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ABBREVIATIONS
M metal
X amonmc ligand
LorZ will be used throughout to indicate the ligand whose frgns-influence is being studied
A will denote the *indicator” ligand which is being used to determine the frans-influence of
LorZ
R alkyl group
Ar aryl group
Cp cyclopentadienyl, CsHg™
Cy cyclohexyl, C¢Hig
en ethylenediamine, NH,CH;CH,;NH,
Py pyridine, CcHzN
bipy 2,2 -bipyridyt, @@

N N

phen i, 10-phenanthroline, N ,N
O C O)
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acac acetylacetonate, CH3COCHCOCH ;™

BAL-H,; bis(acetylacetone)ethylenediimine

DMG dimethylglyovimate, CH3C(NO) ™ -C(NOH)CH3
COoD 1, 5-cyclooctadiene

diphos  Phy PCH,CH,PPh,

THF tetrahydrofuran, C4HgO

DMSO  dimethylsulfoside, (CH3), SO

™S tetramethylsiiane, (CH3)4S1

A INTRODUCTION

The *“rrans-influence” of a ligand in a metal complex was defined in 1966 by Pidcock
etal.l as the extent to which that ligand weakens the bond frans to itself 1n the equilibrium
state of that complex The term has gained wide (though not unamimous}) acceptance
among morganic chenusts since 1t conveniently and unambiguously distinguishes this bond-
weakenmg effect of a hgand from its rans-effect2, which s the effect of a coordinated
group A upon the rate of substitution reactions of the group opposite to A. The srans-
effect of a ligand thus describes a kinetic phenomenon and is a partial description of the
transition state in a substitution reaction: 1t may or may not be related to its rrans-influence
in the equilibrium state of a complex.

In all of the following discussion, the two terms “zrans-effect” and *‘trarns-influence”
are used carefully to distinguish between these kinetic and thermodynamic concepts.

This review attempts to describe the growth 1n our understanding of the rrans-influence
that has occurred since the review of the srans-effect by Basolo and Pearson? in 1962,
with particular emphasis on the period since the distinction between the frans-influence
and the trans-effect was made 1in 1966 No attempt has been made to provide a complete-
ly comprehensive coverage of all papers where the frans-influence has been mentioned, but
it is hoped that all papers which have made a major contribution to our understanding of
1t have been included

B. THEORY OF THE trans-INFLUENCE
{1} Early theories

The earliest theory of the zrans-influence was the “polanzation theory” 3. The dipole
induced mn L by the metal M in turn induces a dipole in M, which tends to repel negative
charge in the srans-ligand, A, weakening the M—A bond but not greatly affecting ligands
cis to L (Fig. 1). The mamn disadvantage of this theory 1s that 1t is essentially an electro-
static one, while metals for which the trans-influence appears to be most pronounced
(e g- Pt!l) are those which form metal—ligand bonds with a high degree of covalency.

An explanation of the mrans-influence in terms of hybridization of the metal was given
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SIOIS,

Mg 1. Grinberg’s polanization theory.

Fig 2 Syrkin’s § = d hybnd orbitals.

by Syrkin?. In a square planar complex a metal ion 1s considered to use 5dy2_,26s6p,p,,
hybnd orbitals (Fig. 2). If a hgand L forms a strong covalent bond with the metal, the ~
hybrid orbital used by the metal in this bond will tend to contain a higher proportion of
metal 5d and 6s orbitals and less 6p since the orbital energies are 5d == 6s < 6p. Since L
and the ligand frans to 1t, A, must both share the same s + d hybnd orbitals, additional d
and s participation in the M—L bond will result in decreased availability of these orbitals
for bonding by A, which results in a weaker M—A bond. The ligands cis to L use an inde-
pendent s—d hybrid orbital and would be affected to a lesser extent. Syrkin predicted a
slight strengthening of the bonds to the cis atoms. The theory can be extended to octa-

hedral complexes.
(11} n-Bonding and the trans-influence

During the 1950’s and early 60’s emphasis was given to metal—ligand n-back-bonding
in discussing the behavior of metal complexes, especially when ligands such as phosphines
were present which contam ligand orbitals of appropriate symmetry for overlap with
filled metal d,-orbitals. The stability of complexes of such ligands with *“‘soft” metals
(e.g. platinum and gold) was largely ascribed to m-back-bonding?. The abihty of a higand
to withdraw electrons from the metal was recognized as possibly being important in
stabilizing a transition state relative to the ground state in a substitution reaction 2,6,7 In
agreement with this hypothesis, ligands such as ethylene and CO, which were known to
depend on 7-back-bonding from a metal, had high rrans-effects, and the high rrans-effects
of many other ligands, including phosphines, were ascribed to their a-bonding capacity. It
was later recognized that this explanation could not hold for a few anions with very high
trans-effects8 such as H™ and CH; ™, which were not w-acceptors.

It was observed that a metal—phosphine bond was less stable trans to another phosphine
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than when frans to a hahde. For example, the enthalpies of the isomers cis-PtX;(PR3)

(X = halogen) were greater than the enthalpies of the frans-isomers® and L7(195P1—31p)
was much smaller for the trans than the cis 1somer 10 11 However, this was not considered
as an example of a general rrans bond-weakening effect of phosphines, which might be
linked with their high rrans-effect. An explanation was given in terms of competition by
the phosphine ligands for available d-electrons. In the frans complexes the two phosphine
ligands had to share the same metal d_-orbital so that the Pt—P bonds were weakened In
the cus isomer the two phosphines did not compete for the same metal d_-orbital and since
metal—halogen bonds were not considered to have a high 7- component, more Pt—P n-back-
bonding could occur, giving stronger M—P bonds.

Pidcock et al.! pointed out that the Pt—P bond strengths could equally well, or better,
be explained in terms of phosphines having a strong o-inductive effect (i.e. high trans-
influence which does not depend on extensive Pt—P m-back-bonding). Phosphines would
thus resemble® H~. Although m-back-donation would be expected to be less important for
PtlV complexes than for Ptll, the ratio J(Pt—P) (cts isomer)/J(Pt--P) (trans isomer) 1s very sirr
ilar for the complexes PtCl,(PR3), and PtCl4(PR3),. X-ray structural determinations and
NMR studies (discussed below) have since shown that phosphines do weaken bonds zrans
to themselves, rrespective of whether the frans ligand has a n-bonding capacity, and con-
versely that M—P bonds are, in turn, weakened when the phosphine itself is trans to a
higand of high frans-influence with no n-bonding capacity.

For some ligands (e.g. CO, olefins, which use synergic o—v bonding to metals) the
metal—ligand o-bond, and thus the frans-influence of the ligand would be expected to de-
pend on the availability of metal d_-electrons for m-back-donation. However, 1t is now clear
that metal—ligand m-back-bonding 1s less important in many metal complexes than was
once thought.

(1) Recent discussions of the theory of the trans-influence

Recent theoretical treatments of the bonding in metal complexes have emphasized the
maximizing of metal—ligand orbital overlap.

A calculation 12 on hybrid orbitals composed of 3s, 3p,, 3p 3d,2 —y? and 3a'
square planar complexes showed that overlap with higand orbltals was determined mamly
bys, p, andd,2_,2 orbitals (d“ making little contribution). When up was moderately high
(u = effective metal atomic charge, p = internuclear distance) the contribution to total
overlap was in the order p, > s>d,2_,2. In this hypothetical situation, if a ligand L
formed very strong covalent bonds at an optimum value of up which was moderately high,
the M—L bond would contain a high proportion of p, and the bond to the frans ligand A,
less p,,. If optimum M—L bonding occurred at low pp, M—L s-character would increase and
M—A s-character would decrease

Clearly, these results cannot easily be extrapolated to a metal 10n such as Pt!l which has
5dy2_ 2, 6s and 6p hybnd orbitals. Langford and Gray 13 emphasize the directional charac-
ter of the metal p, orbitals. They examined theoretically a trigonal bipyramidal transition
staig, and ascribed the high zrans-effects of ligands such as PR3, CH3™, and H™ to unusu-
ally large overlap between these ligands and the Pt 6p; orbital, reducing its availability to
the trans ligand.
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Mason and coworkers 1415 consider that a ligand L will have a high rrans-influence when
the value of S2/AF is large, where S is the overlap integral between the ligand orbital and
the appropriate metal p, orbital, and AFE is the absolute energy separation between these
mteracting orbitals Since they predicted relatively high trans-influences for ligands with
good m-acceptor properties, e.g. CO and R,C=CR,, which were found to have low rrans-
influences, they postulated that the o-inductive effect was partially canceled by the
metal—ligand charge drift associated with the m-back-donation They considered that excess
charge on the metal may be partially dissipated, by participation of metal s and < orbitals,
isotropically through the complex giving rise to a cis-influence which would be relatively
unimportant. An ordering of zrans-influence of ligands from relative Pt—Cl bond lengths 1n
square planar Pt!l complexes and a somewhat less satisfactory ordering for octahedral d,,
metal complexes supported these conclusions. The conclusion that Pt 6p, character in-
creased 1in the M—L bond 1s the reverse of Syrkin’s theory.

The most detailed calculation on the rrans-influence in platinum(iI) complexes was
performed by Zumdahl and Drago 16 who carried out molecular orbital calculations on
the series trans-PtCl, (LY(NH3), where L = H,0, NH;3, C17, H,S, PH3, H™, and CH;3 ™.
Their main conclusions were: (1) the Pt—N bond #rans to L becomes progressively weaker
as L changes in the above order from H,0O to CH3 ™, paralleling the frans-effect order;

(i) the Pt-—-Cl bonds cis to L also weaken 1n this order to an extent only slightly less than
weakening of the Pt—N bond trans to L (i.e., the cris-influence 1s almost as great as the
trans-influence); (177) weakening of the bond #rans to L is due primarily to weakening of
Pt(6s)—N and Pt{d,2 __yz)—N interaction, not to decreased availability of Pt(6p,) (as with
Syrkin’s theory); (zv) metal—phosphine m-bonding 1s unimportant when L = PHy; (v)
ligands, L, which have high frans-effects stabilize a trigonal bipyrarmidal transition state by
overlapping strongly with the Pt(6p,) orbital which is shared with the potential leaving
group (a possible exception is CH; ™).

Conclusion (71), that the cis-influence was comparable to the trans-influence, was unex-
pected, since most previous discussions had stressed the stereospecific nature of the zrans-
mfluence. Zumdahl and Drago cited a number of physical observations, chiefly infrared
spectroscopic data for cts and frans 1somers, which supported this conclusion, but the bulk
of the expenimental data presented in this review indicate that the rrans-influence of a
ligand is, in fact, much greater than its cis-influence.

In summary, the concept of metal rehybridization induced by a ligand, L, forming
strong covalent bonds with the metal seems to be well established. Theoretical treatments
have, however, given no general agreement on the particular type of metal orbital which
tends to concentrate in the M—L bond at the expense of the M—A bond trens to it. Vibra-
tional stretching frequencies show the existence of the frans-influence, but provide few
clues as to the details of orbital rearrangements behind it. A beginning has been made in
deducing metal hybridization from X-ray bond lengths!7 (see discussion later). If this
mnterpretation and the explanation of NMR spin—spin coupling constants in terms of
Fermi contact (discussed later) are correct, however, the M—L bond gains s-character at
the expense of the trans-M—A bond when L has a high frans-influence.
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C. EXPERIMENTAL OBSLCRVATIONS OF THE trans-INFLUENCE

In the following pages the results which have been obtamned through the use of X-ray
crystallography. vibrational spectroscopy, nuclear magnetic resonance, nuclear quadrupole
resonance and photoelectron spectroscopy will be discussed in turn. Correlations and dif-
ferences between the trans-influence series obtained by these different techniques will
then be discussed.

{1} X-ray crystallographty

If a bond M—A trans to a ligand L is “unusually long™ compared with the sum of the
covalent radii, or with “normal’ bond lengths found in other crystal structures, a high
trans-influence 1s usually ascribed to the ligand L (on the other hand, “unusually short”
M—A bond distances have often been ascribed to M—A multiple bonding !8).

Mason and Randaccio!7, however, have pointed out the inadequacy of using a fixed
“hard-sphere™ metal covalent radius for different types of ligands. Rather, the metal cova-
lent radius vanes according to the particular metal hybridization which provides maximum
metal—ligand overlap. They concluded that, 1n general, for the metals considered, metal—
phosphorus bonds require more metal s-character for maximum overlap than metal—
chlorine bonds.

Some other factors that should be taken into account are.

{z) Differences in lengths of a2 bond M—A caused by variation of a frans-hgand L are
small and often of the same order as the experimental error in bond length determination.

(1) Intermolecular interactions in crystals can appreciably affect bond lengths Signi-
ficant vanations can occur in different crystal structures of the same compound 19-20 and
by changing the counter-ion 20. Bonds which are chemically equivalent in solution but
which are crystallographically distinct (1.€., not related by symmetry in crystal lattice)
often show significant differences in length 21-22,

(1i1) Intramolecular steric effects can substantially affect bond lengths, for example, in
the ion OsNClsz", the Os—Cl bond frans to the nitrido 10n 18 significantly longer than the
cis Os—Cl bond lengths 23,

() Many of the earlier X-ray method structural determinations were two-dunensional
only and were not sufficiently refined to provide rehiable bond length data.

Some of the conclusions reached from earlier determinations have been shown to be in-
correct by the more accurate apparatus and techniques employed today. For example, the
initial determination2* of the structure of [Co(NH;3)5Cl]Cl, showad a significantly short-
er Co—N bond rrans to Cl compared with the bonds trans to NH;, but a more accurate
determination 25 showed that this was not so. Many other earlier results, such as the bond
length of 2.7 A reported 26 for Pt—Br trans to NH; in K[PtBry(NH;)] -H,O have also
been called into question 21,

One important crystal structure with an interesting history is that of Zeise’s salt,
K[PtCl3(C;H,)] « HyO. From earlier two-dimensional structural determinations?7 it was
concluded that the Pt—Cl bond trans to ethylene was significantly longer than the other
two Pt—Cl bonds. A redetermination of the structure 2! showed that, after allowing for
thermal moticn, this bond no longer differed significantly from one of the ¢is bonds.
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A more recent redetermination using a different space group 28 suggests that a significant
difference does exist between cis and frans Pt—Cl bond lengths (2.305 and 2.327 A res-
pectively).

Despite the substantial agreement between some independent determinations on the
same compound carried out nearly simultaneously (e.g., for the black form of [Co(NO)-
(NH;3)51Cl, (ref. 29), trans-PdCl,(DMSO), (ref. 30) and cis-FeH, { P(OEt),Ph}, (ref. 3 1))
the crystal quality, and the details of data collection and refinement used by different
workers can affect details of the structure.

Crystal structure determinations which tend to provide the least ambiguous information
on the relative rrans-influences of ligands L and L’ are those on complexes of the type cis-
MA,LLL', which provide two different M—A bond lengths. Results from a number of such

»

siudies are listed in Table 1. Structural determinations of isomeric pairs, e.g., ¢is- and
trans-MA,L,, allow comparisons of the trans-influences of A and L. Similarly, deterinina-
tions of very closely related complexes such as trans-MLAX,, where L is changed, provide
a quantitative comparison of the rrans-influences of L. These results are listed in Table 2
together with some 1solated crystal structures showing “unusually long” bond lengths.

By comparing Pt —Cl bond lengths in a2 number of Pt complexes, Mason et al. 15 have
placed a number of ligands in order of their structural trans-influence, R3S1~ > H™ >
R3P > H,C=CH,, CI~ > O(acac). This order was correlated with ligand electronegativities
and calculated overlap between ligand and Pt(6p,). Since many Pt!!—Cl bond lengths are
available for comparison, this ordering is probably valid, though it would be preferable 1f
the compounds considered were structuraily analogous, e.g, all of the type rrans-PtClL-
(PR3),. From the results in Tables 1 and 2 the series can be extended somewhat to give
an order of structural frans-influence. R3Si™ =~ 0-C >~ H™ > carbenes ~ PR3 = AsR; >
CO = RNC == C=C == C1~ = NHj3 > O(acac). It 1s clear from Tables 1 and 2 that the structural
trans-influence is by no means limited to square planar complexes of Ptll. Significant ef-
fects have bzen observed in square planar Rhl I, PAIL Null and Aull complexes, octa-
hedral Fel’, Crlll, Relll, OslI, OsI, RhI!!, Iy, and PtIV complexes and square pyramidal
Il cormplexes. Many other metals will probably be included when the necessary structural
data have been obtained. Until there is definite evidence to the contrary, it is dangerous
to assvme that the rrans-influence is completely absent in metal complexes39.

Mason and Tow! 14 have attempted to determine orders of structural rans-influence for
PV, 11II RhI and Colll, but their ground 1s much less firm here than with Ptll. They
propose that the relative lengthening of a given metal ligand (A) bond, expressed as a frac-
tion of the value of the bond length when the zrans ligand is A itself (or if this is not known,
as a fraction of the sum of the covalent radii) is a measure of the rrans-influencing ability
of the rrans-ligand L. It is difficult to see why this should provide a valid criterion, since
if A has a high srans-influence itself, the M—A bond mrans to A would be expected to be
longer than M—A frans to a ligand of low trans-influence; such as C1~ (e.g., Pi—P distances
(refs. 18, 70) in cis- and frans-PtCl,(PR3),). The problem is dlustrated by the structure 90 of
K3 [(HC,F4)Co(CN)s]. The Co—CN bond trans to HC,F, ™, 1.927(14) A is slightly
longer than that trans to CN—, 1.894(14) A. This enables one to decide that —C,F4H™
has a high rrans-influence comparable to or slightly greater than cyanide. But since the
trans-influence of the cyanide ion for Co'™ relative to other ligands is not known from
other crystal structures, it does not allow one to place —C,F4H™ relative to ligands such as
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other o-C bonded groups. Another difficulty is that different ““‘indicator” groups might
have different sensitivities towards the structural rrans-influence. In a metal carbonyl bond,
the effect of synergic o—m bonding on the M—CO bond length could well outweigh changes
induced by variation of the rrans-influence of the ligand frans to CO. H is consequently
difficult to interpret a result such as the observation of essentially equivalent Mn—CO

bond lengths 1n HMn(CO)s, and small variations in vy _q in related complexes%02. Frenz
and Ibers?%2 have suggested that in these complexes CO has a slightly higher frans-influence
than H™.

It thus appears premature to attempt a fine grading of ligands until more structural data
are available; in particular, rather extensive series of M—Cl bond lengths frans to different
ligands. For all of the metals studied it appears quite clear that o-alkyl groups have a high
structural frans-influence; and that halides and nitrogen donors have low frans-influences.

An exception to this rule appears to be the o-C bonded B-diketonate ligands, in PtV
complexes both in monomeric442 and dimeric44b:¢ complexes, since Pt—CHj; bond lengths
trans to these ligands are not significantly different from Pt—CH4 bond lengths frans to
N- or O-donors. This contrasts with the apparent high frans-influence 9 of the C-bonded
acetylacetonate in “[Pt(acac),Cl] ™ ™.

A rather unexpected result !4 was obtained from the crystal structure of the complex
RhCl,(py), [ P(o-tolyl),(0-CgHy-CH5)]. The Rh—N distance frans to P is not significantly
different from that srans to Cl, which suggests that the phosphine has a low structural
trans-influence for Rh1%. (Arsines, which in Pt!l complexes have a trans-influence slightly
less than phosphines37-38  appear to have a moderately high zrens-influence 56 for RhilL.)
More data on the structural frans-influence of phosphines for Rhl would be helpful.

For Colli, Ci~, NH;. N3 ™, and NO, ™ all appear25.62.63 {0 have similar low structural
rrans-influences, with peroxide showing a slight #rens bond-weakening effect®5. NO~ ap-
pears to have a high structural frans-influence 2%:85 for Col!t, and from the structures of
vitamin B, denvatives and analogues !4:29-31 | the methyl group and other ¢-C bonded
groups have a hugh frans-influence in complexes of this type.

Results on P! complexes’8 suggest that phosphines have a high structural trans-
influence comparable to that in Pt!l complexes. The complex45 Pt(CS,){PPh;), provides
an example of an apparent structural trans-influence in a formally Pt0 complex. The
Pt-P bond “trans’ to the carbon atom is significantly longer than that “frens™ to S. The
authors suggest that this is due to more efficient overlap of metal d with carbon p_ orbi-
tals than with sulfur p_ orbital, giving nise to less Pt—P m-bonding in the bond trans to C.

The crystal structure®8 of GaCly(terpy) apparently indicates a significantly higher
trans-influence for CI™ than for terpy-N, the first observed for a main group metal ion. it
1s, however, unfortunate that steric effects cause a considerable difference in the two
Ga—Cl bond lengths ¢is to terpy, leaving the possibility open that part, at least, of the dif-
ference between Ga—Cl bond lengths czs and frans to terpy may also be steric in origin.

While X-ray structural data have been extremely useful in providing many examples
of the structural rrans-influence, reliable quantitative comparisons between ligands will
only be possible as crystaliographers systematically determine the structures of closely
related compounds. Some series which could be profitably extended are {Co(L)(NH3)5]™*,
trans-PtCL(L)(PR3), and [CI(L)PtCI,Pt(L)Cl]. Since it 1s synthetically possible to prepare
many analogous complexes of Nill, Pdll and Ptll, systematic comparisons of the structural
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trans-influence for this triad should also be possible.
(1) Metal—ligand stretching vibrations

The assumption is usually made that a decrease in the force constant for an M—A stretch-
ing vibration indicates a weakening of the M—A bond. For most complexes that have been
examined by vibrational spectroscopy, force constants are not available and stretching
frequencies are used instead, 1t being considered that a lower M—A stretching frequency
corresponds to a weaker bond Even where force constants have been calculated, the phys-
ical significance of the results has been questioned for all but the simplest molecules?2.
One difficulty which occurs when the relative trans-influences of donor atoms of very dif-
ferent masses are examined (e.g., C1". Br™. I, PR3, AsR3, SbR3), arises from the possi-
bility of a mass effect on the “indicator” frequency of the vyy_ , vibration. As the mass of
other ligands L attached to M increases, the “effective mass™ of an —ML,, unit will in-
crease, which will tend to reduce vy, even 1f the M—A force constant does not change.
This is occasionally considered a possible source of some “cis-influences” 93 and “srans-
influences 94 but 1s often ignored. Interpretation of M—A stretching frequencies 1s also
complicated by the possibility of vibrational coupling between vy;_ , and other molecular
vibrations. From the normal coordinate analysis of PtCl;(NHj3),, Nakamato et al.95 sug-
gested that almost no coupling exists between vartous vibrational modes i this complex.
Most authors consider that vibrational coupling can be 1gnored provided that the frequen-
Cy Vpq_ A is well separated from that of other vibrational modes that are likely to couple,
especially when M is a heavy metal like plai.,um?6. An example of vibrational coupling
where this condition 1s not met is provided by vy,_; when the hydride 1s rrans to CO
(refs. 97, 98), RNC (ref. 97) and CN™ (ref 99)

Another problem arises from lattice effects on vibrational modes when the spectra are
obtained from solid samples. The spectra may then contain bands which are not observed
for solutions 100, and additionally solid state effects sometimes cause band splittings 101,
On the other hand, close agreement 1s often found between spectra measured for sohids
and in solution94 102 n jonic complexes the counter-io. can also have an effect on the

metal—hgand stretching frequency 20103

(a) Metal-halogen stretchung frequencies
Platimun(Il) complexes. Complexes of platinum(1I) and platinum(IV) have been more
thoroughly studied by vibrational spectroscopy, or indeed any other technique, than those
of any other metal, at least as far as examination of trans-influences 1s concerned The
largest group of platinum compounds studied are halide derivatives, in which variations of
vp;_x (where X = Cl or Br) with changes in the ligand, L, rrans to X are interpreted n
terms of the zrans-influence of L. The assignment of Pt—I stretching frequencies often
tends to be difficult 92 and these frequencies do not clearly show the same trends 104 as
vpt_gg and vp, g . Complexes of the type trans-PtL,X,, where X = Cl or Br,
give 9495, 105-107 gnly a single Pt—X stretching band in the far infrared region, whose
frequency 1s virtually independent of L (ca. 340 cm~! for X = Cl and ca. 250 cm~! when
X = Br) except for L = NH; (331 em—! for X = Cl and 227 cm—! for X = Br). These low
values for amine complexes have been attributed 105 to intermolecular hydrogen bonding.
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TABLE 3

Platinum—chloride stretching frequencies cm—! ) and the rrans-influence @

A Complexes? of the type trans-PtXClL,
CO (344) (ref. 97) < #~BuNC (341) (ref 97) < Cl™ (340) (ref. 105) < Py (337) (ref. 114) < p-
MeOCgH4aNC (335) (zef. 97) < P(OPh)3 (316) (ref 97) = P(OMe); (316) (ref. 97} <L SnCls ~
(315, PPh3 complex) (ref 112) < CgF5 ™ (310) (refs. 115, 116) < AsPhj3 (306) (ref. 114) < PPh3
(298) (1ef. 114) ~ SnPh3~ (298, PPh3 compler) (ref 112) < PEt3 (295) (ref. 97) < PbPhz ™
(286, PPha complex) (ref. 112) < SnMes~ (278, PPhs complev) (ref 113) < CHz™ (274) (ref.
105) =~ SiCl3~ (274*) (rvef. 110) = S1(CgF35)3~ (276*) (ref. 110) < SnEtz~ (272%) (ref. 110)
< CgHs ™ (270) (ref. 105) < H™ (269) (ref. 105) < GePh3 ™~ (263*) (ref. 110) < S1(p-CsHsCF3)3~
(258%) (ref 110) =~ S1(m-CeHaCF3)3 ™ (258%) (ref 110) < S1(p-CgHaMe)z ™ (256*) (ref. 110)
=~ Si1(p-CeHaF)3 ™ (256%) (ref. 110) =~ S1(m-CoH4Cl)3 ™ (256%) (ref. 110) < S1(m-CsHaMe)a ™
(255%) (ref 110) < Si(p-CgHaCD3 ™ (253*%) (ref 110) < S1(m-CgHaF)3 ™ (250%) (ref 110) <
GeMe,Ph™ (248%) (ref. 110) < SiMe,Ph (242%) (ref. 110) < SiPhz™ (239%) (ref. 110) =
SH{p-CeHaOMe)3 ™ (239*) (ref. 110) ~ S1{(p-CgHaNMe, )3~ (239%) (ref. 110) < SiMez™ (238)
(ref. 111) < GeMe3z ™ (235) (ref. 111)

B Complexes of the type cis-PtCl3 L5 (mean frequencies)
Phen (347) (ref. 117) < bipy (345) (ref 121) < py (336) (ref. 105, 118) = SMe; (336) (ref. 107)
< COD (327) {ref. 105) < en (325) (ref. 119) ~ SeEt, (325) (zef. 105) < SEty (324) (ref 105)
< NHj (321) (ref. 95) < NH>CH,;CH>CH,NH, (318) (ref. 124) < PhoPC=CPPh, (315) (ref 122)
< PhaASCH3CHg AsPhy (313) {ref 117) < PPhy (305) (ref 117) ~ Ph, PCH,CH,PPh, (305)
(xef 117) < AsMes (303) (refs. 92, 120) ~ SeMes (303) (zef. 107) ~ SbMe3 (303) (ref. 120)
< AsEts (301) (ref. 103) < AsPrii3 (298) (ref 105) < SbPrfl3 (296) (ref. 105) < PEt3 (294) (refs.
106, 107, 115) < TeMey (293) (ref. 107) = TePr'3 (293) (ref. 105) € TeEt; (292) (ref. 105) ~
PPr7l5 (292) (ref 105) < PMe3 (290) (vefs 94, 120)

C Complexes of the type [PtCI3L] (ref. 127} :
CO (322) < SMe; (310) € C2Hg (309) < SEt; (307) < AsEt3 (280) < PPhs (279) < PMe3 (275)
< AsMes (272) < PEtz (271) < PPr't3 (270)

D. Complexes of the type ProXaLa € (frefs 102, 104)
Cl~™ < CO < TeEt; < TePr'; ~ p-toluidine ~ C3Hg < CaHg € PClz <€ PEt3 ~ PPy ~
PPhs ~ PMes ~ AsPri’; ~ AsEty ~ AsMe3 ~ P(OEt);

2 Trans-influence 1s the reverse order of vpy_ (g frequencies
b, = PEt3 except where denoted by an asterisk when L = PMeaPh.
€ The order shown 1s that of decreasmg vp_(], as well as vpy_ gy where available.

Thus, any cis-influence of L on yp;_x 1s small.

As shown in Table 3A, vp, (] stretching frequencies in the complexes rrans-PtXCIL,
indicate 105,108,109 that X =H™, CH3~ or CgHs™ has a high #rans-influence; this 1s also
true for cases where R contains a Group IV metalloid, so that groups such as SiMe3™
have rrans-influences 110-113 hjpher than H™ or CH3 ™. The values of vp,  1n a series of
complexes rrans- {PtClL(PEt2)2}+CIO4‘, where L is a neutral ligand, have been determined
by infrared %7 and Raman 14 spectroscopy. Since vpi_cy in trans-[PtC1(PEt3);]ClO,4
(295 cm—1)®7 is comparable to that}15 in cis-PtCI(CgH5)(PEt3); (290 cm~1) and cis-
PtCl(C¢F5)(PEt3), (302 cm—1) 115,116 1t appears that data for cationic and neutral Ptll
complexes can be integrated, hence giving the frans-mfluence series shown in Table 3A.

It will be noted that the magnitudes of the changes in vp,_(, are greater at the high trans-
influence end of the series. Also, note that the low value 1o of vp,_cy in rrans-PtC1(SiPh;3)-
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(PMe,Ph), (239 cm—1) appears anomalous by comparison with other aryl—silyl complexes,
although within the silyl—platinum series there 1s a general trend for the #rans-influence to
decrease as the electronegativity of the silyl substituent increases. However, electronegati-
vity alone does not determine the frans-influence of MX;™, since the srans-influence order
is SiX3™ > GeX3™ > SnX3™, which 1s not the order which would be predicted from elec-
tronegativities 110,

Complexes of the type cis-PtCl,L, show 105 two Pt—Cl stretching absorptions corre-
sponding to the asymmetric (lugher frequency) and the symmetric (lower frequency)
stretching modes. These frequencies, and hence presumably the metal—chlorine bond
strengths, are very dependent on the nature of L, as seen in Table 3B, and thus a trans-
influence series 1s obtained. There is some disagreement about the assignment of vp,
in the complex PtCl,en. Boschi et al. 119 assign the Pt—Cl stretching modes to bands at
334 and 315 cm— 1!, while Watt and Cuddeback!7 assign them to bands 2t 311 and 290
cm~ L. The higher-frequency assignments seem more compatible with that expected for a
nitrogen donor and are in agreement with the vp,_¢; frequencies observed 123 for the close-
ly related complexes PtCl,(substituted trimethylenediamine) (e.g.. 325 and 312 cm™~!

Where frequencies for vp,_p, are available for the complexes cis-PtBry L, similar trends
are observed 92, 104,105, 119, i to the chlondes Again there are some disagreements over
assignments; Adams et al. 105 and Clark and Williams 125 assigned vp,_p, 1n ¢is-PtBr,(py),
to the bands at 219 and 211 cm—!, compared with 251 cm~! in the srans 1somer. How-
ever, Durig et al. 118 showed that the spectrum near 250 cm—1 was complicated by the
presence of a Pt—N stretching band, and by using the deuterated pyndine complex assigned
the Pt—Br stretching modes to bands at 252 and 235 cm~—!, thus removing an anomaly.

In considering this series, several possible complications should be noted. (i) inter-
molecular hydrogen bonding may affect vp,_ frequencies when L contams N—H bonds105
(though Durig et al. 126 consider this unimportant in related palladium complexes); (i)
vibrational coupling may affect the resulis where vp, ; has a frequency similar to that of
Upe_x» €8, Upr_ asMe, 15 thought to be of the same order®* as vp,_¢y; (i) with heavy
donor atoms such as Sb or Te, mass effects as well as actual changes in bond strength will
lower vp,_x. Note also that for the organosulfir and organoselenium complexes, the
results suggest an appreciable substituent effect; for the dimethyichalconide series, the
trans-influence order is S < Se < Te, which parallels the order of M—L bond strengths 107,
while for the diethyl series, the order is Se << S < Te. Adams et al. 105 noted that COD
had a low trens-influence despite its high rrans-effect.

For the ions PtCl; L™, three metal--chlorine stretching bands are expected, the asym-
metric and symmetric sfretching of the Pt—Cl bonds cis to L, and stretching of the Pt—Cl
bond rrans to L. However, the two vp,_cy{cis) bands are usually almost coincident and ex-
cept for L= CO (343 cin—!), their frequencies are insensitive to L (i e., usually 329
4 crn—1). The Vpr—Cl (trans) frequency varies with L as shown in Table 3C.

For Zeise’s salt, K[PtCl3(CoH,4 )] H,0, bands observed at 339, 331 and 310 cm~!
have been assigned to vp,_cy (cis)(asym), vp,_c; (cis)(sym) and vp,_c (trans) respectively 128,
The force constants of 1.82 and 1.78 for Pt—Cl (cis) and Pt—Cl (trans), respectively, ob-
tained from their normal coordinate analysis, suggest a slight frarns-bond weakening effect

by ethylene.
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Denning and Ware 129 studied the Raman (in aqueous solution) and sohd state infrared
spectra of the antons [PtCl3(NH3)] ™ and [PtCI;(CO)] ™. For the former, all the Pt—Cl
bands were degenerate at 325 cm™!; this places NHj at the low end of the frans-influence
order given 1n Table 3C. In rough agreement with Goodfellow et al. 127 [PtCi3(CO)] ™
gave vp,_ (cis) at 344 cm~1, and vp,_( (erans) at 318 cm™ 1. From the calculated force
constants, strengthening of the Pt—Cl (c5) bonds in [PtCl;(CO)] ™ relative to the same
bonds in the ammine complex is at least as important as weakening of the Pt-—Cl(trans)
bond by the frans-influence of CO. This cis-influence was attributed to an increased posi-
tive charge on platmum due to electron withdrawal from Pt d-orbitals to CO via #-bonding.
On the other hand, Goggin and co-workers92, from the Raman and infrared spectra of
[NPr, ] [PtX; L] (where X = CI~, Br~ or I~ and L = PMe;. AsMej, PEt; or AsEt;), ob-
tained experimental values for the ratio vp,_x (cis) (esym)fvp,_x (frans). Comparison with
values calculated on the basis of a very simple valence force field assuming both Pt—Cl
stretching force constants are identical, showed that the force constant for the Pt—Cl bond
trans to L was different from that for the Pt—Cl{czs) bond

Several workers92:94,100,102,104,130,131 }5ve examined the vibrational spectra of the
halogen-bridged dimers Pt,X4L,, which have a frens-structure I with the metal atoms and

L Xor , PR
LA LA
Xq Xpr L

bridging halides coplanar37. Assignments are based on those for the simple anions %6

M5 X - In general, three Pt—X bands are observed in the infrared spectra, the highest-
frequency band corresponding to stretching involving mamnly the termnal halogens,
Vpr_x(y- Lhe remaining two Pt—X bands are associated with Pt—Xy, stretching, the higher-
frequency one being almost insensitive to L, while the lower band varies widely as L 15
changed. These two bands are thus assigined to Pt—X,,; stretching involving the bridging
haiide trans to X, and rans to L respectively. For the ligands so far studied 102, 104
Ype_Cip varies from 330-368 cm~! although the value of 330 cm~! for p-toluidine
seems anomalously low, perhaps owing to N—H-+----Cl banding; if this case 1s ignored, the
range is small, only 347—368 em™ 1. vp, by frans to C1™ varies over the range
312331 em ™! and vp,_cy(pyy 7205 to L over the range 257—301 cm~!, and from the
latter the frans-influence senes shown in Table 3D is obtained. Where data are available,
this order is substantiated by Vpi—Br(bn)-

Adams and Chandler 104 noted that this ordenng was similar to that obtamned for cis-
PtX,1.,, except for the position of the tellurides for which the assignments are uncertain.
Goggin and co-workers 102 considered that mixing of Pt—Cl and Pt—L. modes could be
important, at least for L = AsMej, and cautioned against drawing too definite conclusions
from this ordering of ligands.

Palladium(II) complexes Palladrumil) complexes analogous to many of the platinum(II)
complexes discussed above have been examined: #rans-PdX, L, (refs. 92, 93, 106, 107,
115, 118), cis-PdX, L, (refs. 92, 94, 106, 107, 118, 120, 126), PdX; L (refs. 93, 127),
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Pd, X4 L, (refs 92,94, 100, 102, 104), and trans-[PdClL(PR3)2]+ (refs, 132, 133). In
general, the results are very similar to those obtained for the corresponding platinum com-
plexes; the rrans-influence orders of ligands are similar, and the magnitude of the effect on
Pd—X stretching frequencies is comparable, aithough occasionally the trends are less well
defined for palladium complexes104. This may be due to greater vibrational coupling
through the highter Pd atom

Nickel(lI) complexes. Various workers 106,115,134-137 haye examined the infrared spectra
of complexes zrans-NiX,L,. A single Ni—X stretching band s observed in the range 400—
410 cm—! for X =ClI™, and 310—340 cm~! for X = Br™. The only cis planar complexes
NiX, L, which have been examned are those of chelating phosphines Two Ni—Cl stretch-
ing bands are observed for NiCl,(diphos)!3# at 330 and 320 cm~1. These frequencies are
considerably lower than those obtained for the #7ans-complexes indicating that the trans-
influence of phosphines is much greater than that of CI™ for square planar nickel(I)
Sumilarly Ni—Br stretching bands occur at 264 and 250 cm—! in N1Bry(diphos).

Platinum/(IV) complexes Ruddick and Shaw 108:109 found that »(PtIV—Cl) was high when
trans to C1~ (e g, 332 cm~} 1n IT) but low rrans to a methyl or an acetyl group (e g., 242
and 265 cm~! in Iil, 244 cm~! in IVa, 243 cm—! 1n IVb).

Ccl Me
Me\]/PMezF‘h Me. | -PMeFh Me\F! /FMeZPh
P SN
<1 mMe” | > PMe,Ph
Me él PMe,Ph PMeoPh (In Ct e L 2
181 i v
(a) R=Meg

(b} R=COme

Iridium(III) complexes. Jenkins and Shaw !38 first noted that vy,_ ¢y in ridium(III) com-
plexes depended mainly on the ligand trans to C1™ and relatively little on the cs ligands.
This has been confirmed by subsequent work 101:139-142_ Frequency ranges are given in
Table 4 for those ligands for which a large number of complexes are available. Deeming
and Shaw 101 compared the infrared spectra of a series of complexes of stereochemistry
V with different R groups and the results are listed in Table 5 with the R groups listed in
order of increasing trans-influence.

PMe,Ph
rR_|_a
ll"\
co” ] et
PMezPh

Vv

Rhodium(IIT] complexes The mfrared trans-influence has been studied less extensively
for Rhi! than for Irlll. Data that are available suggest that vgy,_( is sensitive to changes in
the ligand zrans to C1~. For example, in the complex VI, vgy,_c (trans to CO) occurs 143
at 311 em™1, vgy o (trans to —COMe) at 230 cm~! and in VIL, vgy,_cy (frans to CO) at
307 cm~! and vgy,_c (rrans to —C4H;) is at 245 cm 1.



THE zrans-INFLUENCE: ITS MEASUREMENT AND SIGNIFICANCE 363

TABLE 4

Effect of trans lisands on uidium—chlorme stretching frequencies

Trans Trans

ligands v{ir—Ci) heands v{Ix—C1)
ci 303-335 CH3z ™~ 255-276
CcO 297-327 H™ 246-249
CcOD 290-305 COCH3 ™ 215-247
PR3 Qor ASR3 262#290

TABLE 5

Trans-nfluences of groups R from ir—-Cl stretching frequencies

»(Ir—C1) (cm™ ") p(Ir—Cpylem™)
R trans to K trans to CO
CH380,— 284 325
NCCH»— 280 309
PhSO,— 278 324
p-MeCgH150,— 276 327
MeQ,CCH2 — 274 312
CClz— 272 320
Ph — 271, 251 315
Me-- 260, 248 303
PhCO— 255,242 299
PhN; —~ 248 311
MeCO— 245 314
EtCO - 240 310
CHj
PMe,Ph Me__é AsMezPh
Meco._ | _-Ct ~ CQleh,Cl
co” th\m oc” | o
PMe,Pn AsMeoPh
Vi vil

Gold(I) complexes. Coates and Parkin 106 noted that v,,,_¢ in the complexes L—Au—Ci
decreased 1n the order PPhy (329 cm—1) > Me, S (324) > Me; As (317) > PEt; (312) =~
PMe; (311), which is then the order of increasing trans-influence, although the frequency
for v, _¢1 frans to PPhy seems anomalously high. The overall frequency range 1s small so
that the effect of the frans higand onv,,, () is less pronounced than for other metals it
should be noted that the results of Goggin and co-workers?2 for Me3PAuCl and Me3 AsAuCl
show a significant difference between solution and solid state values far v, in both the
infrared and Raman spectra (e.g., in the IR spectrum of the PMe3 complex, v 4,,_¢ for the
solid was assigned at 311 cm—! and for a dichloromethane solution at 328 cm—1) so that
these frequencies are also somewhat sensitive to the environment of the molecule. The val-
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ues of v, _p, Obtamed 106 for the complexes LAuBr also show some anomalies but when
a correction 92 is made for the assignment for v Au—Br in PMe3 AuBr, the order is similar to
that for v4,_cy (Goggin and co-workers?2 consider that there must be significant mixing
between vy, _p, and §(PC3)y,y, in the trimethylphosphine complex)

Gold(IIl} complexes. Coates and Parkin 106 3150 examined the infrared spectra of some
gold(IIT) complexes, LAuX;3. In pyAuCly 2 peak assigned to v, ¢, is observed at 365
cm~! with a shoulder at 357 cm~?, but for Et;PAuCl; bands are observed at 370, 301

and 296 (shoulder) cm—1. Clearly, the low-frequency band n the phosphine complex
corresponds predominantly to Au—Cl stretching involving the C1™ frans to PEt;. Analogous
results were obtaned for the bromide complexes (264 (sh) and 261 cm—! forv,,, g, in
pyAuBr,; 263 and 215 cm™! in Et;PAuBr3).

Liddle and Parkin 144, from the IR spectra of a number of aryl—gold (ItI) complexes,
found that v,,,_ frans to phenyl or substituted phenyl groups was very low. For exam-
ple, in [NBu”4]]PhAuCl;], the mutually frans C1~ ligands give bands at 365 and 332
(weak) cm!, while v, trans to phenyl occurs at 280 cm—!. Complexes ¢is-AuPhCl, L
give two Au—Cl stretching bands. For L = SPr”,, they occur at 328 cm~! (trans to SPr"5)
and 294 (zrans to —CgHgs) and for L = PMe,Ph at 310 (erans to PMe,Ph) and 286 cm— !
(trans to —CgHg).

Ruthenium(II) complexes Lupin and Shaw!#S found that vy, fell nto three ranges,
347—299 cm—! (trans to C17), 311—266 cm—! (zrans to CO) and 262—229 cm—!

(trans to PR3). For example, for the complex VIila, vy, _cy (#rans to CO) occurs at 288
cm~! and 229 cm~! (trans to PMe,Ph) For the AsMe,Ph analogue VIIIb vy, o (rans

L Y

1 .Cco it
/R|u\ /OIS\
L
Ct L L L Ci
VI IX

(a} L=PMe,Pn
(b) L=~AsMezPh

to AsMe,Ph) is at 270 cm—1 although Yru—_ci{trans to CO) is very sumilar {293 cm—1).
This suggests that arsines have lower frans influence for Rul! than phosphines.

Osruum(II) complexes In osmium(1I) complexes Chatt et al. 146 found that YOs—_Cl
(trans to C17) occurred in the range 290—313 cm—! and vos—cy (#rans to CO) in the range
277—305 cm—1. In the complexes IX, where L = PR3 and Y = CO, N,, RNC, PhNC, two
vgs.c) bands were observed The low-frequency band, 248—272 cm~1, corresponded
mainly t0 Vg, (#rans to PR3) and the higher-frequency band 278—307 cm~! mainly to
vos-c1 (trans to Y). By varying Y through a series of complexes IX and ordering the mean
Os—Cl stretching frequency, a trans-influence order for Y was obtained: PhNC, MeNC >
CO>N,.

It was noted 145 that the ranges of vgg_ frams to particular ligands were close to or
slightly lower (as expected from the mass effect) than the corresponding ranges of PRu—_Cl
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{b) Metal-hydride stretching frequencies
Platinum(IT) complexes Chatt et al. 147: 148 first noted that vp;_y in the complexes trans-
PtHX(PEt3), was very dependent on X, decreasing with increasing trans-effect of X. Sub-
sequent work has verified this finding for these 149 and analogous series of complexes
trans-PtHXL,, where L = PPh3 (refs 150—153), PPh,Me (ref. 154), PEt3 (ref. 155) and
AsEt3 (ref. 156). A corresponding dependence of vp, iy on L’ was found for the cationic
complexes rrans-PtH(L") L2+, where L = PEt3 (ref 97), PPhy (ref. 153), PMePh; (refs.
154, 157) and AsEt; (ref. 156). For the carboxylate complexes trans-PtH(O,CR)(PEt;),,
a linear relationship between Jp, g, Tyy» ¥py_yy> and pK, for RCO,H has been found 158,
The correlation between the various spectroscopic parameters will be discussed later. The
fact that vp;_p decreases as pK, increases implies a direct correlation between the o-
electron donation from RCO,™ to Pt and the rrans-influence of the carboxylate ligand.

Some caution is required in the detailed interpretation of vp,_ since this frequency
can be solvent-dependent 148.158.159 ' with the magnitude of the solvent effect depending
on the nature of the frans igand. Solid state effects may also influence the Pt—H stretch-
ing frequency. For example, the vp, iy region for solid frans-PtHCI(PPh3), 1s very com-
plex, and differences in vp,_j; led Bailar and Itatani 90 to believe that they had isolated
cis and trans isomers of this complex, when 1n fact they had crystal modifications of the
trans 1somer 161

Significant vibrational coupling can occur when hydride 1s trans to a ligand with a vibra-
tion close i frequency to vp,_p (~ 2000 cm—1), e.g, CN™ (ref. 99), CO (refs. 97, 167),
and RNC (ref 97). Such vibrational coupling can be detected by examining the ligand fre-
quency of the analogous deuteride complex. Since vp,_p has a frequency quite different
(" 1500 cm~—1!) from that of the ligand vibration, coupling is minimal and the ligand band
occurs at its “unperturbed” frequency. The vp, p frequency in the hydride may then be
“corrected” by assuming that the coupling is first order, i.e., the true value of vp,_p is ob-
tained by the addition of (v(ligand) deutennde complex-»(ligand) hydride complex) to the
observed value of vp, . From results for both cationic and neutral complexes and for com-
plexes with different phosphines (changing the phosphine has a relatively small effect on
vp_p) the trans-influence order shown in Table 6 is obtained.

Gavnilova et al. 153 reported values of vp,_y; for rrans-[PtH(CyH,)(PPh;3), | C1O, and
trans-[PtH(C3Hg )(PPh3), | Cl1O4 which would place ethylene and propene higher in the
trans-influence series than any of the ligands of Table 6. These values appear to be erro-
neous.

Attempts in this laboratory 163 to prepare [PtH(C,H,4)(PPh3),]1ClO, have been un-
successful because of the extremely rapid insertion of ethylene into the Pt—H bond, and
it seems likely that Gavrilova et al. actually examined Pt(C,Hg)(PPh3),(ClO,), which
would give similar analyses. (The NMR spectrum was not reported.) The band that they
observed may have been an overtone of a perchlorate mode. For the complex trarns-
[PtH(C,H,)(PMePh,), |PFg, which was definitely characterized, no clear assignment
of vp;_y could be made from the infrared spectrum as all bands in this region were
weak. but 7y and Jp,_; suggest a lower frans-influence for ethylene than isocyanides
(see later).
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TABLE 6
Metal-hydoide stretching frequencies (cm™!) as a measure of the #rans-influence

A For plannum({II} hydrides, wans-FtHXL, or trans-[PtHL'Lz ]"' a.b
Acetone (2275%) (ref. 157) < ClO4~ (2312%*) (ref. 153) < NO3~ (2242 hexane; 2267
CHCl3) (ref. 149) ~ CF3COz (2258 acetone) (ref. 158) < p-MeCgHsCOO>~ (2226 acetone,
2216 cyclohexane) (ref. 158) < NCO™ (2234 (ref. 162), 2200 CHCli; (ref. 149)) ~ NCS™
(2195 (ref. 162), 2210 CHCl; (rei. 149)) ~ N3~ (2199 CHCIs) (ref. 149) ~ CI™ (2183
hexane (ref. 147); 2209 CHCls (ref. 149)) ~ Br~ (2178 hexane (ref. 147), 2199 CHCI;3
(ref. 149)) =~ NH3 (2202, 2087*%) (ref 153) =~ py (2216 CHCl3) (ref 97) ~ NH>CHj;
(2195%%) (ref 153) < I (2156 hexane (ref. 147), 2175 CHCl3 (ref 149)) =~ SCN~ (2160
CHCl3) (ref. 149) < —S=C(NH;)}, (2150**) (ref 153) ~ —SCOMe™ (2140**) (ref 152)
~ NO; ™ (2150 hevane (ref, 147); 2165 CHCl3 (ref. 149)) < CO (2129 “corrected”™ CHCl3)
(ref. 97) = SbPh3 (2130**} (ref 153) < r-BuNC (2214 “corrected™) (ref 97) < p-MeOCgHga-
NC (2106 *‘corrected”) (ref 97) ~ SnClz~ (2105 hexane?) (ref. 155) < PPh3 (2100 CHCl3)
(ref. 97) < P (OPh)3 (2090 CHCl3) (ref. 97) ~ PEt3 (2090 CHCl3) (ref. 97) < P(OMe);
(2067 CHCl3) (ref. 97} ~ CN™ (2095 “‘corrected™) (ref 99) < —C=(CPh~ (2020 not cor-
rected for any coupling) (ref. 111)

B. For palladwm (11} hydrides 'S5, trtans-PdHX [P(Cy}af,
NCS™ (2022) < CI7 (2002) = BHg  (2002) < Br~ (1991) < I" (1966)

C. For nickel(II) tydrides 164,165 trans-NIHX [P(Cv)3] 2
17 (1976) < NCS™ (1928) < BHz~ (1920) < Br~ (1917) =~ CI~ (1916) < CN~ (1870)

2 Traas ligand is X or L’; L = PE13 except that one astensk indicates L = PMePh, and two
asterisks indicates L = PPhy
b gpectra obtamed from samples prepared as Nujol mulls encept where noted

Palladiim (1) and nickel(II). Green et al. 164165 examined the nickel hydnde com-
plexes trans-NiHHX (PCy3),, from which vy; y frequencies give the rrans-influence
order of Table 6C. It is of interest that the ordering of the halogens, observed also
for the analogous N1!! tnis (isopropy!) phosphine complexes, is the reverse of that ob-
tamed for Pt!! hydnde complexes. However, the order of 7y 1s the same as that for
the Pt complexes (see later). For palladium(II), the halogen order is “normal”
(Table 6B) 165, 166,

Iron, ruthemum and osmium complexes A number of wron(il} complexes of the type
trans-FeHX (F\P)z , where P P is a chelating disphosphine, have been examined by

Chatt and Hayter 168, In the complex trans-FeH, [0-C¢H,(PEty),]4, the Fe—H stretch-
ing frequency occurs at 1726 cm~!, considerably lower than vg,_y in trans-FeHCl-
[o-CgH4(PEL,), |, 1870 cm—!, which 1s consistent with the high frans-influence of

H™ relative to Cl™.

Chatt and Hayter 169 also examuned a series of ruthenium (II) and osmium ()
complexes of the type trens-MHX(P P),. The mans-influence order, determined from
the decreasing order of M—H stretching frequencies for both metals,is I” < Br™ <
CI™ < SCN™ < NO;™ < CN™ < H7. Chatt and Hayter noted that the overall se-
quence is similar to that obtained for Pt!l, namely halogens < SCN™ < NO,™ < CN7,
but that the order of the halides is reversed. A similar reversal noted in the iron(II)
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complexes 168 was attributed to electronic effects; however, the order of 7 values is
normal 169 170_ Since these complexes (like the nickel hydrides discussed above) are
sterically crowded, steric constramnts introduced by increasing halogen size may affect
vy~ There also seems to be a significant cis-influence of the chelating diphosphine
or diamine on vy, considerably more pronounced than for Pt complexes 156,
Vaska 98 examined the infrared spectra of the complexes X and XI and their
deuterated analogues. In X, vgs_ g, couples with v, but vo, gy, does not. Even

PPh3 PPhs
oc\gs/HA cc | _H
PR -
Php” | SHg PhyP ct
PF’h3 pthB

X XI

allowing for this coupling, it is quite clear that vg, g, (1852 cm—1) is considerably
lower than vgg y A (2051 ecm~1) and vy, y in XI (2897 cm™1). These results sug-
gest that in these complexes the fransinfluence of CO 1s significantly greater than
that of PPh3, which reverses the order found for Ptll cations97.

Indium(Ill) complexes Chatt et al.}7! found that vy,_p in some hydride complexes
of indium (IN1) was dependent on the ligand trans to hydride Thus, in complexes of
the type XII, where L 1s a tertiary phosphine or arsine and X is a halogen, v},

X x
L\[lr/H L\llr/x
L7 1 H Rl I

x H

X1 Kl

occurs in the range 2000—2100 cm~! (2069 cm—! for L = PEt,Ph, X = ClI™, 2076
cm~! for L = AsEt,Ph, X = CI7) and in the isomeric complexes XIII, vy 4y occurs
i the higher range 2195—2220 cm—1! (2186 cm~! for L = PEt,Ph, X = CI7). Dr-
hydndes, XIV, show two »_y bands near 2030 cm—! (rrans to halogen) and near
2170 em~—}! (zrans to phosphine). The fac-trihydrido-complexes XV, where L = terti-

x L L
L\[l /H H\Ilr/L L\Ilr/
r
Rl I H™ 1 ™L H 1T ™ hH
H H L
X1V Xv Xvi

ary phosphine or arsine, show a strong band in benzene solution in the range 2020
2090 cm—! (2025 for L = PEt,Ph, 2058 for L = AsEt,Ph). The mer-complexes
XVI showed two py_py bands, 2037-2104 em—1 (zrans to phosphine) and 1750 cm—!
for the vy,_y (rans to H™). This corresponds to a very high srens-influence for
hydrnde.

For the complex?® XVII (allowing for vibrational coupling between Vco and

Vi_up) Pir—Hp 18 Significantly lower (v 2100 cm~1) than vy,_y, (2196 cm~!), in-
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PPha
oc_1 .Ha
/{r\

| "Hg
PPh3
Xvil

X

dicating a somewhat higher trans-influence for CO than for Ci™. This is supported by
the values of vy, obtained by Chatt et al. 172 for the 1somers of IrtHCI,(CO)
(PEt,Ph),. Wilkinson and co-workers173, from an examination of some iridium(IH)
hydride complexes containing SnCly™, concluded that SnCly™ has a slightly higher
trans-influence than CI7. For mstance, the complex XVHI has vy (Nujol) at 2198,

H
oc 1 _.PPhs
Ppr,P7 1 CH

SnC!3
¥VIIL

2160 cm~! (solid-state sphitting), while the corresponding chloride has vy,_y at 2239
em~!. Some apparently contradictory results were also obtained, however, and the
trans-influence of SnCl;~ for If'l does not appear 150: 155 1o be as high relative to
Cl™ as for Pdl. The rrans-influence series obtained from vy,_py for IrM is thus H™
> PRy > AsR3 > CO & SnCly~ > CI™

{c) Meral—carbon stretching frequencies
Platinum(il) complexes The vp;_cy, bands m the infrared spectra of complexes
such as lmns-Pt(Me)X(PRI’,)q and cais-PtMe,L4 are characteristically weak but two
bands have been assigned I/ for the cis dimethy! compounds and only one for trans-
PtMeX(PR3),. The Pt—C stretching frequencies are dependent on the nature of the
ligand trans to the methyl group, decreasing in the order (with frequencies {em—1)
for the PEt3 complexes 1n benzene): NOg (566) > NC57(556) > CI™ (551) > Br™ (548) >
NO,™ (544) > 1" (540) > CN™ (516), the reverse order of which represents the
transanfluence series. Some ambiguity is associated with the frequencies of vp,_cyy,
trans to NO>™~ and CN™ since the Pt—X stretching vibration, with which there could
be appreciable vibrational coupling, 15 nearby. The Pt—CH; stretching frequency for
cis-PtMeCl (PEt3), at 527 cm—}, is considerably lower than that of the rrans isomer,
consistent with the high trans-influence of PEts.

Since the complexes cis-PtMe, L, give two Pt—C stretching bands a comparison of
results with those obtained for the frans-monomethyl compounds is difficult but
where L = PR3, the frequencies are low (526 and 506 cm~! for L = PEt3) and for
L = EtSCH,CH,SEt, the frequencies are higher (555 and 548 cm~1). Fritz and
Sellmann 17% assigned a band at 550 cm—! in the infrared spectrum of PtMe,(COD)
to vp,_cy,. and a corresponding band appears 114 ijn the Raman spectrum at 545
em—!. Thus the expected two stretching modes are apparently degenerate, and the
g%iue of vpy_cy, indicates a trans-influence for COD similar o that of EtSCH,CH,-

t.
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TABLE 7

Metal—carbon stretching frequencies (cm™') and the rrans-influence

A For the complexes trans-PtMel (PMe,Ph)yT fwith frequencies for representative higands)
I. = Carbenes ( C (OCH3) CH3, 514) (ref. 176) > phosphines (PMeoPh, 527; PPh3, 528)
(ref. 114) > SbPh3 (531) (ref. 114) > isocyamdes (CNEt, 537) (zef 177) > CH3—CH=CH;
(542) (ref 179) > CO (545) (ref. 114) ~ CHo,=C=CH, (545) (ref. 178) > CH3C=CCH3
(547) (ref. 179) > CaHg (549) (ref 179) = ArpCN (CgFsCN, 549) (ref 180) > CH;=CH-
CH=CH, (550) (ref. 178) > mminoethers (NH=C (OMe) CgzI'5, 551) (ref. 180) > py (555)
(ref 114) > AICN (p-MeCgHgCN, 570) (ref. 180)

B For the complexes [PtMes X[, and PtMeaL3+
Me3Pt(OH,)s" (600) (ref. 181) < [PtMe3(OH)]4 (595) (ref 182, 183) < Me3Pt(NH3)3
(584) (ref. 184) = [Me3Pt(NO3)3]2~ (583) (ref. 185) < [Me3PtCl]4 (581) (ref. 186) <
[MeaPt(@y)s] ™ (578) (ref. 185) = MesPt(NHMes)s (577) (ref. 185) < [MezPtBrla (574)
(ref. 186) = (r-CsHs)PtMes (594. 561) (ref 187) < [MezPtSH]4 (563) (ref. 188) =
Me3Pt(SCN)32~ (563) (ref 185) < [MesPtll4 (560) (ref 186) < Me3Pt(p-MeCgH-NO)3*
(555) (ref 189) < MesPt(CN)32~ (553) (ref. 185) < MesPt(PMe,Ph)3" (530, 525, 510)
(zef. 189)

C For the complexes PtMez(PJVIezPh}2L22+ (XIX) (higher frequency band) (ref. 190) p-MeCghis-
CN (561) =~ bipy (562) ~ phen (560) < py (546) < p-MeCgHaNC (539) < diphos (536) <
P(OMe)s (523) < 0-CgHa(AsMez)s (513)

D For rhe complexes PtMe3(PMeyPh)oL™ (XX) (trans to L) (ref 189)
py (569) < EtNC (546) < p-MeCgH4NC (541) < SbMejz (539) < PMesPh (530)

E For the complexes PtMe3 X (bipy) (frequencies trans to X) 1852
NOs~ (580) < CH3CO,~ (577) ~ NCO™ (577) < Cl~ (575) < Br~ (570) = NO»~ (569)
< 17 (563) ~ NCS™ (562) <« CH3 (480)

A comparison of vp, cy, for corresponding complexes zrans-PtMeXL,, where L =
PMe,Ph (ref. 108) and AsMe,Ph (ref 109) suggests that this change in the cis
hgand has little effect on this frequency.

Pt—CHj3 stretching bands have also been observed in the Raman spectra (where
they occur as strong and polarizable bands) of some solid salts of the cationic com-
plexes frans-PtMeL (PMeZPh}2+, to give the frans-influence order for L shown in
Table 7A.

Platinum(IV) complexes. Many methylplatinum(IV) compounds contain more than
one methyl group so that coupling between the various Pit—C stretches makes it im-
possible to assign a particular Pt—CHj5 stretching vibration. However, for the com-
plexes [PtMe;X],, where each Pt atom is attached to three triply bridging X groups,
and PtMe3L;", the symmetric and antisymmetric Pt—Me stretching frequencies are
often degenerate, which allows a direct comparison between X and L groups. The
vp;_me bands are generally weak in the infrared, but strong in the Raman spectra,
and the order of rmrans-influence in Table 7B can thus be obtained. Note that in the
Raman spectra of PtMe;(PMe,Ph);*, the molecular symmetry is apparently less than
C3, so the degeneracy of the E mode is removed and the expected three bands are
observed 189 It is also noteworthy that although X -ions are triply bridging in
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[PtMe;X],, their relative frans-influences seem comparable to those expected for
monodentate X™.
For the platinum (IV) cations XIX, Clark and Manzer 190 observed two Pt—Me

PMe,Ph
Me | L

-
Me” | L

PMe,Ph
XIX

stretching bands, in most cases, in the Raman spectra corresponding to symmetric
and asymmetric stretching. The frequencies are dependent on L and are given in
Table 7C. Some anomalies in this sequence {e.g., the large difference between bipy
and py, and the very low value for the diarsine ligand compared with diphos), sug-
gest that the (reverse) rrans-influence order is not accurately defined by these values.
It seems clear 190 that severe stenc crowding occurs in the diphos complex, which s
probably largely responsible for the anomalous position of this ligand.

For the trimethylplatinum (IV) compounds, XX, Clark and Manzer 189 observed
three Pt—Me stretching vibrations. A comparison of the solid state Raman spectra

n+

Me C
Me | _.PMe,Pn Me t _PMepPn
Me~" | PMey©h Me” ] “PMeyPn
4 L
XX XXI
(a) Z=1",n=
(b) Z=L,n=+1

of XXa and XXI (Fig. 3) indicates that vp, x5 (frans to I) 1s virtually independent
of the two stretching modes involving methyl groups frans to phosphine since the
first mode on deuteration shifts to lower frequency by the factor (15/18)” with the
other two bands being virtually unchanged (Fig 3) Thus it would be expected that
vpr_me (frans to L) in XXb would be sensitive to L, while the two vp, pg. (rans to
PMe,Ph) would not. Expenmental results confirm this expectation 190 (Table 7B).
A similar situation 1852 holds for PtMe; X(bipy).

Ruddick and Shaw 108 found that in the complex PtMe,(PMe,Ph),, the mutually
trans Pt—Me groups gave a very low value of vp,_y (476 cm™1) consistent with the
very high trans-influence of the methide ion.

Iridium(IlI) complexes. In some Il complexes, vy, 15 dependent 141 on the
frans-ligand, e.g., n the complex XXlla, vy, frans to CI” occurs at 543 em~1,

x
L. | Me
\ir/
1L {a) X =Cl,L =PMesPh
Me () X =1, L=FMezPh

XXII (c) X=1, L=AsMesPn
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b 1 1 o - 1 1] 1
600 575 550 525 500 475 450
cm-¥
Fig. 5. Pt—CHg stretching region of (- — —) PtI(CH3}3 (PMe;Ph)z and (—) PtE(CH3)2(CD3})-
{PMe,Ph).

but trans to PMe,Ph near 495 cem~! (this band 1s partially obscured by a ligand vi-
bration). In XXiIb vy,_ye (frans to I) occurs at 526 cm~! and trans to PMe,Ph at
505 cm—!. In the corresponding arsine complex XXIIc the frequencies are 527
(trans to 1) and 518 (trans to AsMe,Ph). The frequencies rans to L may be com-
pared with those for mer-ItMe3Lj3; 510, 495 cm—! for L = PMe,Ph and 517, 510
cm—! for L = AsMe,Ph. These results suggest a trans-influence order PMe,Ph >
AsMe,Ph > I > CL

Gold (III) complexes Tobias and co-workers 191 examined the vibrational spectra of
some gold (II) complexes, AuMe,Y (PR;) (Y = Cl, Me, 0-Cp). The Au—Me stretch-
ing frequencies were 1n the range 540544 em—1 for methyl rrans to PR,, 514 cm— 1
for va,_ae frans to 0-Cp, and 504—511 cm~! for the symmetric and asymmetric
stretching frequencies for the mutually rrans methyl groups. The complex cis-AuCiMe,-
(PPh3)gave two bands at 542 and 549 cm—!; the high frequency band corresponding
t0 Yoy ae rans to C1I7 The rrans-influence order is Me > ¢-Cp > PR3 > CL.

fd) Metal—nitrogen stretching frequencies
Powell 192, in one of the earliest infrared investigations of the frans-influence
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examined vp; NH , In complexes of the type rrans-Cl,PtL (NH3). The order of vp, ny 3
was NH; (507 cm—1) > Et,S (493) > C,H, (481).

For cis- and rrans-PtX,(NH3),, Nakamoto et al. 95 observed that vp, Ny, moved
to lower frequency as X was changed from Cl to Br to I, this trend being more pro-
nounced for the cs 1somers. They aseribe this to the different frans-influences of the
halogens

Watt and Cuddeback 117 correlated vp, .\ (sym) for a number of ethylenediamine
complexes [Pt(en)L,]X, with the fransanfluence of L. The order obtamned was
Ph, AsCH,CH,AsPh, (598) < bipy (583) v phen (582) < diphos (558) <
NC—€=C~—CN§“ (551) ~v PPhy (551). The position of the diarsine ligand appears to
be anomalous.

Clegg and Hall 13% noted that vp, yy, 1 the Raman spectrum of aqueous
[PtMe3(NH3)3]Cl occurred at 390 cm™} and was considerably lower than Vpt—NHs
n [Pt(NH3)g]4* (569, 545 cm™!), consistent with the high trans-nfluence of the
methyl group.

For the complexes 1?5 mrans-PtX,(NH,CHj),, the Pt—N stretching frequency vaned
only witlun the range 507—513 cm~!. For the cis complexes, the variation was over
the wider range 483—517 cm~! in the order CI~ > NO;~ > Br~ > SCN™ > I".
In this series, NO, seems to be out of order, perhaps owing to a mis-assignment, or
to vibrational coupling since vp;_yg, would be expected to occur near Vp,_ ny,CHj-

Lever and Mantovani 193 observed that for the complexes Cu (diamine) X,, the
orde: of Cu—N force constants decreased i the order NCS > NOj3 > halogens,
which corresponded to the reverse order of the spectrochemical series ¢_:amed from
visible—UV spectra The results were explained in terms of a variation of effective
charge on copper. The situation s complicated since the complexes are probably
tetragonal with long axial Cu——X “bonds”

In the complexes 1‘mns~RhX3(cyclam)+ (where cyclam = 1, 4, 8, 11-tetraazocyclo-
tetradecane) 194, a single Rh—N stretching band was observed in the infrared ranging
in frequency from 482 (X = I) to 501 (X = Cl) cm~1. For the cis complexes, two
N atoms are trans to X and two Rh—N stretching bands were observed. From these
frequencies (in parentheses) a trans-influence order was obtained: NO,~ (479, 412)
> 1™ (470, 423) > Br~ (477, 450) > CI™ (505, 459) ~ N3~ (490, 459) > N (cyclam)
> NCS™ (533, 480)

(e) Metal—-phosphorus stretching frequencies

Coates and Parkin 196 assigned the Au—P stretching mode to bands of moderate
intensity in the frequency range 347—381 cm™! in the infrared spectra of some com-
plexes Me3P—Au—X. This frequency depends on the wans ligand and is inversely
related to the trans-influence order: CI~ (381) < Br~ (376) < I~ 371 <
(—C=C—-Bu’)~ (368) < Me™~ (357) < —C=C—-Ph~ (347). For the complexes Me;P—
Au—X, where X~ is a halide, Goggin and co-workers 92 made similar assignments of
Vau_p» and also assigned v,,_p for the cation Au(PMe;3),” at 351 cm™}, consistent
with a high trans-mfluence for PMe; itself.

Various workers 92 94 102, 106, 115, 116, 127, 130 pave discussed M—P stretching
bands in Nilf, Pd! and Pt complexes of PMe, and PEt;. The complexes cis-MX,L,
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characteristically give two »y_p bands, while complexes trans-MX,L, give only one 115
In the rrans complexes PtX5;L; and PtXYL, (L = PMe;, PEt3) vp,_; is almost n-
sensitive to X and Y, occurring 115 in the range 409—418 cm—!. For the cis com-
plexes 115, with L = PEt;, the mean of the two Pt—P frequencies varies in the order
X =Cl” (435) > Br~ (434) > —NCS™ (432) > —C4Fs~ (423) > —CgHs™ (417).
For the cis complexes PtX,(PMe;),, Goggin and co-workers °* noted that vp,_p de-
creased in the order CI~ (391) > Br~ (388) > I~ (383), but as usual 1t is difficult
to separate vibrational from mass effects. It was also noted that Vpi_pMe; WAas con-
siderably lower in trans-PtCl,(PMe;), (346 cm—1) than in the cis 1somer, consistent
with a high trans-influence of PMe; itself. vp,_pye., Was also relatively high in the
chloro-bridged dimer Pt,Cly(PMe3); (393 ecm™L, trans to C17) 115 and [Pr'4N}-
[PtCl3(PMe3)] (388 cm~!) 27 In the complex [PtCl(PMe3);]NO; Vpi_pMe, (rans
to Cl7) occurs at 403 cm—1, while the asymmetnc and symmetnc stretching fre-
quencies for the mutually rrans phosphines occur at 365 and 368 cm—! respectively,
again consistent with the high trans-influence of PMes relative to Cl™.

Analogous results were obtained for corresponding palladium complexes although
trends are sometimes less pronounced. Goggin and co-workers 4 have suggested that
this indicates a smaller trans-influence for Pd!l compared with Ptll.

For Nill, only srans complexes NiX,L,, where L = PMe3, PEt3, have been exam-
ined. For these complexes VN1-PEt; Was not very sensitive to X, the range 115 being
412-421 em~1.

{in) Internal ligand vibrations

(a} N—H stretching vibrations

An examination of the frans-influence mn Pt complexes by Chatt et al. 196, by
measuring N—H stretching frequencies in a sernies of complexes zrans-PtCl, L (amine),
1s now of mainly historical interest, and having been discussed 1n previous reviews 2
will be mentioned only briefly here. The assumption was made that for a given
amine (p-toluidine or pipendine), increasing negative charge on N (corresponding to a
weaker Pt—N bond) increases the N—-H force constant The order of decreasing
vn_py (e., decreasing trans-influence) was PR3 > SbR3 > P (OR); > AsR; > R,Te
> C,Hy > R;Se > R,S > pipendine > 4-n-pentylpyridine. This sequence 1s similar
to those obtained more recently by examiming directly metal—ligand stretching fre-
quencies.

{b) C=0 stretching frequencies in carbonyl! complexes

It 1s well accepted that CO uses synergic o—m bonding as illustrated schematically
in Fig. 4 (a) 197. Overlap occurs between filled metal d, orbitals and the vacant carbonyl
@* orbital. This m-back-donation synergistically strengthens the M—CO o-bond. If v 18
considered to be dominated by the degree of M—~CO n-donation 128, an increase in the oc-
cupation of the CO n* orbitals will decrease v . Because of the o—n synergism, vcq, or
force constants derived from v values, might be expected to provide a measure of the
metal—-CO bond strength, a2 lower C—O force constant indicating a stronger M—C bond.
For some series of complexes this appears to be so; for example, in the series Ni(PMe3),,-
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Fig 4, Effect of the rrans ligand X on the bonding of coordinated carbonyl (a) X good ¢-donor, poor
w-acceptor; (b) X pocr g-donor, poor m-acceptor, {(c) X good w-acceptor.

(CO),_,. (n=0-3), the N1—C force constant increases, and the C—O force constant de-
creases as 1 ncreases !99. However, in other cases, C—O and M—C force constants appear
to decrease together, as for example 200 in (bidentate) Mo(CO),.

In the complexes cis-PtX,(CO)L, Denning and Ware 129 assigned vp,_cq to a band mn
the range 505—540 cm—1, contradicting earlier assignments201.202_ Where L = PEt; and
X =UCl, Br, 1, it was found that v~ and Vp._co decreased together as X was changed
from Cl to 1, so that any change in the Pt—C force constant in the opposite direction to
v was outweighed by the mass effect from introducing heavier halogens Thus, it seems
that v cannot always be used as a reliable guide to the strength of the M—CO bond.

There are several ways in which v could be affected by changing the trans ligand, X,
in a series of complexes such as #rans-MX (CO)L,™".

() If X~ is a good o-donor (i.e., transfers much charge toward the metal) the effective
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electron density on the metal is increased. Then (a) the filied d_-orbitals would be ex-
pected to expand, facilitating w-overlap between the metal and CO, and thus reducing vcg
(Fig. 4(a))203, and (b) the increased M—~CO =-bonding will tend to increase the strength
of the OC—>M o-bond 203 (Fig. 4b) while the increased negative charge on the metal will
tend to reduce OC—>M o-bonding?00. As the o-bending increases, voq tends to increase.

(#) If X~ has a high trans influence, OC~>M o-bonding would tend to be reduced, and
any lengthening of the C—M bond will tend to reduce n-back-bonding. Both effects will
cause a decrease in vq.-

(#ii) If the X—metal bond requires a significant m-component (z) X will compete with
CO for the metal w-orbitals, reducing M—CO m-back-bonding (Fig. 4(c)), and (b) if sub-
stantial negative charge is removed from the metal by M—X n-bonding the effect will be
similar to that obtaining if X were a poor o-donor, i e., ail filled metal d_-orbitals would
tend to contract including d_-orbitals not involved directly in M—X w-bonding. The effects
noted in (i) () will then occur.

The situation 1s clearly complex, and the vanous effects are difficult to separate in any
but the simplest cases. For the cationic complexes293 trans-PtMe(CO)(PMe,Ph)," and
trans-Pt(CF3)(CO)(PMeZPh}2+ » CH3™ and CF3~ differ mainly in the charge transferred
to the metal (1.e., (z) (@) and (b) should be the most important effects). Effect (¢) (a) causes
»(CO) to be higher for the —CF3 (2140 cm~!) than for the —CH3 (2095 cm—!) complex.
In these relatively electron-deficient complexes the net effect203 of () (b) appears to be
a decrease in OC—Pt o-bonding when —CHj 15 replaced by —CFj; that is, the synergic ef-
fect of Pt—CO mw-bonding on the Pt—CO o-bond outweighs any increase in o-bonding from
the lower effective negative charge on Pt.

For the relatively electron-rich complexes (e.g , LyMo(CO}), ), the anomalous variation
of vyj5_co With v has been explained in terms of increased effective charge on Mo
causing a decrease 1n Mo—CO g-bonding, in spite of an increase in Mo—CO w-bonding.

Vaska and Peone205 proposed that for the complexes trans-M(CO)X(PPh3), (M =1Ir,
Rh), vcg can be used to provide a scale of “total electronegativities™

Xx(m = XxX0) T Xx(m N

where Xx () 15 a “classical” or “o” electronegativity and Xy a “m-electronegativity” or
“m-acidity” of X. Assuming that xg() = XF(o)> they used the relation

xXx(m = Xg (@pEo)e[(BrEe)x @)

where (A.v%o)x = [vCO(gaS)]2 — {vco(complex in CHCl3)]2. Comparing Xx(m) With a
theoretical value 206 of XX (o) @ Sequence for XX () Was calculated: I > SePh > Br > SPh >
CN > Cl1 > NO,; > NCS =~ N3 > ONO, > NCO > OCOMe > OCOPh > OPh > OH =F.
However, this series seems suspect for the following reasons.

(@) No account is taken of factor (i) above, or the complications involved in (z) (b).

(b) There seems to be no reason for supposing that removal of a given electronic charge
from the metal by o-bonding (which can only have an indirect effect on metal d-orbitals)
will have the same effect on v as removal of the same charge from metal d-orbitals by
w-bonding. That is, ¥og more probably correlates with (Xx () * Rxx(n)), where A is a con-
stant.
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(¢) It is not clear that electronegativities such as those obtained by Wilmshurst 206
refer only to g-effects, rather than the overall tendency of X to gain electrons from any
source.

(d) The values calculated by Vaska and Peone 205 seemn unrealistic for some higands
For example, Xy 18 calculated to be 1.25 (for M = Ir'll) compared with xcy; = 2.94.
That is, the w-electronegatwvity of Cl is 0.43 of its ¢g-electronegativity This does not fit in
with the usual picture of Cl~ as a weak m-donor. A detailed discussion of v-g 10 the related
series rans-PtX{CO) Lz"' 1s also difficult 204,

For the formally iridium(III} complexes IrC1(CO)(PPh3), XY, a hinear correlation
was observed 207 between v and the Mossbauer center shift for the 193Ir nucleus. Since
the latter depends on s-electron density at the iridium nucleus (increased by o-donation,
decreased by m-back-bonding), this suggests a correlation between v and the g-electro-
negativities of X and Y.

For the polycarbonyl complexes, Z,, M(CO),,, the situation 1s more complex, although
many attempts have been made to use v or force constants derived from IR frequen-
cies to provide information about the bonding of Z, and in particular to determine the
o- and 7= (if any) components of this bonding. A detailed discussion of this field is beyond
the scope of this review, but an outhne will be given of some of the approaches that have
been made, since these usually involve assumptions about g-1nductive effects that are re-
lated to the frans-influence.

There is general agreement that as the net (¢ and 7) electron donation from Z increases
(or the net electron acceptance of Z decreases) k- tends to decrease 89,198,208 put there
1s considerable controversy about the relative importance of ¢- and m-bonding of Z, es-
pecially when Z is a substituted phosphine. In many of the earlier interpretations 198,209,210
of CO stretching frequencies, changes in 7-bonding of Z as Z was changed were usually con-
sidered to have the dominant effect on v-g. Thus, Cotton 198 considered that kg indi-
cates the C—O bond order and he performed a rough quantitative calculation of the elec-
trons involved in Mo—CO #-bonding 1n Mo(PF3)3(C0O); compared with Mo(CO)g and
thus estimated that PF3 1s 1 32 times stronger as a n-acceptor than CO itself. More recent-
ly, few authors 208 have considered changes in M—Z n-bonding to be dominant. At the
other extreme, Bigorgne 199211 on the basis of a correlation between kg and Taft’s
polar substituent constants ¢* for substituents on phosphorus in L, concludes that any ef-
fect of Ni—L #-bonding on vcq is neghgible compared with that of L->Ni o-bonding.
Similarly Angelici?!2, noting that v in LW(CO)5 varied with the pK, of L in a sumular
way when L represents amines or phosphines considered that changes in L-»W o-bonding
alone were sufficient to cause the observed variations in veq-

Graham 89 considered that g- and #-effects can both be important in complexes
ZM(CO)s, and that they can be separated using C—O force constants The assumptions
are made that:

(@) The o-inductive property of a given ligand operates equally 1n all five carbonyl
groups. That is, there is no zrans-influence and factor (1) {p. 375) » aeghgible.

(b) The n-acceptor property of a ligand has twice the effect on the rrans carbonyl that
it has on the cis, since the frans carbonyl shares two metal d_ -orbitals with X, while the
cis carbonyls share only one.

Assumption (2} has been criticized by Church and Mays?7.
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Assumption (b) ignores any effect of (i)} (#) (p. 375). In the complexes XMn(CQO);
Graham concluded that the m-properties of —CH3, —CgHsg, —CF3, —C¢F5 were neghgible
(o-domnor strength decreased in the above order), and that halides were w-donors and
Y3M groups (M = Si, Ge, Sn, Pb) and Au—PPh3 were strong g-donors and macceptors. In
the complexes LMo(CQ); the phosphines, phosphites, AsPhs, and SbPh3 were considered
to be strong m-acceptors and g-donors, with PF5 and CO being the strongest m-acceptors.
SEt, was a weak m-acceptor, amines and CH3CN were moderate m-donors and interacted
little wath m-orbatals, Pr!, O was a weaker o-donor and a moderate n-donor, and methyl
formamide and dimethylformamide strong #-donors Stewart and Treichel 213 used
Graham’s method on the analogous LW(CO)5 compounds with similar results

Darensbourg and Brown 214 consider that the intensities of C—O stretching bands give
the best indication of the electronic populations of CO m-orbitals. Using intensities i
combination with frequencies, they concluded that in the complexes LMo(CO); phos-
phines had appreciable w-acceptor properties.

At present, the relative importance of o- and m-effects in M—PX3 C—O stretchung fre-
quencies must stil be considered an open question. The complexity of the problem is
such that an unequivocal answer probably hes some distance in the future.

N—O stretching frequencies 1 nitrosyl complexes are also sensitive to the nature of
other groups coordinated to the metal 210,215,

(e} C=N stretching frequencies

The C=N stretching frequencies 1n cyanide, organic nitrile and organic isocyanide com-
plexes depends on the nature of other hgands bound to the metal. Cotton and Zingales216
showed that vy~ for some organic 1socyanides increased when the 1socyanide was coor-
dinated to a metal ion which has little tendency to w-back-bond. Such frequency increases
on coordination for C=N groups have been examined by a molecular orbital treatment by
Purceli and Drago217:218_In valence bond terms, the increased frequency on coordna-
tion (illustrated for RNC, analogous structures may be drawn for CN™ and RCN) results
mainly from an increased N—C force constant due to the greater contribution from the
canonical form B when the carbon lone pair is donated to a metal 1on (1.e , the negative
charge on C in B is partially transferred to the metal). Kinematic coupling between

+ p — +
CE=n] ~—w CE=n—r
R

A B

ve=nN and vpq_c cause only a mmnor increase m vc—y - For a series of related complexes,
this o-inductive effect would be expected to increase with increasing positive charge on
the metal. Cotton and Zingales216 also showed that when the metal to which RNC was
coordinated was capable of 7-back-bonding (e g., zerovalent metals), vy was considerably
reduced owing to contributions (again in valence bond terms) from the form
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Within a series of complexes, m-back-bonding to the ligand would depend on the charge -
on the metal. When vy is influenced by a combination of both g-inductive and 7-bonding
effects, 1t 15 difficult to separate out these contributions, but in general ¢ will increase
with mcreasing positive charge on the metal. Thus, Halpern and Maher?!% observed that
the complexes [Co(CN)5X] ™ gave a single broad vy band (presumably composed of the
expected three bands), whose frequency tended to decrease with increasing electron dona-
tion by X in the order: CN™ (2134 cm~1) > H,0 (2128) > Br~ (2125) > CI™ (2124)
>1~ >(2117) > —CHS0;3~ (2113) > —CH, €05~ (2106) > —CH,CO,Me™ (2105)
=-CH,CONH,~ (2103) > H™ (2098) > ~CH,; CH,CO,*~ {(2097) = —CH;CH,; CO; Me~
(2096) = —CH;~ (2094) =—CH,CH;3~ (2094) = —CH; Ph™ (2093) Since cyamde groups
cis and trans to X were affected similarly, the changes in v oy must be interpreted in terms
of metal electron density rather than competition between CN™ and X~ for metal d,
orbitals. A rather similar series was obtained for oy trans to X~ 1n some cobalt(II)
corrinoid complexes (vitamun Bjp analogues)zzo.

For Pt complexes, vy for nitriles!80 and 1socyanides 177 has been interpreted in
terms of charge on platinum. For the senies of complexes rrans-[PtMe (PMe,Ph),-
(p-NC-CgH4-X)]* Clark and Manzer 180 observed a correlation between vy and the
Hamimett substituent constant for the aromatic substituent X~ . For the complexes frans-
PtR(CN)(PMe,Ph), and frans-PtRL(PMe, Ph),, where L = RCN, RNC, CO, ypo—x shows
a consistent increase when R 1s changed from —CHj3 to —CF3, owing to the greater electro-
negativity 293 of —CF;.

{d) —CH 3 deformations

Adams et al. 17# noted that the symmetrical —CH, deformation band (near 1200 cm~!)
in their methylplatinum(1I) complexes followed the same sequence as vp,_y¢ within a
series of complexes In fact there was a linear relationship between the two frequencies.
Subsequent workers have found similar relationships for PtV (ref. 186) and Irlll (ref. 141)
complexes.

{1v] Nuclear magnetic resonance couphing consrants

(a) Theory of coupling berween directly bound nuclei

In most discussions of J Ap- where atoms A and B are bound by a covalent bond and
have nuclei with spin quantum numbers / = + §, the coupling 1s thought to be dominated
by the Fermi contact term 22!, This assumes that contributions to the coupling from in-
teraction of the nuclear spin of the atom A (or B) with the electronic orbital motion are
negligible, and that the Fermi contact interaction at the nucleus between the nuclear spin
and s-electrons (which have a fimite density at the nucleus) rakes the dominant contribu-
tion. Approximate calculations222.223 on platinum complexes have supported this as-
sumption J,p is then given by

JAB o 7ATBQA_2C‘BQI ‘pA(ng) (O)I:ll \pB(ng)(O)lz(:; AE)_l (3)

where v, 1s the gyromagnetic ratio for the nucleus A, nzA2 is the s-character of the
bonding hybrid orbital used by A in the A—B bond, | 5,501 is the electron density of
the ns valence orbital at the nucleus, and 3AFE is a mean singlet—triplet excitation energy.
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(b} Plaiiniem—phosphorus coupling constants

For the complexes PtCl,(PR3),, the coupling between 195Pt (/ = §, 33 8% natural
abundance) and 3P (J = £, 100% abundance) is greater 1 L1 €51 the cis 1somers than for
the rrans isomers This was mmtially explained in terms of competition between phosphines
for platinum d-orbatals (see earler discussion). However, Pidcock et al. ! showed that the
results can be explained in terms of the appropriate form of eqn. (3) where A and B are
Pt and P. They considered that within a related series of compounds, CAE)~! and
ap>1¥p (39(0)1? would change relatwely little, leaving ap,? and |¥pyes)(0)12 as the factors
which probably vary most Since eqn. (3) applies to covalent bonds, any decrease in
covalency (i1 e . increase in ionic character) of the Pit—P bond will also reduce the coupling,
In the complex 224 cis-PtMeCl(PEt3);, 1Jp, _p (trans to —CH3™, 1719 Hz) was much less
than IJPt—P (trans to C1—, 4179 Hz). Since lwm(ss)(())lz (and perhaps 3AF) is common
to the two coupling constants, the large difference in couphng constants must be related
to differences in the two Pt—P bonds, in particular to different values of &Ptz. Additional
support for the dominant role of O‘Ptz has been obtained ! by comparing coupling constants
for Pt and PtIV complexes. The low value for ap,? for the PP bond in the trans
1somer relative to the cis 1Isomer was related to the hgh rrans-influence of phosphines rela-
tive to chloride, this also being indicated by X-ray crystaliography and infrared spectro-
scopic data. Since Lip,_p (cis)/Lip,_p (zrans) 1s ssmilar for PtCl,(PBu’’3), and PtCi,(PBu3),,
the frans-influence of phosphines zelative to chioride 1s also high for PtIV.

The variation mn IJPI—P according to the ligand trans to the phosphine was aiso ex-
plained 1n the same terms by Aller: and Pidcock 224, For example, the large difference be-
tween YJp, p trans to CI~ (3454 -iz) and trans to PBu'?3 (2270 Hz) in [ClPt(PBu” ;)51
was again consistent with the higher rrgns-influence of PBu”’; relative to Cl1™.

Allen et al. 225 examined 1/p,_p for some Pt/ complexes of triphenylphosphite,
P(OPh),, and phosphonates, (RO),PO~ and (RQ),POH (R = Me, Ph). Coupling to 31P
in complexes of (PhO),PO™ vanes with the other higands in the same way as for PEt3
complexes. There is a linear relationship of IJPI_P(thSme) for the complexes trans-
[PtX{(PhO), PO} (PBu”3);], with 2/p;_y¢ for the complexes trans-PtXMe (PEt;), (dis-
cussed later).

Combining several sets of results, Allen and Sze 226 obtained a trans-influence series
(order of increasing coupling constants) SiMePh,™ (ref. 227) > Ph™ > Me™ > PEt;,
PBu”; > PMe,Ph > PPh; > P(OPh)3, CN™ > AsEt; > NO,~ > p-toluidine > EtNH, >
Et;NH > py, N37, NCO™, NCS™ >C17, Br—, I” > ONO, ™. This order represents a de-
crelzlasing tendency for the hgands to concentrate Pt{(6s) character into their bonds with
Pt

It is more difficult to discuss the vanation in L/p, p when the ligand cis to the phos.
phune is changed. The changes are small relative to those when the rrans lhigand is varied
and changes in any of the vanables in eqn. (3) could be equally important. As pointed out
by Allen and Sze 226 values of 1/p_p 0 the three series trans-PtHX(PEt;), (ref. 149),
trans-PtMe X (PEt3), (ref. 224) and trans-Pt {(PhO),POI X(PEt3), (ref. 225) give a
cofisistent cis-influence series (ancreasing order of L/p, p) CN~, I~ > NCS™, Br~ >
NCO™, CI~ > N3~ > NO,~ > ONO, . If the variation in 1/p, p is compared with
that for the 195Pt chemical shifts in frans-PtHX (PEt ), (ref. 228) a linear correla-
tion is obtained, except for [~ (Fig $5). Since the 3!P chemical shift also correlates
with the 195Pt chemical shift 228, the correlation between !Jp,, p and 8p observed by
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Fig. 5. Plot of Jpi_p vs 195Pt chemical shuft in complexes zrans-PtX(H)(PEt3)2

Socrates 149 necessarily follows These correlations appear to be too good to be co-
ncident, but it is not clear what they mean 1n terms of the variables i eqgn. (3) for
Up_p. If, as suggested by Dean and Green 228, 195P¢ chemical shifts in srans-
PtHX(PEt3), are determined mainly by the covalency of the Pt—X bond (and any

Pt—X m-bonding), the implication is that as Pt—X becomes more covalent (or Pt=>X
n-bonding 1ncreases), lJPt—P cis to X decreases. But Me™ appears to have a low cis-
influence, since Up,_p trans to Me™ in cs-PtMe,(PEt3), (1856 Hz) is greater than

in c1s-PtMeCl(PEt,), (1719 Hz)224_ Although the Pt—Me bond 1s usually considered

to be very covalent a possible reason for this 1s that | Ypues) (0) 12 1s very high in the
dimethylplatinum complex owing to the strong g-donor power * of Me™.

* Some disagreement exists between Church and Mays®7 and Allen et al. 225 on the effect of a
strong donor ligand on [¥pt (65) (ONZ Allen et al. 225 point out that this represents the square
of the amplitude of the atomic wavefunction, and that a decrease in o-donor strength of L
will cause a contraction of the s-orbital, which will tend to increase this amplitude, However,
xpg at any pomt represents the s-electron density at that point and direct donation of electronic
charge into the orbital 1s usually considered to outweigsh orbital expansion. Of course, removal
of charge from other metal {(d;) orbitals causes an mmcrease in xpg at the nucleus. This approach
seems to be quite successful in discussing center shifts in Mossbauer spectroscopy, which de-
pend on s-electron density at the nucleus 222,
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Allen and Sze 226 used Wp,_p in the complexes cis-PtCl,L (PBu”;) to arrange the
ligands L in a crs-influence order (increasing IJPz—P): (PhO);P > (MeQ);P > PPhy
> PMePh, > PBu";, PEt;.

Although Grim and Wheatland 23% have continued to support their thecry that
Ljp._p is deterrmned mainly by the extent of Pt»P m-bonding, this theory 1s certain-
ly incorrect. The most convincing argument against 1t is provided by the essential
similarity between the variation of lJp, p with the trens ligand and that of Wp,_y,
2/pi_ates €tC. (s€e following discussion). No w-bonding can occur in the Pt—H bond.

(¢} Platinum—hydride couphng constants

Poweil and Shaw 231 measured L/p, ; for a series of complexes trans-PtHX(PEt;),.
Ty was correlated with the rrans-effect of X7, but no apparent correlations appeared
to exist involving Lfp, . Atkins et al. 158 observed that, for the closely related
complexes trans-PtH(RCO,)(PEt3),, 1Jp,_y (along with 74 and vp,_yy) correlated
Iinearly with pK, of RCO,H. The results were interpreted in terms of the appropriate
form of egn. (3) (substituting Pt and H for A and B) Increased donation of charge
to platinum caused a decrease in aptz in the Pt—H bond. The lack of correlation be-
tween 1Jp, o and 7y, or vp,_y when X = Cl™, Br—, 17, NCS™—, SCN™, NO,~, CN—,
and the observation of a correlation between 1/p, ;1 and the position of X~ in the
spectrochemical series (determined from the UV spectra of Colll complexes) led to
the suggestion that changes in 3AE might be dominant in (3) when “gross” changes
were made i X. However, the correlation with the spectrochemical series might
equally well be explained in terms of variations mn czptz being dominant if ligands
which tend to concentrate s-character into their bonds with platinum are aiso those
which cause a large d-orbital splitting

Church and Mays ?7 studied lJPt—H for a number of cationic complexes trans-
[PtHL (PEt3),1". The results were interpreted in terms of variation in “Pt?'- Changes
in lJPtHH with the rrans-ligand parallel those in I'IPt—P as would be expected if “‘Ptz
is dominant in both cases. When values of LJp, |, for complexes rrans-PtHX(PEt3),
are compared with those for srans-PtHX(PMe,Ph), (ref. 154), the former are con-
sistently higher than the latter (e.g., with X = NOj, 'Jp, g = 1322 Hz for the
PEt3; complex 231 apnd 1316 Hz for the PMe,Ph complex). A large difference is ob-
served between corresponding values of L, ;4 for frans-[PtHL'L»]1", where L =
PEty (ref. 97) and AsEt; (ref. 156) (e.g., for L' = PPhs, IJPt__H = 890 Hz when
L = PEt; and 739 Hz when L = AsEt3). The relative difference is greater than that
in vp,_y (2069 cm—! for [PtH(PPh3) (AsEt3)»]" and 2100 cm~1! for [PtH (PPh;)-
(PEt3)2]+). As usual for “NMR cisanfluences” no definite statement can be made on
factors responsible in eqn. (3), although variations in | Yp (g (0) |2 might produce
the observed differences. It should be mentioned that the cis-influence on ifPt—H is
magnified in these complexes since two cis ligands are being changed.

Combining results on frans-PtHXL, and PtH(L) L,", the order of decreasing NMR
trans-influence, corresponding to the increasing order of thz in the Pt—H bond,
shown i1n Table 8 is obtained.

There are a few anomalies in this series. Church and Mays 97 commented on the
position of PPhj relative to PEt; and the phosphites, although Pt—H stretching fre-
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TABLE 8

Pt—H couphng constants and frans-influences for platinum (II) compounds 4

CN™ (768) (ref 154) > PEt3 (790%) (ref 97) > PMePhy (840) (ref 154) > P{OMe)s (846¥) (ref 97)
> P(OPh)3 (872*) (xref 97) = p-Me-CaHaNC (872) (ref. 154) > PPh3 (890%) (xef 97) ~ p-MeO-
CgHgNC (890%) (ref. 97) > 1-BuNC (895%) (ref. 97) > C2Hg (931) (ref. 157) > CO (96 7*) {ref 97)

2 §-CgHs ™~ (PPhz complex, 969) (ref. 231a) > NO, ™ (1003*) (ref 231) > —NCO™ (1080%) (ref. 231)
~ —NCS™ (1072 {zef 154), 1086* (ref. 231)) ~ 2-Me-py (1080) (ref. 154) ~ 2,4, 6-tnmethylpyridmme
(1073) (ref. 154) > py (1106) (ref 97) > p-MeCgH4CO2 ™ (1195%) (ref 158) > —SCN™ (1204

(ref 154), 1233* (ref. 2310 > C1™ (1260) (ref. 154) > CF3COz~ (1286™) (ref. 158) > Br~ (1302)
(ref 154) > NOj3~ (1316) (ref. 154) > 17 (1332) (ref. 154) > MezCO (1458) (ref. 154) > ClO4 ™~
(PPh3 complex, 1466) (ref. 163)

a ‘JPt—H (Hz) for trans-PtHXL4 or mms—PtHL'Lz, where L = PMePh, except where otherwise noted,
or when indicated by an asternsk, in which case L = PEt3. The order 1s that of mcreasing J, and de-
creasing rrans-mfluence

quencies show the same order. By comparison with the vp, y series of Br™, I” and
SCN™ are out of order This is a general feature of rrans-influence series derived
from coupling constants (see discussion later).

(d) Couphng constants fo the platinum—methyl group platinum(IT).
Platinum(II) Coupling between 125Pt and 13C i Pt—CH; would be expected to be defined
by eqn (3) where A and B are Pt and C respectively. The platinum-—proton coupling over
two bonds, 2Jp,_ e, is more comphicated 232. However, Smith 233 showed that the coupling
ZJX—C—H could be treated in an analogous way to 2JHCH, which is fairly well understood.
These considerations suggested 203 that 2JPt—Me would be given by

G L RSN () TER T ()1
SAE

£(C) represents the vanious factors that affect the transmission of the xoupling through
the carbon atom. Within a series of complexes trans-PtMeXL,, provided changes in £f(C)
are ’relanvely small, variation in ZJPt—Me with X would depend mainly on vanations in
apy, as for Lip,_p and 1Jp, ;. A linear correlation 203 between 2Jp,_y. for these com-
plexes with IJPt—H for corresponding complexes frans-PtHXL, 1ndicates that changes in
f(C) are not important. This conclusion 1s confirmed by the observed linear correlation
between L7195 p, 13 and 2J195p,__154 fOr a series of platinum—methyl complexes 234,

Allen and Pidcock 224 noted that 2JPI~MB in the complexes trans-PtMeX(PEt3), was
dependent on X~ and varied in much the same way as 1JPt—H in the hydrides. Ciark and
Ruddick 235 examined 2Jp,_yy, in the cationic complexes zrans-[PtMeL(PMe,Ph),]™ and
pointed out that the dependence of 2J§ M on L was similar to that of 1Jp,_y in corre-
sponding hydrides. More recent work! §-180,236,237 has extended the range of methyl-
platinum(II) complexes. Combining results for 2Jp, e in PEt; and PMe,Ph complexes
(the change of phosphine has little effect?03 on 2Jp,_cyy,) the NMR rrans-influence order
shown in Table 9A is obtained.

For complexes cis-PtMe; L,, ZJPt—Me also shows a dependence on L, to giwve the trans-

12T pe_pgel =

4)
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TABLE 9

Coupling constants and frans-inftuences for methyl—platinum (1I) compounds

A. 23p;_c_prvalues for trans-PtMeX Ly and trans-[PrMeLl'L, ]+ complexes 4
Xor L=p-F-CgHa™ (49.5) (ref. 251) > m-F-CgHa~ (50 0) (ref. 251) > carbznes (e.g., .C(OMe)-
Me) (51) (ref. 176) > SbPh3 (55) (zef, 235) > PMe,Ph (57) (ref. 235) > —C=CCF3 (57 8)
(ref. 236) ~ P{OPh)3 (58) (ref 235) > PPhg3 (60) (ref. 235) > CN™ (o1) (ref 203) > CO (63)
{ref. 235) > RNC {(63) (ref 177) > AsPhs (67) (ref. 235) > NO, ™ (71 3) (ref. 203) > CHy=C=CH,
(72 0) (zef. 178) > Me—CH=CH- (73 5) (ref. 179) > py (74) (zef. 235) = CHs (74 2)
(ref. 179) > CHz=CHCH=CH, (75) (zef. 178) > NH=C(OMe)CsF 5 (76.4) (ref. 180) ~ MeC=CMe
(77) (ref. 179) > NCO™ (78) (ref 203) ~ NCS™ (78 5) (ref 203) =~ N3~ (78 6) (zef. 224) > RCN
(80) (ref. 180) > 1" (81) (ref 108) = Cl™ (82) (ref. 108) =~ Br~ (83) (ref. 108) > NO3 ™~ (86)
(ref. 203) > Me,CO (88) (ref 237)

B8 23p, _c_ frvalues for cis-PtMegL, @
SbMe3 & (54) (ref. 239) > PMe,Ph (67) (ref. 108) > PPhj (69) (ref. 240) ~ P(p-CcHaMe)a (69)
(ref. 241) > p-CN-CgHaMe (74.6) (ref. 241) ~ CNEt (75) (ref. 240} > AsMe3 & (77 5) (refs 239,
242) > AsMeaPh (79) (ref. 109} > COD (83.4) (ref. 241)

2 The order 1s that of decreasing trans-influence with J values (Hz) in parentheses.
b The 2JPI—CH3 coupling constants mn ref 239 appear to be half the true values

influence order shown in Table 9B. For the mited number of complexes of this type for
which '3C NMR data are available 23%:243 changes in 'Jp,_( parallel those for 2Jp,__p-
The results suggest rather large differences between the rrens-influences of phosphine,
arsine and stibine ligands, which are not apparent when NMR spectra of a series of frans-
complexes PtMeL(PMe,Ph)," are examined 235. Platinum—methyl coupling constants in
the cis-dimethy! complexes probably provide a less reliable guide to #rans-influence be-
cause.

(i) Results will reflect a cis-influence as well as a rrans-influence

(i1) Two ligands are being vaned from compound to compound so that “perturbations”
from changes 1n 3AE, | pres) (0) {2 will be more pronounced.

A senes244 of complexes cis-Pt{CH,S1Me;3 ), L, shows an analogous variation 1n
2Jps_cy with L although the coupling constants are consistently higher than corresponding
values of 2J/p, i for the analogous platinum—methyl compounds.

Platinum(I'V} In trimethylplatinum(IV) complexes, 2/p;_pq depends?45 on the rrans
donor atom, e.g., complex XXIII

Me
Me i (o]
~
Pt

Me” | ~nNO
Py
X X1

shows three Pt—Me resonances with 2Jp, e = 73.6 (frans to O), 71 (trans to py) and 697
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(trans to N) Hz. The complexes [PtMe3X] 4 gave 188 27, . = 81.7 (X =Cl), 80.1 (Br),
80 1 (OH), 78.4 (I) and 73.4 (SH) Hz. The range of coupling constants obtained by Kite
et al. 245 was not very large (69—82) since no ligands of very high rrans-influence were 1n-
cluded Ruddick and Shaw 103:109 examined the NMR spectra of some Pt'V non-
electrolytes containing ligands such as tertiary phosphines and arsines with high rrans-
influence. For example, for the complex fac-PtMe3(PMe, Ph), I (XX), j"l’t—\[e (transto 1)
1s 70 Hz and 56 Hz trans to PMe,Ph. For the corresponding complex with AsMe,Ph the
couplmg constants are 72 and 64 Hz frans to I” and arsine respectively. The lowest value
of 2Jp,_yge Occurred for the complex cis-PtMey(PMe,Ph), for which the plaunum—methyl
coupling constant for the mutuaily trans methyl groups was 44 Hz (57 Hz trans to PMe, Ph).
Clegg and Hall 185 measured JPt e for some trimethylplatinum(IV) complexes,
PtMe; X3 and PtMe; L3 The coupling constant was dependent on the frans ligand and
correlated with vp,_yy from Raman spectral data For the anionic complexes, the order of
2Jpe_pge Was NCS™ (73.4 Hz) > NO,~ (70.9) > CN™ (60 8), suggestmg a reverse trans-
influence order For the series Pt(CH3)3 (bipy) X and Pt(CH3)3(bipy)L* 1t was found 1852
that th CH, frans to X or L was very sensitive to change in X or L and th cu frans
to bipy almost insensitive to X or L The trans-influence order obtamed is given in Table
10A. This order showed some correlation with vp,_cy, (trans to X) For cationic tr1-
methylplatinum(IV) complexes containing three neutral ligands, JPI—-ME is very dependent
on the nature of the ligand #rans to the methyl group 1n question, but almost independent
of the cis ligands For example, JP[ Me /7ans to pyridine is virtually constant at 6768
Hz in the complexes PtMe3(py),,(0H2)3w,, (n = 1-3) (ref. 185), PtMe3(py)2(PMe-,Ph)
(ref. 189), PtMe3(py)(PMe, Ph), (ref. 189). However. the value changes for different
classes of compounds, e.g., 61 6 Hz (ref. 190) for PtMeZI(PMeZPh)Z(py)+, XX1V,

+
Pmetpn'l
LI S
Pt |
Me” | oy |
PMe,Pn

XXV

Me

60.8 Hz for PtMe, (py),(PMe, Ph)22+, XIV (ref 190) and 71 Hz in XXIII (ref. 245). Con-
sequently it is important, when making detailed comparisons to confine considerations to
complexes of a particular class. For the complexes PtMe; 3" (refs. 185, 189) and
PtMe3(L )La, (ref. 189) the trans-influence order 1s glven in Table 10B, and for the di-
methylplatinum(IV) cations [PtMe,(PMe,Ph),L,]1" and [PtMez(PMf:zPh)zIL]+
Table 10C. The trans-influence order in Table 10C correlates well with that obtained from
Vpi_ae 1IN the Raman spectra. A linear correlation was also found between these coupling
constants and those obtained for trans- [PtMeL(PMe)Ph)zr

The trifluoromethyl group also exhib:ts a high NMR zrans-influence in platinum(IV)
compounds. For example, in the complex XXVa, 2Jp,_y, has the low value 246 44.6 Hz
trans to —CF3;™ (66.4 Hz trans to I ) and in XXVI both Pt—Me coupling constants are
low (44 and 46 Hz)237.

In the dimeric complex [Pt(CHj)3(acac)],, the Pt—CHj3 coupling trans to the g-C of
acac (73.3 Hz) is similar 235 to that for the methyl groups frans to O (75.1 Hz), indicating
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TABLL 10

Coupling constants and rrans-influences for methyl—platinum (fV) complexes & b

A p_ CH 3 values for PIMe3X (bipy) and PtMe3L (bipy)¥ (trans to X or L) u mtrobenzene 1853
CH3z~ (44 2) > CN~ (55 5) > PPh3 (58.5) > acac  (C-bound) (63 8) > NO,;~ (67.2) > pipendine
(68.8) > MeNH,; (69.6) ~ EtNH; (69.9) > ~SCN™ (70 5) > py (70 9) > NH3 (71 7) > NCO™
(72.3) =1 (724)> —NCS™ (73 0) > CH3CO2~ (74.0) > Br_ (74 6) =Cl” (74 7) > NO;3
(79.5) > H,0 (82) >

B *Ips_c_g values'®5:18 for [PresL3)" and [PirfesihL]” ¢
L =-CCH,CH,CH,0O (49 Hz 1n PtMeg (AsMe3)2LY) > PMe,Ph (54 5) > SbMes (60) ~ p-CNCgHa-
Me (60) _>_+CNMe (60 8) =~ p-CNCGH_'._;OMe (61.2) =~ CNC,H;s (61 2) > ps_f'_(68) > NH>Me
(PtMe3 L3+, 68 4) > NH3(PtMezLz , 71) > NCCgF5 (PtMes(AsMes) L, 77.4) > H,0
(PiMesL3z", 79.7)

C pr__p values? for (PtMe, (PMeyPh)y Ly ] % and [PtMey (PMeaPh)oIL]T (xef. 190)
L= CCH3CH3CH30 (47) > PMe,Ph (50 5) > diars (56.0) > CNCgH;OMe (57.8) > CNCgHaMe
(58 0) > CNMe (58.2) == CNEt (58 2) > P(OMe)3 (60.0) > diphos (60 6) > py (60.8) > tetra-
pyrazolylborate, Bpzs~ (64 2) > bipy (64.4) > terpy (64 6) > SoCNEt; ™ (64 8) > NH=C(OMe)-
CsFs (65.2) > phen (65 5) > p-NCCgH4OCH3 (70 2)

2 The order 15 that of decreasing trans-influence (increasing J) values (Hz).
b Values in Hz are given 1 parentheses for each hgand
€ L' = PMe,Ph unless otherwise noted

r? PMesPh
PhMesP_ F"t/CFs Me\plt/cr-"S
~
RZ7 | “Pme,Ph re” | c\]
I PMe, PR
XXV XXV1
(a) R'=R?=Me
(b) R' = 1I,R?=CF5

(c) R' =RZ=CgHy

that the o-C bonded acetylacetonate group is exceptional among o-alkyl groups in having

a low NMR zrans-influence. This supports a stmilar conclusion from Pt—CH;3 bond lengths
in related complexes#4b.¢_ In the complex Pt{(CH;)3(bipy) [-CH(COCHj;),] the Pt—CH;
coupling trans to the carbon-bonded acetylacetonate 1852 (63.8 Hz) 1s smaller, indicating
that the frans-influence of this group 1s a little higher than that of bipy (frans-coupling
68.8 Hz), but still much less than that of CH3~ (trans-coupling 44.2 Hz). The crystal
structure of this complex#42 supports the conclusion that there is little difference between
the rrans-influences of bipy and C—acetylacetonate.

King 2463 has reported the preparation of the dinitrogen complex Pt(CH;)4(dipyrazol-
ylborate)(N,). A comparison of the Pt—CHj coupling constants cis and trans to the
dinitrogen ligand (78 and 64 Hz respectively) implies a moderately high trans-influence
for Ns.

{e) Pt—CF3; coupling
It has been suggested 293 that 2J/195 pt_C—12F in trifluoromethylplatinum complexes
is given by an equation analogous to (3) A linear correlation 203 petween 2J!'t—Me and
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2th_CF for corresponding complexes trans-Pt(R) X(PMe,Ph), and trans-Pt{R)L:
(PMe,Ph)," supports this conclusion. The deviation from the line of points representing
L =SbPhj and CO was explained 1n terms of these ligands requiring back-bonding from
filled metal 4_-orbitals which were contracted in the trifluoromethyl complex owing to a
greater effective positive charge on platinum.

A dependence of 2Jp, . on L was also observed for the complexes cis-Pt(CF;),L,
(ref. 241) analogous to that fsor cis-PtMe, L,. The decreasing.order of coupling constant,
QJPt—CFy and hence the order of increasing frans-influence, 1s 4Me-py (793 Hz) <
SbPhj (791) < COD (736) < AsPh; (731) <CNEt (713) < AsMe; (713) <PMe,Ph
{627) Triphenylstibine agamn has a low frans-influence in a metal complex where the effec-
tive positive charge on platinum 1s high; but, surprisingly. the frens-influence of COD ap-
pears to be similar to that in the dimethylplatinum complexes.

2r Pt—CF, 4s0 shows a dependence on the frans higand in platinum (IV) complexes The
ccupling constant order 1s: Me,CO (612 Hz in XXVIIb)246 > [~ (505 in XXVIIa)247 >
CNEt (452 Hz in XXIX)}24! > PMe,Ph (419 in XXVIII)}24¢ > CF;~ (289 in XXVb)24¢
> Me™ (280 Hz in XXVa)246 > _C Hs~ (235.5 Hz in XXVc)246.

n+ 1

CF3 e CF. | _CNEt
Me\; _ PMe,Pn Me\;t/F’MeaP" 3l
-~ ~
me” | “PMe,Ph cFy” | “PMeyPh CFa l CHNEt
X i
XXVI1 XXV XXIX

(a) X=1,n=0
(b} X=MesCQ, n=1

(f} 195 Pr— 15N coupling

Very recently, Venanz12472 has reported the observation of coupling between 195p¢
and 15N in 15N-enriched complexes cis- and trans-PtX, Ly (X = Cl, Br; L = n-C |, HysNH,)
of IJPIHN mn cis-PtCl, Ly (351 Hz). The higher value compared with that in the trans-
isomer (290 Hz) implies that the amine has a hugher rans-influence than chloride. The
difference in coupling between cis and zrarns isomers 1s less pronounced than that for
1Jp;_p in the analogous PBu”; complexes! These data aie consistent with the zrans-
influence series R3P > RNH, > C17, Br obtained from Pt—P, Pt—H and Pt—CHj,
coupling constants.

(g) Couplings involving 195 pr gver more than rwo bonds

Theoretically, the treatment of "Jp,_x becomes extremely complicated as 1 increases.
However, experimental results have indicated that the behavior of the coupling constants
involving 199Pt is often analogous to that of coupling constants involving !H For exam-
ple, 37p,_n_c_pu shows a dependence 248,249 on the dihedral angle between the planes
Pt—N—C and N—C—H similar to the Karplus relation for 3JH—C,—S~H in the fragment
H-—-C—C—H Likewise, *Jpccp shows an angular dependence 47, similar to that for
47 Hccch- Consequently, in considering a coupling ®Jp,_5_g m_x which is transmitted
through bonding electrons, it is reasonable to use the reiation
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TerTx ok FA—B- M) p 65 (012 1y (0)12
3aE

FTpe_a—B M—x| <= &)

In this extension of egn. (3), F(A—B....M) represents all the electronic and stereochem-
ical factors i1 the A-B...M fragment which can affect the coupling. If, within a series of
complexes, changes in ax F(AB MUYy () (O)I are relatively small the coupling
will depend on ap,” ]upt(ss)(O)l 3 AE just as for Lp, .

Thus for the complexes Pt(en) L2 J’PPN Ci., varies with L in a similar way to

2Jpe_chy- varying 2?9 from 32 Hz (trans to PPh3) to 52.5 Hz (trans to Hy0). 3/p_p_cy,
for the phosphme trans to X 1n the complexes PtX(PMe,Ph);" depends on the trans-
influence of X, as illustrated in Table 1}. The difference between the couphno constants

3Jpe p_ cH, ¢ and trans to CI™ may be compared with that between ! fpi_p in related
complexes PtX(PR3)3 (see earlier discussion) 11,224

JPI——P CHj; frans to all the o-C bonded organic groups 1s low, indicating a high frans-
influence. The significant vanation in 3Jp,_p_cy, (cis to R) suggests that these coupling
constants cannot be used as a precise indication of trans-influence differences between
—R groups
Within the series of complexes XXX

n+
PMesPh L Hy
1 ~,
z—pt—c? OMe
CFq
PMesPh

XXX
(a) Z=Xn=C
{b) Z=L,n=1

JPt—C CF3 and JPt—C c—Hy both vary linearly with th CHs for the corresponding
methylplatinum complexes PtMeZ(PMezPh)g ™ (except for the | points representing L =
SbPh;), although the lines do not pass through the ongm—so This supggests that over the
observable range of coupling constants (77—144 Hz for 'IPt Cc— CF3) the dominant factor
in eqn. (4) is aPtz_

Glockling and Hooton 111 studied the variation of 3Jp,_ ge_cp, With X in the com-
plexes trans-PtX(GeMe;3)(PEt3),. The coupling ranges from 11.8 Hz for X = CN™
20 Hz for X = Cl—, varying 1n an analogous way to ZJPt_CH 4 In the methylplatinum com-
plexes.

(1) Coupling constants involving 193Rh

Some typical data on coupling between 31P and 103Rh (/ =4, 100% abundance) are
given in Table 12.

In the complexes RhX(PPh3)3, L/g;,_p 1s always larger trans to X than trans to PPhs.
Grim and Ference252 have given an explanation in terms of the mutuaily rrans phosphine
ligands competing for M 4 electrons. The fact that values of lJthP for the RhIll com-
plexes are smaller than for Rh! complexes with the same trans ligands is then explained
in terms of less m-bonding for RhIl. However, just as L/, _p (trans to P)/LJp,_p (zrans
to CI) was the same! for Pt and PtIV, Lup, o (trans to P)/1Jg,,_p (trans to CI) is 0.75
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TABLE 11
3JP!—P—CH3 for complexes [PtX(PMezPh)3]+
R 37 (c1s 1o R) 37 (trans to R) Ref.
-Cl 23.5 40.0 235
H

_Q:s:c/ 300 206

Crs OMe 29.2 350
—CgHs 32.6 17.6 250
-Cls 280 190 203
-CH3 300 i8.5 235
~H 39.5 20s 154
TABLE 12

103 ph 3P couphing constants n CHzCla

Compound | *Y"Ru-p! 1"Jru-pl Ref

rrans to halogen trans to P

or COD

trans- RhCUCO) (PPh3)> 129 252
124a 253
RhCi(PPh3)a 189 142 253
RhBr(PPh3); 192 141 253
Rhi(PPh3)3 194 139 253
prer- RhCl3(PBufly)z 114 84 252
1125 836 254
mer- RhBr3(PBu’l3), 108 84 253
ner- RhClz(PMesz)s 103 82 253
mer- RhCl3(PMcaPh)s 1123 84.6 254
mer- RhCl3(PMePhj)s 114.5 86 0 254
Rh(COD)(PPh3)Cl 152 252
mer- RhCl3(PE1;Ph)3 108 84 252
1111 84 254

2 Spectrum run i CHCl3

for RhCI(PPh;);3 and for RhCiz (PMePh,); * which could not be expected if 1.IRh_Pde-
pended mainly on Rh~P 7-bonding, and such n-bonding was reduced for Rhl! relative to
Rh! It should also be noted™ that Wpumi_p/ Jrul_p for this pair of complexes is 0.6 for
phosphine rrans to Cl and rrans to phosphine, almost identical ! to corresponding values of
LJpdv _p/ pi_p, and comparable with the “theoretical” value 203 5f 0.67. Consequent-

ly we prefer to discuss variations in 1Jg;,_p in terms of the appropriate form of eqn. (3),
with changes in oth2 being predominant. At least, it is clear that the mechanism of coupling
for Lipy _p is similar to that for 1Jp,_p.

* This discussion ignores the probable small differences between 'Jgp..p for PPhs and PMePhy complexes
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The ratio Ly, p(frans to PPhy)/ g, _p(trans to CI) for RhC1(PPh, )5, 0.75, is sig-
nificantly larger than for !Jp,_p(zrans to PPhPr?,)/Vp, p(erans to CI) in the complex
PtCl(PPhPr”2)3+, 0.66. This suggest that the trans-influence of phosphines relative to
Cl™ is less for Rh! than for Pt!. A significant cis-influence on IJRh_P(mms to PPh3)1s
demonstrated by the coupling constants in rans-RhCl{CO)(PPh;), (129) and RhC}-
(PPh3)3 (142). The rrans-influence of COD appears to be slightly lower than that of Ci—.

(i} Coupling consrants involving 195 Hg

Hatton et al 255 examined the variation in 2Iyg-cug (199Hg, I =1, 16.9% natural
abundance) with X in the series Me—Hg—-X. The series has been extended by Schaaf and
Oliver 256, and Goggn et al. 257 have studied some cationic complexes Me—Hg—L*.
Hatton et al. 255 interpret the results in terms of variation in the s-character of the Hg—CHj
bond. The frans-influence series thus obtained is given in Table 13. Trends analogous to
those in Table 12 are observed 253 for 2Jy o—CH, and 3"Hgv-CH2 _CH, in complexes EtHgX.

Schaaf and Oliver 256 found that 37 Hg—SCH; M the complexes Me; SiHgX varied linear-
ly with 2JHg—CH , in the corresponding complexes Me—Hg—X (although the plot does not
pass through the origin) indicating that changes in Hg hybridization are dominant in both
series. The situation is similar to that in the complexes!!! rrans-PtX(GeMe3)(PEt3),
mentioned above.

Pidcock and co-workers 86 measured 1Jyg_p in some complexes HgX{PO(OEt),] in
benzene. The complexes are dimeric in solution with Hg—P—0----Hg bridges, but from the
crystal structure of the solid complex HgCl[PO(OEt)z ] 1t was concluded that the
P—Hg—Cl unit was not greatly perturbed by these interactions and remained almost linear.
IJHg—P varies with X in the order: MeCO,™ (12 97 kHz) > Ci~ (12 67) > Br~ (12.24)
> 1~ (11.18) > (EtQ), PO~ (7.50). The similarity of this behavior to that 225 in rrans-
PtX[PO(OEt),] (PEt;), was noted. Since Hg!! has a closed d-shell, effects involving
metal d-electrons are not expected to be important. This provides additional evidence that
Pt—P d_ bonding does not control 1Jp, p in Ptlf complexes. Since Hg!! 1s formally sp-
hybridized but appears to show an NMR zrans-influence similar to that in formally dsp?2
Pt!l, the results suggest (1f the Fermu contact explanation is correct) that changes in s- and
p-orbitals are dominant in giving rise to the trans-influence 1n Ptll complexes.

Goggin et al. 257 measured 3JHg—P—CH3 in the sertes [HgX(PMe;)1™ and [HgL(PMe;)]%*
in D,0. The NMR rrans-influence order thus obtained was: Me™ (43.9 Hz) > Ph™ (50.8)
> PMes (84.3) > AsMe; (~92) >CN™ (99.6) > 1~ (106.4) >Br~ (117.0)>Cl1~ (121.9).
It was noted that this trend is similar to that observed for 2JHg—CH3' Correlations with
YHe—CHs and vy,_p were noted.

McFarlane 25¥ noted that in the complexes (CF3-CgH4)HgX, J, Hg—F increased by a
factor of approximately two as X was changed from —CgH, —CF3 to Br when the tri-
fluoromethyl group was meta or para. This could be explained in the usual way in terms
of variations in ey 2. However, when the CF3 group was ortho no such change with X
accurred. It was therefore suggested that the mercury 0-CF5 couphng contained a larpe
“through space™ component. The corollary of this finding is that coupling constants can
only be expected to provide data about the rrans-influence when such “through space™
coupling is absent.
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TABLE 13
Couphing constants € and trans-imfluences in MeHgX and II‘»thgL]+

X7 or L =SiMes” (96.8, cyclopentane) (ref 256) > Me™ (102 (ref. 258), 100 6 cyclohexane (ref.
255); 102 5, CFCl3 (ref 256), 104 3 pynidine (ref 255)) > —CHCH,CH, ™ (103.5, CFCl3) (xef. 256)
» —CH=CHj; (107, CFCl3) (ref 256) = —CHaPh™ (107 2, 1, 2-dimethoxyethane) (ref. 256) >
—CgHs™ (108 5, CFCl3) (ref 256) > ——(E—El; (148, 1,2-dimethoxayethane) (ref 256) > —C=CH™

O

(150 6, pyndine) (ref. 255) > S—Hg—Me™ (156.6, pyridine) (ref. 255) = —N(SiMe3)s™ (157 2, 1,2-
dimethoxyethane) (ref. 256) > PMes (167 3, D;0) (ref. 257) > CN™ (176) (ref. 255) > AsMe; (~ 180,
D30} (ref 257) > I (200, pyridine) (ref 255) > SCN™ (208, pynidine) (ref 255) > Br (212,
pyridme) (ref 255} ~ OH™ (204, 214.2, pynidine) (ref. 255) > C204 (HgMe) ~ (205; 215.2, pyndine)
(ref. 255) ~ SO4 (HgMe) ™ (205, 216, pyridine) (ref. 255) > PO4 (HgMe)z ™~ (220.5, pyridine) (ref

255) ~ OCOMe ™ (214.3;220.8, pynidine) (ref. 255) = SMe; (220.7, D, 0) (zref 257) > py {227 for
MeHgpy (NO3), 233.2 for MeHgpy (C104)] (ref 255) > NO3™ (240 6) (sef 255) > D, 0 (259 2 for
[MeHg(D20)]NO3 and [MeHg(D;0)]Cl04)

@ The order is that of decreasing rrans-influence Values of 2/ c—p (Hz) are given 1n parentheses,
and were measured 1n benzene unless otherwise noted.

(j) Coupling mvolving 183w

Grim et al 208.230,260-262 have examined the coupling between 183W (7 =1, 14.3%
natural abundance) and 31P 1n the complexes LW(CO); and L,W(CO), where L 1s a phos-
phune or phosphite. Two main conclusions were reached:

(1) In the complexes LW(CO)s, 1Jy_p tended to increase 208262 with increasing sub-
stitution of electron-withdrawing groups on P, varying linearly with v~ (E mode)

(i7) In the complexes (PR3),W(CO),, 1Jy_p m the trans isomer was appreciably
greater than in the cis isomer 230,261,

The results are explained in terms of W—P #-bonding. Point (z) was taken to indicate
that 1Jy,_p was a measure of W—P #-bonding, since 1f spin—spin coupling is transmitted
mainly through o-bonds, one might expect the best o-bond to have the largest Liy_p.
Either coupling was transmitted via 7-bonds, or, in the Fermi Contact Theory (appropnate
form of eqn. (3)) 7-bonding enhanced | Yy g5 (0) {2, with a synergic increase in P>W
g-bonding also affecting the coupling. Point (1) was explained as ansing from greater com-
petition by CO for n-electrons than by PR;.

Mather and Pidcock 263 have challenged these conclusions. They point out that when
the groups on phosphorus are varied. the factors in the appropriate form of eqn. (3)
which would be expected to be most affected are ap®| Upag(0)12, rather than oy Yy
(0)[2. Over a wider series of complexes than that examined by Grir.. ¢t al. little correlation
was observed between IJW__P and the expected strength of W—P w-bonding.

It has previously been shown that v in metal carbonyls LM(CO)s correlated with the
net electronegativity of L, whether the electron flow involved is 0, # or a combination
(see earlier discussions on »-qg), so that the linear plot 208,262 of 11, _p agamnst v indi-
cates that phosphorus hybridization and net LM charge transfer both change regularly
as electron-withdrawing substituents are introduced on the phosphorus atom.

The lower value of Jyy_p trans to CO than trans to PRy can be explained in terms of
higher awz 1n the former case if CO has a higher NMR rans-influence than PR3 1n these
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complexes. In the relatively electron-deficient complexes trarzs-PtMeL(PMePh)z , the rrans-
influence of CO (2Jp,_ cH; for L=CO,63 Hz)235 is only slightly less than that of phos-
phines (2Jp,_ CH,- for L =PPh3, 60 Hz). It would be expected that the rrans-influence of
CO would be greater 1n the ‘‘electron-rich” tungsten(0) complexes. If this explanation is
correct, it directly contradicts the assumption that there is no rrans-influence 1n complexes
such as these 89,

k) Metal—olefin coupling constrants

X-ray data?2 suggest that the Pt—olefin bond 1s weakened when #rans to a ligand of high
trans-influence. Coupling constants to olefins also depend on the frans-ligand. Since the
bonding of olefins to metals is considerably more complicated than that of a methide or
hydride ion, or phosphine, such coupling constants should not be used alone as an indica-
tor of rfrans-influence However, it 15 of interest to exarmine the effect of frans-ligands on
metal—olefin bonding as revealed by these coupling constants.

Kaplan and Orchin 264 found that, in the complexes XXXI, electron withdrawing
groups, Z, increased the coupling between 195Pt and the olefin protons, although chem-
ical shifts were consistent with the expeci . decrease in Pt—olefin n-bonding

H\C/H llvt’ o N
i
[«f]
H H
XXXI

Braterman 265 explained these results in terms of the s-character of the Pt g-orbital vary-
ing with the nature of the frans group X in an analogous way to that discussed above to
account for variations m YJp, _p, 1Up,_py, etc. In platinum(I1) complexes (Fig. 6) a mirror
plane passing through X, Pt and the center of the C=C bond prevents s-character in the
Pt orbitals used for the w-back-bonding from contrnibuting to the couplhing Since there is
no mirror plane containing the C=C bond, symmetry does not prevent mixing of C 2s
character 1nto the olefin w-orbital which is used to form the olefin-metal o-bond. The
s-character of this w-orbital will presumably depend on such factors as changes in Pt—
olefin w-bonding caused by changing X, but by Braterman’s model such changes are out-
weighed by those in the Pt o-orbital.

The theory was used by Fritz and Sellmann 266 discussing JPt—CzH " in the com-
plexes trans-PtCl,(C,Hy )L, where L was an amine ligand (mainly substituted pyridines).
Over the narrow range of coupling constants observed (59.5—63 Hz) the coupling did
increase with increased electron-withdrawing power of the pyridine substituent

In propene complexes steric interaction of the propene methyl group with other ligands
can give rise to two distortions in the Pt—olefin geometry.

(?) The C=C axis can bend back268 3s in XXXIIb
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Holloway et al 269 showed that in the complex PtCl(acac) (Me—CH=CH,), the plati-
num coupling constants to the vinyl pro.ons were negative, so that “the effect of moving
{vinyl) protons niearer to the platinum atom involves an increase in the negative character
of the 125Pt—H coupling”269. It was implied that “the 195Pt—H coupling constants of
the olefin ligand are more complex in origin than would be expected from consideration
of only the Fermi Contact term™269. The situation does not appear to be markedly dif-
ferent from that in the “s*mple H, —-C—-C—Hyp fragment, although it is more difficult to
analyze in detail. Karplus““ showed that./y ACCH depended markedly on the dihedral
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A simular angular dependence is found 248249 for 3Jp, \__p- When propene is twisted,
the dihedral angles ¢, and ¢y (XXXIIIb) differ from the dihedral angle, ¢, before twisting
by the torsional angle o such that ¢, = ¢—a; ¢ = ¢ ta. Dependence of Jp,_y; on ¢ would
be expected on the Braterman model Holloway et al. 269 also found that platinum
coupling to the propene methyl group was opposite in sign (positive ) to that to the viny!l
protons (negative), just as in [PtEt3Cl]4, where 2Jp,_cyy, is opposite in sign27! to
3JptcH,- This represents a typical reversal of sign of coupling constants "*1J A—Cp—X S
n changes from odd to even272, although there are exceptions. It should be remembered
that when a coupling "J,_ g j_x is said to originate in Ferm1 Contact, this refers to the
mechanism by which the electrons in the bonding orbitals of A and X are perturbed by
the nuclear spin. It does not refer to the way in which this perturbation 1s transmitted
through B ..M (which does not necessanly involve s-electrons at alf). These results do sug-
gest that the Pt—1! (olefin) coupling constants should only be used as an indication of the
trans-influence of the ligand frans to the olefin when such steric factors are constant.

The direct couplings !J195p, 130 to the olefin carbon atoms are not subject to these
configurational complicat. »us. The Fi~ < coupling constants 1n the complexes PtX,{(COD)
where X = I, CF3 and CH3 are 124 + 4,56 £ 3 and 55+ 3 Hz respectively273. The virtual-
ly identical coupling constants frans to —CH43™ and —CF3™ are consistent with the high
NMR rrans-influence of both these ligands20? and make it clear that the Pt—C (COD)
couplings are not dominated by the effective charge on platinum since the trifluoromethyl
complex would be closer to the 10do than the methyl complex in this respect. This is
reflected in the 13C chemical shifts of the vinyl carbons?73 (111 p.p.m. downfield from
TMS for Pt(CF3),(COD) and 98 8 p.p.m. for PtMe,(COD)). Coupling between platinum
and the vinyl protons (70, 40 and 42 Hz for X = I, CH; and CF; respectively) is also sensi-
tive 274 to the trans-influence of X~

In the platinum(0) complexes, PtL,(olefin), the olefin lies approximately in the plane
of PtL, so that the symmetry restriction noted by Braterman for Pt!! complexes preventing
participation of Pt—3S orbitals in the Pt—olefin n-bonding is no longer present. Thus there
are two possible mechanisms for coupling between platinum and nuclei on the coordinated
olefin. One 1s essentially the same as that proposed by Braterman 265 for Pt!! with the
platinum considered to be trigonally hybridized, XXXVa (largely sp2) The other corre-
sponds to a dsp? square planar hybridization, and to a “metallocyclic’ structure. The situ-
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ation 273 is not necessanly either (a) or (b). Clark et al. 273 consider, on the basis of a com-
parison of platinum—carbon couplings in Pt and Pt® complexes of C;H, and
Me—C=C—Me, that the coupling mechanism in Pt9 complexes is essentially similar to that
in Pt complexes, the formal oxidation state only contributing to the magnitude of this
coupling.

The results of Kemmitt and Moore 276 suggest that the s-character in the platinum
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o-orbitals depends on the nature of L in the complexes PtL,(C,F4). Jp,_F is sensitve to
L, decreasing in the order en > bipy = phen > AsPh; > diphos > PEt,Ph > PMe,Ph >
PMePh, > PBu”3 =PPhgs. The overall frans-influence N-donors < As-donors < phosphines
is comparable to a “normal™ trans-influence series from platinum rehybridization.

{e) Summary

Most of the above coupling constant data can be explained 1n terms of variation of the
factors contamed in eqn (3), or the extensions (4) and (5). The variations in couphing be-
tween M and a nucleus in the “indicator” group A as L 1s changed in the linear fragment
A—M—L can be consistently explained in terms of vanation in the sscharacter of the hybrid
orbitals used by M in the M—A bond This 1s clearly related to the trans-influence, defined
as the weakening of the M—A bond, and it 1s found by comparison with other measures
of M—A bond strength (see discussion on correlations later) that those ligands with high
mrans-influence are also those which tend to reduce the s-character of the M—A bond. To a
first approximation, the M—A coupling constant is sensitive only to the hybndization,
not to changes in electronegativity of L (as when L is ~CH3~ or CF37). Since the mrans-
influence of L, as defined, appears to depend on both metal hybridization and electronega-
tivity L, the series obtained from M—A coupling constants 1s slightly different from the
trans-influence series obtained by other experimental techniques, and thus should be re-
ferred to as the “NMR zrans-influence series” 1. Correlations between coupling constant
data and results from other experimental techniques will be considered later.

(v} NMR chenucal shifts

(a) 193 Pt chemical shifts

Strictly speaking, the chemical shift of the 195Pt nucleus in Pt!! complexes does not
constitute an experimental observation of the trans-influence! However, it does indicate
the effect of ligands on platinum itself, and since 1t is clearly related to the hydride chem-
ical shift 228 in the complexes trans-PtHX(PEt; ), (which has been used as an indication
of trans-influence) it will be discussed briefly.

The shielding constant for a nucleus 1s

0=04%0, 6)
where o4 and o, are the diamagnetic and paramagnetic contributions to the shielding,

respectively. According to Ramsey’s theory for chemical shifts277 the paramagnetic con-
tribution to the chemical shift is

1
9Py (Opxx * Opyy, * Op,,) (N

2
23 (E,~Ep) ! {<O|‘Iz_",1x)ln><nl§r—3lxk|0>

0 = ———
Pxx 2m2¢? n#=0

T<0|§i:crk 3y n><nlZ8,; 0>} (8)
7
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where |0>> and |7 > are ground and excited molecular wave functions of energies £y and
E,, I, is the x-component of the one-electron angular momentum operator for the electron,
I, and r; 1s its distance from the nucleus concerned..

When large chemical shifts are involved, g4 is usually considered neghigible compared
with ¢_. In classic NMR experiments 278, the chemical shift of the 52Co nucleus in octa-
hedral Co'! complexes was shown to be inversely proportional to the wavelength of the
14,,— 1T, transition in the electromc spectra of the complexes. However, 1n spite of a
qualitative correlation27? between 195Pt chemical shifts and color in some complexes
PtCi,(PR3),, detailed attempts to correlate the chemical shift with excitation eaergies
alone were unsuccessful 280,

Dean and Green228 in considering 195Pt chemical shifts in complexes trans-PtHX-

(PEt;),, derived the expression
372 P

2,2

_—e*h _3 2 1 1 -1
oy —m<r > Cay*[8Cag, {E(M A3 —E(P A )}
+4C2 (ECE)—E(14:.)}]) )

where < r~3> s an average over the radial 5d functions used as a basis set and Cay, Cog
are the coefficients of the corresponding d-orbitals in molecular orbitals used on plg:;tmum.
If X forms a covalent bond with platinum, Calg?' is reduced (since this orbital corre-
sponds t0 dy2z_,,2 used in these bonds). If X m-bonds with Pt, the coefficients of the orbi-
tals involved also decrease (Ca?j o Cegz). Thus, if X either forms very covalent bonds, or
m-bonds appreciably with platinum, the chemical shift moves upfield. The equilibrium

constant for the reaction
Me—Hg" + X— == Me—Hg—X

and the nephelauxetic series were used as an indicator of covalency of the Pi—X bond and
a good correlation was found between these and the 195Pt chemical shift, except for CN™,
which could be due erther to its exceptionally high ligand field strength or high m-bonding.

If one factor influencing the rrans-influence of X 1s the covalency of the M—X bond
some relationship might be expected between the order of 195Pt chemical shifts, RCO,~
<NO3~ <NO,;~ <CI” <—-SCN™ 2= Pn~ <CN™ <1 and the frans-influence senes de-
termined, for example from vp,_y (RCO,™ =NO;3;~ < CI7 < Br~ <I~™ <NO,~ <SCN~
<. CN7). Halides occur higher in the chemical shift series and are more differentiated.
Otherwise the order is similar.

When R was changed in the RCO,~ complexes, small chemical shift changes were ob-
served.

(?) The ortho, para and meta senes all varied independently with pX, of the corre-

sponding acid.

(#f) In each series there was an increase in shielding with decreasing pK,.

(#ir) Meta derivatives were less sensitive to changes in pK,.

Those trends were interpreted in terms of variation in w-acceptor properties of the
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carboxylate ligands. However the chemical shift variation is small (< 8 p.p.m.) and the
trends are not clearly defined.

(b} Hydride chemical shifis

Buckingham and Stephens281:282 considered that the large high-field shifts characteristic
of transition metal hydrides arose chiefly from paramagnetic shielding by the incomplete
d-electron subshell. They calculated, from Ramsey’s equation, the following expressions
for g4 and Ip for a proton H, at a distance R along the x axis from a metal atom.

e2 ErH
04 =—— < 0L

Rxy,
(0> 10
Smce= ;BH! (10

—e2 2; _ -3
o = e E —E {<otz! In><ni{Zrg; Iy, 10>
Pxx 50023 n#o( n—Eo) | 7 My ! ! % HE Hyxz

—3
+<0[2],“cerlekn><nI?!mxj|0>} {an

(Analogous expressions were developed for op y and op_,.)

Most symbols have the same significance as in'éqn. (8). /), and lyj, are one-electron angular
momentum operators corresponding to motion about the ‘metal and the hydride respective-
ly. ry; is the distance of the electron { from the hydride.

The main contributions to o, arise from the influence of the metal d-electrons on the
hydnide. This clearly depends on the distance. R, between the hydride and the metal (ag
decreases as R increases), the properties (especially optical extension) of the metal d-orbi-
tals, defined by k where &7 is the exponent in the Slater d-orbital functions, and excitation
energies, AE. Buckingham and Stephens 28! showed that as R = 0, egns. (10) and (11) re-
duce to the expression for the d-electron contribution to the shielding metal nucleus.

Platinum(II) complexes. Powell and Shaw 23} observed that 7y 1n the complexes frans-
PtHX(PEt;) correlated with the trans-effect series for X (except for X = NO,™~ which
was out of order; their explanation for this in terms of an oxygen-bound nitrito group is
not correct 203:225), Although it was suggested 158 that little correlation existed between
Ty and a parameter which varied with the trans-influence of X~ (e.g., 1y_g), if a sufficient
number of complexes is taken, some correlation is clearly present (ref. 154 and discussions
iater). Buckingham and Stephens 28! suggested that variations in the platinum—hydrogen
bond length, R , rmght be the main cause of the variations in 7. However the nearly hinear
correlation found by Dean and Green 228 between hydrnide and 195Pt chemical shifts sug-
gest that variations in R are of subsidiary importance, and that the effect on Pt d-orbitals
of variations in covalency and s-bonding have a very similar effect on the hydride and
195p¢ chemical shifts. Because of the “perturbing” effect of variations in R, the hydride
chemical shift presumably provides a less reliable guide to the nature of the Pt—X bond
than the chemical shift of the 195Pt nucleus itself. The hydride chemical shift is, however,
very much easier to measure than that of *95Pt and is available for a wider range of com-
plexes. Unlike vp,_y, and, to some extent, Jp;_y, 7y does not really indicate primarily
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variations in the Pt—H bond itself but rather variations at the platinum atom. Consequent-
ly, we suggest that if the frans-influence of a ligand as indicated by 7y is at vartance with
that indicated by vp,_p and Jp,_p (as for NO,7), the fatter parameters should usually be
considered to provide a better indication. When small variations in 7y are being considered,
it should also be remembered that anisotropic effects from ligands containing unsaturated
groups (such as —C=N", C=0) or aromatic rings appear to have some effect on the chem-
ical shift. For complexes such as frans-PtHX(PMePh;,),, any preferred orientation of the
phosphine ligands could allow the anisotropic effects of the aromatic rings attached to
phosphorus to influence 74.

Atkins et al. 158 found that for the complexes trans-PtH(O,CR)(PEt;), linear correla-
tions existed between Ty and pK, of the acids RCO,H, a better fit being obtained if three
different lines were drawn corresponding to acetato-, o-benzoato, and m-, p-benzoato derr-

wratreras Ay Y N rag —‘nt‘{br‘ aoainat tha maorasmatacc =
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lations were usually observed for benzoato and acetato derivatives. Keskinen and Senoff 2310,
however, observed no such correlations involving 7y for the series rrans-PtH(SCgH4 X)-
(PPhz),.

Dependence of 7y on X and correlations between 7y and other parameters for com-
plexes rrans-PtHXL, are llustrated in Figs. 10—12.

Nickel(Il) and palladum(II). The hydnide chemical shifts for the complexes frans-NiHX-
(PCy3), and trans-PdHX(PCy3), clearly vary 1n an analogous way with X 10 Tpyy in trans-
PtHX(PEt3), (Fig. 7). Presumably similar factors affect the chemucal shifts in the three
senies of complexes This is interesting m view of the apparently anomalous order of
¥Ny—y for halide complexes (see earlier discussion).

Octahiedral complexes. Buckingham and Stevens?282 considered m detail the vanation of
Ty in octahedral hydrido complexes with R, k and AF£ and found 1t difficult to separate
out the domunant factors 1n any particular case. They observed that the order of increasing
7+ when H was frens to a halogen (I < Br << Cl) was best explained in terms of variations
% corresponding to the nephelauxetic series and covalency of the M—X bond since an ex-
planation n terms of AE would predict the reverse order. However, when the frans ligand
was constant and the cis hgand was varied, the order of 7y is C1 << Br < 1, suggesting that
variations in AFE are perhaps in this case predorminant. These orders have been shown to
hold for a wide variety of complexes 170, Ligands which have a high rrans-influence, are
high 1n the spectrochemical series and form more covalent bonds, such as H™, CH; ™ and
—CgHs ™ (ref. 283), cause low-fleld shifts for hydrides frans to them. R, k, and AE all pro-
duce effects in the same direction for these ligands.

7y 1s usually more sensitive to the nature of the #rans ligand than the cis dthydndo com-
plexes. 7y is usually lower for a hydride frans to the ligand of greater frans-influence. For
example, 7 in XXXVIa is 30.2 p.p.m. (#rans to CI7) and 21.1 p.p.m (srans to PPh3).

When CI™ is replaced by SnCl3 ™, XXXVIb (higher frgns-influence than C17), 7y (trans
to SnCly ™) is 24.7 p.p.m., a substantial decrease from that zrans to C1™, while 7y (trans to
PPh,) increases shightly 173 to 22.15. However, it should be remembered that 7y is com-
plex in origin and does not provide a direct mneasure of the frans-influence, as does, presum-
ably, the M—H force constant.
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Fig. 7. Plots of 13 mn rans-M(H)X (PCy3)2 (M = Ny, Pd) vs 7y 1n corresponding complexes rrans-
Pt(H)X(PEt3)2-
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(c) 19F chemical shifts in fluoropheny! derivatives

Parshall 25! used the method of Taft et al. 284 1n an attempt to separate out g and 7 ef-
fects in platinum substituents. The technique assumes that in a merg-substituted fluoro-
benzene XXXVII, the 1°F chemical shift is dependent on the o-inductive power of Z,

©= OO O
F (a)

(b) (¢}
XXXVIl XXXVIL

while in a para-substituted fluorobenzene XXXVIiila a mesomeric effect is imposed on the
o-inductive effect from contrnbutions due to resonance structures XXXVHIb, c. Thus
(B F(para)— S Fynera)) is considered to give a measure of the w-donation to the aromatic nng,
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Parshall 251 examined the systems where Z = trans-Pt(PEty), X. The difference Ok paray—
8 £ (nera))x Was subtracted from that for X = Me™ (for which n-effects were considered to
be absent) to give a m-acceptor parameter. 8 g o5,y WAas used as a measure of g-inductive
effect.

Taft’s method has been the center of some controversy amongst organic chemists in
recent years and some authors285 have claimed that 8 g(;z,)— 8 F (merq) Cannot be used to
give a simple measure of mesomeric effects, especially if Z is more electropositive than H™
or Me™ (footnote 12 in ref. 251(b)). However, if 1t 1s assumed that the technique is sub-
stantially correct in giving the w-donation from Z (Pt(PEt;),;X) into the aromatic ring,
these results cannot be reliably used to give a measure of the m-properties of the platinum
substituent X. Parshall considered that X could only affect Pt - C¢H,F « bonding by
competing with the fluorophenyl group for the same metal d orbitals. However, Church
and Mays?7 pointed out that X could also decrease the Pt—aryl a-bonding if

(1) X was a poorer g-donor, increasing the effective positive charge on the metal,
causing the metal & orbitals to contract and have lower energy.

(2z) X has a higher trans-influence, causing an increase in the Pt-—C (C4Hy F) bond length,
which could tend to reduce overlap between the aryl 7* orbitals and Pt d_-orbitals.

Conversely, changes in the m-acceptor properties of X will cause variations in the o-induc-
tive power of —Pt(PEt3), X, since, as d_; electrons are withdrawn by X, the group as a
whole will become more electron-withdrawing via o-orbitals (these considerations are anal-
ogous to those used earlier in the discussion of C=0 stretching frequencies).

The “o-inductive series” from 8 (e, found by Parshall 251 was CH3 > CcHs > PEt3 >
p-F—CgHy4— >Ph—C=C— > m-F-CgH, > NCO > CN > Cl > Br > NCS (or SCN) > 1>
SnCl3. The “w-acceptor series” from (8 ppga)— O F(ners)) Was CN > SnCl3y > —C=CPh >
Ph = CcH4 F > NCS(SCN). The methyl group by definition had no n-acceptor capacity and
the “m-acceptor parameter” for NCO was zero. The halogens were found to be ““w-donors™.
The crder for neutral ligands found by Church and Mays®7 was: ““g-inductive”, Me3 CNC
> p-MeO—CgH,4—NC > PEt; > P(OMe); > P(OPh); > CO, *“*m-acceptor”, CO > P(OPh); ==
PEt3 > P(OMe); > ArNC > RNC.

While many aspects of these series are ‘“‘reasonable” they should not be considered to be
completely valid for the reasons above. Church and Mays97 noted the anomalous position
of PEt; relative to the phosphites in their ““m-acceptor series”. The conclusion that halides
are m-donors from Parshall’s25! and Graham’s89 treatments cannot, by any objective cri-
terion, be considered to be firmly established.

19F chemical shifts in m- and p-FCcH,4Z, FCGHQ,CHZZ and related systems, have been
used to study fluoroaryl complexes of mercury 285-286 'main Group IV metals 285,287,
copper 288, iron 289,290 manganese, nickel, molybdenum and cobalt carbonyl complexes 290
and cobalt(III) Schiff-base (vitamin B, analogues) complexes??1.

Interpretation of results depends on the theoretical standpoint of the authors (for
example, whether they accept Taft’s basic premise that 8,0 Is sensitive only to induc-
tive effects and 8¢ y to both inductive and mesomeric effects). Stewart and Treichel 290
studied a wide range of carbonyl complexes and concluded that, since their results (and
others in the literature) showed a very small range in metal—aryl n-interaction over a wide
range of transition metals and their substituents, metal—aryl n-bonding was very small rela-
tive to o-bonding. They showed that a clear relationship existed between the 1?F chemical
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shifts in the complexes m-FCgH,CH,Z and hence they assigned to each of the various ML,
groups a group electronegativity which is appreciably dependent on the metal substituents.
The results of Hill et al. 29! on the complexes XXXIX, with R = CeHuF,n=3,

Me O—H -O

Se=n"R NEC—Me

i NJd S

co

N
/c=m X "N=C —Me

Me NS

chy),

XXXIX

provide an interesting comparnison with those of Parshall on platinum(II) compounds. Quite
good linear correlations were found for both the meta and para fluormnes between d¢
(—PtX(PEt3);) and 5 (—CoLX) Significant deviations were observed only for points re-
presenting X = I, NCO The effect of varying X on the electronegativity of the groups
(metal and ligands) 15 clearly similar 1n the two series. The conclusion was reached from the
8 smera) Values that the Col complexes consistently transferred less charge by a g-induc-
tive mechanism into the aryl ring than the Pt!l complexes. From the values of (8 Flpara)™

8 ¥ omessy) it Was concluded that the Co™ complexes were betier n-donors into the aryl

ring than Pi!! and that this 7-donation was more dependent on X.

(d) Froton chemical shifis in cobalt(Ill) vitamin B, analogues

The best llustration of the use of proton chemical shifts in the study of the effectona
given higand by varying other ligands attached io the central metal is provided by the re-
sults obtained largely by Hill et al. on vitamin B, , analogues such as dimethylglyoximates,
X1.292,293 Schiff-base complexes, XL1294:295 and corrinoids296

O, Me R Me
Me
MEy=n X h= NP
M= Co
N AN
Me L8 V4 Me Me \ 7 nMe
" CHyCH,
XL XLl

N/ Mo
- T

o
0,

Typical results are provided by the dimethylglyoximate complexes, XL. When L is
PPh, and X is changed 292 the chemical shift of the dimethylglyoximate methyl groups
changes over the range 7 = 7.70—8.20 in the order (increasing high-field shift): —NO, <
CN < Cl < Br <1< —0ONO <€ CH,CF; < CHj < C,Hg, -C3H;. A similar order 15 found
when L = pyridine. The chemical shift was considered to be a measure of the ¢lectron
density on the protons and correlated well with Hammett o-functions. In the pyndine
series, the chemical shifts of the protons, especially a-protons, were found to be sensitive
to X, though the variation was 1n the opposite direction to that expected from changes in
electron density. It was considered that variation in shielding by the equatorial ligands,
arising mainly from variation ir: the Co—N bond length was responsible. In the complexes
where X = —C,Hs, and L was changed (mainly nitrogen donors), the chemical shift differ-
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ence hetween the methylene and methyl protons of the ethyl group was considered to be
a measure of the electronegativity of the attached Co(DMG),L group. Separate linear cor-
relations were observed between pK, of the bases L for substituted pyridines and for other
amines. The authors suggested that anisotropic effects from the aromatic pyridine rings
cannot account for the separate correlations, and attributed them to Co—py m-bonding,
However, this conclusion is doubtful since it assumes that g-coordination behavior of a
base towards Col! must be idéntical to that towards H'.

For the five-coordinate Schiff-base complexes XLI {CoR(BAE)) analogous vanations
were observed in the chemical shift of the methine protons as R was changed 294,295 When
R was a para-substituted phenyl group, —CgH4—X, the methine chemical shifts increased
to high field in the order X = NO,; < CN < Br <1 <{H < Me == OMe, 1 e., the order of
Hammett o-para function2%94. A correlation was observed between these chemical shifts
and the thermodynamic rrans-effect as measured by the equilibrium constants for the reac-
tions.

[CoR(BAE)] + L= [CoR(BAE)L]

In the complexes [CoMe(BAE)L] a dependence of the Me—Co chemical shift upon the
basicity of L was noted 295,

Chermical shift data, such as those discussed above, reprecent the effect of vanation in
og-electron transfer by one ligand on electron densities at another ligand. Cis and rrarns
ligands appear to be affected similarly. The electron density variations do not in themselves
represent a frens-influence defined in terms of metal—-ligand bond weakening, although
correlations with thermodynamuc trans-effects such as that mentioned above imply that
the ¢rans-influence is related to such electron density variations.

fe) N—-H chemical shifts

Brief mention should be made of the different chemical shift behavior for the N—H pro-
tons cis and zrans to X in the complexes [CoX(NH;,}_)5 2* and 1n related complexes. Avail-
able data have been summarized by Pratt and Thorp2Y, who concluded that the chemical
shift orders obtained did not provide any single and simple trans- or cis-influence order,
since several different effects probably operated.

Watt and Cuddeback !17 attempted to correlate the —NH, chemical shifts for the
ethylenediamne ligand 1n the complexes Pt(en)X, and Pt(en) L22+ in dg-DMSO with the
frans-influence of L (as measured by Pt—Cl stretching frequencies in the complexes
PtL,Cl,). Some correspondence was found but it is very hikely that amisotropic effects (in,
for example, [Pt{en)(phen)]2*) and changes in solvation have important effects on the
—NH, chemical shift.

{vi) Chlorine nuclear quadrupole resonance spectroscopy

Fryer and Smith297-298 have studied a wide range of platinum(I1) and palladium(If)
chioro complexes by NQR. The most interesting regults are provided by the correlations
between 35Cl resonance frequencies 35y, and the Pt—Cl bond lengths, r, obtained from X-
ray structure determinations. The plots are reproduced in Fig. 8. Fryer and Smith noted
that:
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Section [

a Pty Cl5(SCN)2(PP13), g K[PiCl3(CsH5)]H20
b a-Pt,Cl(SCN)2 (PPr?3), h #rans-Pt;Cla (PPift3)s
¢ cis-PtCl2(CO)(PEty) 1 trans-PtCly (PEt3),

d cis-P [CIZ (PhNC) (PEt3) k KzPIC]4

e cis-PiaCl3(SED)2(PP1I73); 1 trans-PtCly (NH3)2

f cis-PtCl; [COEY)NHPh] (PEtg)

Section IT

Pt(cyclo-octadiene)Cly; C19H403P1Cl,

cis-PtClz (PBu'3)3; cis-PtCla{(PMe3 )2
trans-PtHCL(PMeyPh),, trans-PtHCI(PEtPh2 ),
Pt2Cl4 (CH3CH=CH3)2; Pt3Cl3 (MeC=C=CMe3 )
Pt2Cla(AsEt3)z; PtaClg(AsMe3),
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* The full circles apply to the compounds in Section I for which both 3y and r values are available
The open circles represent less rehable correlations for which 35» applies to the compound given first

m Section i1, and r to the structurally similar compound given second.
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(1) There is a general tendency for 33v to decrease as r increases.

(i) The bond length rp;_cj 1s more sensitive to variation of the ligand trans to Cl than
to variation of the cis ligand, but 35p is sensitve to variation in both cis and trans ligands.
(#ir) If the trans ligand is kept constant and the cs ligand is changed, 35v decreases

linearly as r mcreases
The results were explained in terms of the Townes—Dailey approximation299

equmol
e2Qq at

where (e2quol)/h and (¢2Qq,,)/h are the quadrupole couphng constants for the Cl atom
in the molecule and in the free chlorine atom, s 1s the degree of s-hybridization in the
chlorine bonding orbital, ¢ i1s the o-covalent character of the Pt—Cl bond and = is the n-
character of the Pt—Cl bond.

Point (i) was taken to indicate that variations in ¢ were the main cause of the vanations
in 35p. If s and = are constdered to be constant then changes in ¢ will imply inverse changes
in the negative charge on chlorine. Point (i) indicates that a greater increase in r is obtained
by altering the zrans ligand than the cis ligand even when the same reduction in o for the
Pt—Cl bond occurs. This can be explamned if the weakening of a Pt—Cl bond by a ligand L
trans to it is the result of two effects:

(1) as L transfers more charge to Pt, the Pt—Cl bond zrans to 1t 1s weakened. A Pt—Cl
bond cis to L will also be weakened although electrostatic arguments such as Grinberg’s,
and that gwven 1n ref. 298, predict that the frars ligand will be affected more.

(2) The Pt atom hybridizes according to Syrkin’s theory, 1.e., the Pt—Cl bond trans to L
gains p-character at the expense of s- and d- and is weakened while a Pt—Cl bond cis to L
gains s-character and 1s strengthened.

Thus for the Pt—Cl bond rrans to L, points (1) and (2) tend to reinforce one another,
and for the bond cis to L they tend to counteract. Observation (i) implies that the X-ray
bond length is more sensitive to effect (1) relative to (2) than the NQR frequency.

A cis-influence order 1s readily obtained from the results on complexes rans-MCl, L;.
For M = Pd the increasing order of 33 (0°C) (increasing Pd—Cl covalency, decreasing Cl
negative charge and decreasing cis-influence) 1s pipendine (16.11, 16.31 MHz) < pyndine
(17.72) < AsBu" 3 (18.23, 18.59) < PBu"3 (18.37, 18.50, 18.58, 18.63) < DMSO (19.75)
< EtCN (20.30) < PhCN (20.58). For M = Pt the series is NH; (17.30) < Me,NH (18.16)
< py (19.62) < PEt; (20.99) < PBu”; (20.90, 21.04, 21.08) < PBu",; Ph (21.32, 21.64).

There is no comparable series that illustrates the trans-influence series without ¢is-in-
fluence also being present. Two other series where further study should prove to be profit-
able are trans-Pt(X)CL(PR2), and PtCl; L. The first series would enable the change in
35, with the frans ligand X to be studied. The results could be correlated with X-ray, NMR
and IR results. The only available results on this series would appear to be those for X =H
and X = Cl, where 35» occurs at 14.4 and 21.0 MHz respectively. The series PtCl; L.~ has
been studied only for L = C;Hy, cis-2-butene and styrene 390 and L = pyridine 237. This
series, in principle, would allow the cis- and rans-influences of L to be studied together
and the results could be compared with those from infrared studies. Three frequencies were
observed for [NMe, ] [PtCl;(py)] at 16.88, 17.89 and 20.68 MHz but no attempt was

=(1—s)o—1Lin (12)
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made to assign them 297, For Zeise’s salt, Yesinowski and Brown 300 found frequencies
(13°C) of 16.001, 20.137, and 20.370 MHz. The two higher frequencies were assigned to
the two crystallographically distinct Cl atoms cis to ethylene, the lower frequency to the Cl
atom trans to ethylene. This was interpreted in terms of ethylene having a higher rrans-
influence than chlorine, because of its g-m synergic bonding,

In the complexes297 cis PtCl,L,, both cis- and trans-influences of L operate on each
chloride atom. The increasing order of 35y in these complexes at 0°C is Me,NH (17.21)
< py (17.70) < PBu"; (17.73, 17.79, 17.89, 17.96) < PEt,Ph (17.82, 17.99) < PBu", Ph
(18 33) < norbornadiene (30°C, 18.573, 18.799) = bipy (18.98) < COD (19.772, 30°C)
< EtCN (21 05, 21.33)

A consistent finding from the NQR data 1s that, as expected, covalency in Pd—Cl bonds
is considerably less than 1n Pt—Cl bonds2%7

(vu) Photoelectron spectroscopy

As with NQR, the application of photoelectron spectroscopy to the rrans-influence is
in 1ts infancy. In principle, the method has the advantage over most other forms of spectro-
scopy that some aspects of the electronic structures of several of the atoms in a complex
can be examined at the same time.

In an X-ray photoelectron study, Clark et al. 30! examined some complexes cis- and
trans-MX, PR3 (M = Pt and Pd). Results relevant to the rrans-influence are listed in Table 14.

The results were interpreted in terms of variations in the binding energies of the core
electrons qualitatively reflecting variations 1n the charge on the atom concemed, a lower
binding energy indicating greater negative charge. With this hypothesis the following deduc-
tions can be made from the data in Table 14.

(2) Replacement of CI by Me in diphos-PtX, causes a substantial increase in negative
charge on Pt and phosphorus.

(if) In the complexes cis- and trans-PtCl,(PR3), the charge on Pt is similar for the two
isomers, but in the cis complexes chlorine is more negative and phosphorus more positive
than in the frans complexes. This is consistent with the high trans-influence of phosphines.
The variations of charge on phosphorus are less marked than on Cl presumably because the
charge is also distributed over the R groups attached to P.

TABLE 14
X-ray photoelectron binding energies3°! (eV)

Complex Pt(4f7/2) Cl(2p3/2) PQ2p3/2)  C(1s)
orPd(3dsy,)  or1(3dsys)

Pt(diphos)Cl, 72.1 130.9 284 7
Pt(diphos) Me, 71.1 1305 284.7
cis-PtCla (PBu’), 72.0 1981 1311 284 7
trans-PtCl, (PBu'’3), 72.0 199.3 130 7 284.7
cis-Ptl;(PMe3), 72.9 621.4 1326 285.1
trans-Ptl;(PMe3); 729 622.1 1321 285.0
Pt metal 71.1

cis-PdClg(PEtPh), 338.0 197.4 1309 284 7

trans-PdCl, (PEt,Ph), 3380 198.2 130.6 284.7
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(i) Palladium complexes show similar effects although the Cl atoms are more negative
than in the plattnum complexes.

(iv) It was suggested from a comparison of Pt and P binding energies for PiCl,(PBu” 3),
and PtI,(PMes), that iodine transferred less charge to platinum than chlorine (as Parshall
suggested) 251 This 1s probably valid, though it is unfortunate that the phosphines differ
in the two sets of complexes

Correlations with NQR results were pointed out. As with NQR, a detailed photo-
electron study could profitably be carned out with extended series such as rrans-PtCIX-
(PR3), and PtCl3 L.

D. CORRELATIONS BETWEEN RESULTS OBTAINED BY DIFFERENT EXPERIMENTAL METHODS
(i} An empirical approach to rhe trans-influence

Most correlations between different experimental techniques pertaining to the rrans-
influence, such as those above, can be explained by the following assumptions:

(i) The frans-influence of a given hgand, L, depends on (a) the effect of L on the hybrid
orbital used by the metal mn its bond to the trans ligand A, and (b) the net charge transfer
(0 ¢ovatens—™) from ligand to the metal

(#7) Dafferent experimental techniques have different sensitivities to (1) (@) and (5).

However, (z) (@) and (&) are not altogether unrelated. Metal hybridization will be such
as to maximize the energy over all ligand bonds Each metal ligand bond will have an op-
timum metal s, p and d orbital population which could maximze a quantity %15 such as
S2/AE, where S is the overlap integral between metal and ligand orbitals and AE is the
absolute energy separation between them This optimum metal hybridization for a given
metal—ligand bond will seldom be achieved because of the demands of the other M—L
bonds. However, the ligand which is capable of strongest covalent bonding (i.e., for which
S2/AE 1s potentially largest) will come closest to having optimum metal hybridization in
1ts M—L bond, at the expense of the rrans-M—A bond. If the optimum metal hybrnd for
the M—L bond contains a high degree of s-character, the trens-M—A bond is then deprived
of s-character Many higands which form strong covalent bonds do have large metal s-parti-
cipation in their M—L bonds {e.g., PRy, —CH;~, —CN7) and thus the M—A bond srans to
these ligands is weakened both through low s-character in the M—A metal hybrid, (1) (2),
and through the “electrostatic’ effect of the covalent charge transfer, (z) (b). But for some
ligands {e.g , N-donors, I, Br~ ) optimum metal hybridization in the M—L bond does not
appear to contain much s-character. Then, although for example the M—N bond 1s quite
strong in terms of bond energy 302, the M—A bond trans to 1t is not greatly depleted in
metal s-character. The rrans-influence of mitrogen donors then depends only on the degree
of covalent charge transfer, (¢) (). Nitrogen donors thus have a lower overall frans-influen-
ce ((2) (@) + (i) (b) as measured by y_) than, for example, phosphines which form strong
covalent bonds (i) (#) and deplete s-character of the rans-bond (2) (2). N-donors even have
an IR trans-influence lower than or comparable with those of olefins in platinum(iI) com-
plexes, m spite of the facts that (z) the Pt—N bond is thermodynamically more stable than
the Pt—olefin bond 302, and (») that Pt—olefin 7-bonding tends to strengthen the rrans-
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Pt—Cl bond by withdrawing charge from Pt, (z) (#). This must be because the Pt—olefin
bond requires more s-character than the optimum Pt—N bond and hence () (@) outweighs
) &)

The tendency to deplete metal s-character in the trans-M—A bond appears to depend
primarily on the nature of the donor atom, and secondly on the orbital hybnidization of
the donor atom, and the electronegativity of 1ts substituents From NMR coupling constants
this tendency decreases in the order: C-donors (sp3 =~ sp? > sp) > P-donors > As-donors

> S-donors > N-donors >> halides 2> O-donors.
At this time, a detailed discussion of the way in which maximization of § 2/ AF affects

the metal hybnidization in the optimum M—L bond 1s probably not justified. However,
the following speculative suggestions can be made. The degree of orbital overlap, S§2,is
certainly an important factor in determining the covalency of the M—L bond *:15. How-
ever, the effect of the metal rehybridization appears to be mainly a lowering of the energy
of the metal orbitals (decreased AE) by mcreasing - and d-participation (as suggested by
Syrkin) rather than to increase orbital overlap (52) by increasing p-participation. On this
model. a ligand X whose orbital energy closely matches that of a metal hybrid with rela-
tively low s-character will have a lower s-demand than a ligand Y whose orbital energy
more closely matches that of a metal hybnid with high s-character (Fig 9). Typically,
pyridine might represent a ligand such as X, a phosphine a ligand such as Y.

The experimental results can be explamned in terms of the differing sensitivities of dif-
ferent experimental techniques. Again the approach is empurical, based on the results, and
only secondly on the theoretical concepts.

NMR coupling constants depend primanly on the metal hybridization, (2) {a).

Chemical shifts of nucler well removed from direct contact with metal d-orbitals (e.g.,
19F chemical shufts 1n m- and p-flucroaryl derivatives — not M—H chemical shifts) depend
almost entirely on effective metal charge, (z) (&)

Hydnide chemical shifts are very complex in origin but probably correlate best with
o+ covalency of the zrans higand

NQR frequencies, photoelectron spectroscopic binding energies, vibrational stretching
frequencies and bond lengths would all be expected to depend on both (2) (2) and (7) (b)-
NQR and photoelectron spectroscopy results appear to depend mainly on electrostatic
effects (1) (») (see above).

The relative effects of (¢} (@) and (z) () on an M—A stretching frequency depend on

Metal orbitals Metat hybrids Bonding higand
orbitais
o
25% §,25% d x

S0¢% S 25%d

(-4

5

Fig 9. Hypothetical energy level diagram. Y has a higher s-demand than X.
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the nature of A. From the correlations which follow, it 1s clear that Pt—H and Pt—CHg
stretching frequencies can distinguish between different zrans-ligands with moderate or
weak frans-influence, e.g., between RNC, CO, C,Hy, py, CI™, while vp;_ is almost con-
stant trans to these ligands (Table 3). At the other end of the frans-influence series, how-
ever, Pt--Cl stretching frequencies are very sensitive to the frans ligand and can distinguish,
for example, between different aryl-substituted silyl groups (Table 3). Pt—Cl bond lengths
appear to show similar behavior, since there is little difference between Pt—Cl bond
lengths trans to different ligands with weak to moderate frans-influence (Tables 1, 2), but
appreciable differences !> between Pt—Cl bond lengths rrans to PR3, H™, StR3 ™. These
results can be explained as follows: Pt—Cl bonds have a low opumum Pt(6s) character. If
the demand on the rrans ligand, L, for Pt{6s5) character i the Pt—LE bond 15 not high, the
Pt-hybridization in the Pt—Cl bond 1s near optimum and the Pt—Cl bond is not greatly
weakened by an increase in the s-demand of L, and will be affected mainly by electro-
static factors, (2) (b) (especally since the Pt—ClI bond contains appreciable icnic character).
When L has a high s-demand, however, the Pt—Cl bond is depleted of Pt(6s) character be-
low optimum, and is consequently progressively weakened as the s-demand of L increases.
Bonds such as Pt—H and Pt—CHj3 which have very high optimum Pt(6s) character are sen-
sitive to small variations in the s-demand of the frans-ligand, L, even when the s-demand
of L s very low

In the following sections graphs in which one spectroscopic parameter 1s plotted against
another are used to determine the degree of correlation between zrgsnis-influence series de-
rived from different spectroscopic measurements It should be emphasized that perfect
linear correlations between various parameters used as a measure of the frans-influence
would not be expected, since as pointed out above different techniques have different
sensitivities to the hybnidization and electrostatic aspects of the trans-influence, and since
the interpretation of any spectroscopic result 1n terms of the properties of a bond is sub-
ject to approximations and simphfications (mentioned in the appropnate sections above).
The plots which follow are intended to show general trends only, and minor deviations of
individual points from Iines drawn to illustrate these have lirtle physical significance.

(it} Correlations in hydrido-platinum((I{}) complexes

Atkans et al. 158 found that within the closely related series of complexes rrans-PtH-
(0,CR) (PEt3); very good straight lines were obtained when each of the parameters Jp, .,
Ypy_y Of Tp,_p Was plotted against each of the other parameters Each of the parameters
varied linearly with pK, of RCO,H as well.

As pointed out by Keskinen and Senoff2312, the various hydride parameters when R is
substituted aryl group —C¢cH, X can equally well be plotted against Gps the Hammett sub-
stituent parameter, for X. These authors found that both Jp, ¢ and vp,_ in the series
trans-Pt(H) (S-CgHy X)(PPhy), varied linearly with ap for X, and that a rough linear corre-
lation existed between 1Jp, y and vp,_yy over this series of complexes. Somewhat sur-
prisingly, 7y was insensitive to X.

Plots between the three hydride parameters over a wide range of ligands are given 1n
Figs. 10~12. It would be preferable to have values of all parameters in the same solvent
but in some cases these are not available, as indicated. From the plots 1t is clear that there
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Fig. 10. Piot of vp;_ g vs. "Jp;_14 n complexes rrans-Pt(H) X (PR 3), and
trans-Pt(H)L(PR3); T (PR3 = PEt3, PMePh;)
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Fig 11. Plot of wupy_g vs 71 in complexes trans-Pt{(H)X(PR3), and trans-P+{(H)E (PR3), .

is an overall trend for vp,_y, 1Jp,_; and vp,_g to decrease together. As discussed above,

Lo, j depends predommantly on the s-character of the platinum hybnd orbital used in
the Pt—H bond, osP( ; Tpr—p (see above) probably depends mamly on Pt—X or Pt—L
covalency. vp,_y; would be expected to depend on both ap,” and the net charge transferred
to Pt by X or L (which in the absence of Pt—X, Pt—L #-back-donation is directly related
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Fig 12 Plot of 1Jpy_p vs 7y m complexes trans-Pt(H)X{PR3), and trans-Pt(H)L (PR3)2™

Key to Figs. 10, 11, 12

Parameters in CHCl3 or CH,Cl; unless otherwise stated

No. Complex Notes
1 Pt(H)(NO3)(PEt3), 7+ and J 1in benzene
2 Pt(H)(CF3CO3)(PEt3)a All in acetone
3 Pt(H)(p-MeCgH4aCO3)(PEt3)2
4 Pt(HY(NCO)(PEt3)2 T and J 1in benzene
5 Pt(H)Y{NCS)(PEt3), r and J i benzene
6 Pt(H)CI(PEt3)2 + and J1n benzene
7 Pt(H)Br(PEt3)2 7 and J1n benzene
8 [Pt(H)py (PEt3)2]C104
9 Pt(H)I{PEi3)2 7 and J1n benzene
10 Pt(H)(SCN){PEt3)> 7 and Jn benzene
11 P1(H)(NO3)}(PEt3)2 7 and J in benzene
12 [Pt(H)(CO)(PEt3)21ClO4 v “corrected”
13 [Pt (H) (z-BuNC)(PEt3);1ClO4 v ‘‘corrected”
14 {Pt(H) (-MeOCgH3 NC)(PEt3), 1CIO, v “‘corrected”
15 Pt(H)(SnCl3)(PEt3); In hexane? J not available
16 {P1(H){(PPh3)(PE13)21CiO4
17 (Pt(H)’ P(OPh)3} (PEt3)2]ClO4
18 [Pt(H)(PEt3)3]1Cl0O4
19 [Pt(H){P(OMe)3} (PE13)21ClO4

20 Pt(H)(CN)(PEt3), v “corrected™

409
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Key to Figs. 10, 11, 12 (continued)

No Complex Notes

21 Pt(H) (-C=C-Ph)(PLEt3)2 v not “‘corrected” J not available
22 {Pt(H)(acetone) (PMePh; ), 1PFg v in Nujol

23 Pt(H)(NO3)(PMePhy),

24 Pt(H) (NCS)(PMePhjy)»

25 PL(H)Cl(PMePh3)s

26 Pt(H) Br (PMePh, ),

27 {Pt(H)(2-Mepy)(PMePh2), |1Plg v m Nujol

28 [Pt(H)(2,4.6-Mepy) (PMePh;)2 Pl » m Nugol

29 Pt(H)I(PMePho)2

30 Pt(H)(SCN)(PMePh3),

31 [Pt(H)(CHg) (PMePh;)2}PFg v not known

32 [Pt(H)(p-MeCgHaNC)(PMePha ), |PEg v not accurately known
33 [Pt(H)(PMePh,)3}PFg v Nuyol

34 Pt(H)(CN)(PMePh,), |PFg

to Pt—X(L) o-covalency; 7-bonding would make Pt more positive and strengthen the
Pit—H bond) Thus, the general trends dlustrated by the graphs are to be expected, but the
worst oveiall correlation is between 7y and IJPt*H'

One advantage of comparing the three hydride parameters in this way 1s that 1t 1s very
easy to see if any one of these quantities is “anomalous” for a particular X or L. For exam-
ple, in both plots mvolving 7,;. the point representing NO, ™ lies well away from the
“line” whule for the plot LJp,_py vs. vp,_y it lies very close to the “line”. Thus, of the
three parameters only 7y 1s “anomalous” for X = NO, ™. Similarly, the point representing
L = CO lies well off the “line” 1n plots mvolving gy It 1s tempting to ascribe these devia-
tions, in part at least, to the magnetic anisotropy of these groups. In plots involving
1 7p,_y. consistent deviations are observed for points representing X = Br—, I”, —SCN™,
while these points lie near the “line” in the plot of 7y against vp, ;. The best explanation
for these deviations would appear to be that the differences in the effect on vp,_y for
these ligands is more controlled by Pt—X covalency and X—Pt charge transfer, to which
I"Pt—H 1s not directly sensitive, than by the Pt hybridization, to which IJPt—H 1S sensitive.

(iii}) Other correlations

In this section the correlations observed 1n the literature between various parameters
related to the rrans-influence will be listed and discussed, together with a few correlations
that have not previously been noted.

{a) Correlations between coupling constants
() 2Jpi_cH, for complexes trans-[PtCH3 L(PMe,Ph),]" varies linearly 23% with
1n 95p¢_13¢-
@) 2Jp_cn , for complexes srans-PtCH; X (PMe,Ph), varies linearly 203 with 2Jp, 4
for complexes rrans-PtHX (PEt3)5.



THE trans-INFLUENCLE ITS MEASUREMENT AND SIGNiFICANCE 411

(1ii) YJp,_p in the complexes trans-Pt(PO(OPh),) X(PEt3), varies linearly 225 with
2 e Ha for the complexes PtCH; X(PEt3),.

S Jpi_ cr; 10 the complexes trans-PtX(LE-ﬂ(t’Me-,Ph) and [PtL(CF3)(PMe~Ph)2]
vanes linearly w1th th CH; I the corresponding methylplatinum complexes, except
for L = CO, SbPhg which use synergic c—n bonding203.

@) th—CcF;.; and JPt——C—C-—H in the complexes

trans Pt—X(~C=CZ ¥ )(PMe,Ph),, XXX
CF

vary linearly with Jp,_ 34 in corresponding methylplatinum complexes 250 except for L =
SbPhs.
) JPt—Ge Me it the complexes rrans-PtX(GeMe3)(PEt3); correlate 111 with
JP( mn trans—PtX(CH3)(PEt3)—,
(vu) th _CH3 17 the PtIV complexes {Pt(CH3),(PMe,Ph),L,]*, XIX, varies hinear-
ly 190 with "JPL _CH, 0 the Pth comple os ¢rans—Pt(CH3)L(PMe-, Ph.z)') .
(vad} JHE p_CH, In the complexes PMe, —Hg—X" vares257 in a similar way to [Hg CHs
in the complexes Me—Hg—X
(x) lJPt—CH3 varies 224 with X in trans-PtX(CHj3)(PEt3), in a similar way to 2J!ig-CH 5
in CH3
(x) "Hg p in the complexes X—Hg—P(0)(OPh); vanes with X in a simular way to
1y He-P. in the series trans-PtX(P(O)(OPh),(PEt;);).
(tz) JH g—Si-CH3z M the series X—HgOSiMe3 varies linearly 256 with 2JHg CH5 In the
series CH;—Hg—X
The above correlations are consistent with vanations in aMz dominating the coupling,
and being similar for M = Pt, Hg.

(b) Correlations berween metal—ligand stretchmg frequencies
(@) vp,_y trans to L1n trans-Pt(L)Cl(PEt3)2 cis-PtCl, Lo, PtCI; L™, Pt5,Cl, L, all
show rough correlations (see Table 3).

(if) Over the range of complexes available for comparison, vp,_cy in the complexes
trans-PtC1(Z)(PEt3)," " does not correlate very well with vp,_py m rrans-Pt(HYZ)(PEt3)," "
(Fig 13(a)) or vp,_cy, in trans-Pt(CH3)(Z)(PR; )" (Fig 13(b)). vp,_c) becomes rela-
tively insensitive to Z as the frans-influence of Z becomes weaker.

(¢713] Qulte a good linear correlation is obtained between vp,_cyy, In trans-Pt(CH3)(Z)-
(PR3)2 and vp,_p 10 trans-PtCH3(Z)(PR3),™ (Fig. 14). vp,_y values have been
“corrected” for vibrational coupling for Z = CO, p-MeOCgH4NC, CN™. No attempt has
been made to correct for vibrational coupling involving vp,_cy,, which could be significant
where vp,_7 occurs in a similar region to vp,_cy,. viz. Z = CO, p-MeOC6H4NC CN™,
NO, ™. Clearly vp,_y and vp;_cy, depend in a mmﬂar way on platinum hybridization
and effectlve metal charge.

(#v) Rough correlations exist between rrans-influence orders as found by vy _ 1 Py_p»
Un—_cH, and those obtamned from »yy_yy and vy _p (see appropriate sections).
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{c} Correlanons benween metal—ligand stretching frequencies and couplng constants
() %Jp,_cn. shows quite a good correlation with Up;_cu, IR the complexes rrans-
Pt(CH3)(Z)(PR;),™" (Fig. 15). As usual when a coupling constant 1s plotted against a
stretching frequency, the halides show considerable deviation (see discussion on hydride
correlations). No obvious explanation presents itself for the apparently anomalous values
of vp;_cp, for the complexes with Ar—CN and Ar-—CN. Vibrational coupling may be
partly responsible for the deviations when Z = CN—, CO.

(i) Some correlations have been noted between JPt cH, and vp,_ Cug 1n some series
of methylplatinum(IV) complexes viz. Pt(CH3);L3" and Pt(CH;3)3 X34~ (ref. 185), and
Pt(CH3),(P(CH3), (Cq §,))2L2 (ref. 190).

(iit) Church and Mays®’ found a linear correlation between lJPt g In the series trans-
Pi1(H) L(PEt3)2 and vp, (10 the sertes trans-PtCIL(PEty)," over a small range of L.
When the range is extended to include L = py, the correlation 1s less remarkable (Fig. 16).
Simnilar results are obtained when vp,_( in this series 1s plotted against 2Jp, gy , 1n the
series rans-Pt(CH3)L(PR3),"

{d) Miscellaneous correlations
(i) The rransanfluence based on Pt—ClI bond lengths !5 is similar to that obtained from
Pt—Cl stretching frequencies. Like vp,_ . p;_y appears to become relatively insensitive
at the weak end of the rrans-influence sernes.
(1) Correlations between position of a ligand in the srans-influence series (from X-ray
bond lengths) and calculated overlap between ligand and metal orbitals have been made 14. 15,
(iir) Correlations have been made between the Pauling elecironegativity of the donor
atorn and the rrans-influence of the ligand, as measured by X-ray bond lengths'4: 15 and
stretching frequencies Various authors have noted, however, that the rrans-influence and
electronegativity series are by no means coincident 110.203,273
(iv) In the series PdCl, L,, the heat of formation of the Pd— L bond correlates well with
the trans-influence of L as measured by Pd—Cl stretching frequencies 392 for L = olefin,
PR3, AsRj3. but the low rrans-influence of N-donors was apparently inconsistent with the
high Pd-N bond energies. This is discussed in detail above.
(v) The correlation between 33C1 NQR frequencies and bond lengths has been discussed
above.

E. THE trans-INFLUENCE AND THE ftrans-EFFECT

The relationship between the trans-influence and the frans-effect was long clouded by
a near-exclusive concentration on square-planar platinum(II) complexes, for which the
trans-effect order is* H;O == NO3~ <OH™ <NH3; <Cl” <Br~ <I7 =_SCN™ == NO,™
~PR; €CO =~C,yH, = CN~ = CH3~ = H™. By 1962 it was becoming clear? that two
types of ligands had a very high rrans-effect in Pt!l complexes, viz. those with (what we
now call) high #rans-influence, and those with w-bonding capacity (and low frans-influence).
The high trans-effects of both types of hgand have been adequately explained on the
basis of a trigonal bipyramidal transition state. The stabilizing effect of such a transition
state of m-bonding ligands was discussed by Chatt et al.® and Orgel 7.



414 T.G. APPLETON. H C. CLARK, L E. MANZER

Q0

701

2
Ypt-crg L

1 J i3 A L] ~t L
500 520 540 560 580
FotocHg cm

Fig 15. Plotof 2"Pt~CH3 vS. 2Pt CH3 In complexes rrans-P1{CH3) X(PR3)2 and Pr(CH3)L(PR3)2"
(PR3 = PEt3, PMe,Ph).

Key to Fig. 15
trans-PtX (CHa){(PR3)2
_ - 11 +~NH=C(OMe)-CgxzF;s

1 = NOC

3 nes~ 12 CHy=CH-CH=CH»

3 o 13 CgFsCN

a B 14 CaHg

5 NO.— 15  MeC=CMe

6 1 2 16  CH3;=C=CH2

7 ON~ 17  CH3zCH=CH,

18 CO

trans-Pt(CH3)L(PR3)2 19 EtNC

8 L=MeaCO g? g:ﬁ'f
1{9} AICN 22 PMeoPh

py 23 ~C(OMe)Me

In recent theoretical treatments of the five-coordinate transition state 1316 it has been
suggested that a non-n-bonding ligand of high trens-effect weakens the frans-bond in the
transition state by depriving it of Pt(6p,) character. It seems more likely to us thata
ligand of high frans-influence weakens the frans-bond in the transition state by a mechanism
essentially similar to that by which it weakens the trans-bond in the ground stats, i.e., by
depriving the Pt orbital to the frans-bond of Pt{6s) character, and making the frans-bond
more ionic by electrostatic repulsion.

In octahedral complexes the transition state in a substitution reaction is quite different
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trans-PtCI(L) (PR 3), 7.

from that in square planar reactions, and the arguments of Chatt et al. and Orgel do not
readily apply. Consequently it is not surprising that for octahedral complexes the frans-
effect order (so far as 1t is known) appears to parallel the frans-influence order, and ligands
with n-bonding capacity (e.g., CO) do not have high rrans-effects 101,145,171
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