoto, AOrgano-
metallics2002 21, 3703. (m) Webster, C. E.; Fan, Y.; Hall, M. B,;
Kunz, D.; Hartwig, J. FJ. Am. Chem. So2003 125 858. (n) Lam,
W. H.; Lin, Z. Y. Organometallics2003 22, 473. (o) Tamura, H.;
Yamazaki, H.; Sato, H.; Sakaki, S. Am. Chem. So2003 125
16114. (p) Ishiyama, T.; Miyaura, N.. Organomet. Chen2003 680,
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H.; Lam, K. C.; Lin, Z.; Shimada, S.; Perutz, R. N.; Marder, T. B.
Dalton Trans.2004 1556. (v) Ishiyama, TJ. Synth. Org. Chem. Jpn.
2005 63, 440. (w) Coventry, D. N.; Batsanov, A. S.; Goeta, A. E.;
Howard, J. A. K. H.; Marder, T. B.; Perutz, R. lthem. Commun.
2005 2172. (x) Mkhalid, I. A. I.; Coventry, D. N.; Albesa-JovB.;
Batsanov, A. S.; Howard, J. A. K.; Perutz, R. N.; Marder, TARgew.
Chem., Int. Ed2005 in press.
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Frenking, G.; Ffbch, N. Chem. Re. 200Q 100, 717. (c) Giju, K. T;
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Sakaki, S.; Biswas, B.; Musashi, Y.; Sugimoto, M. Organomet.
Chem. 200Q 611, 288. (e) Sakaki, S.; Kai, S.; Sugimoto, M.
Organometallics1999 18, 4825. (f) Sivignon, G.; Fleurat-Lassard,
P.; Onno, J. M.; Volatron, Anorg. Chem?2002 41, 6656. (g) Hartwig,
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Seeler, F.; Whittell, G. ROrganometallics2004 23, 4178. (c)
Aldridge, S.; Calder, R. J.; Baghurst, R. E.; Light, M. E.; Hursthouse,
M. B. J. Organomet. Chen2002 649 9.

(9) Musaev, D. G.; Morokuma, K1. Phys. Chem1996 100, 6509.

(10) Al-Fawaz, A.; Aldridge, S.; Coombs, D. L.; Dickinson, A. A.; Willock,
D. J.; Li-ling Ooi, L.-L.; Light, M. E.; Coles, S. J.; Hursthouse, M. B.
Dalton Trans.2004 4030.

(11) (a) Lam, K. C.; Lam, W. H.; Lin, Z. Y.; Marder, T. B.; Norman, N.
C. Inorg. Chem.2004 43, 2541. For example, see also: (b)
Braunschweig, H.; Radacki, K.; Rais, D.; Seeler(fganometallics
2004 23, 5545. (c) Braunschweig, H.; Radacki, K.; Rais, D.
Scheschkewitz, DAngew. Chem2005 44, 5651.

were used to describe Pt, P, Si, Sn, and Cl atoms, while the standard
6-31G basis set was used for C, N, B, O, and H atoms. Polarization
functions were added for Ck(d) = 0.514], B [(d) = 0.6], Si

[&(d) = 0.262], Sn {(d) = 0.183], C E(d) = 0.6], and P {(d) =

0.34] that are directly bonded to the metal ceftekll calculations

were performed with th6& AUSSIAN9&oftware packag®.

Results and Discussion

We carried out density functional theory (DFT) molecular
orbital calculations on a series of square-planar chloroplati-
num(ll) complexes of the forntrans[PtL(Cl)(PMe;);] to
study the trans-influence properties of various types of
ligands, L. These are also models for the knavans-[Pt-
(boryl)(Cl)(PRs)2] complexes16

Trans Influence of Bcat and Bpin. Bcat and Bpin are
among the most popular boryl ligands found in transition-
metal boryl complexes as a result of their applicability to
catalytic processes. Therefore, we first optimized the geom-
etries oftrans[Pt(Bcat)(Cl)(PMg),] (1) andtrans[Pt(Bpin)-
(CH(PM&),] (2) to examine the strength of the trans
influences of Bcat and Bpin. We also computed optimized
structures otrans[Pt(T)(Cl)(PMe),] [T = Me (3), H (4),
and SiH (5)] for comparison. It is commonly believed that
alkyl, hydride, and silyl are among the strongest trans-
influence ligands. The calculated structures for the two boryl
complexes and for the three complexes used for comparison
are shown in Figure 1. The dihedral angle between the plane
of the Bcat ligand and the platinum square plane is calculated
to be 51.8 for 1, smaller than the experimentally reported
value of 78.3 for trans[Pt(Bcat)(Cl)(PPk),].62 The dis-
crepancy could well be due to use of PMa the model
complex instead of PRhThe orientation of the boryl ligands
is expected to be closely related to the metal(d)-to-boryl(p)
m-back-bonding interaction. As one will see later, thback-
bonding interaction is certainly much less important tban
effects in determining the trans influence of the boryl ligands,
yet it cannot be completely ignored. Therefore, the dihedral
angles, which indicate the interplanar angles between the
boron trigonal plane and the platinum square plane, are given
in Figure 1.

(12) (a) Becke, A. DJ. Chem. Phys1993 98, 5648. (b) Miehlich, B.;
Savin, A.; Stoll, H.; Preuss, HChem. Phys. Lettl989 157, 200. (c)
Lee, C.; Yang, W.; Parr, GPhys. Re. B 1988 37, 785.

(13) Hay, P. J.; Wadt, W. Rl. Chem. Phys1985 82, 299.

(14) Huzinaga, SGaussian Basis Sets for Molecular CalculatipEtsevier
Science Publishing Co.: Amsterdam, The Netherlands, 1984.

(15) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.;
Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels,
A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone,
V.; Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C;
Clifford, S.; Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.;
Morokuma, K.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.;
Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Stefanov, B. B.; Liu, G.;
Liashenko, A.; Piskorz, P.; Komaromi, |.; Gomeperts, R.; Martin, R.
L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara,
A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.; Johnson, B.; Chen,
W.; Wong, M. W.; Andres, J. L.; Gonzalez, C.; Head-Gordon, M.;
Replogle, E. S.; Pople, J. ASAUSSIAN98revision A.9; Gaussian,
Inc.: Pittsburgh, PA, 1998.

(16) (a) Clegg, W.; Lawlor, F. J.; Lesley, G.; Marder, T. B.; Norman, N.
C.; Orpen, A. G.; Quayle, M. J.; Rice, C. R.; Scott, A. J.; Souza, F.
E. S.J. Organomet. Cheni998 550, 183. (b) Curtis, D.; Lesley, M.

J. G.; Norman, N. C.; Orpen, A. G.; StarbuckJJChem. Soc., Dalton
Trans.1999 1687.
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P , P Trans Influence of Other Boryl Ligands. Calculated
CEO\SI/[;}%J(MCI e oi’gwitﬂu bond lengths (A) for other square-planar platinum(ll) boryl
| M’ ;:w complexes are shown in Figure 1. On the basis of the Pt
Cl bond distances, we conclude that (1) all of the boryl
ligands studied here have a stronger trans influence than
P Fl’ e hydride, alkyl, and Siklligands and (2) the decreasing order
|

2.087 2 2.501 L1564

Me‘—Fl’t—CI P64 2504 HSSiMJtﬂQ of the trans influence for the boryl ligands isBMe, >
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6=49.1°
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P

Trans influence is purely a thermodynamic phenomenon;

In general, a strong trans-influence ligand will weaken the
bond between the metal and the trans lig&héccording
to Pidcock et al?? for a linear L—M—X fragment, the shorter
the M—L bond, the higher the trans influence of the ligand
L and the longer the MX bond. To obtain a deeper insight
into the trans influence of boryl ligands, we computed

P
4 5 1 -
> —BOCH=CHO > —Bcat~ —BCl, ~ —BBr,. Examining
trend, i.e., the shorter the PB bond, the shorter the PCI
I 0=81.6°
H
P P and PtCl bonds while7 has shorter PtB and P+Cl bonds.
Pt Cl B——Pt=—ClI
| s
P P It is generally accepted that both the and z-bonding
complexes. For comparison, calculated structures of compléxes
showing the orientation of the boryl ligand plane. ing ability of a ligand enhances its trans influence. However,
, ligands can influence the ground-state properties of influence because it reduces thealectron density on the
the NMR coupling constant, or a host of other parameiers. trans to it. Let us first investigate how thebonding property
they give limited accuracy in calculating other physical . .
y g y d iy on Pt on the basis of the natural bond order (NBO) andlysis
of the trans influence. As shown in Figure 1, the-Bt bond
We do not observe a reasonable correlation between the
influence of the boryl ligands is certainly stronger than that .
y'hg y 9 on Pt does not translate into a longer-R bond. In other
although the P+Cl bond in complex2 (2.563 A) is longer .
influence.
boryl ligands affect their trans influence. With the aid of an
complexes. For a given complex, the greater the percentage
optimized structures of other platinum(ll) boryl complexes. transfer of the electron density from the boron donor to the

1 , 1
P —BH; > —BNHCH,CH;NH > —Bpin > —BOCH,CH;O
P P T P . P the Pt-B distances, we found that they do not show a close
| L9 Jtzsglcl [ NA 2048F|, 2366, [og%wit&m correlation with the above order, although the unexpected
P F|’ F|’ bond, can be found among some complexes, e.g., between
6 7 8 ? 6 and7 and among—10. For6 and7, 6 has longer PtB
Brd :
540 & | o | )43 From8 to 9_and to10, the PtB and P+Cl bond distances
decrease simultaneously.
Br g =90.00
10 1 12 (P=PMey properties of a ligand affect the strength of its trans influence.
Figure 1. Calculated structures of various square-planar platinum(ll) boryl |t g important to recall that the trarisfluenceis a ground-
containing methyl, hydride, and silyl ligands are also given. The bond State (thermodynamic) property, in contrast to the tedfext
distances are given in angstront.is the P-Pt—B—R dihedral angle, which is a transition-state (kinetic) effect. Increasedonat-
enhancedr-accepting ability of a ligand, situated trans to a
m donor, such as chloride, is expected to reduce its trans
gr%l:jpzit? vr\]/h|chtr'][he\xbe;r(:i trnanlsfrsuch r?s thf fmretal ton“?a:td metal center, alleviating the repulsive interaction between
0 stance, the ational frequency or force constant, ., qq) d electrons and the electrons from the ligand
We know that state-of-the-art theoretical methods have the ¢, boryl ligand affects the strength of its trans influence.
best performance in calculating molecular structures and that . .
We calculated the electron population of theatbitals
properties, such as NMR paramet&herefore, we used
calculated bond lengths as the most straightforward measurgOr the boryl complexedl, 2, and 6—10 and plotted the
population against the PCI distances, shown in Figure 2a.
lengths in the Bcat and Bpin complexes are longer than those
in the other three complexes, indicating that the trans e!ectron population of the,dorbitals on Ptand the ECI
distances. A greater electron population of theodbitals
of the other ligands, and we suggest that this is due to theirWords ther-acceptor properties of the boryl ligands are not
strongo-donating properties. Interestingly, and unexpectedly, o . - )
go g prop gy P y the major factor in determining the strength of their trans
than that inl (2.542 A), the P+B bond in2 (2.022 A) is . . . .
also longer than that it (2.005 A). The question now is how the-bonding properties of the
NBO analysis, we can calculate the percentage (Pt %)
contribution of Pt to the PtB ¢ bonds in the boryl
(Pt %) contribution to the PiB o bond, the greater the
o-donating ability of the boryl ligand because this represents
platinum acceptor orbitals. Figure 2b shows a plot of Pt %
vs the P+Cl distances for the boryl complexes studied.

(17) Purcell, K. F.; Kotz, J. Anorganic Chemisty; W. B. Saunders Co.:

London, 1977. " Generally, a good correlation between Pt % in the Pio
(18) Autschbach, Jstruct. Bonding (Berlin, Ger.2004 112, 1. bonds and the PtCI distances is observed, suggesting that
(19) Appleton, T. G.; Clark, H. C.; Manzer, L. Eoord. Chem. Re 1973
10, 335.
(20) (a) Pidcock, A.; Richards, R. E.; Venanzi, L. M. Chem. Soc. A (21) Glendening, E. D.; Reed, A. E.; Carpenter, J. E.; Weihold, F. NBO,
1966 1707. (b) Venanzi, L. MChem. Brit.1968 4, 162. version 3.1.
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Figure 2. (a) Plot of the populations of Pt,arbitals (with respect to the

Pt—Cl axis) vs the PtCl distances. (b) Plot of the percentage contribution
of Pt in the PtB o bond against the P{Cl distances. (c) Plot of the
percentage contribution of Pt vs the ratio of the boron p- to s-orbital
population in the PtB o bond. (d) Two-parameter fit considering Pt % in
the Pt-B ¢ bond and the populations of Pf, drbitals, represented by
and, respectively.

the o-donating properties of the boryl ligands play the
primary role in determining the strength of their trans
influence.

To understand how the substituents at B affect the Pt %

contribution to the PtB o bonds, we examined the ratios
of the boron p- to s-orbital populations in the-H& o bonds

for the boryl complexes studied. A good correlation was
observed between Pt % and the boron p/s population ratios

in the Pt-B o bonds (Figure 2c), with Pt % increasing with
the p/s population ratio. Chart 1 illustrates a two-orbital

Chart 1

interaction diagram between a metal d orbital and an sp-
hybridized orbital from a ligand, which can help explain the
good correlation. From the diagram, it is expected that the
orbital energy of the ligand’s sp-hybridized orbital increases
with its p character because p orbitals are higher in energy
than s orbitals. Therefore, the more p character that the
ligand’'s sp-hybridized orbital has, the more covalent the
interaction is between the metal and the ligand, giving rise
to more contribution from the metal orbital in the metal
ligand o bond. On the basis of the results shown in parts b
and c of Figure 2, we conclude that the more boron p
character in the hybrid used for-PB ¢ bonding, the greater
the trans influence of the boryl ligand. This is a direct result
of the fact that the more boron p character in the Rlbond,

the more electron releasing the boryl ligand is. Conversely,
the greater the boron s character in the-Bto bond, the
lower the trans influence even though the-Btbond is
shorter because the most probable radiugof the boron s
orbital is smaller than that of its p orbitals. This explains
why we found that, in many cases, even when theBPt
bond is shorter, the trans influence of the boryl ligand is
actually weaker.

Bent's rulé? states that more electronegative substituents
“prefer” hybrid orbitals having less s character and more
electropositive substituents “prefer” hybrid orbitals having
more s character. Table 1 lists the boron s and p character
in the Pt-B ¢ bond for the boryl complexes studied here
together with the PtCl bond distance. Interestingly, the s
% character correlates well with the-REI distance that is
used as a measure of the trans influence of the ligand trans
to it. According to Bent’s rule, we can understand that BMe
and BH exert the strongest trans influence among the series
of boryl ligands. Both Me and H substituents are relatively
electropositive and “prefer” hybrid orbitals having more s
character. Therefore, the boron center in each of the two
boryl ligands uses a hybrid orbital having less s character to
form theo bond with Pt. The BMgligand exerts a stronger
trans influence than the BHigand, reflecting the fact that
Me is more electron-releasing than H.

Examining the order of trans influence for the boryl ligands
studied, we see that the boryl ligand having N substituents
has a greater trans influence than those having O substituents.
The results reflect the electronegativity order okND; i.e.,

(22) Huheey, J. E.; Keiter, E. A.; Keiter, R. llnorganic Chemistry:
Principles of Structure and Reacity, 4th ed.; Harper Collins: New
York, 1993; p 227.
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Table 1. Boron s and p Character in the-H8 o Bond Together with b ,H P P P
the PtCI Bond Distance Me H—C\\ | | |
\ 2.093 ! 2.531 20192 2510, 2.035 o, 2.496, _ ~1.968 0 2448
trans[PtL(Cl)(PMes)7] L Pt—CI(A) s% p% wr T—C' H,C—T—C' @T'—C' H—C=C—T—C'
6 —BMe; 2.608 124 29.1 H P 6=289.8° p 0=88.6° p P
7 —BH» 2.591 14.2 30.3 13 14 15 16
1
8 — BNHCH,CH.NH 2.566 16.8 285 . . . .
2 —Bpin 2563 184 27.6 a | Me | a | Me
9 BOCHCHO 2.553 189 27.2 C|~:5iwpt&0| Me=Y52309p 259 ¢ Gl 238 2463 ) Me*/\SnzﬁiPtﬂm
- L2 cl Me a’ Mé
1
10 _BOCH=CHO 2.544 19.8 27.0 p p
12 —BBr, 2543 209 283 17 18 9 20
11 —BCl; 2.542 208 279 (P=PMe3)
1 —Bcat 2.542 23.1 243

Figure 3. Calculated structures for various square-planar platinum(ll)
complexes having donor ligands derived from the carbon group atoms. The
boryl ligands having more electronegative substituents havebond distances are given in angstromis the P-Pt—C—C dihedral angle,
a weaker trans influence. showing the orientation of the vinyl and phenyl ligand planes.

Among the four boryl ligands havmwents, Bpin o coefficient. Thus, we can conclude that theeffect is
and its ethylene glycolato analogue, BOLHI,O, have approximately 5-6 times more important than theeffect
and that ther effect is in the opposite sense to what would
. have been anticipated.
CHO. Because of the geometrical requirement resulting from  Trans Influence of —CH,CH3, —CH=CH,, —C¢Hs, and
the presence of §garbons and the aromatic ring capable —C=CH. Figure 3 shows the optimized structures calculated
of removing electron density from the oxygens, the®@o for thetrans-Pt(R)CI(PMe), complexes13—16). The trans
bonds are relatively weaker in Bcat and its analogue thaninfluence decreases in the order-6€H,CH; > —CH=CH,
those in Bpin and its analogdeThe B—O bond distances > —CgHs > —C=CH. Interestingly, we also see the
differ by 0.02 A between the two types of ligands. Because unexpected trend that the shorter the-@thond, the shorter
of the weaker B-O bonding interactions, the B center in the Pt-Cl bond is. The Muirs® explained this unexpected
Bcat or its analogue uses hybrid orbitals having more p trend by their “metal-to-liganet-back-bonding” model. They
character to forno bonds with O and a hybrid orbital having  suggested that the trans influence of the carbon-donor ligands
more s character to form thebond with Pt, evidenced by  depended mainly on the extent of AC & back-bonding,
the shorter PtB bonds in1 and 10 when compared with  which reduces thegelectron density on the metal center,
those in2 and9. Therefore, the hybrid orbital in Bcat or its ~ alleviating the repulsive interaction between the metal d
analogue used to form thebond with the metal center is  electrons and ther electrons from the ligand trans to the
less electron-releasing, leading to the observation that Bcatone in question. According to the Muif$the —CH,CHs
and its analogue have a weaker trans influence than Bpinligand would be expected to have the strongest trans
and its analogue. influence because it does not have low-lyinY orbitals,
Interestingly, the trans influence of the BXX = Cl and while the—C=CH ligand is expected to be the weakest trans-
Br) ligands is comparable to that of Bcat, although Cl and influence ligand among the four carbon-donor ligands
Br are less electronegative than O. At first glance, Bent's because it has two available* orbitals. In fact, many
rule appears applicable only to those boryl ligands having Studied* show that acetylide ligands are pasracceptors
substituents in which the boron-bonded atoms lie in the and appear to be modestdonors, inconsistent with the
second period. The BX bonds are much longer than the argument of the Muirs.
B—C, B—N, and B-O bonds. We would expect that the A reasonable, although not perfect, correlation between
orbitals of X overlap better with the p orbitals than with the the d.-orbital populations and the PCI distances is il-
s orbitals of boron. This is why the trans influence of the lustrated in Figure 4a, suggesting that thenodel may be
halide-substituted boryl ligands is the weakest in the series.justified for the four carbon-donor ligands studied here.
However, we note that for compounds 11, and 12, for However, we note that the variation in the population of the
which strongr back-bonding is expected and for which the Pt d; orbitals in the serie$3—16is very small, sor bonding
dihedral angles of 90maximize ther bonding, we find a  must also be rather weak. Can thenodel also explain the
stronger trans influence than would be expected from Pt % trans-influence order of the four carbon-donor ligands as it
values (Figure 2b). While this is unexpected, the most does for the boryl ligands? To answer this question, we
reasonable explanation is that the bonding leads to plotted both the percentage (Pt %) contribution of Pt to the
exceptionally short PtB separations, which, in turn, lead Pt=C o bonds against the PCl distances, shown in Figure
to strongelo donation than that expected on the basis of the

p/S ratio in thes bond (Figure ZC). Therefore, a two- (23) Manojlqv!ae-Muir, L. J.; Muir, K. WJnorg._Chim.Acta1974 10, 47.
(24) (a) Schilling, B. E. R.; Hoffmann, R.; Lichtenberger, D. L. Am.

. . '—
stronger trans influences than Bcat and its analogue, BECH

parar_‘ngter fit was expllored with a small amegatie Chem. Soc1979 101, 585. (b) Lichtenberger, D. L.; Renshaw, S.
coefficient for therr-bonding component. As can be seen in E_-:hBuléock, R-DMI._ Jl.RAm.h Chersn. KSocvlv993 1A15 T3276- (CC)

: ; : : - ichtenberger, D. L.; Renshaw, S. K.; Wong, A.; Tagge, C. D.
Figure 2d, this leads tol an excellent fit, with .the coefficient Organometallics1993 12, 3522. (d) Lichtenberger, . L.; Kellogg,
for thesr component being-0.18 compared with that of the G. E. Acc. Chem. Re€.987, 20, 379.
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Figure 4. (a) Plot of the populations of Ptarbitals (with respect to the

Pt—Cl axis) vs the PtCl distances. (b) Plot of the percentage contribution
of Pt in the PtC ¢ bond against the P{CI distances. (c) Plot of the
percentage contribution of Pt against the ratio of carbon p- to s-orbital
population in the PtC ¢ bond.

4b, and the percentage (Pt %) contributions against the

carbon p/s population ratios, shown in Figure 4c. Good
correlations are found in both cases, suggesting thatthe
model developed for the boryl ligands is also applicable to
the carbon-donor ligands. In the ethyl compléansPt-
(CH,CH3)CI(PMe&3), (13), the Pt-bonded carbon is formally
sp*-hybridized, while in the acetylide completxans-Pt(G=
CH)CI(PMe). (16), the Pt-bonded carbon is formally sp-
hybridized. In13, the Pt-bonded carbon uses a hybrid orbital
having more p and less s character for-Btbonding. As a

result, the hybrid orbital used is more electron-releasing and
exerts a greater trans influence. Again, the more p and less

s character in the P{C bond, the longer the bond, so the
ethyl complex has the longest-RE bond but the strongest

trans influence among the four complexes with carbon-donor ()

ligands.
Trans Influence of SiCl;, SiMe;, SnCl;, and SnMes.
Because compounds containing#i or Pt-Sn bonds are

frequently found as intermediates in transition-metal-medi-
ated organic synthest8the trans influence of Sig|SiMe;,
SnC, and SnMewas also investigated. Figure 3 shows the
optimized structures calculated for complexes-20. On

the basis of the PtClI distances, we find the following order
of the trans influence: SiMe> SnMe > SiCl; > SnCk.
The Me subsitituents have a profound effect on the trans
influence of the ligands. Sn and Si have similar electro-
negativities and electron affinitis.The PtSi bond dis-
tances are much shorter (by ca. 0.25 A) than theSPtones.
Therefore, SiG (or SiMe;) exerts a stronger trans influence
than SnCJ (or SnMe).

Conclusion

The trans influence of boryl ligands, together with other
ligands commonly believed to have a strong trans influence,
has been investigated, theoretically, via DFT calculations on
a series of square-planar platiumn(ll) complexes. The fol-
lowing order of trans influence has been obtainetBMe;

1
> —SiMe; > —BH; > —SnMe; ~ —BNHCH,CH,NH >

—Bpin > —BOCH,CH,0 > —BOCH=CHO ~ —Bcat ~
—BCl, ~ —BBr; ~ _Sng > —CH,CH3; > —CH=CH, >
—H ~ —Me > —CgHs > —SiCl; > —SnC} > —C=CH.

The boryl ligands are among the strongest trans-influence
ligands. On the basis of NBO analyses; mmodel emphasiz-
ing the Pt+-B o-bonding interaction for the platinum boryl
complexes has been proposed to explain the order of the
trans influence of the boryl ligands. A boryl ligand having
a greatep-donating ability uses a hybrid orbital having more
p character to form the bond with Pt. Substituents on the
boryl ligands tune the hybrid used for the-f& ¢ bonding
and therefore affect the ligand’s trans influence.

Our NBO analyses show that thamodel is also applicable
to carbon-donor ligands, such asCH,CH;, —CH=CH,,
—CgHs, and—C=CH. The previously proposed model?3
which emphasizes the P€ z-back-bonding interaction,
would only explain the order of the trans influence if one
assumes that the acetylide ligand is a gaatceptor, which
is known not to be the case. Indeed, for the series of four
hydrocarbon ligands above, thranodel suffices without the
need for significantr correction.

(25) For example, see: (a) Marciniec, B.; Gulinski, J.; Urbaniak, W.;
Kornetka, Z. W. Comprehensie Handbook on Hydrosilylatign
Pergamon Press: Oxford, U.K., 1992. (b) Ojima, |Time Chemistry

of Organic Silicon Compound#®atai, S., Rappoport, Z., Eds.; John
Wiley & Sons: New York, 1989; pp 14791526. (c) Lewis, L. N,;
Stein, J.; Gao, Y.; Colborn, R. E.; Hutchins, Blatinum Met. Re.
1997, 41, 66. (d) Noll, W. Chemistry and Technology of Silicones
Academic Press: New York, 1968. (e) Auburn, M. J.; Stobart, S. R.
Inorg. Chem1985 24, 317. (f) Auburn, M. J.; Holmes-Smith, R. D.;
Stobart, S. RJ. Am. Chem. Sod 984 106, 1314. (g) Han, L. B;
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