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ABBREVIATIONS
™ metal
X antonic gand
LorZ  will beused thyoughout to indicate the ligand whose rrans-mfluence is being smded
A wiil denote the “indicator™ ligand which is being used to determine the rrans-influence of
LorZ
R alkyk group
AT aryl group
Cp cyclopentadienyl, CsHs™
Cy cyclohexyl, CgHyy
cn ethylenedizmine, NHyCHaCH4 NH3»
pY pvridine, CcHeN
bipy 3,2"-bipyridyl, @_@
bY] N

phen 1, 10-phenanthroine, N ’N
O C o)
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acac acetylacetonate, CH3COCHCOCHy ™

BAE-H; Wis(acerylicetone)ethylenediimine

DMG dimethylgivovmate, CH3C(NO) ™ -C(NOH)CH,
Ccap 1. 5-cyclooctadieng

diphos  Ph, BCH,CH, PPha

THF tetrahydrofuran, C4HgO

DMSO  dimethylsuifovide, {CH3); SO

TMS tetramethyisitane, (CH3 )q 51

A INTRODUCTION

The *“trans-influence’ of a ligand in a metal complex was defined in 1966 by Pidcock
etal.! as the extent to which that ligand weakens the bond trars to ttself in the equdibrium
state of that complex The term has gained wide (though not unanmimous) acceptance
among morganic chemists sitce 1t conveniently and unambiguously distinguishes this bond-
weakening effect of a ligand from its trans-effect?, which 1s the effect of a coordinated
group A upon the rate of substitution reactions of the group oppasite to A. The rrans-
effect of a ligand thus deseribes a kinetic phenomenon and is a partial description of the
transition state 1n a substitution reaction: it may or may not be related to its trans-influence
in the equilibrium state of a compiex.

In all of the following discussion, the two terms “rrans-effect” and “frans-influence®
are used carefully ro 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 trans-effect by Basolo and Pearson? in 1962,
with particular emphasis on the period since the distinction between the frans.influence
antd the trans-effect was made 1n 1966 No attempt has been made to provide a complete-
ly comprehensive coverage of all papers where the trans-influence has been mentioned, but
it is hoped that all papers which have made 2 major contribution to our understanding of
1t have been included

B. THREORY OF THL trans-INFLUENCE
{1} Early theories

The earliest theory of the mans-influence was the “polanzation theory”3. The dipole
induced n L by the metal M in turn induces a dipole in M, which tends to repel negative
charge in the rrans-ligand, A, weakening the M- A bond but not greatly affecting ligands
¢is to L{Fig. 1). The mam disadvantage of this theory 1s that 1t 1s essentially an electro-
static one, while metals for which the rrans-influence appears to be most pronounced
(e g Pifh) are those which formn metal—ligand bonds with a high degree of covalency.

An explanation of the rens-influence in terms of hybridization of the metal was given
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by Syrkin?. In a square planar complex a metal ion 1s considered to use 5d,2 —y2 Gsﬁpxpy
hybnd orbitals (Fig 2). If a igand L forms a strong covalent bond with the metal, the
hybrid orbatal used by the metal in this bond will tend to contain a higher proportion of
metal 54 and 65 orbitals and less 6p since the orbital energies are 54 = 6s << 6p. Smce L
and the ligand frans to 11, 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 c2s 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 emphas:s was given to metal—ligand m-back-bonding
in discussing the behavior of metal complexes, especially when ligands such as phosphines
were present which contamn 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-bonding3. The ability of a ligand
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 reaction26 7, In
agreement with this hypothesis, ligands such as ethylene and CO, which were known to
depend on m-back-bonding from a metal, had hiph rrans.effects, and the high rrans-effects
of many other ligands, including phosphines, were ascnbed to their a-bondinp capacity. It
was later recognized that this explanation could not hold for a few anions with very high
prans-effects 8 such as H™ and CH, ™, which were not w-acceptors.

It was observed that a metal—phosphine bond was less stable ¢rans to another phosphine
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than when frans to a hahide. For example, the enthalpies of the isomers cmPth(PRg

(X = halogen) were greater than the enthalp:es of the trans-1isomers® and LJ(195Pt— lP)
was much smaller for the rrans than the cis 1somer10- 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 weskened In
the ezs isomer the two phosphines did not compete for the same metal 4_-orbital and since
metal—halogen bonds were not considered to have a high = component, more Pi—P m-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 eflect (ji.e. high rrans.
mfluence which does not depend on extensive Pt—P n-back-bonding). Phosphines would
thus resemble® H~. Although mback.-donation would be expected to be less important for
PV complexes than for Pt the ratia J(Pt—P) (cts isomen){/(Pt—P) (trans 1somer) 1s very sur
ilar for the complexes PtCl,(PR4); and PtCi4(PR3}5. X-ray structural determuinations and
NMR studies (discussed helow) have since shown that phosphines do weaken bonds trans
to themselves, trrespective of whether the rrans 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
hgand of high trans-influence with no mbonding capacity.

For some ligands (e.g. CO, olefins, which use synergic o— bonding to metals) the
metal—higand g-bond, and thus the rrars-influence of the ligand would be expected o de-
pend on the availability of metal 4, -electrons for mback-donation. However, 1t is now clear
that metal~Iligand m-back-bonding 1s less importani m many metal complexes than was
once thought.

fiu) Recenr discussions of the theory of the teans-mfluence

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

A calculation 12 on hybrid orbitals composed of 3s, 3p,, 3py, 3d,2 —y? and 3d’2
square planar complexes showed that overlap with ligand orbitals was determned mamly
by s, p, and d2_,2 orbitals (d7 making little contribution). When up was maderately high
(¢ = effective metal atormic charge, p = internuclear distance) the contribution to total
overlap was in the order p, > s > dyz_2. in this hypothetical situation, if a ligand L
formed very strong covalent bonds at an optimum value of gp which was moderately high,
the M—L bond would contain a high proportion of p, and the bond to the trans igand A,
less p,. If optimum M—L bonding occurred at low up, M—L s-character would increase and
M—A s.character would decrease

Clearly, these results cannot easily be extrapolated to a metal ron such as Pt which has
5dy2_y2, 65 and 6p hybnd orbitals. Langford and Gray 13 emphastze the directional charac-
ter of the mcial p, orbstals. They examined thcorctically a trigonal bipyramdal transition
staig, and ascribed the high frans-effects of ligands such as PRy, CH3™, and H™ to unusu-
atly large overlap between these ligands and the Pt 6p, orbital, reducing its availability to
the grans ligand,
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Mason and coworkers1% 15 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 hetween the ligand oratal and
the appropriate metal p, orbital, and AE is the absolute energy separation between these
wmteracting orbitals Since they predicted relatvely high trans-influences for ligands with
good macceptor properties, e.g. CO and R,C=CR,, which were found to have low rrans.
mfluences, they postulated that the a-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 parttally dissipated, by participation of metal ¥ and & orbitals.
isotroprcally through the complex giving rise to a cts-influence which would be relatively
unimportant. An ordenng of zrans-influence of ligands from relative Pt—Cl bond lengths 1n
square pianar Pt complexes and a somewhat less satisfactory ordering for octahedral d,
metal complexes supported these conclusions. The conclusion that Pt 6p, character in-
creased in the M—~L bond 15 the reverse of Syrkin’s theory.

The most detailed calculation on the rrans-influence in platinum ()} complexes was
performed by Zumdahl and Drago !5, who carned out molecular orbital calculations on
the series rrans-PtCly (L)Y{NH,), where L = H,0, NH3, C17, H,S, PH;, H™, and CH;™.
Their main conclusions were: (£} the Pt—N bond #raens to L becomes progressively weaker
as L changes in the above order from H,0O to CH4 ™, paralleling the trans-effect order;

(if) the Pt—Cl bonds cis to L also weaken in this order to an extent only stightly less than
weakening of the Pt—N bond trass to L (1.e., the cis-influence 1s almost as great as the
trans-influence); (sft) weakening of the bond frans to L is due primarily to weakening of
Pt{65)—N and Pt(d, 2 ‘}.1)-—N interaction, not to decreased availabiity of Pt(6p,) (as with
Syrkin’s theory); (1) metal—phosphine m-bonding 1s unimportant when L. = PH;y; (v)
ligands, L, which have high frans-effects stabhilize a tnigonal bipyramidal transition state by
overlapping strongly with the Pt(6p,) orbital which is shared with the potential leaving
group (a possible exception is CH, ).

Conclusion (#7), that the cis-influence was comparable to the frans-influence, was unex-
pected, since most previous discussions had stressed the stereospecific nature of the rrens-
nfluence. Zumdahl and Drago cited a number of physical observations, chiefly infrared
spectroscopic data for cis and srans 1somers, which supported this conclusion, but the bulk
of the expenmental data presented in thus review indicate that the s/rans-influence of a
ligand is, in fact, much greater than its ers-influence.

in summary, the concept of metal rehybridization induced by a lipand, 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 concentraie in the M—L bond at the expense of the M—A bond frans to it. Vibra-
tional stretching frequencies show the existence of the trans-infiuence, 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 iater). If this
interpretation and the explanation of NMR spin—spin coupling constants in terms of
Fenmi contact (discussed later) are correct, however, the M—L bond gains s-character at
the expense of the rrans-M—A bond when L has a high trans-influence.
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C. EXPERIMENTAL OBSCRVATIONS OF THE rrans-INFLUENCE

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

then be discussed.
(1) X-ray crystallography

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 is 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 17, however, have pointed out the inadequacy of vsing a fixed
“hard-sphere” metal covalent radius for different types of ligands. Rather, tite metal cova-
ient radius vanes sccording to the particular metal hybridization which provides maximum
metal—l1gand overlap. They concluded that, 1n general, for the metals considered, metal—
phosphiorus bonds require more metal s-character for maxunun overlap than metal—
chiorine bonds.

Some other factors that should be taken into account are.

(r) Differences in lengths of a bond M—A caused by variation of a trans-hgand L are
small and often of the same order as the experimental error 1n bond length determination.

{11} Intermolecular interactions in crystals can appreciably affect bond lengths Signi-
ficant vanations can occur in different crystal structures of the same compound 1920 and
by changing the counter-ion 20, Bonds which are chemucally equivalent in solution but
which are erystallographically distinct (1.c., not related by symmetry tn crystal latticc)
often show significant differences in length 21-22,

(i) Intramolecular steric effects can substantially affect bond lengths, for example, in
the ion OsNCISZ_, the Os—Cl bond frans to the nitrido 1on 1s aignificantly longer than the
cis Os—Cl bond lengths 23,

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

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

One important crystal structure with an interesting history is that of Zeise’s salt,
K[PtC}3(C3H,)] - H,0. From earlier two-dimensional structural determinations27 it was
concluded that the Pt—CJ bond srans to ethylene was significantly longer than the other
two Pt—Cl bonds. A redetermination of the structure 2t showed that, after allowing for
thermal moticaq, this bond no fonger differed significandy from one of the ecis bonds.
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A more trecent redetermination using a different space group?® suggests that a significant
difference does exist between ¢is and frans Pt—Cl bond lengths (2.305 and 2.327 A res-
pectively).

Despite the substantial agreement between some independent deterimmations on the
same compound carried out nearly simultaneously (e.g., for the black form of [Co(NO)-
(NH3)51Cl5 (ref. 29), rans-PdCl,(DMSO); (ref. 30) and cis-FeH, (P(OEt),Ph} 4 (ref. 3 1))
the crystal quality, and the details of data collection and refinement used by different
workers can affect detalls of the structure.

Crystal structure determinations which tend to provide the least ambiguous information
on the relative srans-influences of ligands L and L’ are those on complexes of the type cts-
MA,LL', which provide two different M—A bond lengths. Results from a number of such
studies are listed in Table 1. Structural dztermnaitons of isomeric parrs, e.g., ¢is- and
trans-MA, L, altow comparisons of the trans-influences of A and L. Similarly, determnina-
tions of very closely related complexes such as trans-MLAX,, where L is changed, provide
a quanttative comparison of the frans-influences of L. These resuits are listed in Table 2
together with some 1solated crystal structures showing *“unusually long™ bond lengths.

By companing Pt -Cl bond lengths in a number of Pt complexes, Mason et al. }3 have
placed a number of ligands in order of their structural frans-influence, R3S~ > H™ >
R3P > H,C=CHj, C1™ >> O(acac). This order was correlated with higand 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 if
the compounds considered were structurally 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. R43Si™ =~ g-C =~ H™ 2> carbenes 2= PR3 > AsR4 >
€O = RNC = C=C = Ci~ == NH; > O(acac). [t s clear from Tables 1 and 2 that the structural
raris-mfluence is by no means limited to square planar complexes of P!l Sipnificant ef-
fects have been observed 1n square planar Rh!, Irf, PA!l, Nill and Aufl! complexes, acta-
hedral Fel', crlll, Relll, Osl, Ostl, R, Iy, and PtV complexes and square pyramidal
Ir! cormplexes. Many other metals will probably be included when the necessary stouctural
data hiave been obtamned. Until there is definite evidence to the contrary, it is dangerous
to assume that the mrans-influence is completely absent 1n metal complexes 89,

Mason and Towl 14 have attempted to determine orders of structural mrans-influence for
PV, 1111, Ry and Co™, but their ground is much less firm here than with Ptil. They
propose that the relative lengthening of a given metal ligand (A) bond, expressed as a frac-
tion of the vatue of the bond length when the trans 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 rans-influencing ability
of the zrans-ligand L', It is difficult to see why this should provide a valid criterion, since
if A has a high rrans-influence itself, the M—A bond mrans to A would be expected to be
longer than M—A trans to a ligand of low trans-influence; such as C1™ (e.g., Pi—P distances
(refs. 18, 70) in cis- and zrans-P1C1,(PR3);). The problem is glustrated by the structure ?% of
K3 [(HC4 F4)Co(CN)s]. The Co—CN bond frans to HC,Fy~, 1.927(14) A is slightly
longer than that trans to CN™, 1.894(14) A. This enables one to decide that —C5F 4 H™
has a high mrans-influence comparable to or slightly greater than cyanide. But since the
trans-influence of the cyanide jon for Co' relative to other ligands is not known from
other crystal structures, it does not allow one to place —C,FyH™ relative to ligands such as
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other g-C bonded groups. Another difficulty is that different “indicator™ groups might
havc different sensitivities towards the structural frans-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 lipand rrans to CO. It is consequentily
difficult to interpret a result such as the observation of essentially equivalent Mn—CO

bond lengths in HMn(CO);, and small variations in vyy_cq in related complexes®92, Frenz
and Ibers?%2 have suggested that in these complexes CO has 2 slightly higher mans-influence
than H™.

It thus appears premature to attempt a fine grading of ligands until more structural data
are avaulable; 1n particular, rather extensive series of M—Cl bond lengths #rans to different
ligands. For all of the metals studied it appears quite clear that ¢-alky! 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 0-C bonded g-diketonate hgands, 1n PtTY
complexes both in monomenc44? and dimeric#4b ¢ complexes, smce Pt—CH; bond lengths
frans 1o these hgands are not significantly different from Pi—(CH4 bond lengths frens to
N- or O-donors. This contrasts with the apparent high rrans-influence ¥ of the C-bonded
acetylacetonate in “[Pt(acac),Cl] = ™.

A rather unexpected result 14 was obtained from the crystal structure of the complex
RhCl,(py)s [ P(o-tolyl)5(a-CgHy-CH4 )} . The Rh—N distance trans to P is not significantly
different from that rrans to Cl, which suggests that the phosphine has a low structural
mrans-nfluence for Rh. (Arsines, which in Pt!t complexes have a frans-influence slightly
less than phosphines 37:38, appear to have a moderately high ma#us-influence 56 for Rhllt))
More data on the structural trans-influence of phosphines for Rh¥ would be helpful.

For Co*, C1™, NH;. N3, and NO,~ all appear?5-62.63 1g have sumilar low structural
rrans-influences, with peroxide showing a slight rrans bond-weakening effect65. NO™ ap-
pears to have a lugh structural rrans-influence 2285 for Co'}, and from the structures of
vitamin B, 5 denvatives and analogues !4, 70:31  the methyi group and other g-C bonded
groups have a hagh frans-influence in complexes of this type.

Results on Pd¥ complexes?8 suggest that phosphines have a high structural trans-
influence comparable to that in Ptll complexes. The complex45 Pt(CS,)(PPh3), provides
an example of an apparent structural frams-influence in a formally Pt complex. The
Pt—P band ““rrans™ to the carbon atom is significantly longer than that “frans” to S. The
authors suggest that this is due 1o more efficient overlap of metal d, with carbon p_ orbi-
tals than with sulfur p_ orbital, giving rise to less Pt—P w-bonding in the bond rrans to C.

The crystal structure 48 of GaCl(terpy) apparently indicates a significantly higher
trans-influence for C1~ than [or terpy-N, the first observed for a main group metal ion. It
15, 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 cis and frans to terpy may also be steric in origmn.

While X-ray structural data have been extremely useful in providing many examples
of the structural rans-influence, reliable quantitative comparisons between ligands will
only be possible as crystallopraphers systematically determine the structures of closely
related compounds. Some series which could be profitably extended are {Co(L)(NH;3)5]™,
trans-PCI(L)(PR3), and [CI(L)P{Cl,Pt(L)Cl]. Since 1t 1s synthetically possible to prepare
many analogous complexes of Nill, P4l and Pt}], systematic comparisons of the structural
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rrans-influence for this triad should also be possible.
(1) Meral—ligand stretciung 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 ars not available and siretching
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 sigmificance of the results has been questioned for all hut the simplest molecules?2.
One dif ficulty which occurs when the relative trans-influences of donor atoms of very dif
ferent masses are examined {e.g., CI”. Br— . I, PR3, AsR3, SbR;), arises from the possi-
bility of a mass effect on the “indicator” frequency of the vye_p vibration. As the mass of
other ligands L attached to M increases, the “effective mass™ of an —ML,, unit will in-
crease, which will 1end to reduce vy _ 5 even if the M—A force constant does not change.
This is occastonally considered a possible source of some “cis-influences™ 93 and “rrans.
influences™ 24 but 15 often ignored. Interpretation of M—A stretching frequencies s also
complicated by the possibility of vibrational coupling between vy, , and other molecular
vibrations. From the normal coordinate analysis of PtCl,(NH;),, Nakamato et al. 93 sug
gested that almost no coupling exists between vartous vibrational modes i this complex.
Most authors consider that vibrational coupling can be ignored provided that the frequen-
CY Py a Is well separated from that of other vibrational modes that are likely to couple,
especially when M is a heavy metal like plai.oum?S. An example of vibrational coupling
where this condition is not mei is provided by vy _y when the hydride 1s trans to CO
(refs. 97, 98), RNC (ref. 97) and CN™ (ref 99)

Arnother problem arnses from lattice effects on vibrational nodes when the spectra are
obtained from solid samples. The specira may then contain bands which are not observed
for solutions 199, and additionally solid state effects sometimes cause band sphttings 101,
On the other hand, close agreement 1s often found between spectra measured for solhids
and in solution®* 102, In ionic complexes the counter-io. can also have an effect on the
metal-hgand stretching frequency 20, 103

{a} Metal-halogen stretching frequencies
Platinum(il) ecomplexes. Complexes of platinum(I) 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 sransanfluences 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, trans to X are interpreted m
terms of the trans-influence of L The assignment of Pt—1 stretching frequencies often
tends to be difficult 92 and these frequenctes do not clearly show the same trends 104 as
Upy ¢ and vp, . . Complexes of the type rrans-PtL,X,, where X = Ci or Br,
give »95, 105 “1%% only 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 con—} when
X = Br) except for L = NH; (331 cem~! 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

Flaiinum—chloride stretching frequencies (em—') and the rransanfluence @

A Complexes® of the rype trans-PrXClly
COQ 344) (rell, 97) < +-BuNZ (341) {ref 97) < C1' (340) (ref. 105) < Py (337) (refi. 114} 5 p-
MeOCsH4NC (333) (rel. 97) < P(OPh)a (316) (ref 97) = P(OMe); (316) {ref. 97) < Snlly ™~
€315, PPha complex) {rel 182} < CxFy™ {310) (refs. 115, 116} < AsFha (306) (ref. 114) < PFPhj
{298) (ref, 114) = SnPh3~ (298, PPh complen) {rel 112) < PEr3 {295) {rel. 97) < PbPhy
(286, PPh3 complex) (ref. 112} < Snhey™ (278, PPhs complex) (ref 113) < CH;a ™ (274} {ref,
105) = 81C13 ™ (274*) (ref. 110) = S1{CgTg)a ™ (276*) (ref. 110) < SnEty ™ (272%) (eef. 110)
< CgHs™ (270) (ref. 105) < H™ (269} (ref. 105) < GePhy ™~ (263%) (ref. 110) < S1(p-CsHaCF3)a
(258%) (ref 1100 = S1(m-CgH4CF3)3~ (258*%) (ref 110) < Si{p-CgHaMedy ™ (256%) (ref. 110)
= S1{p-CeHaF)a~ (256%) (tef. 110) = S1(m-CgHaClda ™ {256%) (ref. 110) < S1{m-C;HaMe)3 ™
(255%) (ref 110) € S1{p-CgHaCNa~ (253%) (ref 110) < S1(m-CsHaFla™ (250%) (sef 110) g
GeMezPh™ {248%) (ref. 110) < SiMe,Ph (242%) {rel. 110) < SiPha™ (239%) (ref. 110) =~
St(p-CoHaOMe)y ~ (2397) (ref. 110} 22 Stp-CgHaNMe,)a ™ (2397) (ref. 110) < S1Mey ™~ (238)
(ref. 111) < GeMey ™ (235) (ref. 111D

B Complexes af the rype cisPIClaL 3 fmean frequencies)
Phen {34 7) {zef. 117) < bipy (345} (ref 121) < py {336) (rel, 105, 118) = SMey (335} (rel. 107)
< COD (327) (ref. 105) < en (325) {rel. 119) ~ SeEiz {325) {ref. L05) £ 5Et3 (324) {ref 105)
< NH3y (321) (ref. 95) £ NHCH;CH,CHNH, (318) (ref. 124} < Pha PC=CPPhy (315) (ref 122)
< Phz ASCH,;CHz AsFh; (313) (ref 117) < PPhy {305) (ref 117 = Pha PCH;CH, PPh; (305)
CGrel 117) = AsMeg (303) (refs. 92, 120) = SeMes (303) (rel. 1G7) = SbMej3 (303) {ref, 120}
= AsCty (301 (ref. 105 < AsPri3 {298) (ref 105} < SbPr¥; {296) (ret. 105) £ PEty (294) frefs.
106, 107, 115) < TeMte, (293) (rel. 107) = TePr*; (293) (vel. 105) < TeEz (292) {rei. 105) =
PPrf3 (292) (ref 105) < PMej (290) (zefs 94, 120)

C Complexes of the rype [PiClaL] (ref. 127) ;
CO (322) < SMez (310) < CaHy (309) << SEtg (I07) « AsCiy ¢280% << PPhy (279) < PMe3 (275)
< AsMez (272) < PEty (271) < PPrt; (270)

D. Complexes of the type PtaXglq, € frefs 102, 104}
Cl~ « QO < TeEty < TePr; ~ p-toluidine ~ CaHg << CaHg < PCly <€ PLtgy ~ PPy =
PPhg == PMea — AsPry ~ AsEty —~ Ashiey — P(QEt);

9 Transnfluence s the reverse arder of ¢y [requencees
bL=PEt except where denoted by an asterisk when L = PMezPh.
€ The order shiown 15 that of decteasing vpe_cj, a5 well as ypy_ gy where available.

Thus, any cis-influence of L on vp, _x 1s small,

As shown in Table 3A, vp, (- stretching frequencies in the complexes frans-PtXCIL;
indicate 105. 108,109 4h3¢ X = H™, CH;3™ or CgH;s™ has a high mans-influence; this 1s also
true for cases where R contains a Group IV metalloid, so that groups such as SiMeq™
have mrans-influences *10—113 higher than H~ or CH; ™. The values of vp,_y 1 a sertes of
complexes frans-{PtClL(PEtg)zfl'_‘lO.;" , where L is a neutral ligand, have been determined
by infrared?? and Raman 1% spectroscopy. Since v, in mrans-[PtC1(PEt3),]ClO,

(295 cm—1)97 is comparable to that 13 in cis-PtCL(CgH )W (PELy ), (290 cm— 13) and cis-
PtCI(C¢F ) (PEt3); (302 cm~1) 115,116 1t appears that data for cationic and neutral Ptl!
complexes can be integrated, hence giving the trans-influence series shown in ‘Table 3A.

It will be noted that the magnitudes of the changes in th_sl are greater at the high rrans-
influence end of the series. Also, note that the low value 1Y of pp,_ in rrens-PtC1(SiPhy)-
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PMe,Ph), (239 cm—1) appeais anomalous by comparison with other aryl—silyl complexes,
although within the silyl—platinum series there is a general trend for the transanfluence to
decrease as the electronegativity of the silyl subsiituent increases. However, electronegati-
vity alone doas not determine the irans-influence of MX4™, since the frans-influence order
is SiXy™ > GeX3~ > 8nX;™, which 1s not the order which would be predicted {rom elee-
tronegativities 10,

Complexes of the type ¢is-PtCl, 1, show 105 two Pt—Cl stretching absorptions corre-
sponding ta the asymmetric (mgher frequency) and the symmetric (lower frequency)
stretching modes. These frequencies, and hence presumably the metal—chiorine bond
strengths, are very dependent on the nature of L, as seen in Table 3B, and thus a fravs-
influence series 15 obtained. There is some disagreement about the assignment of vp,
in the complex PtClyen. Boschi et 2. 1*? assign the Pt—Cl stretching modes to bands at
334 and 315 cm~ !, while Watt and Cuddeback®!? assign tlhem to bands 2t 311 and 290
c¢m—!. The higher-frequency assignments seem more compatible with that expected for a
nitrogen donor and are in agreement with the i%p,_y frequencies observed 123 for the close-
ly related complexes PtCl,(substituted tnmethylenediramine) {e.g., 325 and 312 cm~1
for PtClo(NH,CHyCH, CH,NH,) (ref 124),

Where frequencies for vp,_p, are available for the complexes c:s—PtBrsz, simutar trends
are observed 72: 104, 105,119,120 ¢4 (he chlondes Again there are some disagreements over
assignments; Adams et al. 105 and Ciark and Williams 125 assigned Up gy 0 cis-PtBry(py),
to the bands at 219 and 211 cm~!, compared with 251 cm—! in the trans 1somer. How-
ever, Durip et al. 118 showed that the spectrum near 250 em—1 was complicated by the
presence of a Pt—N siretching band, and by using the deuterated pyndine compiex assigned
the Pt—Br stretching modes to bands at 252 and 235 ¢!, thus removing an anomaly.

In considening this series, several possible complications should be poted. {1) inter-
molecular hydrogen bonding may affect vp,_ frequencies when L contains N—H bonds103
(though Durig et al. 126 consider this unimportant in related palladium complexes); (i)
vibranonal coupling may affect the results where vp,,_ has a frequency similar to that of
Vpr_X» €-8» Upr_asMe, is thought 10 be of the same order®* as vp,_cy; (ui) with heavy
donor atoms such as Sh or Te, mass effects as well as actual changes in bond strength wili
lower vp._y- Note also that for the organosuifir and organoselenium complexes, the
results supgest an appreciable substituent effect; for the dimethyichalcotude senies, the
trans.influence order is S < Se < Te, which parallels the order of M—L bond strengths '°7,
while for the diethy! series, the order is Se < S < Te. Adams et al. 105 noted that COD
had a low trans-influence despite its high trans-effect.

For the ions PtCl3 L7, three metal--chlorine stretching bands are expected, the asym-
metric and symmetric siretching of the Pt~-Cl bands ¢is to L, and stretching of the Pt—Ci
bond frans to L. However, the two vp,_y(cis) bands are usually almost coincident and ex-
cept for L= CO (343 ¢~ 1), their frequencies are insensitive to L, (i e, usually 329
4 cm—1). The Vpy_cy (trans) frequency vanes with L as shown in Table 3C.

For Zeise’s salt, K[PtCl4(C;H,))- H,0, bands observed at 339, 331 and 310 em ™!
have been assigned 0 vp,..cy (Cis){@sym), vp,_c; (cis)(sym) and vp,_cy (rans) respectively 128,
The force constants of 1.82 and 1.78 for Pt—Ci {cis) and Pt-—Cl (rrans), respectively, ob-
tained from their normal coordinate analysis, suggest a slight frens-bond weakening etfect
by ethylene.



THE trans-INFLUENCE- TS MEASUREMENT AND SIGNIFICANCE 361

Denning and Ware 129 snudied the Raman (in aqueous solution) and solid state infrared
spectra of the amons [PtCLy(NH3)] ™ and {PtCl4(CO)] ™. For the former, all the Pt—Cl
bands were degenerate at 325 cm—}; this places NH; at the low end of the rrans-influence
order given 1 Tabte 3C. In rough agreement with Goodfeliow et al. 127 [PtCiy(CO)]~
gave ¥p, 7 (cis) at 344 cm~—1, and vp,_c (trans) at 318 cm~!. From the calcujated force
constants, strengthening of the Pt—Cl (c5) bonds in [PtCl3(CO)] ™ relative to the same
bonds in the ammine complex is at least as important as weakemng of the Pt—Ci(zrans)
bond hy the frans-influence of CO. This cis-influence was attributed to an increased posi-
tive charge on platirium due to electron withdrawal from Pt d-orbitals to CO via m-bonding.
On the other hand, Goggin and co-workers92, fram the Raman and infrared spectra of
[NPr, J[PtX31] (where X =CI7, Br~ orl~ and L.= PMe;. AsMe;, PEf3 or AsEt3), ob-
tained experimental values for the ratio vp,_ y (¢is) (asym)fvp, y (frans). Comparison with
values calculated on the basis of a very simple valence force field assumimng both Pt—Cl
stretching force canstants are identical, showed that the force constant faor the Pt—ClI bond
rrans to L was different from that for the Pt—Cl(cis) bond

Several workers92-94,100,102,104,130,131 ave examined the vibrational spectra of the
halogen-bridged dimers Pty X4 L,, which have a mans-structure [ with the metal atoms and

L \P /th\h . - Xy
t 1
- s ~ T
Xy Kpr L

-]
T

bridging halides coplanar37. Asstgnments are based on those for the simple anions®®

M1 Xg 2= In general, three Pt—X bands are observed in the infrared spectra, the ghest-
frequency band comesponding to stectching invelving mainly the terminal halogens,
Vp—X () The remaining two Pt—X bands are associated with Pi—X,,_ 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 assigned to Pt—X,,; strelching invalving the bridging
halide irans 1o X, and irans to L respectively, For the ligands so far studied 102. 104
Vpe_Ciqy varies from 330-368 ecm~ ! although the value of 330 cm—! for p-roludine
seems anomalously low, perhaps owing to N—H------Cl bonding; if this case 1s ipnored, the
range is small, only 347368 em~1. v,y frans to C1™ varies over the range
3{2—331cm™* and Vpt-Cifby) 7O 1O L over the range 257—301 cm“], and From the
latter the trans-influence senes shown in Table 3D s obtained. Where data are available,
this order is substantiated by vp,_g -

Adams and Chandler 19 noted that this ordenng was stmilar to that obtaned for cis-
PtX,L,, except for the position of the teflusides for which the assignments are uncertain.
Goggn and co-workers 102 considered that mixing of Pt—Cl and Pt—L modes could be
inportant, at least for L = AsMe,, and cautioned against drawing too definite conclusions
from this ordenng of ligands.

Palladium(II} complexes Palladiemqil) complexes analogous to many of the platinum(1I)
complexes discussed abave have been examined: mrans-PdX, L, (refs. 92, 93, 106, 107,
115, 118), cis-PdX, L, (refs. 92, 94, 106, 107, 118, 120, 126), PdX3L (refs. 93, 127),
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Pd;X 4L, (refs 52,54, 100, 102, 104), and rrans-{PdClL(PR3)2]+ (refs. 132, 133). In
general, the resufts are very similar to those abtained for the corresponding platinum com-
plexes: the rrans-nfluence orders of ligands are similar, and the magnitude of the effect on
Pd—X stretching frequencies is comparable, although occasionally the trends are less well
defined for palladium complexes?® . This may be due to greater vibrational coupling
through the hghter Pd atom

Nickel(1l) complexes, Various workers 106, 115, 134—137 Lave examined the infrared spectra
of complexes rrans-NiX, L,. A single Ni—X stretching band s observed in the range 400-
410 cm=! for X=Cl", and 310~340cm~! for X = Br~. The only cis planar complexes
NiX, L, which have been examuned are those of chelating phosphines Two Ni—Cl stretch-
ing bands are observed for NiCl,(diphos) 134 ar 330 and 320 cm~!. These frequencies are
considerably lower than those obtained for the mans-complexes indicating that the mans-
influence of phosphines is much greater than that af CI™ for square planar nickel (1T}
Similarly Ni—Br stretching bands occur at 264 and 250 cm~! in NiBry(diphas).

Plarinum{1V ) complexes Ruddick and Shaw 108,109 faund that »(PtIY—Cl) was high when
trans 1o C1™ (e g. 332 ! 1n 11) but low trans to a methyl or an aceryl group (e g., 242
and 265 cm—! in I, 244 cm—1 in IVa, 243 em~! n IVh).

cl Ma
Mo | _-PMe Ph Me._ | _.PMesFo ME\-FL/F'MezPh
el Bt
Me™" | ™ PMe,Pn PMesPn” | T M L S PMesPh
cl <l
H m v
{a) R=Me
(b} R=COMe

fridium{Ill} complexes. Jenkins and Shaw 138 first noted that Yy in widium (1} com-
plexes depended mainly on the ligand rrans to CI™ and relatively little on the cis ligands.
This has been confirmed by subsequent work 1091,139-142 Evyequency ranges are given in
Table 4 for those ligands for which a large number of complexes are available. Deeming
and Shaw 10! compared the infrared spectra of a series of complexes of stereochemistry
V with different R groups and the results are hsted in Table 5 with the R groups listed in
order of increasing rrans-mfluence.

FMEQFI‘I

r b ot

lt‘\

co” | el
PMe ;PR
v

Rhodium (fIf} complexes The infrared trans-influence has been studred less extensively
for Rh!II than for Irlll, Data that ave available suggest that vgy, cy is sensitive to changes in
the ligand ans to C1~. For example, in the camplex VI, ppy ¢ (ans to CO) occurs 143
at 311 em~!, vgy o (trans to ~COMe) at 230 cm—? and in VII, »py_cy (frans 1o CO) at
307 em—1 and vry~cy (rans to —C4H;) is at 245 cm—1,
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TABLE 4

Effect of trans beands on widium—chlonne stretching frequencies

Trans Trans

Hegands v{Ir—C1) Lgands p{le—C1)
a” 303335 CHa 255-270
co 297-327 H 246-—249
CcOoD 29D0-305 COCHa™ 215247
PR3 ar AsR 3 262-290

TABLE 5

Trans-influences of groups R from Ir—Cl stretching frequencies

vIr-CN {em=1) o{lz—CD) tem~')
R rans to K rrons 10 CO
CHa8505 - 284 335
NCCH,~ 280 309
Ph50,— 278 324
p-MeCaH450,— 276 327
MeO,CCH2 — 274 312
CCla— 372 320
Ph— 271, 251 315
he— 260, 248 303
PhCO— 255,242 259
FhNa— 148 i
MeCO — 245 314
EiCO ~ 240 310
CHa
PMeLPh Me—-—g AsMesfh
Meca._ | _Cl "“Egzl e
co’nf“*ct o] e
PMezPh ASME:P]‘\
V] Vil

Gold(l) complexes. Coates and Parkin 106 noted that v,,,_ in the complexes L—Au—Cl
decreased in the order PPhy (329 cm~ > Me,S (324) >Me;3As (317) > PEt; (312) =
PMey (311), which is then the order of increasing srans-influerce, although the frequency
for v, _ci trans to PPhy seems anomalously high. The overall frequency range 1s small so
that the effect of the 7ans ligand on vy, _ - is less pronounced than for other metals It
should be noted that the results of Goggin and co-workers?? for MezPAuCi and Mez AsAuCl
show a significant difference betwesn sojution and solid state values for w,, o in both the
infrared and Raman spectra (e.g., in the IR spectrum of the PMe; complex, v, for the
solid was assigned at 311 crm—? 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 vy, _p, obtamed 106 for the complexes LAuBr also show some anomalies but when
a correction ?2 is made for the assignment for vy, _p- in PMe3 AuBr, the order is similar to
that for »5,_c (Goggin and co-workers?2 consider that there must be significant mixing
between vy, _p, and §(PC3),,,,, in the trimethylphosphine complex)

Gold(III} complexes. Coates and Parkun 108 also examined the infrared spectra of some

gold (HI) complexes, LAuX3. In pyAuCly a peak assigned to v, _c is observed at 365
cm™! with a shoulder at 357 cm~"!, but for EtyPAuCi; bands are observed at 370, 301

and 296 (shoulder) cm—1. Clearly, the low-frequency band wn the phosphine complex
corresponds predominantly to Au—Cl stretching involving the Ci™ frans to PEt;. Analogous
resuits were obtained for the bromide complexes (264 (sh) and 261 cm—! forv,, g, in
pyAuBry; 263 and 215 cm™! in Et;PAuBry).

Liddle and Parkin 144, from the IR spectra of a number of aryl—gold (IHI) complexes,
found that vy, frans to phenyl or substituted phenyl groups was very low. For exam-
ple, in [NBu”4]]1PhAuCly}, the mutually rrarts CI~ ligands give bands at 365 and 332
(weak) em—!, while v, _ - trans to phenyl accurs at 280 cm—}. Complexes eis-AuPhCl, L
give two Au—Cl stretching bands. For L = SPY”,, they occur at 328 cm~! (frans to SPr",)
and 294 (rrans to —CgH; ) and for L = PMe, Ph at 310 (rans to PMe,Ph) and 286 cm—}

(¢rans to —CgHs).

Ruthenium{II) complexes Lupin and Shaw!43 found that vy, fell into three ranges,
347—299 cm~} (rrans to C17), 311—266 cm—! (rrans to CO) and 262—229 cm~!

(frans to PR, ). For example, for the complex VIlla, vg ¢ (rans to CO) occurs at 288
cm—} and 229 cm! (#rans to PMe,Ph) For the AsMe,Ph analogue VITIb vy, (ans

L Y

e[ _.co Cl | .-t
ARl /Cis“l_
L
e’ L™ ci
vin IX

{a} L= PMe;Ph
{p} L =aAsMoPh

to AsMe,Ph) is at 270 cm=! although pp,_ci(trans to CO) is very similar (293 cm—1).
This suggests that arsines have lower frans influence for Rull than phosphines.

Osmum( 1) complexes In osmium(1I) complexes Chatt et al. 146 found that g,y
(trans to C17) occurred in the range 290-313 cm=! and vos_c1 (#rans to CO) in the range
277-305 cm~1. In the complexes IX, where L = PRy and Y = CO, N,, RNC, PhNC, two
Vos_c1 bands were observed The low-frequency band, 248—272 cm~1, corresponded
mainly to v, (frans to PRy) and the higher-frequency band 278—-307 em~1 mamly to
Yos—c1 (frans to Y). By varying Y through a series of complexes IX and ordering the mean
Os—Cl stretchung frequency, a trans-influence order for Y was obtained: PRNC, MeNC >
CO >N,.

It was noted 143 that the ranges of vy, ) frans to parncular 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) Meral-hydride stretching frequencies
Plannum(I] complexes Chatt et al, 147: 148 firt noted that vp,_ygy in the complexes frans-
PtHX(PEt3), was very dependent on X, decreasing with mcreasing frans-effect of X. Sub-
sequent work has verified this finding for these 42 and analogous series of complexes
trans-PtHXL,. where L = PPhy (refs 150—153), PPhoMe (ref. 154), PEt3 (ref. 155) and
AsEty (ref. 156). A corresponding dependence of Vpy_y ON L’ was found for the cationic
complexes frans-PtH{L") Lz"', where L =PEt3 (vef 97), PPh3 (ref. 153), PMePh, (refs.
154, 157) and AsEt; (ref. 156). For the carboxylate complexes rrans-PtH(DZCRJ(PEt%)z,
a linear refationship between Jp,_yy, Ty» ¥py_j» and p K, for RCO, H has been found !35,
The correlation berween the various spectroscopic pararneters will be discussed later. The
fact that vp, 3 decreases as pK increases implies a direct correlation between the o-
electron donation from RCO, ™ to Pt and the srans-influence of the carboxylate ligand.

Some caution is required in the detailed interpretation of vp,_yy since this frequency
can be solvent-dependent 148. 158.159 ' \v:1h the magnitude of the solvent effect depending
on the nature of the trans ligand. Solid state effects may alsa influence the Pr—H stretch-
ing frequency. For example, the vp, 1 region for solid rrans-PtHCL(FPPh4y), 18 very com-
plex, and differences in pp,_yy led Bailar and Ttatani '60 to believe that they had isclated
cis and trans isomers of this complex, when 1n fact they had crystal modifications of the
trans 1somer 161

Significant vibrational coupling ¢an ogecur when hydride 1s trans 1o a lipand with a vibea-
tion close in frequency to vp,_gy (~ 2000 cm~l), 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—!) from that of the ligand vibration, coupling is minimal and the ligand band
occurs at its “unperturbed” frequency. The vp;_y frequency in the hydride may then be
“corrected” by assuming that the coupling is first order, i.e., the true value of vp,_gy is ob-
tauned by the addition of (v(ligand) deutertde complex ~v{higand) hydrnide complex) to the
observed value of ¥p,_yy. From results for both cattonic and neutral complexes and for com-
plexes with different phosphines (changing the phosphine has a relatively small effect on
vp_y) the frans-influence order shown in Table 6 is obtained.

Gavrilova et al. 133 reported values of vp, 4y for trans-[PtH(C,H,4)}(PPh4), {ClO, and
rrans- [PtH{C3Hg ) (PPh, ), ] Cl1O, which would place ethylene and propene higher in the
rrans-nfluence series than any of the ligands of Table 6. These values appear to be erro-
neous.

Atternpts in tlus laboratory 163 to prepare [PtH(C5H,)(PPh4),]CIO, have been un-
successful because of the extremely rapid insertion of ethylene into the Pt—H bond, and
it seemns likely that Gavrilova et al. actually exammed Pt{(C,Hs)(PPh;);(ClO,4), which
would give simlar analyses. (The NMR spectrum was not reported.) The band that they
observed may have been an overtone of a perchlorate mode. For the complex trams-
[PtH(C5H )} (PMePh, ), 1PFg, 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 vy and Jp,_y supggest a lower frens-influence for ethylene than isocyanides
(see later).
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TABLE 6
Metal—-hydride stretching frequencies em™ !y as 2 measure of the tramsanfiuence

A For plartmum(il) hydrides, wans-PtHXLy or wans-[PrEfE'Ly)Y & b
Acetone (2275%) (ref. 157) < ClO,~ {2312**} (ref. 153) < NOQ3~ (2242 hexane; 2267
CHCl3) (ref. 149) = CFRC0," (2258 acetone) (ref. 158} <« p-l\rlecﬁl{qCOOz" (2226 acetone,
2216 cyclohexane) (ref. 158) < NCO™ (2234 (ref. 162} 2200 CHCly (ref. 149)) ~ NCS™
(2195 (ref. 162), 2210 CHCi3 (rel. 149)) ~ N3~ (2199 CHCla) (ref. 149) =~ CI™ (2183
hexane {ref. 147); 2209 CHCl; (ref. 149)) ~ Br~ (2178 hevane {rcf. 147), 2199 CHCly
(ref. 149)) = NHj3 (2202, 2087**) (ref 153) = py {2216 CHCl3) (ref 397) ~ NH;CH,4
{2195%") (ref 1S53) < I~ (2156 hexane (ref. 147), 2175 CHCla (ref E49)) = SCN™ (2160
CHCl3) {ref. 149) < —~8=C(NH;); €2150**) (ref 153) = —SCOMe™ (2140**) (ref 152)
2~ NOs~ (2150 hexane {ref. 147); 2165 CHCly (ref. 149)) < CO {2129 “‘corrected™ CHCla)
(ref. 97) = SbPhs (2130**) {ref 153} < r-BubNC (2214 “corrected™) (ref 97} < p-MeQCgH,-
NC {2106 “‘cotrected™) {ref 97} = SnCls™ (2105 hexane?) (ref. 155) < PPhy (2100 CHCly)
Gef. 97 £ P(OPh)3 (2090 CHCI3) (ref. 97) =~ PEt3 (2090 CHCly) (ref. 97) < P(OMe);
(2067 CHCla) {ref. 57} = CN™ (2095 “corrected™) {ref 99} < —C=CPh™ {2020 not cor-
rected for any canpling) (ref. 111}

B. For paliedwm{i]) hydrides'S%, trans-PdHX [P{Cy)3f 2
NCS™ (2022) < CV7 (2002) >~ BHa~ {2002} < Br™ {1991) < I (1966)

C For nickelftl) hydrides 183,165 veans NilX [P{CV}3] 2
I7 (1976} < NCS™ (1928) < BH; ™ (1920) < Br~ (1917) = C1™ (1918} < CN~ {1870)

2 Trans ligand is X or L L= PEt3 ewcept that one astersk indicates [ = PMePhy and two
astertsks indicates L = PPhy
b gpectra obianed from samples prepared as Nujol mulls except where noted

Palladium (1) and nickel(ll). Green et a), 164185 examimned the mickel hydnde com-
plexes grans-NiHX (PCy,),, from which ry;_y frequencies give the frans-influence
order of Table 6C. It is of interest that the ordering of the halogens, observed also
for the analogous Nt! tris(isopropyl) phosphine compiexes, 1s the reverse of that ob-
tamed for Pill hydnde complexes. However, the order of ry 15 the same as that for
the Pt1I complexes {see later). For palladium(II), the halogen order 1s “narmal™
(Table 6B) 165, 166

fron, ruthemium and osmium complexes A number of wron(il} complexes of the type
trans-FeHX (F'P}z, where BPisa chelating disphosphine, have been examined by

Chatt and Hayter 198, In the complex trans-FeH, [0-CgH,(PEt;),1,, the Fe—H stretch-
ing frequency occurs at 1726 cm~!, considerably lower than vg, y in frans-FeHCL-
[o-C6H4(PEtz)2], 1870 e¢m—!, which 1s consistent with the high frams-influence of

H™ relative to C1™.

Chatt and Hayter '69 jlso examined a series of ruthenium (II) and osmium (1)
complexes of the type trans-MHX(P P),. The frans-influence order, determined from
the decrsasing order of M—H stretching frequencies for both metals, is I~ < Br™ <
€™ < SCN™ € NO,;” € CN™ < H7. Chatt and Hayter noted that the overall se-
quence is simular to that obtained for Pt¥, namely halogens < SCN~ < NO,~ < CN~,
but that the order of the halides is reversed. A similar reversal noted in the iron(Il)
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camplexes 168 wags attributed to electronic effects; however, the order of 7 values is
narmal 169, 170 Since these complexes (like the nickel hydrides discussed above) are
sterically crowded, steric constraints introduced by increasing halogen size may affect
Pp_gi- There also seems to be a significant cfs-influence of the chelatng diphosphine
or diamine on py;_y, considerably more pronounced than for Pt complexes 136,
Vaska 98 examined the infrared spectra of the complexes X and XI and their
deuterated analogues. In X, vgg_y, couples with vog but v, y, does not. Even

PPy PPhy

oc“c:’ls/HA OCHCL_/H
P -

Fh | ™n Phe” | e
" opns © ]
X X1

allowing for this couphing, it 15 quite clear that pgs ., (1852 cm—1) is considerably
lower than POs H (2051 cm~1) and vospg in XI (2897 cm~!). These results sug-
gest that in these complexes the sransinfluence of CO 15 significantly greater than
that of PPhy, which reverses the order found for Pt!l cations97.

Indium{IH) complexes Chatt et al.}71 found that p_jy n some hydride complexes
of imdium (I8I) was dependent on the ligand #rans 1o hydride Thus, 1n complexes of
the type XII, where L 1s a tertiary phosphine or arsine and X is a halagen, v,y

x x
L. 1 H L[ X
‘\'[r, :lr:
el 'S L1

x H
X1t K

occurs in the range 2000—2100 cm—1 (2069 cm—! for L = PEt,Ph, X = CI™, 2076
cm~! for L = AsEt,Ph, X = C]7) and in the 15omeric complexes XIII, v _y; occurs
in the higher range 2195—2220 cm—! (2186 cm~t for L = PEt,Ph, X = CI7). D1-
hydndes, XIV, show two v bands near 2030 cm~—! (rans to halogen) and near
2170 cm~! (&rans to phosphine). The fuc-trihydrido-complexes XV, where L = terti-

x L L
L\IE_/H Hxllr/]' "\-li_/H
R ML el Bl ™!

H L
xiv xv xwvi

ary phosphine or arsine, show a strong band in benzene solution wn the range 2020—
2090 cn—! (2025 for L = PEt,Fh, 2058 for L = AsEt,Ph). The mer-complexes
XVI showed two vy_p bands, 2037—2104 em—1! (&ans to phosphine) and 1750 cm™!
for the v,y (erans to H™). This corresponds to a very high frans-influence for
hydnde.

For the complex98 XVII (allowing for vibrational coupling between Voo and
Pre_up) Vie—Hp 15 significantly lower (v 2100 cm~1) than vy,_y, (2196 cm—!), in-



J6B T.G APPLETON, H.C. CLARK, L.E. MANZLR

PPhy
OCE[]‘_’, Ha
oy .

! "Hp
PPhy
xXvit

X

dicating a somewhat higher trans-influence for CO than focr CI™. This is supported by
the values of p_,; obtained by Chatt et al. 172 for the 1somers of ITHCI,(CO)-
(PEt,Ph),. Wilkinson and co-workers!?3, from an examination of some iridium (111}
hydride complexes contzimng SnCl,™, concluded that SnCiy~ has a slightly higher
trans-influence than CI™. For tnstance, the complex XVI has v (Nujol) at 2198,

H
oC. ilr/PF'hs

F'nJP/ 1 e
5nCly
Xvit

2180 em—! (solid-state splitting), while the corresponding chioride has vp_g At 2239
em~ 1. Some apparently contradictory results were also obtained, however, and the
trans-influence of SnCl;~ for I does not appear 150 155 10 be as high relative to
Cl~ as for Ptll. The srans-influence series obtained from wp,_py for I is thus H™
> PR3 > AsRy > CO & SnCl;~ > Ci™

{c) Metal—carbon strefching frequencies
Platinum{fl) compleves The Ypt_CH bands in the infrared spectra of complexes
such as rrﬂns-Pt(Mc)X(PRE)z and cis-PtMes Ly are charactenstically weak but two
bands have been assigned Y7 for the cis dimethyl compounds and only one for srans-
PtMeX(PR3);. The Pt—C stretching frequencies are dependent on the nature of the
ligand trons to the methyl group, decreasing in the order (with frequencies {cm—1)
for the PEty complexes in benzene): NOy (566) > NC57(556) = CI~ (551} > Br™ (548) >
NO,™ (544) > 1~ (540} > CN™ (516), the reverse order of which represents the
trans-mtluence series. Some ambiguity is associated with the frequencies of vp,_ 51,
trans to NO,~ and CNT since the Pt—X strecching vibration, with which there coujd
be apprecrable vibrational coupling, 18 nearby, The Pt—CHjy stretching frequency for
eis-PiMeCl (PE1;); at 527 em=—1, is considerably lower than that of the frans isomer,
consistent with the high trans-influence of PEt,.

Since the complexes cis-PtMe,L, give two Pt--C stzetching bands a comparison of
resulis with those obtained for the rrans-monomethyl compounds is difficult but
where L = PR;, the frequencies are Jow {526 and 506 cm—! for L = PEty) and for
L = EtSCH,CH,SEt, the frequencies are higher (555 and 548 cm~1). Fritz and
Sellmann 175 assigned a band at 550 em—! in the infrared spectrum of PtMe,(COD)
to Up,_cy,» and a corresponding band appears 114 in the Raman spectrum at 545
cm~ !, Thus the expected two stretching modes are apparently degenerate, and the
value of vp,_cy;, indicates a rrans-influence for COD similar o that of EtSCH,CH;-
SEt.
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TABLE 7
Metal—carbon stretching frequencies (cm— ") and the rrans-influence

A For rhe complexes trans-Prifel (PMezPﬁjz"' fwith frequencres for representative higansds)
L = Carbenes { C (QCH3) CHa, 514} (ref. 176) > phosphines (PMeqPh, 527; PPhy, 528)
(ref. 114) > SbPha (531} (ref. 114} > isocyantdes (CNEt, 537) {ref 177) > CHa—CH=CH4
(542) (ref 179) > CO (545) (ref. 114) = CHz=C=CH; (545} (ref. 178) > CH3C=CCH;
(547) (ref. 179) > CaHg (549} (xef 179) = ATpCN {CgFsCN, 549) (ref 180) > CHz=CH-
CH=CH, (550} {ref. 178) > mminoethers (NH=C (OMe) CgFs. 551) (ref. 180) > py (555)
(ref 114) > ArCN (p-MeCgH4CN, 570) (ref. 180)

8 Far the camplexe.r fPtMex X[, and PrMe;L;,
MeyPt{OH,);" (600) (ref. 181) < [PtMea(OH) 4 (595) (ref 182, 183) < MeaPr(NH3}3
(584) (ref. 184) = [Me3Pt(NO3)3]%" (583) (ref. 185) < [MeaPtCl]4 (581) (ref. 186) <
[MeaPtipydal™ (578) (ref. 185) = McaPt{NHMea)s" (577) (ref. 185) < [MegPtBrla (574)
(ref. 186) = (x-CsHs)PtMey (594. 561) (ref 187) < {Me;PtSHi4 (563) (ref. 188) =
MeaPt(SCN)3"~ (563) (ref 185) < [MeaPtl}a (560) (ref 186) < MeyPt{p-MeCsH-NC)3*®
(555) (ref 189) € MeaPt(CN)3* (553) {ref. 185) < MeaPt(PMe2Ph)3" (530, 525, 5100
(ref. 189)

¢ For the complexes PrMe:(PAfe;Ph};L;T.' (XIX} (higher frequency band) (ref. 190) p-McCglis-
CN (561) = bipy (562} == phen (560) < py (546) < p-MeCgH4NC (539) < diphos (536) <
P(OMe)s (523} < oCgHa(AsMez)z (513}

D For the complexes PtMeyfPMea P2 L™ (XX} ftrans fo L) (ref 189)
py (569} < EINC (546) < p-MeCgH4aNC (541} < ShMey (539) < PMe,yPh {530)

E For the complexes PtMe X {bipy) (frequencies trans to X) 1852
WNO3T (580) < CHLC0," (577) =~ NCO™ (577} < €7 {575) < Br (570} = NO,y (569}
I™ (563) = NCS™ (562) < CH; (480)

A comparison of vp, oy, for corresponding complexes trans—PtMeXLl. where L =
PMe,Ph (ref. 108) and AsﬂelPh (ref 109) suggests that thus change in the cis
hgand has little effect on this frequency.

Pt—CHy stretching bands have also been observed in the Raman spectra (where
they occur as stfrong and polarizable bands) of somec solid salts of the cationic com-
plexes mans-PtMeL (PMe,Ph),*, to give the mans-influence order for L shown in
Table TA.

Platinum(IV) complexes. Many methylplatinum(IV) compounds contain more than
one methyl group so that coupling between the various Pt—C stretches makes it im-
possible to assign a particular Pt—CHj stretching vibrauon. However, for the com-
plexes [PtMe;X}, ., where each Pt atom is attached to three triply bridging X proups,
and PtMe;L3", the symmetric and antisymmetric Pt—Me stretching frequencies are
often degenerate, which allows a direct comparison between X and L groups. The
Vp_pe Dands are generally weak in the infrared, but strong in the Raman spectra,
and the order of frans-influence in Table 7B can thus be obtained. Note that in the
Raman spectra of PtMe3(PMezPh)3+, the molecular symmetry is apparently less than
Cy, so the degeneracy of the £ 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] 4, their relative srans-influences seem comparable to those expected for
monodentate X™.
For the platmum (IV) cations XIX, Clark and Manzer 90 observed two Pt—Me

BMesPh
Me |t,L
PMe,Pn
XX

stretching bands, in most cases, n the Raman spectra corresponding to symmetric
and asymmetnc siretching. 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 oceurs in the diphos complex, which 18
probably largely responsible for the anomalous position of this ligand.

For the trimethylplatinum (}V) compounds, XX, Clark and Manzer 18% gbserved
three Pt—Me stretching vibrations. A comparison of the solid state Raman spectra

N

e Chy
MEHFlt/F‘MEQPh Me.‘_Fl, _ PtaegPn
Me’:lz ™ FMez®n Me’E ~PMe,Ph

XX XXl
{a) Z=1t",n=
B Z=L n=+1

of XXa and XXI (Fig. 3} indicates that vp,_y, (frans to I) 1s virtually independent
of the two stretching modes involving methyl groups frans to phosplune since the
first mode on deuteration shifts to lower frequency by the factor (15/18)” with the
other two bands bemg virtually unchanged (Fig 3} Thus it would be expected that
Vp_me (frans to L) in XXb would be sensitive to L, while the two vp,_pa (7ans to
PMe,Ph) would not. Expenimental results confirm this expectation 190 (Table 7B).
A sintilar situation 1852 holds for PtMeqX(bipy).

Ruddick and Shaw 198 found that in the complex PtMe,(PMe,Ph),, the mutually
trans Pi—Me groups gave a very low value of vp,_y. (476 cm~1) consistent with the
very high frans-influence of the methide ion.

Iridium{IIf) complexes. Tn some Il complexes, vy,_y. 15 dependent 141 on the
transligand, e.p., 1n the complex XXIa, vy, trans to C1™ occurs at 543 cm~!1,

b

I..\l;r/Me

Y ta) X =Cl,L =PMezPh
Me b} ¥ =1, L=PMegPn

X! {c} X=1, L =AsMeqPn
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Fig. 5. Pt—CHj stretching region of (- — =) PtII{CH3)3{PMezPh)y and (—) PEH{CH3)2(CD3 )

{PMe; Ph).

but srans to PMe,Ph near 495 em—! (this band 1s partally obscured by a ligand vi-
bration). In XXiIb vy, s (trans to 1) occurs at 526 cm~}! and mans to PMe,Ph at
505 cm—!. In the corresponding arsine complex XXIlIc the frequencies are 527
(trans to 1) and 518 (frans to AsMe,Ph). The frequencies rrans to L may be com-
pated with those for mer-ItMesLy; 510, 495 cm—! for L = PMe,Ph and 517, 510
cra—! for L = AsMe,Ph. These results suggest a trans-influence order PMe;Ph >

AsMe,Ph > 1 > Cl.

Golid ({II}) complexes Tobias and co-workers 171 exammed the vibrational spectra of
some gold (II[) complexes, AuMe,Y (PR;) (Y = Cl, Me, o-Cp). The Au~Me stretch-
ing frequencies were in the range 540544 em~t for methyl frans to PR,, 514 cm—t
for vay_pe frans to o-Cp, and 504—511 cm~! for the symmetric and asymmetnc
stretching frequencies for the mutually frans methyl groups. The complex cis-AuCiMe,-
(PPhjy)gave two bands at 542 and 549 cm—!; the high frequency band corresponding
t0 Vpn_pe rans to €17 The franrs-influenice order is Me > ¢-Cp > PR3 > CL

{d) Metal-nitrogen stretching frequencies
Powell 192, in one of the earliest infrared nvestigahions of the iras-influence
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examined pp;_ny, N complexes of the type mans-ClpPtL (NH3). The order of vpy_ny,
was NH; (507 em~1) > Et1,8 (493) > CyH, (481).

For cis- and mrans-PIX,(NH;)4, Nakamoto et al. 95 observed that vp, ny, moved
to lower frequency as X was changed from Cl to Br to I, this trend bemng mare pro-
nounced for the ¢rs msomers. They ascnbe thus to the different trans-influences of the
halogens

Watt and Cuddeback 117 correlated pp, n(sym) for a number of ethylenediamine
complexes [Pi{en)L,]X, with the frans-influence of L. The order obtamed was
Ph, AsCH,CH, AsPh, (598) < bipy (583) 2 phen (582) < diphos (558} <
NC—C=C—CN2- (551) A PPhy (551). The position of the diarsine ligand appears to
be anomalous.

Clege and Hall '3 noted that vp,_pyy, 10 the Raman spectrum of aqueaus
{PtMe3(NH7)3]1Cl occurred at 390 cni™! and was considerably lower tham vp,_ny.
m [Pt{NHq)g]** (569, 545 cm™!). consistent with the high transinfluence of the
methyl group.

For the complexes !?5 mans-PtX5(NH1CHj),, the Pt—N stretching frequency vaned
only within the range 507—513 em~L. For the cis complexes, the variation was over
the wider range 483~517 cm~! in the order C1I~ > NOy~ > Br > SCN™ > I7.
In this series, NO, seems to be out of order, perhaps owing 10 a mis-assignment, or
ta vibrational coupling since vp,_ng, would be expected to occur near Pp, NH,CH;-

Lever and Mantovani 193 observed that for the complexes Cu (diamine) X,, the
ordes of Cu—N force constants decreased 1n the order NCS > NO; > halogens,
which corresponded to the reverse order of the spectrochemucal sertes cl:aned from
visible—UV spectra The results were explained mn terms of a varation of effective
charge on copper. The situation s complicated since the complexes are probahly
tetragonal with long axial Cu~—X “bonds”

In the conplexes frans-RhX,{cyclam)” (where cyclam = 1, 4, 8, 1l-tetraazocyclo-
tetradecanc) 194, a single Rh—N stretching band was observed i the mfrared ranging
in frequency from 482 (X =) to 501 (X = C) ecm—L. For the cts complexes, two
N atoms are frans to X and two Rh—N stretching bands were obssryed. From these
frequencies (in parenthescs) a rans-influence order was obtained: NO,~ (479, 412)
> 17 (470, 423) > Br~ (477, 450) > CI™ (505, 459) ~ N3~ {490, 459) > N (cyclam)
> NCS™ (533, 480)

{e) Metal-phosphorus stretching frequencies

Coates and Parkin '06 assigned the Au—P stretching mode to bands of moderate
intensity in the frequency range 347-381 ¢m~! 1n the infrared spectra of some com-
plexes MeyP—Au—X. This frequency depends on the mans ligand and is inversely
related to the rrans-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 sirmlar assignments of
Yay_ps and also assigned p,,_p for the cation Au(PMe;)," at 351 em™, consistent
with a hugh trans-influence for PMey itself.

Various workers 9% 94, 102, 106, 115, 116, 127, 130 have discussed M—~P strerching
bands in Nit, Pd! and Pt complexes of PMe, and PEt;. The complexes cis-MX3L,
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characteristically give two w»y_p bands, while complexes trans-MX,L, give only one '15
In the irans complexes PtXyL, and PtXYL, (L = PMe3, PEty) vp,  is almost in-
sensitive to X and Y, occurdng 115 in the range 409—418 cm— 1. For the cis com-
plexes 115, with L = PEt;, the mean of the two Pt—P frequencies varies in the order
X = ClI” (435) > Br~ (434) > —NCS™ (432) > —CgFs~ (423) > —CgHgs™ (417).
For the cis complexes PiX,(PMe;),, Goggin and co-workers 9% noted that vp,_p de-
creased in the order C1™ (391} > Br~ (388) > I~ (383), but as usual ut is difficult
to separate vibrational from mass effects. It was also noted that vp,_pye, Wwas con-
siderably lower in trans-PtCl,(PMe;), (346 cm~!) than in the cis 1somer, consistent
with a high frans-influence of PMe, itself. vp,_ppy., was also relatively high in the
chloro-bridged dimer Pt,Ci (PMe;); (393 cm~}, trans to C17) 115 and [Pr',N]-
[P1Ci3(PMey)] (388 cm~1) 27 In the complex [PiCl (PMe;);]NO; Vpe_pMe, (7aNS
to CI7) occurs at 403 cm—!, while the asymmetric and symmetnc stretching fre-
quencies for the mutually frans phosphines occur at 365 and 368 cm—! respectvely,
again consistent with the high trans-influence of PMe, relative to Cl™.

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

For Nif', only #rans complexes NiX,L,, where L = PMe;, PEty, have been exam-
ined. For these complexes UNi-PEt, W2s not very sensitive to X, the range 115 pemng
412421 em—1i.

{in} Internal lignnd vibrations

{a} N—H sirerching vibrations

An examnation of the trans-influence m Pt complexes by Chatt et al. 196, by
measuring N—H stretching frequencies i a series of complexes mans-PtCl, L (amine),
1¢ now of mainly historical interest, and having been discussed in previous reviews
will be mentioned only briefly here. The assumption was made that for a given
amine (p-toluidine or pipendine), increasing negative charge on N (cortesponding to a
weaker Pt—N bond) increases the N-—-H [orce constant The order of decreasing
rn_y (1e., decreastng rrans-influence) was PRy >> ShRy > P{OR); > AsR3 > R,Te
> C3Hy4 > R;Se > RS >> pipendine >> 4-n-pentylpyridine. This sequence 1s similar
to those obtamned more recently by examiming directly metal—ligand stretching fre-
quencies.

{b) €=0 stretching frequencies in carbonyl complexes

It s well accepted that CO uses synergic o—m bonding as illustrated schematically
in Fig 4 (a) 197. Overlap oceurs between filled metal d_ orbitals and the vacant carbonyl
a* orbital. This n-back-donation synergistically strengthens the M—COQ o-bond. If vg 18
considered to be dominated by the degree of M=>CO n-donation 198 an increase in the oc-
cupation of the CO n* orbitals will decrease vrq. Because of the o—n synergism, Vg, OF
force constants derived from v values, might be expected to provide a measure of the
metal-CO bond strength, a lower C—0O force constant indicating a stronger M—C bond.
For some series of complexes this appears to be so; for example, in the series Ni(PMeg ),
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Fig 4. Eftect of the rrans ligand X on the bonding of coordinated carbonyl (a) X gaod g-danot, poor
wacceptor; (b} X pocr v-donor, pouar w-acceptor, (¢) X good w-acceptor.

{CO)4_,. (n = 0-3), the Ni—C force constant increases, and the C~-O force constant de-
creases as 7 mcreases 199, However, in ather cases, C—O and M—C force constants appear
to decrease together, as for example 200 in (bidentate) Mo(COQ),.

In the complexes cis-PtX,(CO)L, Denning and Ware 12? assigned vp, ¢ to 2 band m
the range 505—540 cm~1, contradicting earlier assignments?01.202_ Where 1 = PEt and
X =l Br, 1, it was found that Veo and vp, o decreased together as X was changed
from Cl to 1, so that any change in the Pt—C force constant in the oppaosite direction to
Ve wWas outweighed by the mass effect from mtroducing hieavier halogens Thus, it seemns
that v cannot always be used as a reljable guide 1o the strength of the M—CO bond.

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

() If X~ 15 a good g-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 filled d,-orbitals would be ex-
pected to expand, facilitating n-overlap between the metal and CO, and thus reducing v-g
(Fig. 4(a))203, and (b) the increased M—CO n-bonding will tend to increase the strength
of the OC—+M o-bond 293 (Fig. 4b) while the mcreased negative charge on the metal wil
tend to reduce OC>M a-bonding209. As the o-bonding increases, v~ tends to increase.

(i) If X~ has a high rrans influence, OC~+M o-bonding would tend to be reduced, and
any lengthening of the C—M bond will tend to reduce m-back-bonding. Both effects will
cause a decrease in ve-q.

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

The sitnation 18 clearly complex, and the vanous effects are difficult to separate in any
but the simplest cases. For the cationic complexes20? rrans-PtMe(CQO)(PMe,Ph)," and
rrvmvrrs~l"t(CF3)((.‘.O)(Pl%‘[ezl’h}g+ ,CH3™ and CF5~ differ mainly in the charge transferred
to the metal (1.e., (1) () and (b) should be the most important effects). Effect (£) (@) causes
v(CO) to be higher for the —CF; (2140 cm™!) than for the —CHy (2095 ecm—!) complex.
In these relatively electron-deficient complexes the net effect203 of (1) (b) appears to be
a decrease sn OC—+Pt o-bonding when —CH; 15 replaced by —CFj3; that is, the synergic ef-
fect of Pt—CO n-bonding on the Pt—COQ 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(CQ),), the anomalous variation
of po_co With oo has been explained in terms of increased effective charge on Mo
causing a decrease 1n Mo—CO o-bonding, 1n spite of an increase in Mo~CO n-bonding,

Vaska and Peone 203 proposed that for the complexes rrans-M(CO)X(PPh3), (M =Ir,
Rh), vcp can be used to provide a scale of ““total electronegativaties™

XR(T) = XXy T Xx(m (1

where Xy, 15 2a “classical” or “*o™ electronegativity and xy .y a “m-electronegativity™ or
“g-acidity’” of X. Assuming that XF(T) = XF{o)> they used the relation

X% = XF (AP(zjo)Ff(Avéo)x (2)

where (Av%o)x = [reolgas)]? — [vco(complex in CHCl4)1?. Comparing Xx ) With a
theoretical value 206 of xy , a sequence for Xy, Was calculated- 1 >> SePh > Br > SPh >>
CN > Cl > NO,; 2> NCS ~ N)3 > ONQ, > NCO > O0COMe > QCOFPh > OPh > OH =~ F.
However, this series seems suspect for the following reasons.

(a) No account is taken of factor (1) above, or the complications involved in () (4).

(b) There seems to be no reason for supposing that removal of a piven electronic charge
from the metal by g-bonding {(which can only have an indirect effect on metal d-orbatals)
will have the same effect on vpg as removal of the same charge from metal d-orbitals by
n-bonding. That is, ¥og more probably correlates with (Xx ¢ *+ AXx(m)> where X is a con-
stant.
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(¢) 1t 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 Peone205 seem unrealistic for some ligands
For example, Xcy.ry 15 talenlated to be 1.25 (for M = Irlll) compared with xcy,) = 2.94.
That is, the n-electronegativity of Cl is 0.43 of iis g-electronegativity This does not fit in
with the usual picture of C1~ as a weak m-donor. A detailed discussion of »-g 1n the related
series rrans-PIX{CO) L," 1s also difficult 204,

For the tormally iridium (1) complexes IrCI(CO}(PPh3},; XY, a hnear correlation
was observed 207 between v, and the Mossbaner center shift for the 193Ir nucleus. Since
the latter depends on s-¢lectron density at the iridium nucleus (increased by o-donation,
decreased by w-back-bonding), this suggests a correlation between y-p and the g-electro-
negativities of X and Y.

For the polycarbonyl complexes, Z,, M(CO),,, the situation 1s mare complex, although
many attempts have been made to use p-p 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 assumpttons about g-inductive effects that are re-
lated to the trans-influence.

There is general agreement that as the net (¢ and ) electron donation from Z increases
(or the net electron acceptance of Z decreases) kg tends to decrease 89.198.208 pyt there
1s considerabie controversy about the relative importance of ¢- and m-bending of Z, es-
pecially when Z is a substituted phosplune. In many of the earlier interpretations } 8,209,210
of CO stretching frequencies, changes 1n m-bonding of Z as Z was changed were usually con-
sidered to have the dominant effect on veq. 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 n-bonding 1n Mo(PF4);(CQO); compared witl Mo(CQ), and
thus estimated that PF; is 1 32 times stronger as a m-acceptor than CO itself. More recent-
ly, few authors298 have considered changes in M—Z n-bonding to bc dominant. At the
other extreme, Bigorgne 199,211, on the basts of a correlation between k¢ and Taft’s
polar substituent constants o* for subsutuents on phosphorus in L, concludes that any ef-
fect of Ni—+L n-bonding on vpq is neghgible compared with that of L—+Ni a-bonding.
Similarly Angelici?!2, noting that v in LW({CQ)s varied with the pK, of L in a stnular
way when L represents armines or phosphines considered that changes in L-W o-bonding
alone were sufficient to cause the observed variations in ¥qq.

Graham 82 considered that o- and w-effects can both be important in complexes
ZM{(CO)g, and that they can be separated using C—O force constants The assumptions
are made that:

(a) The g-inductive property of a given ligand operates equally in all {ive carbonyl
groups. That is, there is no zregrs-influence and factor (1) (p. 375) » segligible.

(b) The n-acceptor property of a ligand has twice the effect on the f7ans carbonyl that
it has on the cis, since the frans catbony] shares two metal d_-orbitals with X, while the
cis carbonyis share only one.

Assumption (a) has been criticized by Church and Mays?7.
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Assumption (b)) ignores any effect of (i} (b} (p. 375). In the complexes XMn{(CO),
Grzham concluded that the m-properties of ~CHy, —CgHg, ~CF3, —Cg F5 were neghmble
(o-donor strength decreased in the above order), and that hatides were n-donors and
Y4M groups (M = Si, Ge, Sn, Pb) and Au—PPh, were strong o-donors and m-acceptors. In
the complexes LMo(CO); the phosphines, phosphites, AsPh4, and 5bPh3 were considered
to be strong m-accepiors and o-donaors, with PFy and CO being the strongest m-acceptors.
SEt, was a weak m-acceptor, amines and CH3CN were moderate m-donors and tnteracted
little with m-orbitals, Pri, O was a weaker o-donor and a moderate n-donor, and methyl
formamide and dimethylformamide strong m-donors Stewart and Treichel 213 used
Graham’s method on the analogous LW(CO)4 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-arbitals. Using intensities mn
combination with frequencies, they concluded that in the complexes LMo(CO)}; phos-
phines had appreciable »-acceptor properties.

At present, the relatuve importance of ¢- and m-effects in M—PX; C-—0 stretching fre-
quencies must still be considered an open question. The complexity of the problem is
such that an unequivocal answer probably lies some distance in the {uture.

N—O stretching frequencies in nitrosyl complexes are also sensitive to the nature of
other groups coordinated to the metal 21%: 215,

(e} C=N siretching frequencies

The C=N stretching frequencies in cyanide, organic nitnle and organic isocyanide com-
plexes depends on the nature of other ligands bound to the metal. Cotion and Zingales 216
showed that vy for some organic 1socyanides increased when the 1socyanide was coor-
dinated to 8 metal ion which has little tendency to 7-back-bond. Such frequency increases
on coordination for C=N groups have been examined by a molecular orbital treatment by
Purcell and Drago217.218 In valence bond terms, the increased frequency on coordmna-
tion (illustrated for RNC, analopous structures may be drawn for CN™ and RCN) results
mainly from an increased N—C force constant due to the greater contnbution from the
canonical forrn B when the carbon lone pair is donated to a metal ton (i.e , the negatve
charge on C in B is partially transferred to the metal). Kinematic coupling between

) o+
[ E:{S\ e . [4 C=N—FR
R

4 8

Vesn 8nd o cause only a mnor increase mn v . For a senes of related complexes,
this g-inductive effect would be expected to increase with increasing positive charge on
the metal. Cotton and Zingales21® also showed that when the metal to which RNC was
coordinated was capable of m-back-bonding (e g., zerovalent metals), vy was considerably
reduced owing to cantributions (again in valence bond terms) from the form

*=C=Q
“a
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Within a seties of camplexes, mback-bonding to the ligand would depend on the charge-
on the metal. When vy~ is influenced by a combination of both o-inductive and mbonding
effects, 1t 1¢ difficult to separate out these contnbutions, but in general vy~ will increase
with tncreasig positive charge on the metal. Thus., Halpern and Maher2!? observed that
the complexes [Co(CN);X] ~ 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) > C1~ (2124)
>17 >(2117) > —CHS0;~ (2113) > —~CH, 0042~ (2106) 2 —CH,CO,Me™ {2105)

> CH, CONH, ™ (2103) > H™ (2098) > —CH; CH, CO,*~ (2097) 3 —CH; CH, CO; Me~
(2096) > —CH;~ (2094) =—~CH:CHy™ (2094) 2 —CH; Ph™ (2023) Swince cyarude groups
cts and rrans to X were affected similarly, the changes in v~y must be interpreted 1n terms
of metal electron density rather than competition between CN™ and X~ for metald,
orbitals. A rather similar series was obtained for vy rrans to X in some cobalt{kI1)
corrinoid complexes (vitamin By, analogues)220.

For Pt complexes, vy for nitnles!®0 and 1socyantdes'?7 has been interpreted in
terms of charge on platinum. For the series of complexes mans-[PtMe {PMe,Ph),-
(p-NC-CgH4-X)]* Clark and Manzer 180 observed a correlation between vy and the
Hammeit substituent constant for the aromatic substiment X~. For ithe complexes rrans-
PtR(CN){PMe,Ph), and rrans-PtRL(PM2,Ph),, where L = RCN, RNC, CO, Y=y Shows
a consistent increase when R 15 changed from —CHj3 to —CF3, owing to the greater electro-
negativity 203 of —~CFj.

{d) —CH 3 deformations

Adams et al. 174 noted thai the symmetrical —-CH, deformation band {near 1200 cm~!)
in their methylplatinum (1) complexes foliowed the same sequence as vp,_yy within a
series of complexes In fact there was a linear relationship between the two frequencies.
Subsequent workers have found similar relationships for PtTY (ref. 186) and IrT! (ref. 141)
complexes.

{1v} Nuclear magnetic resohanee coupling consrants

{a} Theory of coupling benveen direcily bound nuclei

In most discussions of J, 5. where atoms A and B are bound by a covalent bond and
have nuclei with spin quantum numbers 7 = % §, the coupling 1s thought to be dominated
by the Fernn contact term 221, This assumes that contributions to the coupling from in-
teraction of the nuclear spin of the atom A (or B) with the elecironic orbital motion are
neglimble, and that the Fermi contact mteraction at the nucleus between the nuclear spin
and s-electrons (which have a finite density at the nucleus) makes the dominant contribu-
tion. Approximate cnlculations 222223 oq platinum complexes have supported this as-
sumption J, g is then given by

JaB = TATBEA %2 WA (o {0121 ¥ (012G AE) -1 &)

where v, 1s the gyromagnetic ratio for the nucleus A, > is the s-character of the
bonding hybrid orbital used by A in the A—-B bond, ll.bA(.,,)ﬂiz is the electron density of
the zs valence orbital at the nucleus, and 3AF is a mean singlei— triplet excitation energy.
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{ b} Platinum—phosphorus coupling constants

For the complexes PtCl,(PRy),, the coupling between 195py ( =%, 33 8% natural
abundance) and 3!'P (f = §, 100% abundance) is greaterm' L1 for the cis isomers than for
the rrans isomers This was mmtially explained in terms of competition between phosphines
for platinum d-orbitals (see earlier discussion). However, Pidcock et al. I 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
apzit.(!p(-_h.)((]) 1Z would change relately little, leaving ep,® and i Upes(0) 12 as the factors
which probably vary most Since eqn. (3) applies to covalent bonds, any decrease in
covalency (1 e . increase in iome character) of the Pi—P bond will also reduce the coupling.
In the complex 222 cis-PtMcCI(PEt3),, Wpe_p (trans to —CHj3™, 1719 Hz) was much less
than L7p,_p (srans to C1™, 4179 Hz). Since | Yp,4(0)1? (and perhaps 3AE) is common
to the two coupling constants, the large difference in coupling constants must be related
to differences in the two Pt—P bonds, in particular to different values of aptz. Additional
support for the domnant role of aptz has been obtained | by comparing coupling constants
for PtM and PtV complexes. The low value for ap,? for the Pt"—P bond in the trans
isomer relative to the cry 1somer was related to the hagh trans-influence of phosphines reia-
tive to chloride, this also being indicated by X-ray erystallography and infrared spectro-
scopic data. Since p,_p (cis)/1p, _p (irans) 13 similar for PtCl,(PBu,), and PtCl, (PBu’;),,
the rrans-influence of phosphines telative ro chioride 1s also high for Pt'V.

The variation m Yp,_p according to the ligand trans to the phosphine was also ex-
plained 1n the same terms by Aller: and Pidcock 224, For example, the large difference be-
tween LJp, p rans to C1™ (3454 -1z) and rrans to PBu'ty (2270 Hz) in [CIPL(PBu™ )17
was again consistent with the hiph2r 7ans-influence of PBu®y relauve to C1™,

Allen et al. 225 examined LJp,_p for some Ptlf complexes of tnphenylphosphite,
P(OPh);, and phosphonates, (RO),PO~ and (RQ),POH (R = Me, Ph). Coupling ta 31P
in complexes of (PhQ),PO~ vanes with the other ligands in the same way as for PEt,
complexes. There is a linear relationship of UPI_P(phm.pmf_) for the complexes rans-
[PtX{(PhO), PO} (FBu™3),;], with */p,_y. for the complexes trans-PtXMe (PEty), (dis-
cussed later).

Combimng several sets of results, Aller and Sze 226 gbtained a trans-influence series
(order of increasing coupling constants) SiMePh, ™ (ref. 227) > Ph™ > Me™ > PEt,,
PBu; > PMe,Ph > PPh, > P(QPh)3, CN™ > AsEty > NO,~ > p-toluidine > EtNH, >
Et;NH > py, N3~, NCO™, NCS™ > C17, Br, 17 > ONQO, . This order represents a de-
cr?i'asing tendency [or the hgands to concentrate Pt(6s) character into their bonds with
Pt

1t is more difficult to discuss the vanation in LWp,_p when the ligand c1s to the phos.
phune is changed. The changes are small relative to those when the ans ligand is varied
and changes tn any of the vanables in eqn. (3) could be equally important. As pointed out
by Allen and Sze 226 values of IJp,_p 1n the three series trans-PAHX(PEt,), (ref. 149),
tranis-PtMe X(PEt;), (ref. 224) and trans-Pt{(Ph0O),PO] X(PEty), (ref. 225) give a
cotisistent cis-influence series (increasing order of /p,_o) CN™, 17 > NCS™—, Br— >
NCO~, C1~ > N3~ > NO,~ > ONO,". if the varation in 1Jp, p is compared with
that for the '95Pt chemical shifts in trans-PtHX (PEty), (ref. 228) a linear correia-
ton is obtained, except for [~ (Fig 5). Since the 3P chemical shift also correlates
with the 195P¢ chemical shift 228, the correlation between 'Jp_p and 6p observed by
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Fig 5. Plot of Jpy_p vs 195Pt chemical shilt in complexes trans-PtX(H)Y(PEtz)s

Socrates 142 necessarily follows These correlations appear to be tac good to be co-
wcrdent, but it is not clear what they mean in terms of the variables i eqn. (3) for
Vpp. If, as suggested by Dean and Green 228, 195p¢ chemical shifts in trans-
PtHX(PEty), are determined mainly by the covalency of the Pt—X bond (and any

Pt—X mbonding), the inplication is that as Pt—X becomes more covalent {or Pt>X
r-bonding increases), lJPt_P cis to X decreases. But Me™ appears to have a low cs-
influence, since Lp,_p frans to Me™ in as-PtMe,(PEt;), (1856 Hz) is greater than

in cis-PtMeCI(PEty), (1719 Hz)224. Although the Pt—Me bond 1s usually considered

to be very covalent a possible reason for this 18 that ["th(&l') (0) 12 1s very hugh in the
dimethylplatinum complex owing to the strong g-donor power ¥ of Me™.

" Some disagreement exists between Church and Mays?7 and Alleny et al. 225 o the effect of a
strong donor itgand on lgpy (65) (9N* Allen et al. Z*5 pont our that this represents the square
of the amplhitude of the atomic wavefunction, and that a decrease m o-danor strength of L
will cause a contraction of the s.orbital, which will tend to mncrease tius amphitude, However,

w? at any powmnt represents the s-clectron density at that point and direct donabon of elecuonic
charge into the arbital s usnally considered to outweigh orbial expansion. Of coarse, removal
of charge from other metal (dy) orbitals causes an increase in ¢3 at the nucleus. This approach
seems to be quite successful in discussing center shifts in Mossbaver spectroscopy, which de-
pend on s-electron density at the nuclens 239,
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Allen and Sze 226 used Wp,_p in the complexes cis-PtCl, L (PBu”3) to arrange the
ligands L 1 a eis-influence order (increasing UP:—P'): (PhO);P > (MeO)4P > PPhjy
> PMePl12 > PBU"3, PEta.

Although Grim and Wheatland 23? have continued to support their theory that
o p is determmned mamnly by the extent of Pt-P n-bonding, this theory 15 certain-
ly incorrect. The most convincing argument against it is provided by the essential
sm‘ulanly between the vardation of JP! p with the frans ligand and that of th H?

2Jpy_pe» €lc. (568 following discussion). No m-bonding can occur in the Pt—H bond.

{c} Platinum—hydride couphng consrants

Powell and Shaw 23! measured Jp, 4 for a series of complexes trans-PtHX(PEty),.
Ty was correlated with the mans-effect of X7, but no apparent correlations appeared
to exist 1volving 1Jp,_y. Atkins et a.l 158 obsewed that, for the closely related
complexes rra:zs-PtH(RCO_)(PEt3)2, Jpi_y (along with 7y and vp,_ ) correlated
hnearly with pK, of RCO;H. The resulic were interpreted in terms of the appropriate
form of eqn. (3) (subsututing Pt and H for A and B} Increased donation of charpe
to platinum caused a decrease in aptz in the Pt—H bond. The lack of correlation be-
tween 1Jp, |y and 1y, or vpy when X = CI™, Br~, [~, NCS™, SCN™, NO,~, CN™,
and the observation of a correlation between Jp,_y ancl the position of X~ in the
spectrochemical sertes (determined from the UV spectra of Collf complexes) led to
the suggestion that changes in 3AE might be dominant in (3) when “gross™ changes
were made in X. However, the correlation with the spectrochemtcal series might
equally well be explained in terrms of varfations n ap: being dominant if ligands
which tend to concentrate s-character into their bonds with platinum are also those
which cause a large d-orbital spl:ttmg

Church and Mays 97 studied p,_yy for a number of cationic comple:\es trans-
[PtHL (PEt3)2] The results were interpreted in terms of variation in apt . Changes
in "Pt g with the rrans-ligand parallel those in JPI p a5 would be expected if aﬂi,
is dominant in both cases. When values of UP: for complexes frans-PtHX(PEt,),
are compared with those for rmm-PtHX(PMezPh)z (ref. 154), the former are con-
sistently hugher than the latter {e.g., with X = NO;, 1JP:—-H = 1322 Hz for the
PEt; complex 23! and 1316 Hz for the PMe,Ph complex). A large difference is ob-
served between corresponding values of UP:—H for Uans—[PtHL’L3}+, where L =
PEt; (ref. 97) and AsEty (ref. 156) (e.g.. for L' = PPh,, "Mp, iy = 890 Hz when
L. = PEty and 739 Hz when L = AsEt3). The relative difference is greater than that
in vp_y (2069 em—! for [PtH(PPh;)(AsEh)-,] and 2100 em~! for [PtH (PPh3)}
(PEt3)2] ). As usual for “NMR cis-influences” no definite statement ¢an be made on
factors responsible in eqn. (3), although variations in | Yp, gy (0) |2 might produce
the observed differences. It should be mentioned that the cis-influence on 1Jp,  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 ::rcpl2 in the Pt—H bond,
shown 1n Table 8 is obtained.

There are a few anomalies in this senes. Church and Mays 7 commented on the
position of PPh, relative to PEt; and the phosphites, although Pt—H stretching fre-
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TAELE 8

Pt—H couphng constants and tranas-influences for platnum(El) compounds ¢

CN™ (768) {tef 154) > PE13 (7190%) (1ef 37) > PMePhs (840} {ref 154) > P{OMe)3 (B46*) (ref 97}
> P{OPh)3 (B72*} (ref 97) = p-Me-CgHaNC (872) (ref. 154) > PPhy (890%) (tef 97) ~ p-MeO-

CgHa NC (890%) (zef. 97) > r-BuNC (895%) (ref. 97) > CaHa (931) (ref. 157) > CO {967*) (ref 97)

2= 5CsHs ™ (PPhs complex, 969} (ref. 231a) > NO;~ (1003 %) (ref 231} > —NCO™ (1080%) (ref. 231)
= —NCS~ (1072 (ref 154), 1086* {ref. 231)) = 2-Me-py (1080) {ref. 154) == 2, 4, 6-trimethylpycidme
(1073) (ref. 154} > py {1106} (ref 97} > p-MeCgHaCO2 ™ (1195™) (ref 158) > ~SCN™ (1204

(ref 1543, 1233* (ref. 231)) > C1™ (1260) (ref. 154) > CF3C0O2~ (1286™) {zef, 158) > Br~ (1302)
(ref 154) > NO3 ™ (1316} (ref. 154) > 17 (1332) (ref. 154) > MeaCO (1458) (ref. 154) > ClO4™
(PPhy complex, 1466) {ref. 163}

@ 1Jp,_y {Hz) for trens-PtHXL; or trans-PtR L’L;. where L = PMePha except where otherwase noted,
ot when mdicated by an astensk, m which case L = PEt3. The vnder 15 that of mcereasing J, and de-
creasing rrans-mfluence

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

{d) Couphing constants 1o the plarinum—methy! group platinum/(I ).
Platinuni(1I) Couphng between 195P¢t and !3C 1n 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, _yre, is more complicated 232. However, Smith 233 ghowed that the coupling
zjx-C—-H could be treated in an analogous way to 2JHCH’ which is fairly well upderstood.
‘These constderations sugpested 203 that 2Jp, 3 would he given by

YorYH P11 T(C) ¥py(esy (ON2 g1 (012
3AE

127p_ptel = @)
f{C) represents the vanous factors that affect the transmission of the xoupling through
the carbon atom. Withun a series of complexes trans-PtMeXL,, provided changes wn f(C)
are relatively small, variation m 2Jp,_y with X would depend mainly on vanations in
ap,2, as for Lp,_p and Ly, . A linear correlation 203 between 2Jp, . far these com-
plexes wath l"Pt—H for corresponding complexes rans-PtHXL, indicates that changes n
f{C) are not important. This conclusion 15 confirmed by the observed linear correlation
between 1/195p, 130 and 21esp,_p_1y for a series of platinum—methyl complexes 234,

Allen and Pidcock 224 noted that szt-Me in the complexes frans-PtMeX(PEt;), was
dependent on X~ and varied in much the same way as 1Jp, _y in the hydrides. Clark and
Ruddick 23 examined 2Jp, . in the cationic complexes trans-{PtMeL(PMe,Ph),]™ and
pointed out that the dependence of 2.!; - on L was simuar to that of 17p,_y in corre-
sponding hydrides. More recent work} §-180, 236,237 has extended the range of methyl-
platinum (H) complexes. Combining resvlts for ’-th_ Me in PEty and PMe,Ph complexes
(the change of phosphine has little effect263 on 2Jp, ¢y, ) the NMR mans-influence order
shown in Table 9A is obtained.

For complexes cis-PtMe, Ly, 2Jp,_pe 2150 shows a dependence on L, to gwve the frans-
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TABLE 9

Coupling constants and rrans-mnfluences for methyl—platinum (1I) compounds

A  ¥p, -~ gvalues for cans-PiMeX L, and trans-[PrMeLl'L, l+ complexes @
Xor L=pF-CeHs™ {49.5) (ref. 251) > m-F-CgHa ™ (50 0) {ref- 251) > carbznes (e.g., .C{OMe)
Me) (51) (ref. 176) > 5bPhy (55) (ref, 235) > FMeaPh (57) (ref. 235) > ~C=CCF3 (57 8)
(ref. 236) == P(OPh); (58) (ref 235) > PPha (60) (xef, 235) > CN™ (61) {ref 203) > CO (63)
{ref. 235) > RNC (63) (ref 177) > AsPhy (67) (ref. 235) > NO3 ™ (71 3) (ref. 203) > CHy=C=CH,
(72 D) (ref. 178) > Me—~CH=CHgy {73 5) (tef. 179) > py (74) (ref. 235) = CaHg (74 2)
(ref. 179Y > CHa=CHCH=CH, {75} (1ef. 178) > NH=C{OMa}CsI5 (76.4) {ref_ 18D} ~ MeC=CMe
(77 (ref. 179) > NCO™ (78) (raf 203) ~ NCS™ {78 5) (ref 203) =~ N3~ (78 6) (vef. 224} > RCN
(80) (ref. 180) > 17 (B1) (ref 10B) = Cl™ (82) {ref. 10B) =~ Br™ {83) {ref. 108) > NO, ™~ (86)
{vef. 203) > Me,CO (8B) (rel’ 237)

B p,. .. pyvaliues for ais-PrMegl s @
SbMesy b (54) {xef. 239) > PMe,Ph (67) (ref. LO8) > PPha (69) (ref. 240) ~ P(p-CsHaMe)3 (69)
(tef. 241) > p-CN-CgHaMe (74.6) (ref. 241) = CNEL1 (75) (rel. 240) > AsMe; € (77 5) (zefs 239,
242} > AsMeqPh (79) (ref, 109) > COD (83.4) (ref. 241}

2 The order 15 that of decrcasing trans-intfluence with S values (Hz) in parentheses.
5 The EJPI—CHa couplmng constants in ref 239 appear to be half the true values

influence order shown in Table 9B. For the limited number of complexes of this type for
which 13C NMR data are available 23%.243 changes in 1Jp,_(- paraliel those for 2Jp, ~_ -
The results suggest rather large differences between the frans-influences of phosphine,
arsine and stibine ligands, which are not apparent when NMR spectra of a series of rrans-
complexes PtMeL(PMe, Ph)," are examined 235. Platnum—methy! coupling constants in
the cis-dimethyl complexes probably provide a less reliable guide to prans-influence be-
cause.

() Results will reflect a cis-influence as well as a rans-influence

(#1) Two higands are being varied from compound to compound so that “perturbations”
from changes 1n 3AE, | Yy (0)12 wiil be more pronounced.

A series 244 of complexes cis-Pt{CH»51Me3)5 L, shows an analogous variation in
2Jp,_cy With L although the coupling constants are consistently higher than corresponding
values of 2']Pt—,\te for the analogous platinum—methyl compounds.

Planinem(IV) In trimethylplatinum{lV) complexes, 2"?:-—1\12 depends??3 on the trans
donor atom, e.g., complex XXIII

2212

Me\\ § /0

-~ e

Me” | ]

" O
b 4 )i

shows three Pi—Me resonances with 2Jpl__Me = 73.6 (ans ta O), 71 (rans 1o py) and 697
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(frans to N) Hz. The complexes [PtMe3X] 4 gave 88 275, (. = 81.7 (X = CI), 80.1 (Br),
80 1 (OH), 78.4 (I} and 73.4 (SH) Hz. The range of couphng constants obtained by Kite
et al. 245 was not very large (69--82) since no ligands of very lugh rrans-influence were 1n-
cluded Ruddick and Shaw 192.109 examined the NMR spectra of some Pt™Y non-
electrolytes contaimng ligands such as tertiary phosphines and arsines with high trans-
influence. For examptle, for the complex fac-PtMey(PMe,Ph), I (XX), JPL-—\le (trans to (™)
15 70 Hz and 56 Hz trans 1o PMe,Ph. For the corresponding complex wath AsMe,Ph the
couphng constants are 72 and 64 Hz trans to I” and arsine respectively. The lowest value
of 2Jp,_sj. Occurred for the complex cis-P1Me(PMeoPh); for which the plaunum—methyl
coupling constant for tite mutua!{y frans methyl groups was 44 Hz (57 Hz trans to PMe, Ph).
Clegg and Hall 185 measurad 2Jp,_yq. for some trimethylplatmum(IV) complexes,
PtMe, X3 and PtMe; Ly, The coupling constant was dependent on the frans hgand and
correlated with ¥p,_yy. from Raman spectral data For the anitonic complexes, the order of
JPtuMe was NCS™ (73.4 Hz) >> NO,™ (70.9) >> CN™ (60 8), su ggestlng a reverse frans-
influence order For the series PI{CH3)3 (bipy)}X and Pt(CH4);(bipy)L" 1t was found 1852
that "JPL—CH frans to X or L was very sensitive to change in X or L and 2Jp, _ CH, frans
to bipy almost tmsensitive 1o X or L The trans-influence order obtained is given in *Table
10A. This order showed some correlation with vp,_cy, (frans to X) For cationic tr-
methylplatinum(IV) complexes containing three neutra.l ligands, JPt-‘Me 1s very dependent
on the nature of the ligand srans to the methy} group 1n question, but almost independent
of the cis ligands For example, JP[ Me trans to pyridine is virtually constant at 67—68
Hz in the complexes PtMey(py),,(OH,)3_," (n = 1~3) (ref. 185), PtMe,(py),(PMe,Ph)*
(ref. 189), PtMe,{(py)(PMe,Ph), (ref. 189) However, the value changes for different
ciasses of compounds, e.g., 61 6 Hz (ref. 190) for PtMe, I(Phlezph)g(p)’)+, XX1V,

PMe‘Pn_r'
Me |
it ~ 1
/F't l
ey

PMesPn

XXiv

Me

60.8 Hz for PtMe:(py)z(PMezPh)f*, XV (ref 190)and 71 Hz in XX (ref, 245). Can-
sequently it is :important, when making detailed camparisons, to confine considerations to
complexes of a particular class. For the complexes PtMe3Ly* (refs. 185, 189) and

PtMes (L") L;" (ref. 189) the trans-influence order 1s given 1 Table 10B, and for t.he di-
methylplatinum(IV) cations [PtMez(PMe-,Ph)s,[,,]+ and [PtMez(PMe,Ph)zlL] in

Table }0C. The zraus-influence order 1n Table 10C correlates well with that obtained from
Vpr-ae 10 the Raman spectra, A linear correlation was also found between these coupling
constants and those obtained for trans-[PtMeL(PMe,Ph),]".

The triflucromethyl group also exhibits a ugh NMR frans-influence in platinum (IV)
compounds. For example, in the complex XXVa, 2Jp, . has the low value 246 44.6 Hz
trans to —CF;~ (66.4 H2 trans to I7) and in XXVI both Pt-—-Me conpling constants are
low (44 and 46 Hz)237,

In the dimeric complex [Pt(CHj;}3(acac)],, the Pt—CHj coupling frans to the ¢-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 rrons-influences for methyl—platinum (FV) complexes @ L4

A. 3 pt_CH values for PtMes X (bipy) and PtMesL (bipy)* {irans to X or L) wx mutrobenzene 1852
CHa~ (44 2} > CN ™ (55 5) > PPh3 {5B.5) > acac (C-bound) (63 8) > NO; ™ (67.2) > prpendine
{68.8) > MeNH;, (69.6) ~ EiNH3 (69.9) > ~SCN™ (70 5) > py {70 9) > NH3 (71 7) > NCO™
723 =17 (724)> —NCST (713 0) > CH3CO,~ (7403 > Bt~ {74 6) = Cl™ (74 7} > NO3y ™
(79.8) > H,0 {82 -

B 2p_c_p values ' ®5"% for iPipfesly)” and [PrME;a,LgL} ¢
L = CCHzCHzCHz0 (49 Hz in PrMez {AsMe3)aLY) > PMe,Ph (54 53 > SbMey {60) ~ p-CNC gH,-
Me {60} = CNMe (60 8) = p-CNCgHaOMe (61.2) = CNC3 Hs (61 2) > py (68) > NH; Me
(PtMe3Ls , 68 4) > NH3(PiMesLa", 71) > NCCsF5 (PtMes (AsMe3)aLt, 77.4) > H,0
(PiMezLy", 79.7)

C Mpr__p values? for [Pthey (PMe Pl)3 L2 ]%F and [PtMey (PMe PhiIL]T (ref. 190)
L = CCH2CH2CH20 (47) > PMe,Ph (50 5) > diars (56.0) > CNCgH4OMe (57.8) > CNCgH s Me
(58 0} > CNMle (58.2) =~ CNE1 {58 2} > P{OMe); (60.0) > diphos (60 &) > py (60.8) > tetra-
pyrazolylborate, Bpzs~ (64 2} > bipy (64.4) > 1e1py (64 6} > S3CNEt; ™ (64 8) > NH=C (OMe)-
CsFs (65.2) > phen (65 5) > p-NCCgHaOQCH3 (70 2)

4 The order 1s that of decreasing frans-nfluence {increasing J) values (Hz).
b vajues tn Hz are given in parentheses for each ligand
c L’ = PMc, Ph unless otherwise noted

mt FlrgesPn
PRMc P | _CFy rme | _ces
1 Pt [}
R § T PMe,Ph rae” | “‘c\?
i PMesPn
XXV XXVi

(al R =Re=Me
oy R1 = 1, R¥=F,
e} R'=R¥I=CyxHy,

that the o-C bonded acerylacetonate group is exceptional among o-alkyl groups in having
a low NMR sransanfluence. This supports a stmidar eonclusion from Pt—CH;3 bond lengths
in related complexes#4b <. In the complex Pt(CH;);(bipy)[-CH(COCH,), | the Pt—CH,4
coupling trans to the carbon-bonded acetylacetonate 1852 (63,8 Hz) 15 smaller, indicating
that the frans-influence of this group 1s a little highet than that of bipy (frans-coupling
68.8 Hz), but still much less than that of CH3™ (srans-coupling 44.2 Hz). The crystal
structure of this complex#32 gupports the conclusion that there is little difference hetween
the trans-influences of bipy and C—acetylacetonate.

King 2463 has reported the preparation of the dinitrogen complex Pt(CH;)5(dipyrazol-
viborate)}(N,). A companson of the Pt—CHj; coupling constants cis and trarns to the
dinitrogen ligand (78 and 64 Hz respectively) implies a moderately high rrans-influence
for Ny.

{e) Pt—CF3; coupling
It has been suggested 203 that 2Jresp_c_19p in tnﬂuoromethylplahnum complexes
is given by an equation analogous to (3) A lmear correlation 203 petween JP[_ME and
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2JPI—CF for corresponding complexes frans-Pt(R) X(PMe,Ph}, and mrans-Pt(R}Ls
(PMe,Ph 2"’ supports this conclusion. The deviation from the line of points representing
L = 5bPh; and CO was explained in terms of these ligands requiring back-bonding from
filled metal 4, -orbitals which were contracted in the tnfluoromethyl complex owmg to a
greater effective positive charge on platinum.

A dependence of 2Jp,_-r. on L was also observed for the complexes efs-Pt(CF4), L,
(ref. 241) analogous to that for cis-PtMe; L. The decreasing.order of coupling constant,
2JPt-—- 4+ and hence the order of increasing frans-influence, 1s 4Me-py (793 Hz} <
SbPhy (791) < COD (736) < AsPh, (731) <CNEt (713) < AsMe, (713) €PMe,Ph
(627) Triphenylstibine again has a low rrans-influence in a metal complex where the effec-
tive positive charge on platinum s high; but, surprisingly. the rrans-influence of COD ap-
pears to be similar to that in the dimethylplatinum complexes.

:’thﬁ(-_-l:z also shows a dependence on the frans higand in platinum(IV) complexes The
ccupling constant order 15: Me,CO (612 Hz in XXVIIb) 246 > [~ (505 in XXVIIa)247 >
CNEt (452 Hz in XXIX)2%! > PMe,Ph (419 in XXVHI)}?46 > CF,~ (289 in XXVb)246
> Me™ (280 Hz in XXVa)246 > _C H,~ (235.5 Hz 1n XXVc)296,

A 1

cFs TE FMe Pn CF. ] _CHNEt
me | PMezPh Me | _rMey N .
e
Me” | ™ PMe,Ph CFy” | TPMesPh CFs” | mCne
x L
XEVIL XXVIH X

(a) X=I,ne=l
(o) X=MazCQ, =1

(1) 195 Pe— 15N coupling

Very recently, Venanz12972 has reported the observation of couphing between 195Pt
and 13N in !3N.enriched complexes cis- and rans-PtX, Ly (X =Cl, Br; L = #-Cy5HosNH,)
of Lfp,_» tn e1s-PtCl, L, (351 Hz). The higher value compared with that in the rrans-
isomer {290 Hz) implies that the armne has a higher rans-influence than chloride. The
difference in coupling between cis and rrans isomers 1s less pronounced than that for
1Jp,_p in the analogous PBu” 3 complexes! These data ate consistent with the trars-
influence series RyP >> RNH, > C1™, Br™ obtained fiom Pi—P, Pt—H and Pt—CH;
coupling consiants.

{g) Couplings involving 193 pr over more than rwo bonds

Theoretically, the treatment of Jp,_y becomes exiremely complicated as # mcreases.
However, experimental results have indicated that the behavior of the coupling constants
involving 192 Pt is often analogous to that of coupling constants involving 'H For exam.
ple, SJPt—N—C—H shows a dependence 248.299 op the dihedral angle between the planes
Pt—N-—-C and N—-C—H similar to the Karplus relation for 3J'H ~CG~H in the frapment
H--C—C—H Likewise, 4JPLNCCH shows an angular dependence #*?, similar to that for
AJHCCCH' Consequently, in considering a couphngJp,_»_p w_x which is transmitted
throuph bonding electrons, it is reasonable to use the relation



THE rrans-INFLUENCE: 1T5 MEASUREMINT AND SIGNITICANCE 3IB?

Yo Yx OBk FA—B. M) Ypi 65 (M2 i ¥x (20 (0312
3AE

(5)

P pia—B M-x|=

In this extension of eqn. (3), F(A—B....M) represents all the electronic and sterecchem-
ical factors in the A—B....M fragment which can affect the coupling. If, within a series of
complexes, changes in n:xz F(AB. .M} ¥y (5 (0)1 2 are relatively small the coupling
will depend on aptziwpt(&)(O)l:’*{:" Af, just as for 1J-Pl—x-

Thus for the complexes Pt(en) L22+. 3‘IPI—N—'CH2 varies with L in a similar way to
ZJ’Pt_CHj, varying 247 from 32 Hz (srans to PPhy) to 52.5 Hz (1rans to H,0). 3JP£~P-CH3
for the phosphine rrans to X 1n the complexes PtX(PMe,Ph);" depends on the rrans-
influence of X, as tlustrated in Table i}. The difference between the coupling constants
3JPt—-P—CH crs and trans to Ci~ may be compared with that between lJPt-P in related
complexes PIX(PR3)3™ (see earlier discussion) 11,224,

BJP[—P—CI‘IJ trans to all the o-C bonded organic groups 1s low, indicating a high frans-
influence. The significant vanation in 3Jp,_p_e H, (c1s to R) suggests that these coupling
constants cannot be used as a precise indication of srans-influence differences between
—R groups

Withtn the series of complexes XXX

e
PMesPh . Hy
I
2_pe—c? ~OMe
CFy
F™MagFn

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

3ptc- CF, and SJPt-C-C—-HV both vary linearly with ngt—Cl-h for the corresponding
methylplatinum complexes PtMeZ(PMe, Ph),"™ (except for the points representing L =
SbPh), although the Imnes do not pass through the ongin250. This suggests that over the
observable range of coupling constants (77—144 Hz for SJPt-C-—CFJ) the dortnant factor
in eqn. (4)is aptz-

Gloekling and Hooton H ! studied the vanation of 3Jp,_ge_cn, with X in the com-
plexes trans-PtX(GeMe;)(PEty),. The coupling ranges from 11.8 tiz for X =CN~ 10
20 Hz for X = Cl, vaiying 1n an analogous way to 2JPt--CH3 in the methylplatinum com-
plexes.

{ ) Couphing constanis involving 103y

Some typical data on coupling between *P and 193 Rh (/ =4, 100% abundance) are
given in Table 12.

In the complexes RhX(PPhy)3, 1Jgy_p 15 always larger rrans to X than srans to PPhy.
Grim and Ference 252 have given an explanation in terms of the mutually srens phosphine
ligands competing for M d. electrons. The fact that values of }Jgy_p for the Rhill com-
plexes are smaller than for Rht complexes with the same frans hgands is then explained
in terms of iess 7-bonding for Rh™. However, just as 1Jp,_p (trans to P)/1Jp,_p (zrans
to CI) was the same! for Ptll and PtIV, Lrp, o (rrans to PY/2Jg,, _p (rrans to CI) is 0.75
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TARLE 11
3Jp3_p_c1_[3 for complexes [PlX(PME;Ph);]+
R 3rias oty 37 (rans to R) Ref.
-Ct 23.5 40.0 2315
H

e d 300 206

O3 - OMe 29.2 150
—CeHs 32.6 17.6 250
-CFs 280 190 203
-CH3; 040 8.5 235
—H 39.5 05 154
TABLE 12

H3gh _3p coupling constants 1n CH2Cla

Compound I ' YrRh-p! itorp-pl Ref

rrans o halogen trans to P

or COD

Yans- RACI(CO)(PPhy)a 129 252
1244 253
RURCL{PPh3}2 189 142 253
RhBriPPhi); 192 141 53
Rhi(PFh3)3 194 139 283
mer- RhCIz{(PBu3);3 114 B4 252
i125 836 254
mer- RhBra(PBufiy), 108 84 253
mer- RhCl3(PAles)y 103 g2 2353
mer- RhCl3(PMes Phg 1123 84.6 25¢
mer- RhCI3(PMcPhy)s 114.5 B6 O 254
Rh{COD)(PPh3)CL 152 252
mer- RhCIz(PE1; Ph)3 108 B84 252
11 B4 25

@ Spectrum run an CHC 3

for RhCi(PPh, )5 and for RhCl; {(PMePh, ), * which counld not be expected if 1JRh_Pdc~
pended, mainty on Rh~P n-bonding, and such m-bonding was reduced for Rh1U relative to
Rhi 1t should also be noted™ that 1y ni_p/t/ppi_p for this patr of complexes is 0.6 for
phosphine rrans to Ci and rrans 1o phosphine, almost identical 1 10 corresponding values of
Up v _p/! Jp i _p, and comparable with the “theoretical” value 203 of 0.67. Consequent-

ly we prefer to discuss variations int 'Jp),_p in terms of the appropriate form of eqn. (3),
with changes in orha being predominant. At least, it is clear that the mechanism of coupling
for L7py, _p is similar to that for 'Jp,_p.

* This discutsion ignores the probabte small differences berwaen Y 7rp, - p for PPhy and PMePhy complexes
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The ratio 1JRh_P(rrans to PPhy)/1Jgq, _p(frans to CI) for RhCI(PPhy )y, 0.75, is sig-
nificantly larger than for "th_p(mms to PPhi'r” 2)!'Jp[_P(trans to Cl) in the complex
PLCI(PPhPs"",),*, 0.66. This suggast that the rans-influence of phosphines relative to
Cl™ is less for Rh! than for Ptl, A significant cis-influence on URh_P(rmns to PPh3) 18
demonstrated by the coupling constants in rans-RhCIl{CO)(PPh), (129) and RhCl-
{(PPh3)3 (142). The rrans-influence of COD appears to be slightly lower than that of Ci—,

(i} Couplimg constants invoiving 199 Hg

Hatton et al 255 examned the variation in ZJHg—Cﬂg (199%Hg, 7 =1, 16.9% natural
abundance) with X in the series Me—Hg—-X. The series has been extended by Schaaf and
Oliver 256 and Goggin et al. 237 have studied some cationie complexes Me—Hg—L*.

Hatton et al. 255 interpret the results in terms of variation m the s-character of the Hg—CHj,
bond. The trans-influence series thus obtained is gwven in Table 13. Trends apalogous to
those in Table 12 are observed 253 for 2Jy,_cy, and My en, oy, in complexes EtHgX.

Schaaf and Oliver 256 found that 3JH3—S!CH3 n the complexes Me4SiHgX varied linear-
ly with ?'JHg—CH:., in the corresponding complexes Me—Hg-—X (although the plot does not
pass through the origin) indicating that changes in Heg hybridization are dominant in both
series, The situation is simlar to that in the complexes1'! rrans-PtX(GeMe;)(PEt3),
mentioned above.

Pidcock and co-workers8® measured 1"Hg-—-P in some complexes HgX{PO(OEt),] in
benzene. The complexes are dimengc in solutton with Hg—P—0----Hpg bridges, but from the
crystal structure of the solid complex HgCI[PO(OEt),] 1t was concluded that the
P—Hg—Cl unit was not greatly perturbed by these interactions and remained almost linear.
LS ygp varies with X in the order: MeCO,~ (12 97 kHz) > CI~ (12 67) > Br™ (12.24)
>17 (11.18) ® (EtQ), PO~ (7.50). The similarity of this behavior to that 225 in trans-
PtX{PO(OEt),] (PEty), was noted. Since Hgl! 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 ' Jp,_p in Ptlf complexes. Since Hg!l 13 formally sp-
hybndized but appears to show an NMR trans-influence similar to that m formally dsp?
Pt!l, the results suggest (1f the Ferm: contact explanation is correct) that changes in s and
p-orbitals are dominant in giving rise to the rransanfluence i Ptl complexes,

Goggin et al. 257 measured 3"Hg-P—-CH; in the sertes [HgX(PMe3)]™ and [HgL(PMe,)]2"
in D, 0. The NMR rrans-influence order thus obtained was: Me™ (43.9 Hz) > Ph™ (50.8)
> PMej (84.3) > AsMe, (~92) > CN™ (99.6) > I~ (106.4) > Br~ (117.0) > CI~ (121.9).
It was noted that this trend is sstrmlar to that observed for 2JHg—CH;' Correlations with
VHe-CH, and vy, p were noted.

McFarlane 2°¥ noted that in the complexes (CF3—~CgHy)HgX, Jtg—F increased by a
factor of approximately two as X was changed from —CgH, —CF5 to Br when the tri-
fluoromethyl group was meta or para. This could be explained in the usual way in terms
of variations in a;,*. However, when the CF53 group was ortho no such change with X
occurred. It was therefore supgested that the mercury o-CF3 coupling contained a large
“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 *“throuph space™
coupling is absent.
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TAEBLE 13
Coupling constanis € and grans-mfluences in MeHeX and [MeHgL]+

X~ or L =SiMey”~ (96.8, cyclopentane) {ref 156} > Me™ (102 (ref. 258). 100 6 cyclohevane (ref.
255); 102 5, CFCly {ref 256), 104 3 pyridine (ref 255)) > ~CHCHaCH,;™ (103.5, CFCl3) (tef. 256}
» —CH=CH; ™ {107, CFCiz} {ref 256) = -CH2Ph™ (107 2, 1,2-dymethoryethane} {ref. 256) >
—CgHs™ {108 5, CFCly) {ref 256) > —C—E1 (148, 1,2-dimethoxyethane) (ref 256) > ~C=CH™

8]

(150 &, pyridine) {ref. 255} > S—Hg—Me™ (i56.6, pyndine) (ref. 255) = —N (SrMeada” (157 2,1,2-
dimethoxyethane) {tef. 256) > Phiey (167 3, D,0) (ref. 257) > CN™ (176} (ref. 255) > AsMey (~ 180,
D, 0) (rof 257) =17 (200, pyridme) {ref 255) > SCN~ (208, pyr:dine) {ref 255} = Br~ (212,
pyndine) (ref 255) = OH ™ (204, 214.2, pyndine) (ref. 235} = C304 (HgMe)™ {205: 215.2, pyndine}
{ref. 255) ~ SO, (HegMe) ™ (205, 216, pyndine} (rel. 255) > PQy4 (HpMed, ~ (220.5, pynidine) {ref

255) = OCOMe™ {234.3;220.8, pyrudine) (ref, 255) = SMe; (220.7, D3 0) (ref 257) > py 1227 for
MeHgpy (MNO3), 233.2 for MeHppy {ClO4)] {ref 255) > NO3 ™ (240 6) {ref 155) > D30 {259 2 for
{MeHa(D,20)|NO3 and [MeHg({D;O) (104}

@ The order is that of decreasing rans-influence Values of 2/g_ ¢ (H2) are given in parentheses,
and were measured m banzene unjess otherwise noted. -

(i} Coupling volving 153 v

Grim et al 208,230,260-362 hay¢ examined the coupling between 183W (1 =1, 14.5%
natural abundance) and 31P in the complexes LW{CO)¢ and L,W(CO), where L 1c a phos-
phune or phosphite. Two main conclusions were reached:

(1} In the complexes LW(CO)S, ’.fw,_p tended to increase 208,262 with increasing sub-
stitution of eleciron-withdrawwng groups on P, varying hnearly with v (E mode)

(i1) In the complexes (PR )EW(C0)4, Y Jw_p 10 the srans isomer was appreciably
greater than in the cfs fsomer 230,261,

The results are explained in terms of W—P m-bonding. Point (1) was taken to indicate
that Ly, _p was a measure of W—P n-bonding, since if spin—spin coupling is transmitted
mainly through o-bonds, one mght expect the best g-bond to have the [argest Uw_p-
Either coupling was transmitted via m-bonds, or, in the Fermi Contact Theory (appropnate
form of eqn. (3)) m-bonding enhanced | ¥y 4y (®)12, with a synergic mcrease in P->W
a-bonding also affectng the coupling. Pomnt (11} was explamed as ansing from greater com.
petition by CO for melectrons than by PR;3.

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 he expected to be most affected are ap*| Yp@as) {012, rather than awzl Ywiesy
(0){2. Over a wider series of complexes than that examined by Grir.. <t al. little correlation
was observed between l-’w-r and the expected strength of W—P m-bonding,

It has previousty been shown that v in metal carbonyls LM(CO)g correlated with the
net electronegativity of L, whether the electron flow involved iso, 7 or a combination
(see earlier discussions on peg), 50 that the linear plot 208,262 of 11y, o against g mdi-
catcs 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 Jjy_p trans to CO than trans to PRy can be explained in terms of
higher awz in the former case if CO has a higher NMR trans-mfluence than PR3 1n these
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complexes. In the relatvely electron-deficient complexes frans-PtMeL(PMePh),", the frawus-
influence of CO (2"’[’1:—-CH for L= CO, 63 Hz)235 is only slightly less than that of phos-
phines (3Jp,_cy,, for L="PPhj, 60 Hz). It would be expected that the 7ans-nfluence of
CO would be greater in the “electron-nch” tungsten (0) complexes. If this explanation is
correct, it directly contradicts the assumption that there is no srans-influence 1n complexes
such as these 89,

fk} Metal—olefin coupling constants

X-ray data?2 suggest that the Pt—olefin bond 1s weakened when rrans to a ligand of high
rans.influence. Coupling constants to olefins also depend on the frans-igand. 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 trans-influence However, it 15 of interest to examine the effect of frans-lipands 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 195P1 and the olefin protons, although chem-
ical shufts were consistent with the expec.. decrease in P1—olefin m-bonding

N
.~/ o
¢’ b
el
|
R’ “H

Braterman 265 explained these results in terms of the s-character of the Pt o-orbtal vary-
ing with the nature of the frans group X in an analogous way to that discussed above to
account for variations in 11{'1—-13‘ lJPt—H» ete. 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 #-back-bonding from contnbuting to the couphng Since there is
noc mirror plane containing the C=C bond, symmetry does not prevent mixing of C 25
character into the olefin n-orbital which is used to form the olefin—»metal o-bond. The
s-character of this m-orbital will presumably depend on such factors as changes in Pt—
olefin m-bonding caused by changing X, but by Braterman’s mode! such changes are out-
weighed by those in the Pt g-orbatal.

The theory wac used by Fritz and Sellmann 266 yn discussing N[ TR N in the com-
plexes trans-PtCl,(CoHy4) 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 back 268 as in XXXIIb
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Cip 6 The Dewar—~Chatt—Duncanson model of metal—~olefin bonding.
If this occurs, it has litile effect on platnum—praoton coupling constants since Jp_y , is

similar to JPI-—HC‘
(#) Twisting can cccur about the C=C axis, XXXIIIb.
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This does have a significant effect on coupltng constants 267269 causing fp, 4 to be
smaller than Jp, 4 A (67.2 and 77 Hz respectively in trans-P1Cl,(MeCH=CH,)-
(O—NCgH, —Me).

Holloway et al 26% 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 nearer to the platinum atom involves an increase in the negative character
of the 1?5Pt—H coupling™ 269, It was implied that “the 1®5P1—H coupling constants of
the olefin ligand are more complex in origin than would be expected from consideration
of only the Fermi Contact term 26%, The situation does not appear to be markedly qif-
ferent from that s the “simpie” H, ~C—C—Hyp fragment, althouph it is more difficult to
analyze in detail. Karplus27? showed that Jy ACCHp depended markedly on the dihedral
angle between the planes Hy —C—C and C-C—Hp, XXXIV
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A similar angular dependence is found 248-289 for 37, o~ . When propene is twisted,
the dihedral angles ¢, and ¢gp (XXXIIkb) differ from the dihedral angle, ¢, before twisting
by the torsional angle & such that ¢, = ¢—a; g = ¢ +a. 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 vinyl
protons (negative), just as in [PtEt;Cl),, where 2Jp,_cy, is opposite in sign?7! to
3JPt-CH3* This represents a typical reversal of sign of couphng constants "HJA__C _x as
n changes from odd to even 272, although there are exceptions. It should be remembered
that when a coupling"J, _p ay_x is said to originate in Fermi Contact, thus refers to the
mechanism by which the elecirons in the bonding orbitals of A and X are perturbed by
the nuciear spin. [t does no! refer to the way in which this perturbation i1s transmitied
through B ..M (which does not necessanily involve s-electrons at alf). These results do sug.
gest that the Pt—L! (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 !Ji95,, 134 to the olefin carbon atoms are not subject to these
configerational complicat »us, The Fi— C coupling constants i the complexes PtX,(COD)
where X =1, CF5 and CHz are 124 + 4, 56 £ 3 and 55 + 3 Hz respcctively173. The virtual-
ly identical coupling constants frans to ~CH, ™ and —CF3~ are consistent with the high
NMR rrans-influence of both these ligaﬂd:r.203 and make it clear that the Pt—C (COD)
couplings are not dominated by the effective charge on platinum since the trifluoromethy]
complex would be closer to the 10odo than the methyl complex in this respect. This is
reflected in the 13C chemical shifts of the vinyl carbons2?3 (111 p.p.m. downfield from
TMS for Pt(CF5),(COD) and 98 8 p.p.m. for PtMe;(COD)). Couphng 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 frans-mfluence of X~

In the platinum(0) complexes, PtL,(olefin), the olefin lies approximately in the plane
of PtLy so that the symmetry restrichon noted by Braterman for Pt' complexes prevenung
participation of Pt—S orbitals in the Pt—olefin m-bonding is no longer present. Thus there
are two possible mezhanisms for coupling between platinum and nuclei on the coordinated
olefin. One is essentially the same as that proposed by Braterman 285 for Pt!! with the
platinum considerad to be trigonally hybridized, XXXVa (largely sp2) The other corre-
sponds to a dsp? square planar hybridization, and to a “metallocyclic™ struciure, The situ-

C L c
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ation 275 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 Pt® complexes is essentially simar to that
in Ptll 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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6-orbitals depends on the pature of L in the complexes PtL;(C,yFy). Jp,_p is sensitive to
I, decreasing in the order en > bipy = phen >> AsPh; = diphos > PEi,Ph =2 PMe,Ph 2
PMePh, > PBu"; > PPha. The overall trans-influence N-donors < As-donors < phosphines
is comparable to a “normal” trans-infiuence series from platinum rehybridization.

{e} Stumhiary

Most of the above coupling constant data can be explained 1n terms of variation of the
factors contamned in eqn (3), or the extenstons (4) and (5). The variations 1 couphng be-
tween M and a nucleus in the “‘indicator™ group A as L1s changed in the linear fragment
A—M—L can be consistently explained in terms of variation in the s:character of the hybrid
orbitals used by M in the M—A bond This 1s cleatly related to the rrans-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 correlattons later) that those lipands with high
mrans-influence are aso those which tend to reduce the s-character of the M—A bond, To a
first approximation, the M—A coupling constant is sensttive only to the hybndization,
not to changes in electronegativity of L (as when L is —CH;™ or CF3™ ). Since the frans-
influence of L, a8 defined, appears 1o depend on both metal hybridization and electronega-
tivity L, the sertes obtained from M—A coupling constants 15 shightly different from the
transunfluence series obtained by other experimental techniques, and thus should be re-
ferred to as the “NMR rransanfluence series” L. Correlations between couphng constant
data aud resuits [rom olher experimental techniques will be vonsidered later.

{vj NMR chemical shifts

[a} 193 Pt chemical shifts

Strictly speaking, the chemical shift of the 195P1t nucleus in Pt!! complexes does not
constitute an experimental observation of the trans-influence! However, it does indicate
the effect of ligands on plattnum stself, and since 1t is clearly related to the hydride chem-
ical shifi 228 in the complexes rrans-PtHX(PE14), (which has been used as an indication
of rans-influence) it will be discussed briefly,

The shielding constant for a nucleus is

g=04 0, {6)

where a4 and o are the diamagnetic and paramagnetic contabutions to the shielding,
respectively. According to Ramsey’s theory for chemical shifts277 the paramagnetic con-
tribution to the chemical shift is

=1
9 = 3 (apxx * Topp * aPz:) &)

2
_ ¢ —t 3
Opre =55 'E.b (E,—Egy-t (< 0Ly In ><mEr 1,10>

T«acu%r,c e 1> <A 02} (8)
7
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where |0 > and | # > are ground and excited molecular wave functions of energies Eg and
E, 1. is the x-component of the one-electron angular momentum operator for the electron,
f, and r; 1s its distance from the nucleus concemed..

When large chemical shifts are involved, o4 is usually considered negligible compared
with o_. In classic NMR experiments 278, the chemical shift of the 5%Co nucleus in octa-
hedral Co¥* complexes was shown to be inversely proportional to the wavelength of the
Lt e 1?"2 ¢ iransition in the electromc spectra of the complexes. However, in spite of a
qualrtative correlation 277 hetween 195Pt chemical shifts and color in some complexes
PtCl;(PR4),, detailed attempts to correlate the chemical shift with excitation eaergies
alone were unsuccessful 280,

Dean and Green228, in considering !95Pt chemical shifts tn complexes trans-PtHX-
(PEt,),, derived the expression

_—e2p? —3 2 -
"33 <r73 > Gy 2 [8Ca g, {EC Agg)—EC AN}

Tp
+4C,2 (ECEN-E( A1)} )

where < r—3>1s an average over the radial 5d functions used as a basis set and CajgrCog
are the coefficients of the corresponding d-orbutals in molecular orbitals used on platinum.
If X forms a covalent bond with platinum, Q!gz is reduced (since this orbital corre-
sponds to d,2_ ;2 used in these bonds). If X 7-bonds with Pt, the coefficients of the orbi-
tals involved also decrease (Ca% . C‘egz). Thus, if X either forms very covalent bonds, or
m-bonds appreciably with platinum, the chemical shift moves upfield. The equidibrium

constant for the reaction
Me—Hg* + X~ = Me—Hg—X

and the nepheiauxeric series were used as an indicator of covalency of the Pt—X band and
a good correlation was found between these and the 195 Pt chemical shuft, except for CN™,
which could be due etther to 1ts exceptionally high ligand field strength or high m-bonding.

I one (actor influencing the trans-influence of X 15 the covalency of the M—X bond
some relationship might be expected between the order of 195Pt chemical shifts, RCO,~
<NO3~ <<NO,” << CI” < —-SCN~ =Pn~ <CN™ < I and the mans-influence senes de-
termined, for example from pp,_ (RCO,™ 2= NO;~ <G~ £ Br~ <I~™ <NO,~ <<SCN~
<. CN7). Halides occur higher 1n the chemical shift series and are more differentiated.
Otherwise the order is similar.

When R was changed in the RCO5~ complexes, small chemical shaft changes were ob-
served.

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

sponding acid.

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

(#r) Meta derivatives were less sensitive to changes in pX,.

Those trends were interpreted in terms of variation in m-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 chermical shifts

Buckingham and Stephens 81282 eonsidered that the large high-field shifts charaeteristic
of transition metal hydrides arose chiefly from paramagnetic shielding by the incomplete
d-electron subshell. They caleulated, from Ramsey’s equation, the following expressions
for a4 and g, for a proton H, at a distance R along the x axss from a metal atom.

Rx
Bio> (10)

_e2 E 1
c = E. —Eqy {<0|Z? in><ni{Xrgs g, 10>
P 92 rﬁt{]( n—Eo} 7 My v Hi Hxx

-3
+<0]Ekruklnxkn><ni?[mlelf))-} (an

(Analogous expressions were developed for o, and Op,-)

Most symbols have the same significance as m'éqn. (8). Iml and /iy, are one-electron angular
Iomentum operators corrésponding to motion about the metal and the hydride respective-
Iy. ry; is the distance of Lhe electron f from the hydride.

The main contributions to g, arise from the influence of the metal d-elecirons on the
hydnde. This clearly depends on the distance. R, between the hydride and the metal (o,
decreases as R increases), the properties (especially optical extension) of the metal d-orbi-
tals, defined by k& where kr is the exponent in the Skater d-orbital functions, and excitation
energies, AE. Buckingham and Stephens28! showed that as R —~ 0, eqns. {10} and (11) re-
duce to the expression for the d-electron contribution to the shielding metal nucleus.

Platinum(IT} complexes. Powell and Shaw23! obsetved that 7y 1n the complexes frans-
PtHX(PEty) correlated with the frans-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 202:225), Although it was suggested 158 that nttle correlation existed between
Ty and a parameter which varied with the frans.inflvence of X~ (e.g., Pr_p)s if a sufficient
number of complexes is taken, some correlation is clearly present (ref. 154 and discussions
later). Buckingham and Stephens 28! suggasted that variations in the platinum~hydrogen
bond length, R , mught be the mawn cause of the variations in 75 . However the nearly hinear
correlation found by Dean and Green 228 peyween hydnide and 195Pt chemical shifts stg-
gest that variations in R are of subsidiary importance, and that the effect on Pt d-orbitals
of variations in covalency and m-bonding have a very similar effect on the hydride and
195pt chemical shifts. Because of the “perturbing” effect of variations sn R, the hydride
chemicel 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 }25Pt and is avaitable for a wider range of com-
plexes. Unlike vp,_ 4, and, to same extent, Jp,_y, Ty does not really indicate primarily
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variations in the Pt—H bond iteelf but rather variations at the platinum atom. Consequent-
1y, we suggest that if the trgns-influence of a ligand as indicated by 744 is at vartance with
that indicated by vp, gy and Iy (@s for NO, 7)), the lattes patameters should usually be
considered to provide a better indication. When smal! 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 rrans-PtHX (PMePh,);, any preferred orientation of the
phosphine ligands could allow the anisatropic effects of the aromatic rings attached to
phosphorus to influence 7.

AtKins et al, 158 found that for the camplexes frans-PtH(O, CR)(PEty); linear correla-
tions exusted between 7y and pK, of the acids RCO,H, a better fit being obtaned if three
different lines were drawn corresponding to acetato-, o-benzoato, and -, p-benzoato den-
vatives. When 7y was plotted against the parameters vp,_g and Jp, . separate linear corre-
lations were usually observed for benzoato and acetato derivatives. Keskinen and Senoff23l,
however, observed no such correlations involving 7y for the series frans-PtH(SCgH, X)-
(PPhj),.

Dependence of 7y on X and correlations between 1y and other parameters for com-
plexes rrans-FitHXL4 are lustrated in Figs. 10—12.

Nickel{Il} and paltadium{{f). The hydride chemical shifts for the complexes trans.NiHX-
(PCy3), and rans-PAdHX{(PCy, )}, clearly vary in an analogous way with X to Tp,y in trans-
PtHX(PEty), (Fig. 7). Presumably similar factors affect the chemical shifts in the three
senes of complexes This is interesting m view of the apparently anomalous order of
vt for halide complexes (sce earlier discussion).

Ocrahedral complexes. Buckingham and Stevens282 considered in detail the vanation of
7y in octahedral hydrido complexes with &, k and AE and found 1t difficult to separate
out the domunant factors i any particular case. They observed that the order of increasing
r when H was rrans  to a halogen (I <X Br <2 C1) was best explained in terms of variations mn
k corresponding to the nephelauxetic series and covalency of the M—X bond since an ex-
planation in terms of AF would predict the reverse arder. However, when the frens ligand
was constant and the cfs igand was varled, the order of 1y is C1 << Br < {, suggestmg that
variations in AE are perhaps in this case predomunant. These orders have been shown o
hold for a wide vanety of complexes 170, Ligands which have 2 high rrans-influence, are
high mn the spectrochemical series and form more covalent bonds, such as H™, CH;™ and
—CgHg™ (ref. 283), cause Jow-{ield shifts for hydnides trans to them. £, k, and AFE all pro.
duce effects in the same direction for these ligands.

7y 15 usually more sensitive to the nature of the rrans ligand than the ¢is dihydnido com-
plexes. Ty is usually lower for a hydride trans to the ligand of greater trans-influence. For
example, 7y in XXXVIa is 30.2 p.p.m. (ravis to C17) and 21.1 p.p.m {srans to PFh3).

When Ci™ is replaced by SnCly™, XXXVib (higher trgns-influence than Ci7), 7y (trans
to SnCly ™) is 24.7 p.p.m., a substantial decrease from that trans to C17, whie ry (ans to
PPh,) increases slightly 173 to 22.15. However, it should be remembered that ryy is com-
plex in origin and does not provide a direct measure of the frans-influence, as does, presum-
ably, the M—H force constani.
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fe) 19 F chemical shifts in flucropheny! derivaiives

Parshall 25! used the method of Taft et al. 284 1n an attempt to separate out ¢ and 7 ef-
fects 1n platinum substituents. The techrugue assumes that in a mera-substituted fluoro-
benzene XXXVII, the 19F chemical shift is dependent on the o-inductive power of Z,

@ OO e O
(al

F (b} te}
XXXV XXXV

while in a parg-substituted fluorobenzene XXXV1{la a mesomeric effect is imposed on the
c-inductive effect fiom contnbutions due to resonance structures XXXVIIIb, c. Thus
(B F(panny— SFunetay) is considered to give a measure of the r-donation to the arematic ning.
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Parshall 25 examined the systems where Z = trans-Pt(PEty), X. The difference (6 g ppny—
8 ¢ (metg))x Was subtracted from that for X = Me™ (for which m-effects were considered o
be absent) to give a m-acceptor parameter. & g, e, Was used as a measure of g-inductive
effect.

Taft’s method has been the center of some controversy amongst ot ganic chemists in
recent years and some authors285 have claimed that 8 g 5 — 8 F (ew) CANNOL 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 15 assumed that the techmque s sub-
stantiafly correct in giving the r-donation from Z (Pt(PF.t3),X) into the aromatic ring,
these results cannot be reliably used to give a measure of the n-properties of the platinum
substituent X. Parshall considered that X could only affect Pt -~ C.H,F 7 bonding by
competing with the fluorophenyl group for the same Inetal 4 orbitals, However, Church
and Mays?? pointed out thar X could also decrease the Pt—aryl m-bonding if

(1) X was a poorer g-donor, increasing the effective posttive charge on the metal,
causing the metal 4, orbitals to contract and have lower energy.

() X has a higher tramns-influence, causing an increase in the Pt—C (CgH,y F) bond length,
which could tend to reduce overlap between the aryl #* orbitals and Pt 4_-orbitals.

Conversely, changes n the 7-acceptor properties of X will cause variations in the o-induc-
tive power of —Pt(PEt3), X, since, as 4_ electrons are withdrawn by X, the group as a
whole will become more electron-withdrawing via g-orbitals (these considerations are anal-
ogous to those used earlier in the discussion of C=0 stretching freguencies).

The “o-inductive series” (rom 8 pe ey found by Parshali 231 was CHy > CgHg > PEty >
pF—CgHy— > Ph—C=C— > m-F-CgHy >NCO>CN>Ci>Br>NCS(or SCNYy > 1 &>
SnCly. The ““#-acceptor series” from (B ppgrg)— 8 Finesg)) Was CN > SnCly > —C=CPh >
Ph = C¢H4F > NCS(SCN). The methyl group by definition had no m-acceptor capacity and
the “‘macceptor parameter” for NCO was zero. The halogens were found to be “n-donors™.
The order for neutral ligands found by Church and Mays®7 was: “g-inductive”, Me; CNC
> p-MeO—CgH,4—NC > PEty > P(OMe),y > P(OPh)y > CO, *“m-acceptor”, CO > P(OPh)y =
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 Mays?7 noted the anomalaus position
of PEtj relative to the phosphites in their *““n-acceptor seres™. The conclusion that halides
are n-donors from Parshall’s 25t and Graham’s8? treatments cannot, by any objective cri-
terion, be considered to be firmly estabhished.

19 E chemical shifts in - and pPFCgH, Z, FCcH, CH; Z and related systerns, have been
used to study fluoroaryl complexes of mercury285.286_ main Group IV metals 285,287,
copper 288, iron28%.290 manganese, nickel, molybdenum and cobalt carbonyt complexes 290
and cobalt(IIl) Schiff-base (vitamin B, analogues) complexes 2?1

Interpretation of results depends on the theoretical standpoint of the authors (for
example, whether they accept Taft’s basic premise that 8 g,y is sensitive only to induc-
tive effects and 8 (g 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 w-interaction aver a wide
range of transition metals and their substituents, metal—aryl n-bonding was very small rela.
tive to g-bonding. They showed that a clear relationship existed between the !?F chemical
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shifts in the complexes m-FCgH, CH,Z and hence they assipned to each of the various ML,
groups a group electronepativity which is appreciably dependent on the metal substituents.
The results of Hill et a1.291 on the complexes XXXIX, with R = CgHyF,n =13,

Me O—=H -0
\c =N< !’i N;C —phe
| el ]
C"——-N/ " N =L — e
Me/ . Va
CHL,
KXXIX

provide an interesting comparison with those of Parshall on platmum () compounds. Quite
good linear correlations were found for both the rmera and pare fluormes between 3¢
(—PtX(PEty},) and 8 - (—CoLX) Significant deviations were observed only for points re-
presenting X = 1, NCO The effect of varying X on the electronegativity of the gronps
(metal and higands) 1s clearly similar in the two series. The conclusion was reached from the
8 Fmera) Values that the Coflf complexes conststently transferred less charge by a o-induc-
tive mechanism into the aryl ring than the PtU complexes. From the values of (EF{pam)_

B (meray) it was concluded that the Col! complexes were betier z-donors into the aryl

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

{d) Proton cheniical slufts i cobalt (I} vitamin B ;5 analogues

The best dlustration of the use of proton cliemical shifts in the study of the effect ona
gwven higand by varying other ligands attached to the central metal is provided by the re-
sults obtamned largely by Hull et al. on vitamin B, , analogues such as dimethylglyoximates,
X1.292,293 schiff.base compiexes, XL12%% 295 3nd corrinoids296

H
Me N’ox O\N AMe Me 0\ ? /D Me
\ClCI d H={: Co L ' H
=rn 1 = v N
Me v L o Me e \ p, g
H CH-CH,
XL XLl

Typical resulis 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 + = 7.70-~8.20 in the order (increasing high-field shift): —NO, <
CN < Cl <Br <I<-ONO < CH,;CFy <<CHjz < C3Hg, 1-C5 H,. A stmlar order 15 found
when L = pyridine. The chemical shift was considered to be a measure of the electron
density on the protons and correlated well with Hammett o-functions. In the pyridine
senies, the chemical shifts of the protons, especrally a-protons, were found to be sensitve
1o X, thongh the variation was in the opposite direction to that expected from changes 1n
electron density. It was considered that variation in shislding by the equatorial ligands,
arising mainly from varjation i the Co—N bond length was responsible. In the complexes
where X = —CsHg, and L was changed (mainly nitrogen donors), the chemical shift differ-
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ence hetween the methylene and methyl protons of the ethy] 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 Colll must be idéntical to that towards H*.

For the [ive-coordinate Schiff-base complexes XLI (CoR(BAE)) analogous vanations
were observed in the chemical shift of the methine protons as R was changed 2%4. 295 When
R was a para-substituted phenyl gronp, —CgHy—X, the methine chemical shifts increased
10 high field in the order X = NO, << CN < Br <1< H < Me = OMe, 1 ¢., the order of
Hammett g-para function 294 A correlation was abserved between these chemical shifts
and the thermodynamic frans-effect as measured by the equilibrium constants for the reac-
tons,

[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,

Chemical shift data, such as those discussed abova, rapreseni the effect of vanation in
o-electron transfer by onc ligand on electron densities at another ligand. Cis and frans
lipands appear to be affected similarly. The electron density variations do not in themselves
represent a trans-influence defined in terms of metal—ligand bond weakening, although
correlations with thermodynamec rans-effects such as that mentioned above imply that
the trans-influence is related to such electron density variations.

{e) N—H chewical shifts

Brief mention should be made of the different chemical shift behavior for the N—H pro-
tons cis and rrans to X in the complexes [Cox(NH3)_E]] 2* and 1n related complexes. Avail-
able data have been summarized by Pratt and Thorp~Y, 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 117 attempted to correlate the —NH, chemical shifts for the
cthylenediamine ligand n the complexes Pt{en)X, and Pt(en) L_—__.z+ in dg-DMSO with the
mrans-influence of L (as measured by Pt—Ci stretching frequencies in the complexes
PtL,Cl,). Some correspondence was found but it is very likely that anisotropic effects (in,
for example, [Pt(en)(phen)1?*) and changes in solvation have important effects on the
~NH, chemical shift.

{vi) Chiorine nuclear quadrupole resonance spectroscopy

Fryer and Smith2?7 298 haye studied a wide range of platinum(Il) and palladium (1)
chioro complexes by NQR. The most interesting regults are provided by the correlations
between 35C] resonance frequencies 35p, and the Pt—Cl bond lengths, 7, obtained from X-
ray structure determinations. The plots are reproduced in Fig. 8. Fryer and Smith noted
that:
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in Section {1, and r to the structurally similar compound given second.
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(:) There is a general tendency for 35v to decrease as r increases.

(i) The bond length rp,_  1s more sensitive to variation of the ligand trans to Cl than
ta variation of the cis ligand, but 35p is sensitive to variation in both ¢is and frans ligands.
(Fie) If the trans ligand is kept constant and the ¢ ligand is changed, 35y decreases

linearly as r increases
The resulis were explained in terms of the Townes—Dailey approximation 2?9

equmol
e20q,,

where (equle)Jh and (equat)ﬂ: are the quadrupole coupling constants for the C} atom
in the molecule and in the free chlorine atasn, s 1s the degree of s-hybridization in the
chlorine bonding orbital, o 1s the g-covalent character of the Pt—CI bond and m is the -
character of the Pt—Cl bond.

Point (#) was taken to indicate that variations in ¢ were the main cause of the vanations
in 35, If 5 and m are considered to be constant then changes in ¢ will imply inverse changes
in the negative charge on chlonne. Point (ir) indicates that a greater increase n r is obtained
by altenng the trans ligand than the cis ligand even when the same reduction in ¢ for the
Pt—Cl bond occurss. This can be explained if the weakening of a Pt—Cl bond by aligand L
rrans to it is the result of two effects:

(1) as L transfers more charge to Pt, the Pt—Cl bond #rans to it 1s weakened. A Pt—Cl
bond cis to L will also be weakened although electrostatic arguments such as Grinberg’s,
and that given mn ref. 298, prediet that the rans lipand will be affected more.

(2) The Pt atom hybridizes according to Syrkin’s theory, 1.e., the Pt—Cl bond ¢rans to L
gains p-character at the expense of s- and d- and is weakened while a Pt—Cl bond c1s to L
gains s-character and 1s strengthened.

Thus for the Pt—Cl bond trans to L, points (1) and (2) tend to reinforce one another,
and for the bond cis to L they tend to counteract. Observation (f7) implies that the X-ray
bond length s more sensitive to effect (1) relative to (2) than the NQR frequency.

A cis-influence order 1s readily obtained from the results on complexes rrans-MCi,L,.
For M = Pd the increasing order of 351 (0°C) (increasing Pd-—Ci covalency, decreasing Cl
negative charge and decreasing ¢is-influence) 1s pipendine (16.11, 16.31 MHz) < pyndine
(17.72) < AsBu"4 (18.23, 18.59) < PBu"; (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"a (20.90, 21.04, 21.08) < PBu"y Ph (21.32, 21.64).

There is no comparable series that dlustrates the frans-influence series without ¢is-in-
fluence also being present. Two ather 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 lgand X to be studied. The resuits 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 35p accurs at 14.4 and 21.0 MHz respectively. The series PtCl; 1.~ has
been studred only for L = C5H,, cis-2-butene and styrene 300 and L = pyridine 2¥7. This
series, in principle, would allow the ¢is- and fgrs-influences of L to be studied together
and the results could be compared with those from infrared studies. Three frequencies were
observed for [NMe,] [PtCl3(py)] at 16.88, 17.89 and 20.68 MHz but no attempt was

=(I—s)o—%= (12
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made to assign them 297 For Zeise’s salt, Yesinowski and Brown 3% 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 ¢fs to ethylene, the lower frequency to the Cl
atomn trans to ethylene. This was interpreted in terms of ethylene having a higher rrans-
influence than chiorine, because of its g-n synergic bonding.

In the complexes297 cis PtCl,L,, both cis- and ransanfluences of L operate on each
chloride atom. The increasing order of 35 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) < norbomadiene (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 Pi—Cl bonds2%7

{vir} Photoelectron spectroscopy

As wath 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 exammned at the same time,

Int an X-ray photoelectron study, Clark et al. 391 examined some complexes cts- and
frans-MX,PR3 (M = Pt and Pd). Results relevant to the mrans-influence are listed in Table 14.

The resulis were interpreted in terms of variations in the binding energies of the core
electrons qualtatively reflecting variations in 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,

(1) Replacement of CI by Me in diphos-PtX; causes a substantial increase 1n negative
charge on Pt and phosphorus,

(i) In the complexes cis- and frans-PtCl,(PR;), the charge on Pt 1s similar for the twa
isomers, but 1n the cis complexes chiorme is more negative and phosphorus more positive
than in the frans complexes, This is consistent with the high frans-influence of phosphines.
The variations of charpe on phosphorus are less marked than on Cl presumably because the
charge is also distributed over the R groups attached to P.

TABLEL 14
X-ray photoelectron binding energies?%t (V)

Comp!ex Pt (4_(1'[3) Cl {2p3){2} P(2p3“) C(ls}
ar Pd (30'5}2) ar l{3d5}3)

Pt{diphas)Cl, 72.1 1309 284 7
Pt{diphos) Me, 7.1 130 5 284.7
ers-PICL (PBuf 33, 72.0 1981 131 1 784 7
rrans-PiCla (PBufy ), 72.0 199.3 1307 284.7
cis-Ptl;(PMe;), 72.9 821.4 1326 285.1
rrans-Pila(PMe3)s 729 622.1 1321 285.0
Pt metal 71.1

eis-PdCl3(PEt; Ph), 338.0 197.4 1309 384 7

trans-PACly(PEtqFh)y 3380 198.2 130.6 284.7
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(fir) Palladium complexes show simitar effects although the Cl atoms are more negative
than in the platmum complexes,

(iv) ht was suggested from a comparison of Pt and P binding energies for PtCl,(PBu® 3),
and Pt [,(PMe;), that iodine transferred less charge to platinum than chlorine (as Passhall
suggested) #51. This 1s probably vahid, though it is unfertunate that the phosphines differ
in the two se1s of complexes

Carrelations with NQR results were pointed out. As with NQR, a detailed photo-
eleciron study could profitably be carried out with extended series such as frans-P1CiX-
(PR;3); and PtClL™.

D.CORRELATIONS BETWEEN RESULTS OBTAINED BY DIFTERENT EXPERIMENTAL MCTHODS
{i} An empirical approach ro the trans-influence

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

() The trans-mfluence of a given hgand, L, depends on (g) the effect of L on the hybrid
orbital used by the metal m its bond to the frans ligand A, and (5) the net charge transfer
(Tcovalen:—™) from ligand to the metal

(if) Dhfferent experimental techniques have different sensitivities to (1) (@) and (5).

However, (¢) (@) 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 maximuze a quantity !4 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 hybndization for a given
metal—ligand bond will seildom 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 s 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 hybnd for
the M—L bond contams a high degree of s-character, the frans-M—A bond is then deprived
of s-character Many hgands which form sirong covalent bonds do have large metal s-parti-
cipation in their M—L bonds (e.g., PR3, —CH3~, —CN~) and thus the M—A bond trans to
these ligands is weakened both through low s-character i the M—A rnetal hybrid, (i) (2),
and through the ‘““electirostatic” effect of the covalent charge transfer, (z) (). But for some
ligands (e.g , N-donors, 17, 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 15 quite
strong in terms of bond energy 392, the M—A bond frans to 1t is not greatly depleted in
metal s-character. The rrans-influence of nitrogen donors then depends only on the degree
of covalent charge transfer, (1) (b). Nitrogen donors thus have a lower overall trans-influen-
ce ((1) (@) + () (b) as measured by vy _ ) than, for example, phosphines which form strong
covalent bonds (i) (b) and deplete s-character of the rans-bond (1) (@). N-donors even have
an IR trans-influence lower than or comparable with those of olefins in platinum(il) com-
plexes, 1n spate of the facts that (g) the Pi—N bond is thermodynamically more stable than
the Pt—olefin bond 302, and (&) that Pi—olefin w-bonding tends to strengthen the rrams-
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Pi—Cl bond by withdrawing charge from Pt, (z) {5). This must be because the Pt—olefin
bond requizres more s-character than the optimum Pt~N bond and hence (?) (@) outweighs
(2) (b)-

The tendency 10 deplete metal s-character in the frans-M—A bond appears to depend
primanly on the nature of the donor atom, and secondly on the orbital hybndization of
the donor atom, and the electronegativity of 1ts substituents From NMR coupling constants
this 1endency decreases in the arder: C-donors (sp? = sp? > sp) > P-donors > As-donors
> S.donors > N-donors > halides > O-donors.

At this time, a detaled discussion of the way m which maximtzation of S2/AF affects
the metal hybudization in the opttimum M—L bond 13 probably not justified. However,
the lollowing speculative suggestions can be made. The degree of orbital overlap, 82, is
certamnty an important factor in determuning the covalency of the M—L bond '*+:15, How-
ever, the effect of the metal rehybridization appears to be mamly a lowering of the enerpy
of the metal orbitals (decreased AE) by mcreasing s- and 4-participation (as suggested by
Syrkin) rather than to increase orbital overlap (S2) by increasing p-participation. On this
model, a itpand X whose orbital enerey closely matches that of a metal hybrnd with rela-
tively low s.chazacter will have a lower s-demand than a ligand Y whose orbital energy
more closely matches that of a metal hybrd with high s-character (Fig 9). Typically,
pyridine might represent a ligand such as X, a2 phosphine a ligand such as Y.

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

NMR coupling constants depend prumarity on the metal hybndization, (2) {2).

Chemieal shufts of nucler well removed from drrect contact with metal d-orbitals (e.g.,
Y9F chemical stiifts i m- and p-Nuoioaryl denvatives — not M—H chemical shifis) depend
almost entirely on effective metal charge, () (b)

Hydride chermical shifts are very complex m origin but praobably correlate best watlt
o + 7 cavalency af the rrans ltgand

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

The relaiive effects of (1) (a) and (2} (&) on an M—A stretching frequency depend on

tMetai orbitals nMeta' nybrids Banding hgane
ormtals
¥l
25% 8,25% d »

S50% § 25% o

=

=1

Fig. 9. Hypothetical energy level duagram. Y has a higher s-demand than X,
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the nature of A. From the correlations whach follow, it 1s clear that Pt—H and Pt+—CH,4
stretching frequencies can distinguish between different trans-ligands with maderate or
weak frans-influence, e.g., between RNC, CO, C5Hy, py, Cl7, while vp,_ ) is almost con-
stant frans to these hgands (Table 3). At the other end of the rrans-influence serres, how-
ever, Pt—Cl stretching frequencies are very sensitive to the trgns ligand and can distinguish,
for example, between different aryl-substituted silyl groups (Table 3). Pt—C] 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 S between Pt—Cl bond lengths frans to PRy, H™, S1R3 ™. These
results can be explained as follows: Pt—Cl bonds have a low optimum P1(6s) character. If
the demand on the mrans higand, L, {for Pi(6s) character s the Pt—L bond 15 not high, the
Pt-hybridization 1n the Pt—Cl bond 15 near opttmum and tha Pt—C} bond is not greatly
weakened by an increase in the s-demand of L, and will be affected mainly by electro.
static factors, (2) (&) (especially since the Pt—C] bond contains appreciablc ionic 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—CHy which have very high optimum Pt{&s) character are sen-
sitive to small variations in the s-demand of the frans.ligand, L, even when the s-demand
of L 1z very low

In the following sections graphs in which one spectroscopic parameter 1s plotted aganst
another are used 0 dereymine the degree of correlaton between nagns-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 rans-mnfluence
would not be expected, since as pointed out above diffcrent tcchniques have diffcrent
sensitivities to the hybrnidization and electrostatic aspects of the fransanfluence, and since
the interpretation of any spectroscopic result mn terms of the properties of a bond is sub-
ject to approximations and simphifications (mentioned mn the appropriate sections above).
The plots which follow are intended to show general trends only, and minor deviations of
individual points from iines drawn to illusirate these have litte physical significance.

{ii} Correlations in hydrnido~platinum (I} complexes

Atkins et al. 158 found that within the closely related series of complexes trans-PtH-
(0,CR)(PEt4}, very good straight lines were obtained when each of the parameters Jpi_y s
Vpr_u OF Tpy_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 --CgH, X can equally well be plotted against ¢, the Hammett sub-
stituent parameter, for X. These authors (ound that both Jp, 4 and v, 4 in the series
rans-Pt(H) (8-CgH,4 X)(PPhiy), varted hinearly with o, for X, and that a rough linear corre-
lation existed between 1Jp, _\; and vp,  over this series ot complexes. Somewhat sur-
prisingly, 1y was insensitive 10 X.

Plots between the three hydride parameters over a wide range of ligands are given in
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. Blot of ¥ps_ 1 vs. 'Jpi_H 1n complexes frans-P1{H) X (PR 3), and
trans-Pt{H)L{PR3}2* (PR3 = PEt;, PMePhy)
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Fig. 11. Plot of upy_jg v5 7H in complexes trans-PtH} X (PR 1) and trans-Pt{H) L (PRa);t.

is an overall trend for tp,_y, 'p, i and vp, g to decrease together. As discussed above,

LJp,_y depends predcmmanﬂy on the s.character of the platinum hybnad orbital used in
the Pt—H bond, ap, 2; : Tpy—p (Se€ above) probably depends mamly on Pt—X or Pt—L
covalency. vp,_y; would be expected to depend on both o:pt and the net charge transferred
10 Pt by X or L (which in the absence of Pt—X, Pt—L m-back-donation is directly related



THE trans-INFLUENCE: ITS MEASUREMENT AND SIGNIFICANCE 409

1400
Hz

1300
1200
1
vYpt-H
1100

000

900

BOO

a‘éi;o 4 El 1 E '} L 1
14 16 8 20 22 24 a6 28 Ta} 3z 34
Th pom

Fig 12 Plot of Y1Jpy_fi vs 7K tn complexes trans-Pt{(H)X{PR3)z and mans-P1(H)L(PR3)>™"

Key to Figs. 10, 11,12

Parameters in CHCly or CH,Cl3 unless otherwise stated

No. Complex Notes
1 Pt{H)}{NO3)}(PEt3)2 7 and Jn benzene
2 Pt{H){CF3{02){PEt1)4 All in acetone
K] Pt{H)(o-MeCgHaCO31}(PEt3)2
4 Pe(HY(INCO)(PEty)g r and J 1 benzene
5 Pt{H){NCS)(PEt3)a r and Jin benzene
6 PL(HYCI(PEi3)2 r and 7 1in benzene
7 Pt{H)Br{PEt3)2 r and Jn benzene
8 (Pt{H) py{(PEt3)21C104
9 Pt{(H)}I(PEt3)2 T and F in benzene
10 Pt{HY(SCN)(PEta)2 7 and Jn benzene
11 Pt{H)Y(NC;)}{PEt3): r and J in benzene
12 {Pt{H){COMPEts); |ClO4 v “corrected™
13 [Pt{H) (t-BuNCIPEt3)2]ClO,4 v ‘‘corrected™
14 [Pt{H) (p-MeOCgH s NCY}(PEt3)2 1C104 v *comrected™
15 Pi{H)(SnCl3)(PE13)3 In hexane? J not available
16 {Pt(HXPPh3)(PE13)2]C10,4
17 [Pt{H) P(OPh)a } (PEt3)2]C104
14 [P (HY(PEL3)31C104
19 [Pt{H}{PF(OMe)a} (PE13)21ClO,

20 Pt{(H}CN}PEt3)q v “corrected”
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Key to Fags. 10, 11, 12 (contnued)

No Complex Notes

21 Pt{H} {(—C=C—-Ph}{PEt3)2 p not “corrected™ S not available
22 {Pr(H) (acetone) (PMePha )2 [PFg v In Nuol

23 P1{H)(NO3)(PMcPhy)y

24 PL{HY{NCS)(PMePha)a

25 Pr{H)Cl1{PMePfli;)2

26 Pt{H)Br(PMePh,}a

27 [PL(H)(2-Mepy) (PMeFha ) [PMg v 10 Nujol

28 [Pt{H){(2,4.6-Mepy) (PMePh3)2 | Pl v 1n Nugol

9 Pe(HYI{PMePhy)

30 Pe(H)(SCN}{PMePhy),

3i [Pt{HMC2H4){(PMePha)2 [ Plg p» 0ot Known

32 [B1{H}(p-MeCgsHaNCY(PMePha )2 [PFg v not accurately known
33 [Ft{HY(PMcPhy)1)PT 4 » 1 Nujol

4 Pt(H}{(CN)Y(PMePhy); | PFg

to Pt—X{L) a-covalency; m-bonding would make Pt more positive and strengthen the
P:r—H bond) Thus, the general trends dlustrated by the graphs are to be expected, but the
worst overall correlation is between 1y and 1Jp,_y.

One advantage of comparing the three hydride parameters in this way is that 1t 15 very
easy to see if any one of these quantities is “anomalous™ for a particular X or L. For exam-
ple, in both plots wvolving ryy. the pownt representing NO,~ lies well away from the
“line” whule for the plot MJp,_;y vs. vp,_y it lies very close to the “line”. Thus, of the
three parameters only 1y 18 “anomalous” for X = NO, ™. Similarly, the pomnt representing
L = CO lies well off the “line™ 1n plots involving 7y It 15 tempting to ascnbe these devia-
tions, in part at least, to the magnetic anisotropy of these groups. In plots involving
17y consistent deviations are observed for points representing X = Br~, 17, ~8CN~,
while these points lie near the “line” in the plot of Ty against ¥p, 1. The best explanatton
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
IJPt— g s not directly sensitive, than by the Pt hybridization, to which L P 18 Sensitive.

{iii) Other correlations

In thus section the correlations aobserved 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 benween coupling constants
(2} */py.cu, for complexes trans-[PtCH; L(PMe,Ph),] ™ varies linearly 234 with
Yrssp, 13c.
(i1} 2Jp,_cn, for complexes frans-PtCH3 X (PMe,Ph), varies linearly 203 with 2Jp,,_ 4
for complexes rrans-PtHX (PEty);.
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(tif) LJp,_p in the complexes orans-Pt(PO(OPh),) X(PEt), varies linearly 225 with
IJPt— for the complexes PtCH; X(PEt;),- N
(iv JPI:-—CF_-; in the complexes trans-PtX(CF4}(PMe,Ph) and [PtL(CF3){(PMe,Ph),]
varies lineaddy with 2Jp _cp, ih the corresponding methylplatinum complexes, except
for L = CO, SbPhy which use synergic o—n bonding 203,
(V) JJPI—'CCF3 and SJPI‘-'CH-C-—H in the COITIPIEH.CS

trans-Pt—-X(—~C=C—V y(PMe,Ph),. XXX
(l‘Fa Oble

vary linearly with Jp,_y . in corresponding methylplatinum complexes *3¢ except for L =
SbPhj.
(vi) SJPI--Ge—Me in the complexes rrans-PtX{GeMe3 }(PEt3), correlate 111 with
IJPt—C , 0 trans-PtX(CH; )(PEt;),.
(vur) “IpreCHy 1 the PtV complexes (Pt (CH3),(PMe, Ph), L2]+, XIX, vartes linear-
ly 190 with 2Jp, oy, 10 the Ptlf comple cs rans-Pt(CH3) L(PMe,Ph;),".
(vn) 34, p.cH, 10 the complexes PMe; —Hg—X" vanes?57 in a sinular way t0 2y, _cu,
in the complexes Me—Hg—X.
(xx) lJPt—CHg varies 224 with X in mans-PtX(CH;)(PEt;), in a similar way to EJIIB_CHS
in CH3HgX.
(x) WJy,_p in the complexes X—Hg—P(0)(OPh); vanes with X in a simlar way to
LJyg~p in the series trans-PtX(P(O) (OPh),(PEL;),)-
(x1) 3J o si_cH, 0 the series X—HgOS1Me; varies tineatly 236 with 2/, oy, in the
series CHy—Hg—X
The above correlations are consistent with vaniations i aMz dominating the coupling,
and being similar for M = Pt, Hg.

{b) Correlations benween meral—ligand seretching frequences
(1) vp,_cy trans to Lin trans~Pt(L)Cl(PEt3)2+, c1s-PtCla Ly, PICI LT, P, Cly L, all
show rough correlations (see Table 3).

(i) Over the range of complexes available for comparison, vp,_¢y 1n the complexes
trans-PtCI{(Z)(PEt3),” ™" does not correlate very well with vp,_y m mans-Pt(H){Z)(PEt;),"™
(Fig 13(2)) ot vp,_c, in trans-Pt(CH;3)(Z)(PR3),"" (Fig 13(b)). vp,_cy becomes rela-
tively insensitive to Z as the zrans-influence of Z, becomes weaker.

(4if) Quite a good linear correlation is obtained between vp;_y, n frans-Pt(CH3)(Z)-
(PR3),"™" and vp_y m rans-PICH3(Z)(PR3);"" (Fig. 14). vp,_y values have been
“corrected™ for vibrational coupling for Z = CO, p-MeOCgH,;NC, CN™. No attempt has
been made to correct for vibrational coupling involving vp,_ ., Which could be significant
where vp _, occurs in a sirmilar repion to Ppe—CH 4> viz. Z = C0, p-MeOCH,4NC, CN™,
NO, ™. Clearly vp, _y and vp,; cy, depend in a similar way on platinum hybridization
and effective metal charge.

() Rough correlations exist between trans-influence orders as found by Ppe_ s Ppr_p»
Vp—cH, and those obtawned from vyy_y and vyy_p (see appropriate sections).
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fc) Corre!a.rxons berween melal-ligand stretching frequencies and coupling constants
D pi_c cH, Shows quite a good correlation with vp,_cy, in the complexes rrans-
Pt(CHa)(Z)(PR3 )2" (Fig. 15). As usual when a coupling constant is 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 Arp-—CN. Vibrational coupling may be
partly reSponsbee for the deviations when Z = CN—, CO.

(it} Some comrelations have been noted between J’P!__CH and vp,_~y. 1N SOME series
of methylplatinum(IV) complexes, viz. Pt(CH3)3L3 and Pt(CH3)3X3 (ref. 185), and
Pi{CH;),(P(CH;), (Cq 5,))21_,22* (eef. 190).

(#i1) Church and Mays®’ found a linear correlation between !Jp,_y; 1n the series trans-
Pt(H)L(PEt3)," and vp,_ 1n the sertes rans-PtCIL(PEty)," over a small range of L.
When the range is extended to mnclude L = py, the correlation 1s less remarkable (Fig. 16).
Simnilar results are obtained when rp,_ in this serics 15 plotted against JPt-—CH n the
series frans-Pt(CH3)L(PRy);"

{d) Miscelianeous correlations
(i) The frans-nfluence based on Pt—Cl bond lengths!3 is simalar to that obtained from
Pt—Cl stretching frequencies. Like vp,_ ). 7p,_¢y appears to become relatively insensitive
at the weak end of the trans-influence senes.
{t1) Correlations between position of a lipand in the srans-influence series (from X-ray
bond lengths} and calculated overlap between ligand and metal orbitals have been made 14. 15,
(i1} Correlations have been made between the Pauling elecironegativity of the donor
atomn and the rransanfluence 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 PaCl;L,, the heat of formation of the Pd—L bond cotrelates well with
the trans-influence of L as measured by Pd—Cl stretching frequencies 292 for L = otefin,
PR3, AsRj. but the low trazis-influence of N-donors was apparently inconsistent with the
high Pd-IN bond energies. This is discussed 1n detail above.
(») The corretation between 35CI NQR (requencies and bond lengths has been discussed
above.

E. THE rrans-INFLUENCE AND THE rrans-EFFECT

The relationship between the rrans-influence and the trens-cffect was long clouded by
a near-exclusive concentration on square-planar platinum (1) complexes, for which the
trans-effect order is” HyO =~ NO3;~ <OH™ <NH; < (17 < Br~ <17 == —SCN~ == NQ,™
~= PRy €CO =C,H, = CN~ = CHy~ == H ™. By 1962 it was becoming clear ? that two
types of ligands had a very high frans-effect in Pt!l complexes, viz. those with (what we
now call) high rrans-influence, and those with m-bonding capacity (and low rrans-influence).
The hugh rrans-effects of both types of ligand 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.6 and Orgel”.
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Koy to Fig. 15
trans-PtX{CH4}(PRa)s
- - il +—NH=C(OM2)-CsF3
X 12 CHa=CH~CH=CH,
3 cr t3 CsFsCN
4 B 14 CzHs
5 NOs~ 15  MeC=CMe
& 1 2 16  CHz=C=CHax
7 N~ 17  CH3CH=CH3
I8 CO
rrans-PH{CH3) L(PR3), 19  EINC
20  SbPh
8 L=Me,CO -~ PPLB
13 ArCN 22 PMe2Ph
24 4 23 ~C{OMe)Me

Int recent theoretical treatments of the five-coordinate transition siate 13- 16 it has been
suggested that a non-m-bonding Jligand of high trens-effect weakens the rans-bond in the
transttion state by depnving it of Pt(6p,) character, It seems mote likely to us that a
ligand of high frans-influence weakens the grams-bond in the transition state by a mechanism
essentially similar to that by which it weakens the frans-bond in the ground state, i.e., by
depriving the Pt orbital to the rans-bond of Pt(65) character, and making the /rans-bond

more fonic by electrostatic repulsion.
In octahedral complexes the transttion state in a substitution reaction is quite different
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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 actahedral complexes the frans-
effect order (so far as 1t is known) appears {o parallel the frars-influence ordes, and ligands
with m-bonding capacity {e.g., CO) do not have high rrans-effects 101, 145,171

REFERENCES

1 {a} A. Pidcock, R.E Richards and L M. Venanz, J. Chem. Soc A4, (19663 1707: (b)Y 1L.M, Venanzi,
Chem. Briv . {1968) 162.
2 F, Batolo and R.G. Pearson, Progr. Inorg Chem , 4 (19623 381,
3 (a) 1I.I. Chesnvaev, fzv fnst fruch Platiny Drugtkh Blagorod. Metal |, Aked. Nauk SS5R. 5 (1927} 109;
(b) B.Y Nebrasov,J. Gen Chem USSR, 7 (19373 1594,{c) A A Grinherg, Acte Physicoclnm URSS,
I (1035) 573,
4 Y K. Syrkun, f2v Akad. Nauk SSSR Otd Khim Nauk, (1948) 69
5 G Boath, Advan_ Inorg Chem. Radiochem , 6 (1964) 1.
6 1. Chatt, L.A. Duncanson and L. M. Venanzi, J. Chem Soc, London, {1955) 4456.
7 LE. Orgel, 7 fnorg. Nucl. Chem | 2 (19563 132,
8 F. Basolo, 5. Chatt, H.B. Gray, R.G. Pearson and B.L. Shaw, J. Chem. Soc.. London, {19617 2207,
9 ). Chart and R.G, Wilkins, J. Chent Soc., London, (3352) 4300; (1956) 525.
10 AL Pidcock, B.E. Richards and L.M. Venanz, Proc. Chem. Soc, Londan, (1962) 184.
11 S Q. Grim, R.L. Keiter and W. McFarlane, fnorg. Chem., 6 (1967) 1133,
12 M. Randi, J. Chem Phiys, 36 {1962) 3278.
13 CH. Langlford and H,B. Gray, Ligsand Substftution Processex, Benjamin, New York, 1965, p. 27.
14 R. Maron and A.D.C. Towl, J Cherm Soc 4, {(1970) 1601.
15 R. Mason, R. McWeeny and A.D.C. Towl, Discuss Faraday $oc., 47 (1969) 20.
16 5.5, Zumdahi and R.S. Drago, J. 4mer. Chem, Soc., 90 (1968Y 6669,
17 R. Maston and L. Randaccia, J. Cherml Soc. A, {(1971) 1150.



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

18 G.G Messmer and EL Amma, fnorg Chewt, 5 (1966) 1775,

19 N.A Bailey and R. Mason, J Chent Soc A4, (1968) 2594

20 I.M. Prati and R.G. Thotp, Advan Inorg Chem. Radocfiemn , 12 (1969) 375,

21 M Black, R.H B. Mais and P G Owston, Aeta Cryseallogr , Secr B, 25 {1969) 1751,

22 M A Spinnter and L.N. Becka, J Chem Soc. A, (1967) 1194.

23 D Bright and LA 1bers, fitorg Chem , 8 (1963} 70%

24 Y. Shigeta, Y. Komuyama and H. Kuroya, Buli Chem. Soc Jap , 36 (1963} 1159

25 G.G Messmer and E L. Amma, Actg Crystallogr . Sect B, 24 (1968) 41 7.

26 G B. Boki, B K. Yainshiein and A A Babarelev, Izv Akad Nauk SSSR, Oid Khim Nauk, (6)
{1951) 667.

27 {a) D.P. Melor and I A. Wunderlich, A¢ra Crysraffogr , 7 {1954) 130; 8 (1955) 57;(b) G B Bokn

and G A. Kutkna, Zht Srrukr Khome, 5 (1963) 706,
8 1LA.L. Jarvis, B T Kilbourn and PG Qwston, Aete Crysrallogr,, Seet B, mn press, quoted in ref, 300.
9 (4} D. Hall and A.A. Tageart. Jf Chepr Soc, London, (1965) 1359, (b} D. Dale and D.C. Hodgkin,
J. Chem Soc., London, {1965) 1364,

30 M 3 Bennett, [ 4. Cotton, D.L Weaver, R 1. Williams and W H. Watsan, dera Crysrallogr . 23 (19671}
788

31 L.} Gupgenberger, O D. Trrus, M.T. Flood, R E. Marsh, A.A Orio and H.B Gray, J Amer Chem
Soe., 94 (1972) L1135

32 (2) R. Spama, L M. Venanzi, L Zambonclly, frorg Chimt Acta, 4 (1970) 283, (b) fnorg Chun Acra, 4
(1970)475.

33 R Spagna and L, Zambonellt, J Chern Soc A, (1971) 2544,

34 £.M Badley, I. Chatt, R L. Richards and G.A. S1m, Chern Conpuum., (1969) 1322

35 B. Jovanowic, L Manojlovic-Muir and K W Mouw, J Organomezal Chem , 33 (1971) C75.

36 T.G. Hewitt and J J DeBaer, J Chemt Soc 4, (1971) 817

37 5. F. Waikms, J Chem Soc A, (1970) 168

38 M. Black, R.H.B Mais, P.G Owston, Acrg Crysraifogr, Secr 8, 25 11969 1760.

39 W.A Whitla, H M. Powelt and L.M Venanz, Chem Commun , {1966) 310

40 R. Mason, G.B Robertson and P.I. Pauling, J Chem. Soe A, {1969) 485.

41 R.J.D. Gee and H.M Powell, J. Chent Soc A, (1971) 1956.

42 R. Mason, G.B Robertsan, P.O Whimp, B L Shaw and G Shaw, Chem, Compmun., (1968) 868;
R. Mason, G B Robertson and P O, Whimp, J Chem Soc 4, (1970) 535

43 M.A Hennett, K. Hoskins, W R, Knezn, R § Nyholm, R. Mason, P.B. Hitchcock, G B Robertson
and A DC Towl, J Amer. Chem Soc, 93 (19713 4592

44 (a} A G Swallow and M.R. Truter, Proc Ro)y. Soc., Ser A, 266 (1962) 527, (b) Proc Roy. Soc,
Ser A, 154 (1960) 205, 4¢) A C Hazell and M.R. Ttuter, Proc Roy Soc, Ser A, 254 (1960) 218

45 R Mason and A LM Rae, J Cheni Soc A, {1970) 1767,

46 G. Raper and W.S. McDonald, J Chenr Soc Dalron, (1972) 265

47 1L.M.C. Alison, T.A. Siephensen and R.O Gould, J Chem Soc 4, (1971} 3690

43 G Bombuert, L. Caglioty, L Cattalim, E. Forsellini, F Gasparrini, R. Grazianr and P.A. Vigato,
Chemrme Commmur . (1971) 14145,

49 R. Muson and DR Russell, Chremn. Comnmun , (1966) 26

50 R Mason and P.O Whimp, J Chent Soc A, (1969) 2709.

51 R.H. Fennand G R Segront, X Chem Soc Dalton, (1972) 330

52 M. A, Bennett, K, Hoskins, W R, Kneen, R.5, Nyholm, P.B, Hitcheocek, R, Mason, G B Robertson
and A D C. Towl, J Amer Chem. Sac., 93 (197114591,

53 M. McPartlin and R. Mason, Clhemi. Commun . (1967} 545.

54 N.A. Bailey, .}, Jones, B.L. Shaw and E. Singleton, Chem, Commun , (1967} 1051.

54a M. McPanlin and R Mason, unpublished results, quosed wnJ Chemn Soc. A, (1270} 2206.

55 L. Aslanov, R. Mason, A G Whecler and P O. Whimp, Chem. Commun . (1970} 30.

56 R. Graziani. G. Bombiert. L. Yolpony, C. Panattom, Clrern Commun., (19673 1284,

57 J.A. Evans, D.R. Russell, A. Bright and BRL. Shaw, Chem Cormmmr, (1971) 841.

58 A C. Skapskaand P-G.H Troughton, Chert Commun., (1969} 666

2
2



THE trans INFLUENCE: 1TS MEASUREMENT AND SIGNIFICANCE 17

59 B.A. Coyle and J.A 1bers, frorg. Chenr, 11 {1972) 1104,
60 B.B. Hitchcock, M. McPartin and R. Mason, Chem. Commun., {1969} 1367
61 J.A. Evans and D.R. Russell, Chem. Commun , (1971) 197.
62 G 1. Palemk, Acia Crystaliogr , 17 (1964) 160
63 F.A. Cotton and W.T Edwards, Actz Crystallogr., Secr B, 24 (1968474
£4 W.P, Schaefar, morg Cheni, 7 (1968) 725
65 B.C. Wang, W.P. Schaefer and R E. Marsh, fHorg Cheny, 10(§971) 1492,
652 8 B thekwe, B.T. Kaibourn, U.A. Raeburn and D.R. Russell, Chem. Commun , (1969) 433,
66 P L Orioli and L Vaska, Proc. Chem Soc, London, (1962} 333.
67 3 . Daly and R P.A. Sneeden, J. Cliem Soc A, (1567} 736.
68 G. Beran, A.Y. Carty, H.A. Parel and G ¥ Palenik, Chem Commun , (1970) 222,
69 G H.W. Mdburn and M R Truter, J Chem Soc A, (1966) 1609,
70 G.G. Messmer, EL. Amma and J A Ibers, friorg Chem., 6 (1967} 725.
71 R, Eiscnberg and J.A. 1bers, Jrorg Chemn,, 4 (1965) 773 -
72 P.G. Owston, J M Partnidge and J M. Raowe, Acre Crystallogr., 13 (1960Q) 236
73 G. Bombiet1, £, Forsellint and R, Gramani, J. Chem Soc Dalran, {(1972) 525.
74 G R. Davies, W. Hewertson, R H.B Mas, P.G Owston and G G Patel, J Chem Soc. A, (1970) 1873
742 EM, Badley, D Pl Thesis, Unversity of Sussew, Brighton, Gt. Brtatn, 1969, quoted in ref. 35.
75 W.H. Baddtley, C. Panatton, (. Bandolt, DA Clemente and U. Belluco, J. Anter Chem Soc, 93
(19713 5590,
76 T. Kashhwagl, N Yasuoka, N Kasm, M. Kakudo, S. Takahasht and N. Hagphara, Cliem Commun |
{1969} 743,
77 R'W Saickman and D L Weaver, Chem Commmnun , (1968) 1021,
78 L.L- Martn and R.A. Jacobsen, fnorg Chem., 10 (1971) 1795
79 P G. Owstan et al., in press, communicated by M.L.H. Green
B0 F W.B. Emnstein, A.R Gilchnist, G W Rayner-Canham, D, Sutten, J Amter. Chem Soc., 94 {1972}
645,
81 D M.P, Mingos, W.T, Robinson and J A. [bers, fnorg Chenmr, 10 (1971) 1043,
82 D.J Hodgsonand J A lbers, Morg Chene, 8 (1969) 1282.
83 3.T. Mague, J Armer Cherr Soc., 93 (1971) 3550,
84 J.T Mague, fmorg Chem., 9 (1970) 1610,
85 D A Snyder and D.L. Weaver, frorg Cherwr, 9 (1970) 2760
86 1 Bennett, A. Pidcock, C.R Watechause, P Coppon and A T McPhau, J Chem Soc. A, (19703 2094
BT P Groth and O Hassel, dcrg Cliem Scand |, 1B (1954) 1327
B8 I.A Stanko and LC. Paul, fnorg Chem , 6 (1967) 486
89 W, A.G Graham, fnorg Chem, 7 (1968) 315.
90 R Mason and D R. Russell, Cherr Commun , (1965) 182
90a R.A Frenz and J A. lbers, in E.L. Moettertics (Ed ¥, Transiion Meral Hydrides, Dekker, New Yark,
1971, p 33.
01 § Bruckner, M. Celhiparis, G Nardm and L. Randaccio, fnorg. Chun Acta, 2 (19683416, 3 (1569)
178.
92 D.A. Duddeil, P.L. Gogan, R.J Goodfellow, M G Norton and I G Smuth, J Cirem Sac A, (1970)
545
93 C H. Perry, D P, Athans, E F. Young, J R Dungand B R Mutchell, Specrrochinn Acta, Part A, 23
(1967) 1137.
g4 R.J. Goodfellow, J G. Evans, P L. Goggtn and D.A Duddell, J. Chem Soc A4, (1968) 1604.
95 K Nakamoto, P.J. McCarthy, J. Fugita, R A. Condrate and G.T. Behnke, frrorg Chent, 4 (1965)
E]:
98 D.M. Adarns, P.J. Chandler and R.G. Churchill, J. Chenr Soc. A, (1967) 1272
97 M J Church and M.J. Mays, J. Chem. Soe. A, (1968} 3074.
98 L. Vaska, J. Amer Chem. Soc., 88 {(1966) 4100.
99 P. Uguaghat and W H. Baddley, J. Amer. Chem, Soc., 90 (1968} 5436,
100 M J. Gropgan, K. Nakamota, /. Amer. Chem, Soc, 90 (1968) 918,



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

101 A J. Deeming and B.L. Shaw, J, Chem. Soc A4, (1969) 1128,

102 R.J] Goodfellow, P.I Gogginand LM Venanzi, J Chem Soc. A, (19673 1B9.

103 J Lewis, R S. Nyholm and G. A. Rodiey, J Chem. Soc A, (1965) 1483.

104 D.M. Adams and P J. Chandler, J. Chem Soc A. (1969) 588

105 D.M. Adams, J. Chatt, J. Gerratt and A.D. Wesiland, S Chewn. Soc. A, (1964) 734,

106 G E. Coates and C. Parkin, J. Chemn. Soe. A, (1963) 421

107 I.R. Allkins and P.J. Hendza, K. Chem Soc A, (1967) 1325.

108 I D, Ruddick and B.L Shaw, S Chem Soc 4, {1969) 280].

109 3 D). Ruddick and B L. Shaw, J. Chern Soc 4, (1969} 2064,

110 J. Chatt, C LCaborn and 5. [bekwe, Chemt Cormunur,, {19663 700:J Chatt. C. Ezborn., S Ibekwe
and PN Kapoor, J. Chem Soc, A (1970} 1343

111 F. Glockhkmg and K A. Hooton,J Chem Sac A4, (1567) 1066

112 M.C Band, J fnorg Nuc! Chem , 29 (1967) 367.

113 D.J. Cardin and M.F. Lappert, Chem Convnurr, {1966) 506

114 H.C. Clark and L E. Manzer, unpublished results.

115 P.L. Goggan and R.J. Goodfellow, .. Chem Soc A, (1966) 1462,

116 D.T Rosevear and F G.A. Stone, J Chem Soe, London, (1965) 5275.

117 G.W. Watt and L.E. Cuddeback, Inorg. Chem., 10 {1971)947.

118 LR. Dung, B.R. dtitchell, D.W. Sink, I N, Willis, Jr and A S, Wuson, Spectrochin Acta, Parr A,
23 (1967 1121,

119 T. Boschs, 8. Deganello and G, Carturan, J Inorg Nuct Chem, 31 {1969) 2423

120 P.J.D Park and P.J, Hendra, Spectrochim Acta, Part A, 25 (1969} 227,

121 R.A Waltion, Spectrachim, Acta, 21 (1965) 1795.

122 AY. Carty and A Efraty, Can J Chem , 47 (1969) 2573,

123 T.G Appleton and JLR Hall, Jrorg Cherr, 9 (1970} 1800.

124 T.G, Appletan, Pt D Thests, Universuy of Queensland, 1970,

125 R LH. Clark and C.S. Wiliams, frorg Chem , 4 (1965) 350,

126 J.R. Durnge R, Layton, D W. Sink, B.R, Mitchell, Spectrochrm. Acta, 21 (19653 1367.

127 R.J. Goodfellow, P L. Goggin and D.A. Duddell, J. Chem Soc. A, (1968) 504.

138 M.J. Grogan and K Nakamoto, J. Amer. Cherr Soc., R8 {1968} 5454.

129 R G Denning and M.J. Ware, Spectrochim. Acra, Parr A, 24 (1968) 1785.

130 M.) Taylor, A.L. Odell and H.A. Raethel, Spectrochuzni. Acta, Part A, 24 (1968} LB55.

131 L. Pradila-Sorzano and 1.P Tackler, J Mol Spectrosc.. 22 (1367) B0

132 W J. Cherwinsktl, H.C. Clack and L E Manzer, fnorg Chemnr, 11 (1972} 1511].

133 8. Crociam and T. Boschy, J Organomeral Chem., 24 (1970) CL.

134 P.M Boorman and A I Carty, fnorg Nucl Chenm. Lerr, 4 11968) 101,

i35 R G. Havtes and F § Humiec, J Amer Chem Soc., 84 (1962) 2004,

136 K.S. Shobatake and X Nakamoto, J Amer Chem Soc, 92 {1970} 3332

137 ). T. Wane, € Udovich, K Niakamoto, A. Quattrochi and J R Ferraro, fuorg Chem , 9 (1970}
L6575

138 LM lenkwns and B.L. Shaw, J Chem. Soc., London, (1965} 6789

139 1.P. Collman and C T Sears, ir., Jnorg Chent, 7 (1968) 27

140 M. Kuboia and D.M. Blake, J Amer Chem Soc., 93 (1971) 1368

141 B L. Shaw and A C. Smithees, J Chem, Soc A, (1967) 1047

142 R.N Hazeldine, ® J. Lont, RV, Pansh, J Chem Soc. A, (197133711

143 A.J. Decming and B L. Shaw, J Cheém Soc A, {(1969) 597,

144 .S, Liddle and C. Parlan, J Chem. Soc Chem. Commun , {(1972) 26.

145 M.S. Lupin ang B.L Shaw, J. Chem. Soc A, {1968} 741.

146 1. Chatt, D.P. Melville and R.L. Richards, J Chemr Soc. 4, (1971} 1169

147 ). Chatt, L A. Duncanson and B L, Shaw, Chem. Ind {London}, (1958) 859.

148 ). Chatt, Proc Chem Soc., London, (1962) 318.

149 G. Sacrates, 7 [rorg, Nucl Chem , 31 (1969} 1667

150 1L.C. Badar, Jr. and H. ltataru, J Amer. Chemn. Soc., 89 (1967) 1592,



THE trans-INFLUENCE: ITS MEASUREMENT AND SIGNIFICANCE

151 F. Carian, R. Ugo and F. Bonau, fnorg Chem, 5 (1966) 1128,
152 b M. Roundinll, P.B. Tnpathy and B.W. Renoe, fnorg Chem., 10 (19071) 727,

419

153 LV Gavrilova, M.l Gel'hman, N.V. [vanntkov and V.V Razumovsku, Russ J. fnorg Chem,, 16

(1971} 596; Zh Neorg Khim., 16 (1971} 1124.
154 H C. Clark and H. Kurosawa, J. Organometal Chem., 36 (1972) 399,
155 R V. Lindsey, G W Parshall and U.G. Stolberg, . Armer, Chem. Soc,, 87 (1965) 658,
156 M.). Chutch and M I, Mays, J Chemt. Soc. A. (1970) 1938
157 H.C. Clark and H. Kurosawa, fmorg. Chem, 11 (1972) 1275,
158 P.W, Atkms, I.C. Green and M.L.H. Green, J Chem. Soc 4, (1968) 2275,
159 D.M. Adams, Proc Chem Soc., London, {1961)431.
160 J.C, Bailar, Jr. and H. ltatam, frorg Chem., 4 (1965) 1618
161 A.F. Clemmit and F. Glocklng, J Chem. Soc. A, (1569} 21683
162 1. Chatt and B.Y . Shaw, J ChenL Soe , London, (19613) 5075,
163 H C Clark and H. Kurasawa, unpublished cesults
164 MLL H. Green, T Saito and P J Tanfield, . Cham. Soc A4, {1971) 152
165 M.L.H. Green, H. Munakata and T. Saite, J Chem Soc A, (1971) 469
166 E.H. Brooks and F. Glockling, J Chem. Soc A4, (1967} 1030
167 (a} P 5 Bratetman, R V. Harn!l and H D. Kaesz, J Amer Chem Soc., 89 (1967) 2851; (b}
F L'Eplattenier and F. Caldcrazzo, fnorg Chem , 6 (1967} 2092
168 J. Chatt and R.G. Haytet, S Chem. Soc.. London, (1961} 5507.
189 1. Chatt and R G. Hayter, J Cherm. Sac, London, (1961) 2605
170 E.R. Birnbaum, Inorg. Nucl Chem. Letr, 7 (1971) 331,
171 1. Chartt, R S, Coffey and B.L. Shaw, J. Chem. Soc., London, (1965) 7391.
172 1. Chatt, N P Johnson and B.L Shaw, J. Chewmn. Soc., Londan, {1964) 1525,
173 R.C. Tavler, J F Young and G. Wikinson, Inore Chem, § (1966) 20
174 DM Adams, 1. Chatt and B L. Shaw, J Chem. Soc , London, {(1960) 2047
175 H P. Fitz and D Sellmann, Z Narurforsch B, 22 {(1967) 20.
176 M H Chisholm and B C Clark, frtarg Cherm, 10 (1971 171 1.
177 H.C Clark and L E Manzer. Jnorg Chent, 11 {1972} 503.
178 M.H. Chisholm and H C Clark, Inorg Chermn, 1n press
179 M.H. Chisholm and H C Clark, Inorg Chem , 10 (1971) 2557
180 H.C. Clark and L E Manzer, Chem Commun., (1971} 387, Inore Chem , 10 (¥971) 2699,
181 D.E. Ciegg and J R_ Hall, Spectrochim Acta, 21 (1965} 357
182 D.E. Clegg and J.R. Hall, J Organometal Chem , 17 {(1969) 175
183 P.A Bulliner and T G Spito, fnorg Chenr, 8 (1969) 1023
184 D.E. Clegg and J.R Hall, Spectrochtim Acta, Parr A, 23 (1967) 263
185 D.E Clcgg and I.R Hall, Aust. 7. Chenm., 20 (1967} 2025.
185a D.E Clegg, I R. Hall and G A Swile, J. drganomeral. Cherm , 38 (1972) 403
186 DLE. Clegg and J.R. Hall, J. Organometal Chemy, 22 (1970) 491.
187 I R. Hall and B E. Smuith, Auss. J Chem , 24 (1971) 911.
188 R. Graves, ] M Homan and G.L Morgan, org Chem , & (1970) 1592
189 H.C. Clark and L.E. Manzer, Inorg Chem., 12 (1973) 361.
190 H C. Clark and L E Manzer, Jnorg Chem, 11 (1972) 2749.
191 §.W Krauhs, G C. Stocco and R 5. Tobias, fnorg Chem., 10 (1971) 1365,
192 D.B. Powell, S CAem Soc, London, (1956) 4495,
193 A B.P. Lever and E. Mantovani, fnorg. Chum Acta, 5 (19711419
194 EJ Bounsall and 5.R Koprch, Can J Cheni., 48 (1970) 1481.

195 Yu.Ya Kharitonov, | K. Dymuna and T.N. Leanova, fzy. Akad Nauk SSSR, Ser. Khimt, (1966)

2057; Cherm. Abstr, 66 (1967) 70520f
196 3. Chatt, L.A. Duncansan and L.M Venanzi, J. Chem, Soc, London, {1955) 4461

197 F.A. Cotton and G, Wikinson, Advanced Inorganic Chemistry, 2nd edn , 1986, Intesscience, Mew

Yark, p. 728.

198 (a} F.A. Cottan and C.S Krathanzel, 7 Amer Chem. Soc., 84 (1962) 4432, (b) F.A. Cotton,



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

Inorg, Chern, 3 {1964) 702

199 M. Bigorgne, J Organomeral Chem., 2 (1964) 68,

200 R. Dobson and L W. Houk, Jrorg. Chim. Acta, 1 (1967) 287.

201 D.M. Adams, S Cherm. Soc., London, {1964) 1771,

202 L A. Gribov, A.D. Gel'man, F.A Zakhatova and M M. Oslava, Russ J. Irorg Chem , 5 (1960)473;
Zh Neorg. Kinm | 5 (1360) 987.

203 T.G. Appleton, M H. Chisholm, H C Clark and L E, Manzer, Inorg. Chem , 1§ {1972) 1786

204 W.§ Cherwinski and H.C. Clark, fnorg Chem . 10 (1971) 2263.

205 L. Vaskn and J. Peone, Chrem. Commun., (19713418,

206 J K. Wilmshurst, S Chern Fhys, 28 (1958) 733.

207 H.H. Wickman and W.L. Suverthomn, frorg Chemn | 10 (1971) 23335

208 5 O. Grin, D.A. Whealland and W. dMcFurlane, J Amer Chem Soc., 89 (1967) 5573.

209 E.W, Abel, M. A Bennett and G. Wukinson, J, Chem, Soc, Laondon, {1959) 2323,

210 W.D. Hotrocks and R.C Taylor, frorg. Chem., 2 (1963} 723,

Zil M. Bigorgne, J Inorg Nucl Chem , 26 (1964) 107

Z12 R.J. Angelici and M D Malone, fmorg Chem., 6 (1967) 1731,

213 R.P Stewar: and P.M. Treichel, frorg Chem, 7 (1968) 1942

214 D J. Darenshourgand T L Brown, frorg Chem . 7 {196R) 959.

215 NLM. Sinttsyn and E.O. Zvyugintsev, Dokl 4dked. Nouk SSSR, Ser Khvm, 145 (1962) 109, Dokl
Cher, 145 (1962} 572

216 F.A. Cotton and F. Zingales, J. Amer. Chem Soc, 83 (1961) 351

217 KLF. Purcell and R 8. Drago. J Amer Chem Soc. BB (1966) 919,

218 K F. Purcell, J/ Amer. Chem. Soc, 89 (1967) 247

219 J. Halpern and LB, Maher, f 4dmer. Chem Soc, 87 (1965) 5361.

220 R.A. Firth, H.A Q. Hill, R.G Thorp and R J P Wilhams, J Chem Soc A4, {196B) 2428,

221 LA Pople and D.P. Santry, Mo! Phys, B (1964) |

222 W.G. Snerder and A,D. Buckungham, Discuss Faraday Soc, 34 (1962) 147,

233 A. Pdcock, D. £hd Thesis, Onford, 19673, quoted in ref 1.

324 F.H. Allen and A- Pidcock, J Chem Soe. A, (1948) 2700.

225 F H. Allen, A Pidcock, and C.R Waterhouse, J. Chem Soc A4, (1970) 2087,

226 T H. Allen and S N Sze, J Chem Soc. A, (1971) 2054

227 B T. Heaton and A. Pidcock, J Organowmetal Chem , 14 (19638) 235,

228 R.R, Dean and ¥ C. Green, S Chem, Soc. 4, (1968) 3047,

229 G M Bancroft, M.J. Mays and B E Prater, J Chem Soc. 4, {1970) 956.

230 5.0. Grim and D.A. Wheatland, fmerg Chenr., 8 {1969) 1716.

231 L. Powell and B.L. Shaw, J Chem Soc , Lordon, (1965} 3873

231a A.E. Keskinen and C.V. Senoff, J Organometal Chem, 37 (1972) 201.

232 H.M. McConnell, J Chem. Fhys, 24 (1956) 460

233 G.W. Smith, 7 Chene Phys, 39 (1963) 2031;42 (1965) 435.

234 M.H. Chisholm, H C. Clark, L E. Manzer and J.B Stothers, Chem Commun , (19713 1627

235 H.C Clark and £.D, Ruddick, Inorg. Chem., § (19703 1236

236 T G. Appleton, H.C. Clark and R J. Puddephats, /norg. Chem., 11 (1972} 2074

237 M.H. Chisholm and H C. Clarky, J Amer, Chem Soc., 94 (1972) 1532

238 1.R. Hall and G A. Swile, J. Organometal Chem., 21 (1970) 237,

239 H.P. Fntz and K.E. Schwarzhans, J Organometal. Chem , 5 (1966} 103

240 E.Q. Greaves, R, Bruce and P.M Matlis, Chem Commurn., (1967) 860.

241 H.C. Qark and 1. E. Manzer, J. Orgenomeral. Chem., 3R (1972) C41.

242 H.C. Clark and R.J. Puddephait, frorg. Cliem . 9 {1970) 2670

243 A.TJ Cheney, BE Mann and B.L. Shaw, Chem. Copunun,, {1971) 431,

244 B Wozniak, I.D. Ruddick and & Wilkanson, J Chem Soc 4, {(1971) 3116,

245 ¥ Kite, LA.S_ Smith and E. 5, Wilkns, J. Chem Soc. 4, (19667} 1744,

246 T G. Appleton, H.C. Clark and L.E. Manzer, to be published

246a R.A Xinp. pivate cotnmunication.



THE rans-INFLUENCE: 1TS MEASUREMENT AND SIGNIFICANCE 421

347 H.C. Claxk and, J.D. Ruddick, fnorg Chem., 9 (1970) 2556.

247a L.M. Venanzi, Coord. Chem , Proc. Int. Conf., 14th, Toronto, 1972, p. 567.

248 L L. Ertkson, LW, McDonald, LK. Howic and R.P. Claw, J. Amer Chem Soc, 90 (1968) 6371

249 T.G. Appleton and LR. Hall, frorg Chem, 10 (1971)1717.

250 T.G. Appleton, M.H Chisholm, H.C. Clark and L.E. Manzer, Can J. Clicm | 1n press.

251 G.W. Parshall, J Amer Chem Soc, (a) B6 (1964) 5357;(b) B8 (1966) 704

252 5 O. Gnm and R.A, Ference, fnorg Nuel Chem Lert, 2 (1966) 205; fngrg Chim. Acia, 4 (1970)
717,

253 T.H. Brown and P.1. Green, J. 4mer. Chem Soc, 91 (19693 3378, 92 (1970) 2359,

254 B E. Mann, C. Masters and B L. Shaw, J Chern. Soc Dalron, (1972) 704

255 J V. Hatton, W.G. Schaeider and W. Siebrand, J Chem Fhys, 39 (1963) 1330,

256 T.F. Schaaf and 1.P. Qlhver, fnorg Chem, 10 (1971) 1521.

257 P.L Goggin, R.J. Goodfcllow, 5.R, Haddock and J G Eaxy, J. Chenr. Soc. Dalion, (1972) 647.

258 N S. Ham, E.A JSeffery, T. Mole and S.N. Stuart, Chenmr Comrmun , (19673 254,

259 W, McFarlane, Cheri. Commun., (1971) 609

2605 0 Gnm, W, McFarlane and D.A. Wheadand, friorg Nucl, Chem Letr, 2 (1968) 49,

26) 5.0 Gnm and D A Wheatland, frorg Nuel Chem, Lott , 4 (1968) 187,

262 5.0 Gnm, P.R. McAllister and R.M. Singer, Chrem Commun,, (1969) 38.

263 G.G. Mather and A Pidcock, J. Chrem, Soc A, (1570) 1226

264 P D. Kaplan and M Orchan, fnorg Chen:., 4 (1965) 1393,

265 P.S. Braterman, Jrorg Chem., 5 (1966) 1085,

266 H.P. Fritz and D. Sellmann, Z Ngrurforsch B, 22 (1967) 610.

267 HP Fniz, K. E Schwarzhans and D Selimann, 7, Orggnameral Chem , 6 {1966) 551.

268 P.D. Kaplan and A Orchin, fnorg. Chems, 6 (1967) 1096

269 C.E. Holloway, G. Hulley, B F G Fohnson and J. Lewis, J Chem, Soc. A, {1970) 1653 ; Chem
Commiun . {1967) 1143

270 M. Karplus, S Chene Phys, 30 (1959) 1.

271 8 F.A. Kettle, J Chem. Soz., London, (1965) 6664.

272 R M., Lynden-Bell and R.K. Harns, Muclear Magnetic Resonance Spectrascopy, Melson, London,
1969, p. 103

3273 M.H. Chisholm, H.C. Clark, L.E ManZeér and 5.B. Stothers, J dmer. Chem. Soc., 94 {1972) 5087,

274 H.C. Clark and L.E Manzer, J Organomeral, Chem i press

275 E O. Greaves, C.J L. Lock and P M Marths, Can, J Chern, 46 (1968) 3B79.

276 R.D W Kemmitt and R D. Moote, J. Chem. Soc A, {1971} 2472

277 M.T. Ramsey, Phyc Rev. 7R (1950) 699

278 F. Freeman, G.R. Murray and R_E. Richards, Prar Ray Sor , Ser. A, 242 {1857 455.

279 W. McFarlane, J. Chem Soe. A, (1967) 1922

280 A. Piudcack, R.E. Richards and L.» Venanz:, J Chemn. Soc A, (1968) 1970.

281 A.D, Puckingham and P.J. Stephens, J Chem Soc, Londan, (1964) 4583,

282 A.D, Buckingham and P.J. Stephens, J Chent Soc., London. {1964) 2747,

283 1 Chatt and R_G. Hayter, J Chemt Sac, London, (1963} 6017.

284 R.W. Taf:, E Price, 1 R. Fox, I.C Lewns, K K. Anderson and G.T. Davis, J 4mer Chem. Soc, 85
{19633 709, 3146, h

285 W. Adcock, S.Q.A. Rizvi, W. Kitching and A.J. Smrth, J Amer Chem Soc., 94 {1972) 369 and
references therein,

286 (a) W. Adcock, B.F. Hegarty, W, Katching and A.J, Smuth, J Organometal, Cheni, 12 (1968) P21;
(b) W. Kitching, W. Adcock and B.F. Hegarty, Awsr J Chem., 21 (1968) 23411; (c) V.5. Peyosyan
and O.A. Reutav, Doki Aked Nawk SSSR, Ser. Kium , 180 (1968} 876; Dokl Chem.. 180 (1968)
514.

287 AL, Smith, W. Adcock and W. Kitching, J. Amer. Chem. Soe., 92 (1970) 6140,

288 A. Cairncross and WA, Sheppard, J. Amer. Chern Soc., 90 (1968) 2186,

289 E S. Holton, G.R. Knox and C.G. Robertson, Chenme Cammun , (1969) 664.

A90 R.P. Stewart and P.M. Treichel, J Amer. Chernt Soc, 92 (1970) 2710.



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

291 H.A,O. Hili, K.G. Morallee, F. Centivez and G. Pellizer, . Amer. Chein Soc,, 94 (1972 277,

292 H.A.O. Ht and K.G. Moraliee, £ Cherm Soc. 4, (1969} 554.

293 €. Bied-Charreton and A. Gaudemer, Terrahedron Lers., (1969) 4189,

294 H. A.O. Hll, K.G, Morallee and G, Pellizer, £ Chem. Soc. A, (1969) 2096

295 H-A.Q Hill, K.G Morallee, G. Pallizer, G. Mestroni and G Costa, J. Organometal Chem., 11
{I968) 167.

296 H.A.O Hul, B E. Mann, J.M Pratt and R.J P Wilams, F Chem Soc A, (1968) 564

297 C.W. Fryer and J.A S, Smith, J, Organometal Chem , 18 (1969) P35;J Cheni. Soc. A, (1970)

1025,
258 C W. Fryer, Chem. Commun , (1870) 902
298 C.H Townesand B P. Dalley, . Chem Phys, 17 {(1949) 782
300 1.P. Yestnowskiand T L Brown, fnorg. Ghem., 10{1971) 1097.
301 D.T, Clark, D B, Adams and D Bniggs, Chem Commun,, (19713 602.
302 W.A. Partenheimer, fmorg Chem, 11{1972) 743,



