
Cuvrdirzatiun Chzmisrry Reviews, 10 (1973) 335-422 
0 Else% ier Scientific Publishing Company, Amsterdam - Eknted m The Netherlands 

T G. APPLETON, f&C. CLARK and L-E. MANZER 

Depurrmenr of Clremistry, linnmsrr~~ of Western Ontario, Lortdu~r N6A 3K7, Onturio (Canada) 

(Received August LOth, 1972) 

CONTENTS 

A ~ntrod~ction 

00 r-bonding and the trans-mfluence 
(nr) Recent discusslons of the theory of the ~rans-rnfIuence 

C_ E~perimt?ntal observations of the rrans-mfluence 
tl) X-ray crystallography 

(u) Me?&-&and stretchmg vibratxons 

(tl) Internal izgand vlbratlons 
(iv) Nucfear magnets resonmce coupbrig constants 
{v) NIMR chemrcaI skfts 

[vi) Chforrne nuclear q~a~u~ole rcs~nance spectroscopy 
(tm) Fhotoeiectron spectroscopy 

D, Correelations between results obtaxned by different experimental methods 
(I) An emprrrcal approach to the trans-influence 

(u) Correlations in hydndo-platrnum (II) complexes 
(iii) Other correlations 

E The Owzs-mfluance and the trans-effect 
References 

335 
336 
336 
337 
338 

340 
340 
358 
373 

378 
394 
401 
404 
405 
405 
407 
410 
413 
415 

M 
X- 
L or z 
A 

R 
Ar 

CP 
CY 
en 

PY 

Ww 

phen 

SnetaI 

amomc llgand 
wti be used throughout to mdicate the Iigand whose Pans-mfluence is being studred 
wtiI denote the “mdtcator”” &and which is being used to determine the tmnr-influence of 

L or z 
aikyl soup 
aryi group 
cyclopentadienyl, CsHs- 
cyciohexyE, C6 H 1 l 
~~yiened~rn~ne, NH~C~~CHZ~H~ 
pyridme, C5H5N 
2,2’-brpyrldyt, 

W 
1,1O_phenanthrohne, 



T-G APPLETON, H.C CLARK, L.E. MANZER 
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BAE-H;! blsCncetylJcetone)ethqIenedIimlne 
DMC dlmethylglyo~lmate, CH3C(NO)--C(NOH)CH3 
COD I, 5cyclooctadrene 
djphos Ph2 PC&CM2 PPh2 
THT tetrahydrofurm, CaHsO 
DhISO dlmethyIsuffo\rde, (CH3)2SO 
-i-MS tetrametfiyIsrIimi3, (CH3)4Si 

A INTRODUCTION 

The ‘ctrat’lS-influence” of a llgand in a metal complex was defined in 1966 by Pldcock 
et al. L as the extent to which that ligand weakens the bond trrrrrs to Itself m the equtiibnum 

state of that complex The ten-n has gamed wide (though not unammous} acceptance 
among morganic chemists since It conveniently and unambiguously dlstmgurshes this bond- 
~eak~nlng effect of a hgand from its trans-effect2, which IS the effect of a co~rdlnated 
group A upon the rate of substltutlon reactions of the group opposite to A, The DIZFZS- 
effect of a ligand thus describes a kinetic phenomenon and is a partial descrlptlon of the 
transitlon state m a substitution reactton: it may or may not be related to Its trans-mfluence 
in the equilibrium state of a complex. 

fn all of the following discussion, the two terms “fuatrs-effect” and “~~~~~~-in~u~nce” 
are used carefully to dlstmgulsh between these kmetlc and thermodynamic concepts. 

Thrs review attempts to describe tile growth HI our u~d~rst~dj~g of the ~~~~~-~~~ue~ce 
that has occurred since the review of the tmrrs-effect by Basolo and Pearson2 in 1962, 
with particular_emphasis on the period since the distinction between the trawls-Influence 
and the terms-effect was made m I966 No at tempt has been made to provide a complete- 
ly comprehensive coverage of all papers where the trarzs-Influence has been mentioned, but 

it is hoped that atf papers xvhich have made a major contribution to our understanding of 

it have been mcluded 

B. THEORY OF THE: trans-INFLUENCE 

The earliest theory of the rrans-rnf’luence was the “polarrzation theory” 3. The dipole 
induced m L by the metal M in turn induces a dipole in M, whxh tends to repel negative 
charge in the ~~~~~~~~g~d, A, weakening the M-A bond but not greatly affective ligands 
cis to L (Fig. 1). The maln disadvantage of this theory 1s that it ts essentially an electro- 
static one, while metals for which the trans-influence appears to be most pronounced 
(e g- Pt”) are those which furrn metal-ligand bonds with a high degree of covalency. 

An explanation of the tmns-influence in terms of hybridtzation of the metal was $ven 
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rig 1. Grmberg’s poImzatmn theory. 

Flf= 2 Syrkin’s s c d hybrid orbltah. 

by Syrlun4. En a square planar complex a metal ion rs considered to use %X2_p26s6~_Xpv 
_ hybnd orbit& (Frg 2)_ If a llgand L forms a strong covalent bond with the metal, the 

hybrid orbItal used by the metal in this bond wiI1 tend to contain a higher proportion of 
metal 5d and 6s orbitals and less tip since the orbital energies are 5d IU 6s < 6p_ Srnce L 
and the fIgand frans to it, A, must both share the same s + d hybrid orbitals, additional d 
and s paTtic~~ation in the M-L bond will result in decreased av~lab~~ty of these orbit& 
for bonding by A, which results in a weaker M-A bond. The hgands czs to L use an inde- 
pendent s--d hybrid orbital and would be affected to a lesser extent. Syrkin predzcted a 

slight strengthenmg of the bonds to the cis atoms. The theory can be extended to octa- 
hedral c~rnp~~~es. 

(zz) n-Bonding and the trans-znflftence 

During the 1950’s and early 60% emphasis was given to Mets-lig~d ~~back-bonder 
in discussing the behavior of metal complexes, especially when Iigarrds such as phosphines 
were present which contarn ligand orbitals of appropriate symmetry for overlap witi 
filled metal d,-orbitals. The stability of complexes of such ligands with “soft” metals 
(e-g. ~lat~um and gold) was largely ascribed to ~*back-b~ndmg5. The abxhty of a hgand 
to withdraw electrons from the metal was recognized as possibly being important in 
stabilizing a trvlsition state relative to the ground state in a substitution reaction 2*6p 7. In 
agreement with this hypothesis, ligands such as ethylene and CO, which were known to 

depend on ~-back-bond~g from a met& had hi& trans-effects, and the htgh mm-effects 
of many other ligands, including phosphmes, were ascribed to their n-bondurg capacity. l[t 
was later recogni&d that this explmation could not hold for a few anions with very hi& 
@atis-effects* such as H- and CH,-, wh~h were not n-acceptors. 

It was observed that a metal-phosphine bond was less stable rrans to another phosphine 



338 T G. APPLETON, H.C. CLARK, L.E. lMANZER 

than when D-uns to a hahde. For example, the enthalpies of the isomers crs-PtX2(PRj)2 
(X = halogen) were greater than the enthalples of the trans-rsomersg and lJ( lg5Pt- 31P) 

was much smaller for the ti~~tzs than the cis isomer lo, 1 l. However, this was not considered 
as an exampie of a general D-LUZS bond-weakenmg effect of phosphines, which ml&t be 
linked with their high trans-effect. An explanation was given m terms of competltion by 
the phosphine hgands for avariable d-electrons. In the Crans compIexes the two phosphrne 

ligands had to share the same metal &-orbital SO that the Pt-P bonds were weakened In 
the CIS isomer the two phosphines did not compete for the same metal d,-orbital and since 
metal-halogen bonds were not consldered to have a high X- component, more Pt-P rr-back- 

bondrng could occur, &rving stronger M-P bonds. 
Prdcock et al_ 1 pointed out that the Pt-P bond strengths could equally well, or better, 

be expIained in terms of phosphines havmg a strong o-inductive effect (i.e. high trans- 
mfluencc which does not depend on extensive Pt-P n-back-bonding). Phosphmes would 
thus resemblee H- _ Although n-back-donation would be expected to be less important for 
Ftrv complexes than for Pt If, the ratio J(Pt-P) (crs isomer)/J(Pt-P) (trfzrzs rsomer) is very sirr 

ilar for the complexes PtC12(PR3)2 and PtC14(PR3)2. X-ray structural determinations and 
NMR studies (drscussed below) have since shown that phosphines do weaken bonds tram 
to themselves, lrrespectrve of whether the trarzs Iigand has a n-bonding capacity, and con- 

versely that M-P bonds are, in turn, weakened when the phosphme itself is tralzs to a 
hgand of high trans-influence with no n-bonding capacrty. 

For some ligands (e.g. CO, olefms, which use synergic 0-n bonding to metals) the 

metaLhgand o-bond, and thus the trarzs-Influence of the ligand would be expected to de- 

pend on the availabilIty of metal d,-eIectrons for rr-back-donation. However, rt is now clear 
that metal-hgand n-back-bonding IS less important m many metal complexes than was 

once thought. 

lzzz) Recent discussiorzs of tfze them-y of the tram-rtzflrtence 

Recent theoretical treatments of the bonding in metal compJexes have emphasized the 
maximizing of metal-hgand orbltal overlap. 

A calculation I2 on hybrid orbitals composed of 3s, 3pX, 3~,,, 3dX2 _r~ and 3dz in 

square planar complexes showed that overlap with hgand orbit& was determmed mamly 
by S, s;s, and d,z,2 orbitals (@ making little contribution). When pp was moderately high 
& = effectrve metal atomic charge, p = internuclear distance) the contribution to total 
overlap was in the order pa > s > dx2_y 2. In this hypothetical situation, If a Iigand L 
formed very strong covalent bonds at an optimum value of pp which was moderately high, 
the M-L bond would contain a high proportion of p. and the bond to the tram hgand A, 
less pa. If optimum M-L bonding occurred at low ~.rp, M-L s-character would increase and 
M-A s-character would decrease 

Clearly, these results cannot easily be extrapolated to a metal ion such as Pt” which has 
S42_Y2, 6s and 6~ hybnd otbitals. Langford and Gray I3 emphasize the directional charac- 
ter of the metal pO orbrtals. They examined theoretically a trigonal bipyramldal transition 
staic, and ascribed the high trans-effects of hgands such as PR3, CH3-, and H- to unusu- 
ally large overlap between &se ligands and the Pt 6pD orbital, reducing its availability to 
the trarzs ligand. 
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Mason and coworkers 14, 15 consider that a ligand t wSl have a high tram-influence when 

the V~Ue of S2/AE is large, where S is the overlap integral between the &and orb&d and 
the appropriate metal pa orbital, and AE is the absolute energy separation between these 
interacting orbitals Since they predicted relatively high rrans-influences for ligands with 
good ?r-acceptor properties, e.g. CO and R2C=CR2, whxh were fuund to have low mans- 

mfluences, they postulated that the o-mductive effect was partially canceled by the 

metaI--l&and charge drift associated with the n-back-donation They considered that excess 
charge on the metal may be partially dissrpated, by participation of metal s and d orbitals, 
isotroprcally through the complex grvlng rise to a crs-influence whrch would be relativeIy 
unimportant. An orderrng of lrarls-influence of ligands from relatrve IV-Cl bond lengths m 
square planar Ptll complexes and a somewhat less satisfactory ordering for octahedral d, 
metal complexes supported these conclusions. The conclusion that Pt 6p. character in- 
creased m the M-L bond IS the reverse of Syrkm’s theory, 

The most detailed calculation on the zz-arzs-influence in platinum(I1) complexes was 
performed by Zumdaltl and Drag0 16, who carrred out molecular orbital calcuIations on 
the series ti~~zs-PtC1~(L)(NH3), where L = H,O, NH,, Cl-, H,S, PH,, H-, and CH3’“. 
Their main conclusions were: (I) the Pt-N bond tram to L becomes progressively weaker 
as L changes in the above order from M20 to CH,-, parallelmg the trans-effect order; 
(ii) the Pt-Cl bonds cis to L also weaken III this order to an extent only slightly less than 
weakenmg of the Pt-N bond WQ~ZS to L (l-e,, the czs-influence 1s almost as great as the 
zrans-influence); (iEi) weakening of the bond ti~rzs to L is due primarily to weakening of 
Pt(6s)--N and Pt(6,z_,,z)--N interaction, not to decreased availability of Pt(6p,) (as with 
Syrkin’s theory); (w) metal-phosphine n-bondmg 1s unimportant when L = PH3 ; (v) 
ligands, L, wluch have high zz-ans-effects stabrlize a trlgonal bipyramrdal transrtlon state by 
overIappmg strongly wrth the Pt(6p,) orbItal which is shared wrth the potential leaving 
group (a possible exception is CH,-). 

Conclusion (zz), that the cis-influence was comparable to the zrans-influence, was unex- 
pected, since most previous discussions had stressed the stereospecific nature of the ~rans- 
mfluence. Zumdahl and Drago crted a number of physical observations, chiefly Infrared 
spectroscopic data for czs and zrans Isomers, which supported this conclusion, but the bulk 
of the expernnental data presented in this review indicate that the mczns-influence of a 
l&and is, in fact, much greater than its crs-mfluence. 

1n summary, the concept of metal rehybridlzation induced by a Iigand, L, formmg 
strong covalent bonds with the metal seems to be well established. Theoretical treatments 
have, however, given no general agreement on the particular type of metal orbital which 
tends to concentrate in the M-L bond at the expense of the M-A bond tram to it. Vrbra- 
tional stretchmg frequencies show the existence of the rrans-influence, but provide few 
clues as to the details of orbital rearrangements behind it_ A beginnmg has been made in 
deducing metal hybridrzation from X-ray bond lengths I7 (see discussion later). If this 
interpretation and the explanation of NMR spm-spur couplmg constants in terms of 
Fermi contact (discussed later) are correct, however, the M-L bond gains s-character at 
the expense of the trans-M-A bond when L has a high ~rans-influence. 
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C.EXPERIhlENTALOBSCRVATIONSOf THE rrons-INFLUENCE 

In the fullowmg pages the results which have been obtarned through the use of X-ray 
c~st~ography. v~brati~~~ spectroscopy, nuclear rna~~~~ r~soR~~~, nuclear q~ad~pole 
resonance and photoelectron spectroscopy wili be discussed in turn, Correlations and dif- 
ferences betseen the OWZ~-influence series obtained by these different techniques wrll 
then be dIscussed_ 

If a bond M-A WFZS to a &and E, is ““unusually long” compared with the sum of the 
covalent radii, or with ‘“normal” bond lengths found in other crystal structures, a h&h 
trans-mfluence IS usually ascribed to the &and L (on the other hand, ccunusually short” 
M-A bond distances have often been ascribed to M-A multiple bonding18). 

Mason and R~ndac~i~ I’1 however, have pointed out the ~adeqna~y of using a fmed 
‘“hard-sphere”’ metal covalent radius for different types of ligands. Rather, the metal eova- 
lent rddrus vanes accordmg to tht particular metal hyb~dizatio~ whrch provides rn~~um 
metal-hgand overlap. They concluded that, m general, for the metals considered, metal- 
phosphors bonds require more metal s-character for m~~urn overlap than metal- 
chlorine bonds. 

Some other factors that should be taken into account are. 
(r) Differences rn lengths of a bond W-A caused by variation of a rrans-&and L are 

smalf and often of the same order as the experimental error rn bond length determination. 
(II) Intermolecular interaetrons in cryst& can appreciably affect bond tengths SQTU- 

ficant vanations can occur in different crystal statures of the same compound 1g*20 and 
by changing the counter-ion 20. Bonds whi ch are chemically equivalent in sohttion but 
which are crystallographxcaliy distinct (t.e., not related by symmetry m crystal lattice) 
often show significant differences in lengthZf+? 

(zir) ~~tr~o~ecular steric effects can subst~t~~y affect bond lengths, for example, in 
the ion 0sNC15 2-, the OS-Cl bond O-~11s to the mtrido ran IS srgruflcandy longer than the 
cis &-Cl bond lengthsZ3. 

(IV) Many of the earfter X-ray method structural detestations were tw~d~eusI~u~ 
only and were not suffclently refined to provide r&able bond length data- 

Some of the conclusions reached from earlrer dete~~atious have been shown to be in- 
correct by the more accurate apparatus and techniques employed today. For example, the 
LnitiaI ~e~e~~nat~on 24 of&e structure of ~~~(~~~~~~~~~~ showEd a si~~~~~y short- 
er Co-N bond trans to Ci compared with the bonds trnns to NH3, but a more accurate 
determi~at~~~ 25 showed that thus was not so, Many other earlier results, such as the bond 
length of 2.7 w reported 24 for Pt-Br tr4zfls to NH, in K[PtBr,(NH~)J *H,O have aIS0 
been called into question 21. 

Qrle important crystal structure with an interesting history is that of Z&e’s salt, 
~~FtC~3{C~~~~~ * I-&$3. From earlier tw~d~e~s~o~~ st~ctur~ ~ete~at~~~s~7 it. wi?s 
concluded that the Pt-C1 bond t~~rzs to ethylene was significantly longer than the other 
two Pt-Cf bonds. A redetermination of the structure2t showed that, after allowing for 
thermal mot&, this bond RO longer differed significantly from one of the cis bonds. 
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A more recent redetermination using a dffferent space group ** suggests that a significant 
difference does exist between ci‘s and trans Pt-Cl bond lengths (2.305 and 2.327 ,k res- 
pet tivdy)* 

Despite the substantral agreement between some independent deterimnations on the 
SZUII~ compaurrd carried out nearly simultaneously (e.g,, for the black form of [Co(NO)= 
(NH&]C12 (ref. 29), @ans-PdCIz(DMSO), (ref. 30) and cis-FeH2 (P(QEt),Phj 4 (ref. 3 1)) 
the crystal quafrty, and the details of data c&e&on and refinement used by different 
workers can affect details of tie structure. 

Crystal structure determinations whrch tend to provide the Ieast ambiguous information 

on the relative #ans-influences of ligands L and L’ are those on complexes of the type crs- 
MA,LL’, which provtde two different M-A bond lengths. Results from a number of such 
studies are fisted in Table 1. Structural determznatzons of isomeric pazrs, e.g., cis- and 
OWZS-M A2 L, , all ow comparisons of the trarzs-influences of A and L. Similarly, determina- 
tions of very closely related complexes such as tr~s-MltAX2, where L is chaged, provide 
a quantitative comparison of the trams-influences of L. These results are listed in Table 2 
together with some rsolatcd crystal structures showing ~~unus~~~y long” bond lengths, 

By companng Pt -Ct bond lengths in a number of Pt I1 complexes, Mason et al. x5 have 
placed a number of ligands in order of their structural fpans-influence, R,Si- > H- > 
R3 P > H2C=CH2. Cl- > O(acac). This order was correlated with hgand electronegatlvities 
and cumulated overlap ~~t~veen &and and Pt@&). Since many Pt”I-Cf. bond lengths are 
avaiiable for comparison, this ordering is probably vahd, though it would be preferable rf 
the compounds consldered were structurally analogous, e.g , all of the type ~IWWP~C~L 
(PR3)2- From the results m Tables I and 2 the series can be extended somewhat to give 
an order of structural ~~~~z~-in~uence. R,Si- = cr-C cv H- > carbenes = PR, 2 AsR, > 
CO = RNC = C=C = Cf- = NH3 > 0 (acac). It ES clear from Tables 1 and 2 that the stmeturd 
frans-influence is by no means limited to square planar complexes of Ptlr. Significant ef- 
fects have bden observed m square planar R.hr, Ir’, PdII, Nl*I and AuIEi complexes, octa- 
hedrat Fe I*9 G@, RegBr, OS~, C@, Rhfig, Ir”I, and PtW complexes and square pyramidal 

Crl co~~plexes. Many other metals wtil probably be Included when the necessary st~ctur~ 
data Irave been obtazned. Until tiere is definite evidence to the contrary, it is dangerous 
to assume that the tmrrs-influence is completely absent III metal compIexes8g, 

Mason and Tow1 I4 have attempted to determine orders of structural eapzsinfluence for 
PtWz I+, RhrU and CczfIt, but therr ground IS much less firm here than with I@_ They 
propose that the relative lengthenmg of a given metal ligand (A) bond, expressed as a frac- 
tion of the value of the bond length when the tram ligad is A itself (or if thus is not known, 
as a fraction of the sum of &e covalent radiE) is a measure of the trans-influencing ability 
of the ~~~~-~~~~d L’. ft is d~~~cu~t to see why this should provide a valid G~t~rio~~ since 
if A has a hi& pans-influence itself, the M-A bond IXZNS to A would be expected to be 
longer than M-A RWZS to a ligand of low mans-influence; such as Cl- {e.g., R-P distances 
fiefs. 18,70) in cis- and lrarrs-PtClz(PR&). The problem is tiustrated by the structure90 of 
KS ~~~C~F~~~o~~~~~~. The Co-CN bond arums to HC$Q-, 1.927(W) A is s&My 
longer than that trans to CN-, 1.894(14) a This enables one to decide that -CzF4H- 
has a high trarrs-influence comparable to or sIightly greater than cyanide. But since the 
@ans-influence of the cyanide ion for ColIx relative to o&er ligands is not known from 
other crystal structures, it does not allow one to place --C2FqH- relative to ligands such as 
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TABLE 1 (continued) 

(hr@ex 
__I- 

M-A’ 
bond length 

% 
--_- ---_-~ -_ .P 

Lgpnd mr~s M-A2 Llgand tram Ref, 
to A’ lmnd length Q to A2 

---- - --_-_-_---- - -_-.+_- 

(acaclPt ~=CH-=t2 
HPt (acad 

I$-CH=CH, 

k-0 n-C=C R-0 0 Cf-12 46 
1 98(2) 2.07 (2) 
1.99(2) 2 07(2) 

S 
I ‘Pt’ 

PPhj 

S/ 
C’ ‘PPh3 

IQ-Cl n-C=C 
(mean) 
2 37(l) 

h-P S Pt-P C 
2 240(15) 2.346 (10) 

f’t-Cl a-a 12 
(mean) 

2 49(l) 

46 

45 



TABLE 1 (contmued) 
--_ -- --_&_I -.1.-s -- 

Complex 
M-A’ Ligand frurrs 
bond length to A’ 

M-A2 
bond length 11 

Llgilnd fh?FZJ Ref. 
to iI* 

B-- --l_I-_- -_-- * _  
__ _ __ ” 

-.. _- r -- 

I’d-S 
(chelatc) 
2.35 

s Pd-S 
(chelo te) 
247 

PPh3 47 

Ml3 
'C-C 

HMe 
_N@ bN_ 

---Pd/ 

Cl/ 

d 
0 

< 

PPh3 

Me If Pd/ 
‘I ‘Cl 

NY 
Me 

I’d-N 
2*00 (2) 

Cl 

I’d-C 
2,14(3) 

Cl 

I’d-N 
2 11(i) 

O-C 

Pd-C 
2 28(3) 

PPll3 
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other IT-C bonded groups. Another difficulty is that different “indicator” groups miefit 
have different sensitivities towards the struct~_~ral trans-influence. In a metal carbonyl bond, 
the effect of synergic 0-n bonding on the M-CO bond length could well outweigh changes 
induced by variation of the trans-influence of the ligand bans to CO. It is consequently 
difficult to rnterpret a result such as the obsergatlon of essentially equivalent Mn-CO 
bond lengths m HMII(CO)~, and small variations in ~~~~~~ in related complexesgua. Frenz 
and Ibersgoa have suggested that in these complexes CO has a slightly higher notes-influence 
than H-. 

Et thus appears premature to attempt a fine grading of lrgands until more structural data 
are avzulable; m particular, rather extensive series of M-Cl bond lengths *QUS to different 
ligands. For all of the metals studled it appears quite clear that o-alkyl groups have a high 
structural trap=-mfluence; and that halides and nitrogen donors have low zrans-influences. 

An exceptIon to thrs rule appears to be the o-C bonded pdlketonate hgands, m Ptw 
complexes both in monomerlc44a and drmer~c44b~c complexes, smce Pt-CH, bond lengths 
~Q?ZS to these hgands are not significantly different from Pt--CH3 bond lengths rruns to 
N- or O-donors. This contrasts with the apparent high rrans-fnfluence40 of the C-bonded 
acetylacetonate in Lc[Pt(acac)2C1]-“. 

A rather unexpected result I4 was obtained from the crystal structure of the complex 
RhCI,(py), IP(~-tolyl),(cr-C6H4-CH2)1- The a---N drstance r~rzs to P IS not szgnificantly 
different from that n~rzs to Cl, which suggests that the phosphme has a low structural 
malls-influence for Rh III. (Arsines, which in Pt” complexes have a trans-influence slightly 
less than phosphines 37y 3 * , appear to have a moderately high narzs-influences6 for Rh’*‘.) 
More data on the structural trQ?ls-Influence of phosphines for Rhil’ would be helpful. 

For Co III, Cl-, NH,, N3-, and NO,- al1 appear25y62*63 to have similar low structurd 
rrarss-influences, wrth peroxlde showing a slight @ins bond-weakening effect65. NO- ap- 
pears to have a hl& structural @arzs-influence 2ga 85 for CollL, and from the structures of 
vitamm B12 denvatives and analogues I49 20?g1, the methyl group and other o-C bonded 
groups have a high frons-inffuence in complexes of this type. 

Results on PdII complexes7* suggest that phosphines have a high structural truns- 
influence comparable to that in Ptrl complexes- The complex45 Pt(CS,)(PPh3), provides 
an example of an apparent structural tvarrs-influence in a formally PtO complex.The 
Pt-P bond Cstn2t2~” to the carbon atom is sigmficantly longer than that “axons” to S, The 
authors suggest that tlzs is due to more efficient overlap of metal d, with carbon prr orbi- 
tals than with sulfur p, orbital, gwing rise to less Pt-P 7r-bondxng in the bond tr~ns to C. 

The crystal structure 68 of GaCl,(terpy) apparently mdrcates a significantly higher 
frarzs-influence for Cl- than for terpy-N, the first observed for a main group metal ion. lt 
is, however, unfortunate that steric effects cause a considerable difference m the two 
Ga-Cl bond lengths cis to terpy, leavu-tg the possibility open that part, at least, of the dif- 
ference between Ga-Cl bond lengths CLS and rrans to terpy may also be steric in origm, 

While X-ray structural data have been extremely useful in providing many examples 
of the structural titans-influence, reliable quantitative comparisons between ligands will 
only be possible as crystallographers systematically determine the structures of closely 
related compounds- Some series which could be profitably extended are [CO(L)(NH~)~]~+, 
rrans-PtCi(L)(FR& and [Cl(L)PtC12Pt(L)Cl] - Since it IS synthetically possible to prepare 
many analogous complexes of Ni’I, PdIr and PtII, systematic comparisons of tie structural 
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trans-influence for this triad should also be possible. 

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 vlbratlonal spectroscopy, force constants are not available and stretchmg 
frequencies are used mstead, it being considered that a lower M-A stretching frequency 
corresponds to a weaker bond Even where force constants have been calculated, the phys- 

ical slgnrficance of the results has been questioned for all but the simplest moleculesg2. 

Qne difficulty which occurs when the reIatlve lrans-Influences of donor atoms of very dlf- 
ferent masses are examined (e.g*, Cl-. Br-. I- , PR,, AsR,, SbR,), arises from the possi- 
bllity of a mass effect on the “indicator” frequency of the vhf--A vibration_ As the mass of 

other ligands L attached to M increases, the “effective mass” of an -ML, unit ~111 in- 
crease, wluch wdl tend to reduce “h[_A even if the M-A force constant does not change. 
This is occasionally consldered a possible source of some “clS-mfluences”93 and Lcr~~~s- 

influences” g4 but IS often ignored. Interpretation of M-A stretching frequencies 1s also 
complicated by the possIb&ty of vlbratlonal coupling between vhl_* and other molecular 
vlbratlons. From tie normal coordinate analysis of PtC12(NH3)2, Nakamato et al.95 SUg- 

gested that almost no couplmg exists between various vlbratlonal modes m this complex_ 
Most authors consider that vlbratlonal couplmg can be Ignored provided that the frequen- 
cy v&l-A is well separated from that of other vibrational modes that are 1ikeIy to couple, 
especially when M is a heavy metal like plai,,rum g6- An example of vlbrational couplmg 
where this condition 1s not met is provrded by Yhl_H when the hydride 1s zrans to CO 
(refs. 97, 98), RNC (ref. 97) and CN- (ref 99) 

Another problem arlses from lattice effects on vlbratlonal modes when the spectra are 
obtained from sohd samples. The spectra may then contain bands which are not observed 
for solutions loo, and additionally sohd state effects sometimes cause band sphttings lol_ 
On the other hand, close agreement 1s often found between spectra measured for sohds 
and in solutiong4y lo3. In i omc complexes the counterGo can also have an effect on the 

metal-hgand stretching frequency2*T lo3 

(a) Metal-halogen stretchrng frequencies 
PlatinumfII) complexes. Complexes of platinum(U) and platinum(IV) have been more 

thoroughly studied by vibrational spectroscopy, or indeed any other technique, than those 
of any other metal, at least as far as examination of trans-mfluences 1s concerned The 
largest group of platinum compounds studied are halide derivatives, m which variations of 
vPt_X (where X = C1 or Br) with changes in the ligand, L, rrans to X are interpreted m 
terms of the pans-mfluence of L. The assignment of Pt--I stretching frequencies often 
tends to be difficultgz and these frequencres do not clearly show the same trends lo4 as 

and vpt_ r. Complexes of the type trarrs-PtL2XI, where X = Cl or Br, 
Z;$, 95,105A7 only a single Pt-X stretching band in the far infrared region, whose 
frequency IS vntually independent of L (ca. 340 cm-l for X = Cl and ca. 250 cm-l when 
X= Br) except for L = NH, (33 1 cm-l for X = Cl and 227 cm-l for X = Br). These low 
values for amine complexes have been attrrbuted1*5 to intermolecular hydrogen bondrng. 
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Piatinum-chloride stretching t’requencres <CRI- ) and the tram-tnfbence Q 

A 

B 

c 

D. 

CO (344) (ref. 97) I r-BuNC (34 I) (ref 97) 1. Cl- (340) (ref. LOS) C Py (33 7) (ref. 114) 5 p- 
MeOC&4NC (335) (ref. 97) < P(UPh)a (316) tref 97) z P(OMe), (316) (ref, 97)< SnCl~- 
(315, PPh3 compLeeu) (ref 112) < CGFs- (310) Ctefs. 115, 116) < AsPh3 1(3061 (ref. 114) c PPh3 
(298) (ref. I. 14) z SnPlq- C298, PPh3 complex) (ref 112) rig. PEt3 f295) (ref, 97) < PbPhs- 
(286, PPh3 compfeu) (ref. 112) < Snhiea- $278, PPh3 complex) (ref f 13) < CH3- (274) (ref. 
105) N SlC13-- (274*) (ref. 110) czS1(Cgf5)3” (276*) (ref. 110) L SnGt,‘- (272*) (ref. 110) 
( CbHs- (270) (ref. 105) (l-l- (269) (ref. 10.5) C GePhs- (263*) (ref. 110) < S1@-CaH,qCF3)3- 
1(258*> Cref 110) N SI~~C~H~CF~)~- (258*) (ref 110) < SIC~-C&&~)~- (256*1 (ref. 110) 
N SI@-C&~F)~- (256”) (ref. 110) L~ZL Sr(nr_C,~?l~C1)~- (256*) (ref_ 110) < SI(!?%C~;H~~MC)~- 

(255*) Cref 1 fO> r; w.p-c~N4C1)3-- (253”) (ref 110) < S1Cm-QH4F33- {2SO*) (rcf fJ0) r; 
GehfezPh- (248’) (ref. 110) C SrMezPh (243,“) (ref. 110) 5. SIPII~- (239*) {ref- 110) = 

Sr@-C~H40tUe)3- (239*) (ref. 110) z SI@-C~~-I~NBI~~)~- (239*) (ref. 110) I Sr\lea- (238) 
(ref. 111) I, Gehies- (235) (ref. 111) 

Compkxes ofrk rype CIS-PKC~L~ ~~~e~~fre~l~e~c~~s~ 

Phen (347) (ref, 117) < bipy (345) (ref 121) < py (336) (ref. 105, 128) t2t SMez (336) (ref. lO7) 
< COD (327) (ref- 105) (en (325) (ref_ 119) 2~ SeEt2 (325) (ref. 105) LI. SEt2 (324) (ref 105) 
< NH3 (321) (ref- 95) 5 NH2CH2CH&H2NH2 f3 18) (ref. 124) < Ph2PCMTPh2 (3 15) (ref 122) 
s PhZAsCH2CEfzAsPh2 (3f3) Cref 117) < PPh3 (305) (ref 117) z Ph~FCH~CH~PPh~ (305) 
tref L 17) 5 AsMe (303) (refs- 92, 120) z SeXfez (303) (ref.. I.071 N SbMe3 (303) (ref. 120) 
L; AsCt3 (301) (ref. 20s) < AsPr”3 (298) (ref 105) (SbPr”*s (296) (ref. 105) 5 PEt3 (294) C&s* 
106, 107, 115) C Teiklez (293) (ref. 107) = TePfl2 (293) (ref. 105) 5. T&t2 (292) (ref. 105) N 
PWz3 (292) Wf 105) 5_ Phle3 (290) lrefs 94, ‘120) 

Thus, any czs-influence of L on ppt_x IS smaif. 

As shown in Table 3A, vPt_C1 stretching frequencies in the complexes ~~Q~s-P~XC~L-, 
indicate lo% 108q log that X = I-I-, CW3- or CGH,- has a high ntins-influence; this 1s also 
true for cases where R contams a Group IV metalloid, so that groups such as SiMez- 
have ~~~~-in~uen~es L1*-1t3 higher than H- or CH,-, The values of L+~_~ m a series of 
CXIB~~~P~~X~S *as-[PtClL(PEt 
by infraredg7 and Raman IL 2 

)2]‘CIO,-, where L is a neutral Zigand, have been determined 

(295 cm-1)g7 
spectroscopy. Since vPt_cl in *atis-[PtCZ(PEt&] Cl04 

is comparable to that I15 
PtCL(C6F5)(PEt,), (302 cm-l) IiS* $16, 

in cis-PtCI(C6H5)(PEt3)2 (290 cm-l) and cis- 
xt appears that data for catmnic and neutral Pt” 

complexes can be integrated, hence g&mg the bans-mfluence series shown in Table 3A. 

It will be noted that the magnitudes of the changes in up,+ are greater at the hi& fops- 
influence end of the series. Also, note that the low value 115* of Ypt_cI in frmzs-PtC1(SiPll~~ 
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(PMe2Ph}7 (239 cm-l) appears anomalous by comparison with other ary%--silyl compIexes, 
~~o~~ given t)le slly~-p~~t~num series there IS a general trend for f.lre ~~~~Zs-~R~~e~c~ _to 
decrease as the ~~~~~ron~gat~v~t~ of the sllyl substltuent mcreasas, However, electronegati- 
vity alone does not dmsmine the mm-influence of MXs-‘, since the mm-mffuence order 
is six,- 2 GeX,-- 3 snx,-, which IS not &e order which wcruld be predicted from eiec- 

tronegativi ties i 1 O. 
Campiexes of the type c&PtCZzL2 shaw lo5 two B--cl stretching absorptions ccxreu 

spending to the asymmettic (htgher frequency) and the symme-tric {lower frequency) 
stre~~~~~ modes.. These frequencies, and hence presumably the rnet~-~~~~or~n~ bond 
strengths, are very dependent on the nature of It, as seen in Table 3B, and thus a mm- 
i~~~~c~ series r.s obtained. There is some disagreement about the ~ss~~m~nt of ~~~~~~ 
in the complex PtCQn. Bcrschi et al. 1 l9 assign the Pt-Cl stretching modes to bands at 
334 and 315 cmM1, while Watt and Cuddeba~k~~~ assign them to bands at 3 I 1 and 290 

cm * I. The hia&er-frequency assi@ments seem mare compatrbfe with that expected for a 
nitrogen donor and are in agreement with the r+t_CI frequencies observed 123 for the close- 

ly related complexes PtCla(substltuted trlmeth~~enedIam~~e) (e.g.* 325 rurd 3 12 cm-l 
for PtC12(NI12CH2Cf12CH?NH~) (ref 124). 

Where frequencies for Y 
are observed 92, l(LI, lo&l I$!8 

are available for the complexes crs-PtBrZ& similar trends 
to the chiorldes Again there are same disagreements over 

assigriments; Adams et aI- lo5 and Clark and Ws..&ams L25 assigned I+~_~, UL ~~~-Pt~r~(py)~ 
to the bands at 219 and 2 1 I cm- I, compared WI& 253 cm-l in the zrans isomer- How- 
ever, Durig et at, 1318 showed that the spectrum near 250 cm-1 was complicated by -the 
presence of a Pt-N stretching band, and by using the deuterated pyndine complex assigned 
the Pt-Br stretching modes to bands at 252 and 235 cm-l, thus removing an anomaly, 

En considertng this series, several possrbie eomplicatrons should be noted, (r) inter- 
molecular hydrogen boncbnp, may affect %t_Ct frequencies when L contarns N---H bonds 105 
(~~~~ Durig et af. lXi consider &IS ~n~~urt~~ tn related ~~~~di~~ c~mp~~~~s); fir) 
vlbratlonal coupling may affect the results where I+,~_~ has a frequency slmllar to that of 

?‘t--X9 e*g 3 %‘t-Ash& is thuu&rt to be of the same orderg4 as u~~..__~~; (lri) with heavy 
donor atoms such as Sb or Te, mass effects as well as tlctud changes m bond strength wlfl 
lower I+~_~_ Note also that fur the ~rgan~s~~~~r and or~~~s~le~ium complexes, the 
results suggest an appreciable substltuent effect; for the dimethyhzhalcamde series, the 
~~~~~~-~~~~n~~ order is S < Se < Te, which paraIl& the order af M-L bond strengths l*7, 
wfiile for the diethy‘i series, the order is Se 5 S < Te. Adams et rrl. lo5 noted that COD 
had a low mm-influence despite its high trwzs-effect. 

For the ions PtCl, L-, three met&-chlorine stretching bands are expected, the asym- 
metric a.nd symmekic s&etching of the Pt-GI bonds MS to L, and stretching of the Pt-Cl 
bonrf trons to L. However, the two EI pt_clfcis) bands are ustrahy a-lmost corncident and ex- 

cept for L = CO (343 cfn-I), their frequencies are i~s~nsit~v~ to L (i e-, usu&ly 329 t- 
4 crx-1). Tht? Lp t_CI. (warzs) frequency vartes with L as shown in Table SC,. 

Far Zeise’s salt, K[PtC13(C2H,)]* H,CI, bands observed at 339,33 1 and 3 10 cm-l 

have been assigned to tt pt_cl (cis) (~s~~~, ~~~~~~ @&) (synz) and vpt_cj &&I r~spe~~~v~~y Ia8 l 

The force ~onst~t~ of 1.82 and 1.78 for Pt--Cl ((cis) and Pt-Cf (trans), re;spe&vely, ob- 
tained from their normal coordinate analysis, suggest a slight @ass-bond weakening effect 
by ethylene. 
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Denning and Ware l 2v studied the Raman (in aqueous solution) and sohd state infrared 
spectra of the ~IIDIS [PtClj(NH3)j- and fPtc13(CO)]-_ For the former, all the Pt-Cl 
bands were degenerate at 325 cm- 1; this places NH3 at the low end of the mans-influence 
order given m Table 3C_ In rough agreement with Goodfellow et al. 1275 [PtC13(CO)]- 
gave z+,~_~~ (cis) at 344 cm-‘, and ZQ,~_~~ ~mns) at 318 cm-l. From the calculated force 
constants, strengthening of the Pt-Cl (ccs) bonds in [PtC13(C0)3- relatwe to the same 
bonds in the ammine complex is at least as important as weakenmg of the Pt-Cl(frans) 
bond by the frarrs-influence of CO. This crs-influence was attributed to an increased posi- 
tive chars on platmum due to electron wlthdrawal from Pt d-orb&& to CO vra n-bonding. 
On the other hand, Go&n and co-workers g2, from the Raman and infrared spectra of 
[mflq] [PtX,L] (where X = Cl-, Br- or I- and L = PMe,, AsMe,, PEt, or AsEt,), ob- 
ttined experimental values for the ratzo vPr_x (ci~) (~syrn)l~~+~ (frarrs). Comparison with 
values calculated on tie basis of a very simple valence force field assumrng both Pt-Cl 
stretching force constants are identical, showed that the force constant for the Pt-Cl bond 
rrans to L was different from that for the Pt-Cl(crs) bond 

Several workers 92,94,1~~,1~2,104,130,131 h ave examined the vlbrational spectra of the 
halogen-bridged dimers P$X,Lz, which have a @ans-structure I with the metal atoms and 

L , ,xbr\ lxt 
NPt\ 

xt 

bridgiy halides coplanar 37 Assignments are based on those for the simple anions96 . 

M2X6 -. In general, three Pt--X bands are observed in the infrared spectra, the highest- 
frequency band corresponding to strstchtig involving man~ly tke ternunal halogens, 

uPt_XCt). The remaining two Pt-X bands are associated wrth Pt-X,, stretchrng, the higher- 
frequency one being almost insensitive to L, while the lower band varies widely as L IS 
changed. These two bands are thus assigned to R-T+& stretching involving the bridging 
halide trans to X, and frans I;O L respectively. For the lrgands so far studied lCQg 104 
vpt_cl~t) varies from 330-368 cm-l although the value of 330 cm-l for p-toluldine 
seems anomalously low, perhaps owing to N-H-.-..- CL bondmg; if this case IS ignored, the 
range is small, only 347-368 cm-l _ +_CICbrj tans to Cl- varies over the range 
3 12-33 1 cm- 1 and r+,t_C1(br) flms to L over rhe range 257-30 1 cm-l, and from the 
latter the rrans-mf’luence series shown in Tabie 3D is obtained. Where data are available, 
this order is substantiated by +t_&(br)_ 

Adams and Chandler lo4 noted that this ordenng was srmrlar to that obtamed for CIS- 
PtXzL,, except for the posltion of the tellundes for whrch the assignments are uncertam. 
Goggm and co-workers lo2 considered that mixing of Pt-Cl and Pt-L modes could be 
important, at least for L = AsMe,, 
from this ordermg of ligands- 

and cautioned against drawing too definite conclusions 

P&zdium (11) complexes PaIladlum~II) complexes analogous to many of the platinum(U) 
complexes drscussed above have been examined: trans-PdXZLZ (refs. 92,93, lCkj, 107, 
1 IS, 118), cis-PdX,L, (refs- 92, 94, 106, 107, 118, 120, 126), PdX,L (refs. 93, 127), 
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Pd2X4~ (refs 92,94, 100, 102, 104), and trans-[PdCIL(PR~)2]f (refs. 132, 133). In 
general, the results are very simiiar to those obtained for the corresponding platinum com- 
plexes; the rrans-mfluence orders of hgands are similar, and the magnitude of the effect on 
Pd--X stretchmg frequencies is comparable, although occasionally the trends are less well 
defined for palladtum complexes lo3. This may be due to greater vibrational coupling 

through the lighter Pd atom 

Meke1(11) complexes. Various workers lo69 Ii57 134-137 h ave examined the Infrared spectra 

of complexes ramNiX L2. A smgle W---X stretching band :S observed in the range 400- 
410 cm-I for X = Cl-, and 3 1 O-340 cm- I for X = Br- . The only cis planar complexes 
NrX,Lz whrch have been examined are those of chelating phosphines Two M-Cl stretch- 

ing bands are observed for NiCl?_Cdlphas) 134 at 330 and 320 ~rn-~. These frequencies are 
conslderably lower than those obtained for the trans-compiexes indrcating that the tr~ns- 
infIuence of phosphines is much greater than that of Cl- for square planar nickel(II) 
Similarly Ni-Br stretching bands occur at 264 and 250 cm-’ in Ni13r2(diphos). 

Platirzzmz{W) complexes Ruddick and Shaw lo83 lo9 found that ~(Pt~~--Clj was h& when 

iram to Cl- (e g , 332 cm-I in II) but low frays to a methyl or an acetyl group (e g., 242 
and 265 cmU1 in III, 244 cm-l in IVa, 243 cm-l in IV%). 

II IV 
(a) R=Me 
Ibl R=COMe 

Iridirrm(~II] cuntpiexes. Jenktns and Shaw 138 first noted that uLr_cL in rridlum(II1) corn- 
plexes depended mainfy on the ligand tram to Cl- and relatively little on the czs lrgands. 
This has been confirmed by subsequent work L*I* 13g-142. Frequency ranges are given in 
Table 4 for those hgands for which a Iargc number of complexes are avarIable. Deemmg 
and Shaw lo1 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 trans-mfluence. 

PMe2Ph 

Rhodium(IIf) complexes The Infrared tmns-influence has been studled less extensively 
for Rh”l Titan for I@. Data that are avadable suggest that vRh_C1 is S&ISitiVe to changes in 
the @and trans to CI-. For example, in the complex VI, ZJ~~_~ (tram to CO) occurs i43 

at311 cm-l , vRh_C1 (fifzns to -Cobk) at 230 Cm-’ and in VII, VRh_CI ctrans to Co) at 
307 Cl-b and VR+ci (#i7HS t0 -C4H7) is at 245 CIII-‘. 
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TABLE 4 

Effect of tram h~zmds on tidium-chlorme stretching frequencres 

TTkans 
IigaTldS 

a- 

co 
COD 
PR3 or AsR3 

u(ir-Cl) 

303-335 
297-327 
290-305 
262-290 

Tnlns 
hgands 

CHS- 
H- 
cocx3- 

u (k--Cl) 

255-270 
246-249 
215-247 

TABLE 5 

Zkns-mfluences of groups R from Ir-Cl stretching frequencies 

R 
YUI-Cl) (cm-‘) 
rIzK!T to lx 

v(Ir-Cl)(cm-~) 
fram to CO 

CH3SO2- 284 325 

NCCH2 - 280 309 

PhS02- 278 324 

p-h¶eC~H~SO2- 276 327 

hle02CCHz - 274 312 
CCls- 272 320 
Ph- 271,251 315 
hle- 260, 248 303 
PhCO - 255,242 299 
mN2 - 248 311 
MeCO - 245 314 
EtCO - 240 310 

?Me,Ph 

MeCO, i,Cl 

COKRib 
PMe2Ph 

Vi 

Y2 
Me-C AsMe2Ph 

‘CHJ Cl 
‘Rh/ 

oc’~s~~ Ph 2 
VII 

Gold(I) complexes. Coates and Parkm 106 noted that vAu__Cl in the complexes L-Au-CL 
decreased m the order PPh3 (329 cm-l) > Me7S (324) > Me, As (3 17) > PEt, (3 12) Y, 
PMe3 (3 1 l), which is then the order of Increasing rrarzs-influence, although the frequency 

for VAu--C1 trans to PPh, seems anomalously high_ The overall frequency range IS small so 
that the effect of the trans lzgand on vAu_cI is less pronounced than for other metals It 
should be noted that the results of Goggin and co-workersg2 for MesPA~C1 and Me3AsAuCl 
show a sigmficant difference between solution and solid state v&es for vAu_CI in both the 
infrared and Raman spectra [e.g., in the IR spectrum af the PMe, complex, VAU_CI for the 
solid was assigned at 3 I 1 cm-l and for a dichloromethane solution at 328 cm-l ) so that 
these frequencies are also somewhat sensitive to the environment of the molecule. The val- 
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ues Of VAu-Br obtamed lo6 for the complexes LAuBr also show some anomalies but when 

a correction g7 is made for the assignment for VAu_~r 

that for vAu_CI (Goggin and co-workersg2 
in PMej Auk, the order is similar to 

consider that there must be significant mixing 
between “Au_ur and 6 (PC, )slw* in the trimethylphosphme complex) 

GoZd(hY) complexes. Coates and Parkm lo6 also examined the mfrared spectra of some 
gold(W) compIexes, LAuX,. In pyAuC13 a peak assigned to ~~~~~~ is observed at 365 

cm-l with a shoulder at 357 cm-‘, but for Et$‘AuC$ bands are observed at 370,301 
and 29G (shoulder) cm- I_ Clearly, the low-frequency band m the phosphine complex 
corresponds predominantly to Au-Cl stretching involvmg the Cl- ttzrrs to PEt, . AnaIogous 
results were obtained for the bromide complexes (264 (sh) and 26 1 cm-l for vAu_Br in 

pyAuBr3; 263 and 215 cm-l in Et,PAuBr,). 
Llddfe and Parkm 144, from the IR spectra of a number of aryl-gold@) complexes, 

found that YAu_Cl tram to phenyi or substituted phenyl groups was very low. For exam- 
ple, in [NBu”, ] ] PhAuCl, 1, the rnutualiy tram Ci- Iigands give bands at 365 and 332 

(weak) cm-l, whrle vAU_cl trans to phenyl occurs at 280 cm-r. Complexes cis-AuPhC12L 
give two Au-Cl stretching bands. For L = SP? 2, they occur at 328 cm-I (tram to SPr”?) 

and 294 (mans to -C6H5) and for L = PMe,Ph at 3 10 (tram to PMe2Ph) and 286 cm-l 
(truns to -CgH5). 

Rutheniitrrzf1l) compZexes Lupm and Shawl45 found +&at yRu_C1 fell mto three ranges, 
347-299 cm-l (h-am to Cl-), 3i l-266 cm-l (n-arts to CO) and 262-229 cm-l 

(tram to PR$. For example, for the complex VIIIa, u 
cm-l 

Ru_Cl (tra?zs to CO) occurs at 288 
and 229 cm-r (lr0n.s to PMe,Ph) For the AsMe,Ph analogue VIIIb vRu_CI (tr~ns 

Cl t_ co 
‘RUN 

Cl’ 1 ‘L , 
L 

VI11 
(al L= PMe2Ph 
(b) L = AsMqPh 

Y 
=I, I I 

L 
05 

L’ I ‘L 
CI 
IX 

to AsMe,Ph) is at 270 cm-l although v RU_C1(trans to CO) is very srmilar (293 cm-‘)- 
This suggests that arsines have lower tram influence for Ruil than phosphines. 

Os?nzunl(II) complexes In osmium(I1) complexes Chatt et al. 146 found that vos_u 
(tram to Cl-) occurred in the range 290-3 13 cm-1 and ~~~~~~ (trans to CO) in the range 
277-305 cm-l. In the complexes IX, where L = PR, and Y = CO, N,, RNC, PhNC, two 
~o~_cl bands were observed The low-frequency band, 248-272 cm- l, corresponded 
mainly to ~~~~~ (trans to PR,) and the h@rer-frequency band 278-307 cm-l mamly to 
uos-cl (tram to Y). By varying Y through a series of complexes IX and ordering the mean 
OS-Cl stretchmg frequency, a trans-influence order for Y was obtained: PhNC, MeNC > 
CO > NZ_ 

It was noted 145 that the ranges of yos_cI tram to parbcular ligands were close to or 
slightly lower (as expected from the mass effect) than the correspondmg ranges of vRu_CI_ 
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?hnunr(II) complexes Chatt et al, la79 148 first noted that vPt_H in the complexes &~UIIS- 
PtHX(PEt,)z was very dependent on X, decreasing wrth rncreasing puns-effect of X. Sub- 
sequent work has verified this finding for these 14g and analogous series of complexes 
nmzs-PtHXL,, where L = PPh3 (refs 150-l 53), PPh,Me (ref. 154), PEt, (ref. 155) and 
AsEt (ref. 156)_ A corresponding dependence of L)pt_H on L’ was found for the cationic 
complexes narzs-PtH(L’) L2+, where L = PEt3 (ref 97), PPh, (ref. 153), PMePh, (refs- 
154, 157) and AsEtS (ref. 156)_ For the carboxylate complexes rrans-PtH(02CR)(PEt,)2, 
a linear relationship between JPt_. , TV, vPt_H, and pK, for RCU2H has been found 158. 

The correlation between the various spectroscopic parameters will be discussed later, The 
fact that VPt_-H decreases as pK, increases implies a direct correlation between the u- 
electron donation from RC02- to Pt and the frans-influence of the carboxylate ligand. 

Some caution is required in the detailed interpretation of VPt__H since this frequency 
can be solvent-dependent I459 15& ls9, with the magnitude of the solvent effect depending 
on the nature of the ~rans Iigand. Sohd state effects may also influence the Pt-H stretch- 
ing frequency. For example, the ppt_H region for solid trans-PtHC1(PPh3)2 IS very com- 
plex, and differences in +,H led Bailar and Itatani I60 to believe that they had isolated 
cis and trumps isomers of this complex, when m fact they had crystal modifications of the 
D-aIzs Isomer l6 l 

Significant vibrational couplmg can occur when hydride 1s ~rans to a l&and with a vlbra- 
t1on close III frequency to vpt_H (- 2000 cm-*), e.g , CN- (ref. 99), CO (refs. 97, 167), 
and RNC (ref 97). Such vzbratlonal coupling can be detected by examining the ligand fre- 
quency of the analogous deuteride complex, Since VPt__D has a frequency quite different 
(CL 1500 cm-l) from that of the lrgand vrbration, couplmg is minimal and the ilgand band 
occurs at its “unperturbed” frequency. The +t_H frequency m the hydride may then be 
“corrected” by assuming that the coupling is first order, i.e., the true value of vPt_H is ob- 
tamed by the addition of (vcligand) deuterrde complex-u(hgand) hydride complex) to the 
observed value of Y~~_~. From results for both catlonic and neutral complexes and for com- 
plexes with different phosphines (changing the phosphine has a relatively small effect on 
Y~~-_~) the @alzs-influence order shown m Table 6 is obtained. 

Gavrllova et al_ ls3 reported values of vpt_H for ~~Q~s-[PtH(C,~~)(PPh3)2] Cl04 and 
~~Q~~-[P~H(C~H~)(PP~~)~~C~O~ w&h would place ethylene and propene higher in the 
frans-Influence series than any of the ligands of Table 6. These values appear to be erro- 
neous. 

Attempts in thus laboratory I63 to prepare [PtH(C2H4)(PPh3)2]Ci0, have been un- 

successful because of the extremely rapId insertion of ethylene into the Pt-H bond, and 
it seems likely that Gavrilova et al. actually examined Pt(C2H,)(PPh,),(Ci0,), which 
would give sunllar analyses. (The NMR spectrum was not reported_) The band that they 
observed may have been an overtone of a perchlorate mode. For the complex tram- 

tPtH~c,H,)(PMePh,),lPF6, which was defimtely characterized, no clear assignment 
of *t-H could be made from the infrared spectrum as all bands in this region were 
weak, but rH and Jpt_H suggest a lower trans-influence for ethylene than isocyanides 
(see iater). 
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TAE3LE 6 

Metal-hydride stretchmg frequencies (cm -‘I as a measure of the trans-rnfluence 

A For plurmwn(~I) hydrufas, tram-PrHXLz or tram-[PrHL’Lz 1+ a* b 

Acetone (2275Y (ref. 157) <_ClO~ - (2312**) (ref, 153) < NO3- (2242 hexane; 2267 
CHC13) (ref. 149) 2 CF3CO2 (2258 acetone) (ref. 158) < p-MeC,H4CO02- (2226 acetone, 
2216 cycioheuane) (ref. 158) < NCO- (2234 (ref. 162), 2200 CHC13 (ref. 149)) N NCS- 
(2195 (ref_ 162), 2210 CHC13 (reT_ 149)) N Ns- (2199 CHC13) (ref. 149) r Cl- (2183 
hexane (ref. 147); 2209 CHCls (ref. 149)) 21 Br- (2178 heuane (ref. 147), 2199 CHC13 
(ref. 149)) z NH3 (2202, 2087**) (ref 153) = py (2216 CHCIs) Cref 97) N NH2CH3 
(2195**) (ref 153) < I- (2 156 hevane (ref. 147), 2175 CHC13 (ref 149)) = SCN- (2160 

CHCZ3) (ref. 149) < -S=C(NHz)2 (2150**) (ref 153) N -SCOMe- (2140**) (ref 152) 
N NOa- (2150 hexane (ref. 147); 2165 CHCl3 (ref. 149)) < CO (2129 “corrected” CHCi3) 
cref. 97) 2 SbPh3 (2130**) (ref 153) < r-BuNC (__ 37 14 “corrected”) (ref 97) < p-&IeOC6H4- 

NC (2 106 “corrected”) (ref 97) 21 Sn&- C2lOS hexane?) (ref. 155) I PPh3 (2100 CHC13) 
(ref. 97) < P (OPh)3 (2090 CHC13) (ref. 97) z PEt3 (2090 CHC13) (ref. 97) 5 P(OMe)3 
(2067 CHCl3) (ref, 97) =z CN- (2095 “corrected”) (ref 99) < -C-h- (2020 not cor- 

rected for any couplm@ (ref. 111) 

iX For pathdrum (11) Jzydrides 1 H, tram-PdffXfP (Cyj 3/z 
NCS- (2022) < Cl- (2002) = 8H4- (2002) < Br- (1991) < I- (1966) 

C. Far Gckel (I) hydmies I641 1 65 ~ tram-NrffXfP (C-v) 3 / 2 
I- (1976) < NCS- (1928) C BHg- (1920) C Br- (1917) cy Cl- (1916) < CN- (1870) 

LI Trans hgand is X or L’; L = PEta evzept that one asterrsk indicates L = PMePh2 and two 

asterisks indicates L = PPh3 
b Spectra obtamed from samples prepared as Nu)ol mulls except where noted 

Pulladirtm(II) and ~zickel(lI)+ Green et al+ 164* 165 exarnmed the nrckel hydride corn- 
piexes trans-NiHx (PCy,),, from whrch vNi__ frequencies gwe the nans-influence 
order of Table 6C. It is of interest that the ordering of the halogens, observed also 
for the analogous NIU trls(isopropyi)phosphine complexes, IS the reverse of that ob- 
tamed for Pt” hydnde complexes. However, the order of rH 1s the same as that for 

the Pt ‘I complexes (see later). For paIladium(II), the halogen order 1s “normal” 

(Table 4B) I659 166. 

h-m, mtfrenrrtm and osmittm complexes A number of iron complexes of the type 
tmns-FeHX (p^p),, where p^P is a chelating disphosphine, have been examined by 
Chatt and Hayter 168. In the complex trans-FeH2 [o-C6H4(PEt2j2] 2, the Fe-H stretch- 

ing frequency occurs at 1726 cm-I, consIderably lower than vFe_H in trans-FeHCi- 
[o-c6 HQ (PEtz)z], ]. 870 cm- l, which IS consistent with the high trrsns-influence of 
H- relative to Cl-. 

Chatt and Hayter 169 also exammed a series of ruthenium (II) and osmium (II] 
complexes of the type ~~~~s-MI-IX(P~)~. The trans-influence order, determined from 
the decreasing order of M-H stretching frequencies for both metals, is I- < Br- < 
CI- < SCN- < NO,- < CN- < H-. Chatt and Hayter noted that the overti se- 
quence is similar to that obtained for PtII, namely halogens < SCN- < NO,- < CN-, 
but that the order of the halides is reversed. A similar reversal noted in the iron 
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complexes i68 was attributed to electronic effects; however, the order of 7 values is 
normal M9, l7o_ Sin ce these complexes (like the nickel hydrides discussed above) are 
stericaily croLvded, steric constramts introduced by increasmg halogen size may affect 
Y_~__~- There also seems to be a significant c&influence of the chelatmg diphosphine 
or diamine on V~~_~, considerably more pronounced than for Pt complexes ls6. 

Vaska g8 examined the mfrared spectra of the complexes X and XI and their 
deuterated analogues. In x, vOS_HB couples with vco but ~~~~~~ does not. Even 

PPh3 

oc 1 
‘OS’ 

HA 

PW ‘I--He 
PPh3 
X 

allowing for this couplmg, it rs quite clear that v,,_, (1852 cm- I) is conslderabiy 
bwer than voS_HA (2051 Cm-‘) and r+,_H in XI (2897 cm-l). These results sug- 
gest that in these complexes the frarrs-Influence of CO 1s slgmficantly greater than 
that of PPh,, whrch reverses the order found for Ptir catmns97. 

Irzdium~III) compZexes Chatt et al_ I71 found that uL,_. rn some hydride complexes 
of Indmm(III) was dependent on the ligand UU~ZS to hydride Thus, m complexes of 
the type X11, where L IS a tertiary phosphine or arsrne md X is a halogen, vir_H 

occurs in the range 2000-2100 cm-t (2069 cm-l for L = PEt,Ph, X = Cl+, 2076 
cm-l for L = AsEt,Ph, X = Cl-) and in the lsomeric complexes XIII, v~_~ occurs 
1x1 the higher range 2195-2220 crnMr (2186 cm-l for L = PEt2Ph, X = Cl-)_ DI- 

hydrides, XIV, show two vIr_H bands near 2030 cm-l (tram to halogen) and near 
2170 cm-l (tizns to phosphine). The fit-trihydrrdo-complexes XV, where L = terti- 

ary phosphine or arsine, show a strong band in benzene solution UI the range 2020-- 

2090 cm- 1 (2025 for L = PEt,Ph, 2058 for L = AsEt,Ph). The mer-complexes 

WI showed two v~_~ bands, 2037-2104 cm -1 (~~1s to phosphine) and 1750 cm- E 
for the V&_H ( tnzns to H-). This corresponds to a very hi& trarrs-influence for 
Itydnde- 

For the complex 98 XVII (allowing for vibrational coupling between vCo and 

I”~-H& %--HB 1s sigdkmtiy bwer (IL 2100 cm-l) tim vh__HA (21% cm-* ), in- 
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dicating a somewhat hi&x ~~~z~-ln~uenc~ for CO than for Ci-. This is supported by 
the V&l63 Of pb_H obtained by Chatt et aI. I72 for the fsomers of IrHCi,(CO)- 
(PEt2PQ. Wilkinson and co-workers 173, from an examinatton of some ~~d~~rn(~~r~ 
hydride complexes containmg SnCIs-, concluded that SnCi3- has a s&htly higher 
trapzs-influence than Cl-. For m~tance, the complex XVlIf has “h-w (Nujol) at 2198, 

cc,7 PPn3 
sr ’ 

Ptp’ I --Cl 
SK 13 

XV111 

2160 cm-l (solid-state sphttmg), wh& the corresponding chloride has “Ir_H at 2239 
cm-k Some apparently contradictory results were also obtained, however, and the 
tmr~s-influence of SnCI,- for IrflI does not appear 150* I55 to be as high relative to 
Gi- as for Ptn. The ~~~z~-in~u~nc~ series obtained from p&-H for frUI is thus H- 
3 PR3 >_ AsR3 > CO 3 SnCI~- > Cl- 

P~~~eX(PR~ jz _ The Pt-C st.retchm, 0 frequencm are dependent on the nature of the 
ligand trans to the methyl goup, decreasing in the order (WI& frequencies &II-~) 
for the PEt3 complexes ln benzene); NO3 (566) > NCS’Lf556) > Cf - (55 1) > Br- (548) > 
NO,-- (S4-4) > I- (S40) > CN- (5l6), th e reverse order of which represents the 
trans-lnfiuence series. Ssme ambiguity is associated with the frequencies of vPt_C~3 
trnrts to NUZ-- and CN- since the Pt-X streetching vibration, with which there ~ouId 

be appreciable vibrational caupiing, IS nearby. The Pt-CH, stretchmg frequency for 
crlr-PtMeCl (PEt& at 527 cm -l, is considerably lower than that of the DQ~S iscxner, 
consistent with the high trans-influence of PEt,. 

Since the complexes cis-Pth+ie2L2 give two P&-C stretching bands a comparison af 
results with those obtained for the ~Q~~-mon~rne~y~ compounds is difficult but 
where L = PR3, the frequencies are low (526 and 5ffi cm-l for L = PE$) and for 
L = EtS~~~C~~S~t, the frequencies are higher (555 zuxd 548 cm-l). Fritz and 
!?~&mann 175 assigned a band stt 550 cmcr in the infrared spectrum of PtMe2(COD) 

t0 %-Cl& ’ and a c~rr~~~ondin~ band appears I14 in the Raman sp~trum ait: 545 
CIK-~. Thus the expected two stretching modes are apparently degenerate, and the 
value af qJt-~~3 indicates a trans-influence for COD sin&r 20 that of EtSCH,CH2- 
SEt. 
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TABLE 7 

hfeti-carbon stretching frequencies (cm-“’ ) and the rralzs-:nfluence 

369 

c 

D 

E 

For the cumplexes tram-PrMeL (PMe2Ph) ;L + (wxth frequencres for representative lxgands) 
I. = C=beneS ( C WCH3) CH3, 514) (ref. 176) > phosphrnes (PMezPh, 527; PF%~, 528) 

(ref. 114) > SbPh3 (53 1) (ref. 114) > isocyanldes (CNEt, 537) (rcf 177) > CH~-CH=C& 
(542) Cref 179) > CO (545) (ref. 114) z CH2=C=C& (545) (ref_ 178) > CH&=CCH~ 
(547) (ref. 179) > C2H4 IS49) (ref 179) z Ar$N CC~FSCN, 549) (ref 180) > CH 2=~~- 

CH--LAz (550) (ref. 178) 2 lminoethers [NH=C (OMe) C6fS, 551) (ref. 180) > py (555) 
(ref 114) > ArCN @-MeC6H4CN, 570) (ref. I80) 

For the compiexes [PtMe3X/4 and PrMe3L3+ 
M%PtIOH& (600) (ref- ISI) < [PtXie3(OH)j4 (595) (ref 182, 183) < Me3ft(NHs)3+ 
(584) {ref. 184) E [Me3Pt (N02)3] ‘- (583) (ref. 185) G [MesPtCl]a {5&l) (rcf, 186) < 

CMe3Pt Iwl3 I + (578) (ref_ 185) = iMe3Pt(NHMea)3* (577) {ref. 1815) < [MesPtBrla {574) 
(ref. 186) z <=-GHg)PthIeg (594, 561) Cref 187) < [Me3PtSH]4 (563) (ref. 188) zz 
hfe3PtGCN)32- CS63) bef 185) s [MesPtI] 4 (560) (ref 186) < Me3Pt(p-MeCsELNC)s,+ 
(555) (ref 189) f hk3Pt(CN)3 ‘- (553) (ref. 185) < Me3Pt(PMe2Ph)3+ (530, 525, 510) 
{ref. 189) 

Fur the complexes PtMe2 (l?~Wq Phj2 Lo 2+ <XIX) (hqgher frequency band) (ref. 190) phleC61rG- 

CN (561) = ~IPY (562) N phen (560) C py (546) < p-MeC6HeNC (539) c dlphos (536) c 
P(OhIe)3 (523) < O<g&(ASMe2)2 (5 13) 

T;br rht? complexes P~Mc~(PM~~P~I~~I.~ [XX) {tram m L) (rei 189) 

PY (569) < EtNC (546) < p-hie&H4NC (541) < SbMe3 (539) < PMezPh (530) 

For the complexes PtMe3X(brpy) (freguencles tram to X’ 185a 
NQ3- GSO) < CHsC02- (577) cz NCO- (577) < Cl- (575) < Br- (570) r N02- (569) 
C I- (563) Z.E NCS- (562) < CH3- (480) 

A comparison of vpt_cH3 for corresponding complexes WQ~~-P~M~XL~, where L = 
PMezPh (ref. 108) and AsMe2Ph (ref 109) suggests that tlus change in the cis 
lrgand has little effect on this frequency. 

Pt-CH, stretching bands have also been observed in the Raman spectra (where 

they OCCUR as strong and polarizable bands) of some solid salts of the cationic com- 
plexes cans-PtMeL (PMe2Phj2+, to give the trans-influence order for L shown in 
Table 7A. 

Platinnm(IV) complexes. Many methylplatinum compounds contain more than 
one methyl group so that coupling between the various Pt-C stretches makes it im- 

possrble to assign a particular Pt-CH, stretching vibration. However, for the corn- 
pkxes [PtMe3X]4, where each Pt atom is attached to three triply bridging X groups, 
and PtMe3 L,+, the symmetric and antisymmetric Pt-Me stretching frequencies are 
often degenerate, wluch allows a direct comparison between X and L groups. The 
vpt_Me bands are genertiy weak in tie infrared, but strong in the Raman spectra, 
and the order of *as-influence in Table 3% can thus be obtained. Note that in the 
Raman spectra of PtMe,(PMe,Ph)& the molecular symmetry is apparently less than 
C&, so the degeneracy of the E mode is removed and the expected three bands are 
observed “‘. It is also noteworthy that althougfi X- -ions are triply bridging in 



370 T-G. APPLETON, KC. CLARK, L E. MANZER 

[PtMe,-X],, their relative rrons-influences seem comparable to those expected for 

monodentate X-. 
For ‘the platrnum (IV) cations XIX, Clark and Manzer lgu observed two Pt--Me 

stretching bands, in most cases, m the Raman spectra corresponding to symmetric 

and asymmetric stretchmg. The frequencies are dependent on L and are given in 

Table 7C Some anomalres in this sequence (e.g., the large difference between blpy 

and py, and the very low value for the diarsine ligand compared with diphos), sug- 
gest that the (reverse) trans-influence order is not accurately defined by these values. 
It seems clear Igo that severe sterrc crowdzng occurs in the diphos complex, which 1s 

probably largely responsible for the anomalous posltzon of this hgand. 
For the trimethylplatinum (IV) compounds, XX, Clark and Manzer I89 observed 

three Pt-Me stretching vibrations. A comparison of the solid state Raman spectra 

CD, 
Me, I 

Pt’ 
PMe2Ph 

Me/ 1 ‘PMezPh 
I 

XXI 

(al z = I-, f-l=0 
lb) 2 =L,n=+l 

of XXa and XXI (Fig. 3) indicates that v pt_ne (tiutrs to I) is virtually independent 
of +Lhe two stretching modes involving methyl groups EWZS to phosphme since the 

first mode on deuteration shifts to lower frequency by the factor (15/18)” with the 
other two bands being virtually unchanged (Fig 3) Thus it would be expected that 
ZJP~_~ (tram to L) in XXb would be sensitive to L, while the two vpt_-Me (mans to 
PMeZPh) would not, Experimental results confirm thts expectation lgo (Table 7B). 

A similar situation ‘*s holds for PtMe3 X(bipy). 
Ruddick and Shaw lo8 found that rn the complex PtMeq(PMe2Ph)2, the mutually 

tiers Pt-Me groups gave a very low value of ~~~~~~~ (476 cm-l) consrstent with the 

very high trorts-influence of the methide ran. 

b-iditrmfII~,l complexes. In some IrUI complexes, vIr_AIe IS dependent I41 on the 
trarzs-ligand, e.g, rn the complex XXIIa, Y~_~~~ rrans to Cl- occurs at 543 cm-l, 

L,; Me 
Ir’ 

(al X = Cl, L = PMe,Ph 

(b) X = I. L= PMeaPh 

(cl X = I, L =AsMe#n 
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cm-1 

Fig_ 3, Pt.-CH3 stretching region of (-- - -) PtI(CH3)3 (Phle2Ph)2 and ( -1 Pti(CH3)2CCD3)_ 
G’hle2Ph). 

but WQHS to PMe,Ph near 495 cm-l (this band 1s partrally obscured by a l&and vi- 
bration). In XXlIb ~~~~~~~ (tram to I$ occurs at 526 cm-l and &.VQ~S to PMe2Ph at 
505 cm-l. In the corresponding arsine compfex XX& tie frequencies are 527 
(tram to I) and 5 18 (tram to AsMezPh)- The frequencies tr~rzs to L may be com- 

pared with those for nzer-IrMe3 L3 ; 5 10, 495 cm- 1 for L = PMezPh and 5 17, 5 10 
cm--I for L = AsMe,Ph. These results suggest a trans-influence order PMe2Ph > 
AsMe2Ph > I > Cl. 

GoZd (III) cor?zpZexes Tobias and c-workers lgl examined the vrbrational spectra of 
some gold (III) complexes, AuMe,Y (PR3) (Y = Cl, Me, u-Cp). The Au-Me stretch- 
ing frequencies were rn the range 540-544 cm-1 for methyl DIUIS to PRS, 5 14 cm-l 

for ‘Au-Me trcllts to O-Cp, and 504-511 cm- l for the Symmetric and asyrnmetrrc 
stretching frequencies for the mutually D-WZS methyl groups. The campIex cis-AuCIMe,- 
(PPh3)gave two bands at 542 and 549 cm -l; the high frequency band corresponding 
to vAU_&fe ii%ns to Cl- The pans-influence order is Me > c&p > PR3 > Cl. 

(d) Merid-nirrogen stretching freqtterzcies 
Powell lg2, in one of the earhest infrared mvestqptlons of tELe ems -influence 
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examined +t_NH3 in compIexes of the type trans-ClzPtL (NHs). The order of ~~~~~~~ 
was NH3 (507 cm-‘) > EtzS (493) > C,Hd (481)- 

For cis- and ~~~~-P~~(NH~)~, Nakamoto et al. g5 observed that r+t_NHs moved 
to lower frequency as X ‘cvas ch~ged from Cl ta Br to I, this trend bemg more pro- 
nounced for the CIS xsorners. They ascrlbe thus to the different ~~~~~-i~~ue~ces of the 
halogens 

Watt and Cuddeback II7 correlated CI Pt_iV(s~~r) for a number of e~yle~~d~~ine 

complexes [Pt (en) Lz] X2 WI& the fratts-rnfluence of L_ The order obtained was 

PhzAsCH$H,AsPh, (598) < bipy (583) 2 phen (582) < drphos (558) < 
NC_C=C-GNs-- (551) 
be a&&ous. 

3 PPh, (551). The position of the diarsine I&and appears to 

CIegg and Hall 184 noted that ~~~~~~~ m the Raman spectrum of aqueous 
~Pt~Ig~(NH~ I3 f Cl occurred at 390 cm-l 
111 ~Pt~NH~~~~ 4+ 

and was considerably lower than “Pt_N& 
(569, 545 cm-r ). ~onsls&ent with the high ~~~~~~-ln~uenee of the 

methyl group. 
For the complexes rg5 rrarls=PtXz(NH:!CH3)2, the Pt-N stretching frequency vaned 

only wrthin the range 507-513 cm -I. For the czs complexes, the variation was over 
the wider range 483-517 cm- 1 in the order Cl- > N02- > Br- > SCN- > I-. 

In this series, NO2 seems to be out of order, perhaps owmg to a mis-assignment, or 
to vibrational coupling since +&NO2 would be expected to occw near vP~_N~-~~CH~. 

Lever and ~~~~~0~~~ lg3 observed that for the complexes CLI ~di~~~~} X2, the 
order of Cu-N force co~st~ts decreased m the order NGS > NO3 > halogens, 
wh~h ~urresponded to the reverse order of the spe~trochem~c~ senes cLf,=zm~d from 
visible-iJ\-’ spectra The results were explained rn terms of a vartation of effective 
charge on copper. The situation 1s comphcated since the complexes are probably 
tetragonal with long axial Cu----X “bonds”’ 

In the r*omplexes rrarrs-RhX7fcyclarn)~ (where cyclam = I, 4, 8, 1 I-tetraazocyclo- 
tetradecanc) lg4, a single I&--N stretcllln, 0 band was observed rn the infrared ranging 
in frequency from 482 (X = I) to 501 (X = Cl) cm-l. Fur the CIS complexes, two 
N atones are &ZRS to X and two Rh-N stretcl~~ng bands were observed. From these 
frequen~l~s (m parentheses) a ~~~~-i~~~e~~e order was obtamed: NO*- (479, 4 12) 
> I- (47~, 423) > Br- (477, 450) > Cl- (505, 459) 2 Ns-‘ (490, 459) > N fcyclam) 
> NCS- (533, 480) 

(e) Merd-phusphoms srrerching freqnemies 
Coates and Parkrn lo6 assrgned the Au-P stretching mode to bands of moderate 

intensity in the frequency range 347-381 cm-^-f m the infrared spectra of some com- 
plexes Me3P-Au-X, This fr~~~~~cy depends on tlx KRZHS l&and ad is irxversely 
related to the ~~~~-in~~~~~~ order: Cl- (38 1) < Br- (375) < I- (37 1) < 
f-CZG-But)- (368) < Me- (357) < -Gs-Ph- (347). For the compiexes MesP- 
Au-X, where X- is a ha.hde, Goggin md cc?-workers 92 made similar assignments r>f 

pAu_p3 and ASO assised vAu_p for the CatioIl Au(I’M~&~ at 351 cm-‘, consistent 
with a III&I tpans-influence for PMe itseir”. 

Various workers 92, 94, 102, I%, 1 5f 5, 11% 137, 130 have discussed M-_P stretching 
bands in NilI, Pci” and Ptgr complexes of PMe3 and PEt3. The complexes cls-MX~L2 
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characteristically @ve two PM-p bands, whrle complexes tmns-MX2L2 give only one 115 
In the inms complexes P~XZLZ and PtXYLz (L = PMe3, PEt3) vPt_L is almost m- 
sensitive to X and Y, occurring I15 in the range 409-4 18 cm-l _ For the cis com- 
plexes 115, with L = PEt,, the mean of the two Pt-P frequencies varies in the order 
X = Cl- (435) > Br- (434) > --NCS- (432) > -C,F,- (423) > -C6H5- (417). 
For the czs complexes PtX2(PMe3),, Gosin and co-workers g4 noted that pPt_P de- 
creased in the order Cl- (391) > Br- (388) > I- (383), but as usual rt is difficult 
to separate vibratlonal from mass effects. It was also noted that ~~~~~~~~~ was con- 
siderably lower m tra,rs-PtClz(PMe& (346 cm-l) than in the czs Isomer, consistent 
wrth a high tmzs-influence of PMe3 itself- +t__PMe3 was also relatively high in the 
chloro-brrdged dimer Pt2Cif4(PMe& (393 cm-l, tram to Cl-) lls and [P?‘,N]- 
[PtCij(PMe3)] (388 cm- ) t 127. In the complex [PtCI (PMe3)3 ] NO3 ~~~~~~~~~ (trans 
to Cl-) occurs at 403 cm-t, while the asymme tnc and symmetnc stretching fre- 
quencies for the mutuahy tans phosphines occur a? 365 and 368 cm-l respectrvely, 
agam consistent kvith the high tprrrzs-mfluence of PlMc3 relative to Cl-- _ 

Analogous results were obt;uned for corresponding palladium complexes altbougb 
trends are sometimes less pronounced. Goggin and coworkers 94 have suggested that 
this indicates a smaller rrans-influence for Pdrr compared with Pt”. 

For Nin, only trans complexes NiX7L2, where L = PMe3, PEt3, have been exam- 
ined. For these complexes ZJN~_PE~~ was not very sensitive to X, the range 115 being 

412-421 cm-l. 

(Q) N-H srrehdzing vibratrom 
An exarnmation of the _rvans-influence m PtU complexes by Chatt et al. lg6, by 

measuring N---H stretching frequencies m a senes of complexes rrans-PtC12L (amine), 
IS now of mainly historical mterest, and having been discussed m previous reviews 2 
WIU be menboned only brIefly here. The assumption was made that for a given 
amine (p-toluidme or plpendine), increasmg negatrve charge on N (corresponding to a 
weaker Pt--N bond) rncreases the N-H force constant The order of decreasing 

“N-_H (1 e-9 decreasing Ozprs-influence) was PR, > SbR3 > P (OR), > AsR, > R,Te 
> C2H4 > R,Se > R,S > pipendure > 4-n-pentylpyridine, This sequence IS similar 
to those obtained more recently by examimng directly metal-ligand stretching fre- 
quencies. 

(b) C3.3 stretching frequencres in cwbunyl cumpkxes 

It IS well accepted that CO uses synergic 0-n bonding as iIlustrated schematically 
in Fig 4 (a) lg7- Overlap occurs between fiUed metal d, orbit& and the vacant carbonyl 
z* orbital. This n-back-donatron synergistlctiy strengthens the M-CO o-bond. If vcO IS 
considered to be dominated by the degree of M+CO n-donation lg8, an increase in the oc- 
cupation of the CO T* orbit& wrll decrease vco_ Because of the CT-~ synergism, +-,, or 
force constants derived from ye0 values, might be expected to provide a measure of the 
metal--CO bond strength, a lower C-0 force constant indicating a stronger M-C bond. 
For some series of complexes thrs appears to be so; for example, in the series Nr(PMe,),- 
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(b) 

n-acceptor; (b) X pot: o-donor, poor x-acceptor, (c) X good v-acceptor. 

(cO).&_n (n = O-3), the Nk-C f orce constant Increases, and the C-O force constant de- 
creases as jr increases WJ. However, in ather cases, C-O and M-C force constants appear 
to decrease together, as for example 2u0 in (bidenlate) MOM. 

In the complexes ~~s~P~X~(~~)L, Dennlng and Ware 12g assigned vpt_cO to a band in 
the range 505-540 mrl, coRtra~iGti~g earfier ass~~ments~*~~ 202_ Where L I= PEi, and 
X = Cl, Br, I, it was found that vco and +,r_cO decreased together as X was changed 
from CI to 1, so that any change in f&e Pt-C force constant m the opposite direction to 
+a was outweighed by the mass effect from rntroducmgheavier halogens Thus, it seems 
that PC-J cannot always be used as a reliable guide to the strength of the M-CO bond. 

There are several ways ul which +a could be affected by changing the ;~pans ligand, X, 
in a setiets of complexes such as ~~~~-M~~C~~~~~. 

(z) If X-" is a good u-donor [i.e., transfers much charge tosvard the metal) tie effective 
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electron density on the metal is increased. Then (a) the fiGed d,-orbit& would be ex- 
pected to expand, facilitating rr-overlap between the metal and CO, and thus reducing vco 
(Prg 4Ca))203, and (b) the increased M+CO n-bonding will tend to increase the strength 
of the OC+M a-bond 203 (Fig- 4b) while the Increased negative charge on the metal will 
tend to reduce OC+M u-bonding 2oo As the o-bonding Increases, vcO _ tends to increase. 

(ii) If X- has a high parts influence, OC-tM a-bondin, 0 would tend to be reduced, and 
any lengthening of the C-M bond will tend to reduce rr-back-bonding. Both effects will 
cause a decrease in vco_ 

(iii) If the X-metal bond requires a significant m-component (a) X will compete with 
CO for the metal n-orbltals, reducing M-CO n-back-bonding (Fig. 4(c)), and (b) if sub- 
stantial negative charge is removed from the metal by M-X n-bonding the effect wrll be 
similar to that obtaining if X were a poor o-donor, i e., aiI fiJIed metal d,-orbitak would 
tend to contract inchrding d,-orbitals not involved drrectly rn M-X i-r-bondmg. The effects 
noted in (i) (b) wrll then occur- 

The situation IS clearly complex, and the vanous effects are difficult to separate in any 
but the simplest cases. For the cationic complexeszo3 ?~Qns-PtMe(CO)(PMe2Ph)2t and 
trrms-Pt(CFj)(CU)(PMe2Phf2+, CH,- and CF3- diffe r mainly in the charge transferred 
to the metal (l.e,, (r) (a) and (b) should be the most important effects). Effect (i) (a) causes 
Y(CO) to be higher for the -CF, (2140 cm-l) than for the -WI3 (2095 cm-l) complex. 

In these relatively electron-deficient camplexes the net effect203 of (L) (b) appears to be 
a decrease m OC+pt u-bonding when -CH, IS replaced by -CF3; that is, the synergc ef- 
fect of Pt-CO rr-bond-ing on the Pt-CO u-bond outweighs any rncrease in a-bonding from 
the lower effective negative charge on Pt. 

For the relativel; electron-rrch complexes (e.g , L,Mo(CO),), the anomalous variation 

of v~~-~o witi uco has been explained in terms of increased effectrve charge on MO 
causing a decrease m MO-CO u-bonding, rn spite of an increase rn MO-CO ;rr-bonding. 

Vaska and Peone2*5 proposed that for the complexes rrans-M(CO)X(PPh3)2 (M = Ir, 
Rh), vcO can be used to provide a scale of “total electronegativlties” 

where XX(~) 1s a “classical” or “u” electronegativity and xxcrrj a “sr-electronegatrvity” or 
“n-acidity” of X. Assuming that xP~) = xF@), they used the relation 

where (Az$~)~ = [vco(gas)12 - [v&complex in CHC13)12. Comparmg xxU) wrth a 
theoretical value 206 of xx((r) a sequence for xxtRj was calculated- I > SePh > Br > SPh > 
CN > Cl > NO2 > NCS = N, > ONO, > NC0 > OCOMe > OCOPh > OPh > OH N- F_ 
However, this series seems suspect for the following reasons. 

(a) No account is taken of factor (21) above, or the complications involved in (z) (6). 
(6) There seems to be no reason for supposing that removal of a given eiectronic charge 

from the metal by o-bondmg (which can only have an mdirecr effect on metal d-orbltals) 
wfll have the same effect on vco as removal of the same charge from metal d-orbit& by 
7r-boondmg- That is, +O more probably correlates with (XX(~) + hxX(,,)), where h is a con- 
stant. 



376 T.G APPLETON, H.C. CLARK, L-E, MANZER 

(c) It is not clear that electronegatrvrtres such as those obtained by Wllmshurst206 
refer only to c-effects, rather than the. overA tendency of X to gain electrons from any 

source. 
(Cr) The values calculated by Vaska and Peonezo5 seem unreahstrc for some lrgands 

For example, el(rr) 1s calculated to be l-25 (for M = I@) compared with ~~~~~ = 2.94. 
That is, the n-electronegatrvity of CI is 0.43 of its o-electronegatrvrty This does not tit in 
with the usual picture of Cl- as a weak tr-donor. A detailed discussion of vco m the related 

?I4 series mzns-PtX(C0) L2+ IS also difficult - _ 
For the formahy iridium(III) complexes irCI(CO)(PPh3)2XY, a hnear correlatron 

was observed 207 between vco and the Mossbauer center shift for the rg31r nucleus. Since 
the latter depends on s-electron densrty at the iridrum nucleus (increased by o-donation, 

decreased by r-back-bondmg), this suggests a correlatron between vco and the c7-electro 

negativrties of X and Y. 
For the polycarbonyl complexes, Z,,, M(CO),, the situatron IS more complex, although 

many attempts have been made to use vco or force constants derived from IR frequen- 
cies to provide information about the bonding of Z, and in parttcular to determine the 
CI- and m fif any) components of this bonding. A detailed discussion of this field is beyond 

the smpe of thrs revrew, but an outhne wrll be @ven of some of the approaches that have 
been made, since these usuahy rnvoIve assurnptrons about a-inductive effects that are re- 
lated to the rrans-influence- 

There is general agreement that as the net (o and 71) electron donation from Z increases 
(or the net electron acceptance of Z decreases) kc0 tends to decreaseggT lg8* 208 but there 

is considerable controversy about the relative Importance of (T- and n-bonding of Z, es- 
pecially when Z is a substituted phosphme. In many of the earher interpretations l98~ 20% 210 

of CO stretching frequencies, changes m n-bondmg of Z as Z was changed were usually con- 
sidered to have the dominant effect on vco. Thus, Cotton lggb considered that kc0 indi- 

cates the C-O bond order and he performed a rough quantrtative calculation of the elec- 

trons involved in MO-CO n-bondmg m Mo(PF~)~(CO)~ compared with Mo(CO), and 
thus estimated that PF, rs i 32 tnnes stronger as a n-acceptor than CO itseIf. More recent- 
Iy, few authors *08 have consrdered changes in M-Z n-bonding to be dominant. At the 
other extreme, Bigorgne lg9s 211, on the basrs of a correlatron between k,, and Taft’s 
polar substituent constants o * for substltuents on phosphorus m L, concludes that any ef- 

fect of NiL n-bonding on vco is neghgible compared with that of L-+Ni o-bonding. 

Similarly Angelici212, notmg that vco in LW(CO), varied with the plc’, of L in a snmlar 

way when L represents annnes or phosphines considered that changes in L+W o-bonding 
alone were sufficient to cause the observed variatrons in yco_ 

Graharngg considered that o- arid n-effects can both be important in complexes 

ZM(CO),, and that they can be separated usrng C-O force constants The assumptrons 
are made that: 

(a) The a-inductive property of a given ligand operates equally n-r all five carbonyt 
groups. That is, there is no rrans-influence and factor (II) {p. 375) 1s _ieghgible. 

(b) The rr-acceptor property of a ligand has twice the effect on the iram carbonyl that 
it has on the cis, since the tram carbony shares two metal &-orbit& with X, while the 
cis carbonyls share only one. 

Assumptm ia) has been criticized by Church and Maysg7 _ 
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Assumption (b) ignores any effect of(i) (6) (p. 375). In the complexes XMn(CCI), 
Graham concluded that the n-properties of -CH3, -C6H5, -CF,, -C, F, were neghgble 
(u-donor strength decreased in the above order), and that halides were n-donors and 
Y,M groups (M = Si, Ge, Sn, Pb) and Au-PPh, were strong Is-donors and n-acceptors. In 
the complexes LMo(CO), the phosphines, phosphites, AsPhj, and SbPh3 were consrdered 
to be strong n-acceptors and a-donors, with PFs and CO being the strongest n-acceptors. 
SEt, was a weak n-acceptor, amines and CH,CN were moderate n-donors and Interacted 
little with n-orbltals, P&O was a weaker o-donor and a moderate n-donor, and methyl 
formamide and dimethylformarmde strong n-donors Stewart and Treichef 21 3 used 
Graham’s method on the analogous LW(CO), compounds with simrlar results 

Darensbourg and Brown 2 I4 consider that the intensrtres of C-0 stretching bands give 
the best Indication of the electronic populations of CO x-orbltals, Using intensities m 
combination with frequencies, they concluded that in the complexes Lh%o(CO), phos- 
phmes had appreciable z-acceptor propertles. 

At present, the relative Importance of u- and n-effects rn M-PX, C-O stretchmg fre- 
quencles must SW be considered an open questron. The complexity of the problem is 
such that an unequivocal answer probably ties some drstance m the future. 

N-O stretching frequencies m nitrosyl complexes are also sensitive to the nature of 
other groups coordinated to the metal *lop 215. 

The C=N stretching frequencres in cyanide, organic nitrlle and organrc isocyanide com- 
plexes depends on the nature of other lrgands bound to the metal. Cotton and ZmgalesZ16 
showed that vNc for some organic lsocyanides increased when the lsocyanide was coor- 
dinated to a metal ion which has little tendency to -rr-back-bond. Such frequency mcreases 
on coordination for CFN groups have been exammed by a molecular orbital treatment by 

Purcell and Drago217*218. In aI v ence bond terms, the increased frequency on coordma- 
tion (illustrated for RNC, analogous structures may be drawn for CN- and RCN) results 
mainly from an increased N-C force constant due to the greater contnbutlon from the 
canomcal form 3 when the carbon lone pair is donated to a metal Ion (r-e , the negative 
charge on C in B is partially transferred to the metal). Kinematic coupling betweea 

vCsN and vhI_c cause only a mmor increase m ~~~~~ For a serfes of related complexes, 
this o-inductive effect would be expected to increase with increasing positive charge on 
the metal. Cotton and Zingales *I6 also showed that when the metal to which RNC was 
coordinated was capable of n-back-bonding (e g+, zerovalent metals), vNC was considerably 
reduced owing to contributions (again in valence bond terms) from the form 

+ 5) M=C=N, 
R 



378 -l--G APPLETON, H C. CLARK, LX. MANZER 

Within a series of complexes, z-back-bonding to the ligand would depend on the charge It 
on the metal. When vNC is influenced by a combination of both cT-Inductive and n-bondmg 
effects, It 1s difficult to separate out these contnbutrons, but in general 

?Y with rncreasmg positive charge on the metal- Thus, Halpern and Maherzl 
c wrlI increase 
observed that 

tk complexes [COAX] - gave a srngle broad VCN band (presumably composed of the 
expected three bands), whose frequency tended to decrease with increasing electron dona- 
tion by X in the order: CN- (2 134 cm- 1)>H,0(2128)>Br- (2125)>CI- (2124) 
> I- >(3117) > -CH$503- (Zi 13) > -CH2C027- (2106) &-CHzCO,Me- (2105) 
%CMz CONHz- (2103) > I-l/ (2098) > --CHz Cl-l2 CO2 ‘- (3097) > --CM2 CI-& CO2 Me- 

(2096) Z-Cl&- (2094) r: -CH2 CH3- (2094) > -CHz Ph- (2093) Since cyanide groups 

czs and trafzs to X were affected simrlariy, the changes in VCN must be Interpreted m terms 
of metal electron densrty rather than competitron between CNC and K for metal d, 
orbitals. A rather simrlar series was obtained for VCJJ rr~trs to X- n-r some cobalt(II1) 

corrinoid complexes (titamm I312 analogues) 220. 
For PtIi complexes , v Nc for nitrlles Iso and rsocyamdes i 77 has been interpreted in 

terms of charge on platinum. For the senes of complexes tmns-[PtMe(PMeZPh)z- 
($-NC-C6 Ha-X)]+ Clark and Manzer lso observed a correlation between UN, and the 
Hammett substltuent constant for the aromatic substituent X-. For the complexes trans- 
PtR(CN)(PMe,Ph), and narrs-PtRL(PMezPh)2, where L = RCN, RNC, CO, vc_x shows 
3 consistent increase when R 1s changed from -CH, to --CF,, owing to the greater electro- 
negativity ?03 of -CF,. 

(d) -CT+ defornz~tmns 

Adams et al. 174 noted that the symmetrical -CH, deformation band (near 1200 cm-I) 
in their methylplatinum complexes followed the same sequence as vPt_hle within a 
series of complexes In fact there was a lmear relationship between the two frequencies. 
Subsequent workers have found similar relationships for PtN (ref. 186) and Irlll (ref. 141) 

complexes. 

(zv) Nuclear rnagnetrc resonmtce cutcplzng consranrs 

(a) Theory of coztpling between directly bound rtuc?ei 

In most dlscusslons of J,,, where atoms A and B are bound by a covalent bond and 
have nuclei wrth spin quantum numbers I= +- $> the coupling IS thought ta be dominated 
by the Fermi contact term 22L This assumes that contributrons to the couplmg from in- . 
teraction of the nuclear spin of the atom A (or B) with the electronic orbital motion are 
negligble, and that the Fermi contact Interaction at the nucleus between the nuclear spin 
and s-electrons (which have a fimte density at the nucleus) makes the dominant contribu- 
tion. Approximate calculations222v 223 on platinum complexes have supported this as- 
sumption J,, is then given by 

(3) 

where y,,, 1s the gyromawetic ratio for the nucleus A, aA is the s-character of the 
bonding hybrid orkital used by A in the A-B bond, I \LAtnsjCl12 is the electron density of 
the ns valence orbital at the nucleus, and 3AE is a mean singlet-triplet excitation energy. 
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For the complexes PtC12(PR3)2, the coupling betlveen i95Pt (I = $,33 8% natural 
abundance) and 3 IP (I = r *, lOCFj% abundance) is greater lo* I1 for the cis isomers than for 

the mans isomers Ibis was nutially explained in ternIs of competitron between phosphines 
for platinum d-orbltais (see earher discussion). However, Pidcock et al. 1 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, (3A/T)-1 and 

o[p*1 +p{&B 1’ \vouId change relatively bttle, leaving opt2 and \ $+tt6sj(0) I2 as the factors 
which probabIy vary most Since eqn. (3) apphes to covalent bonds, any decrease in 
covalency (I e , increase in ionic character) of the Pt-P bond wti also reduce the coupiing. 
In the complexzz4 cis-PWeCl(PEt3)2, lJpt_p (zrans to -CH,-, 1’719 Hz) was much less 

than I&-p c b-LZTZS to Cl-, 4 179 Hz). Since I@ ptt6sl(0) 1’ (and perhaps 3&) is common 
to the two couphng constants, the large difference in couphng constants must be related 
to differences in the two Pt-P bonds, m particular to different values of apt2. Additional 
support for the domrnant role of apt2 has been obtarned t by comparing couplmg constants 
for Pt’I and PtW complexes. The iow value for apt2 for the PtlL--P bond in the fans 
isomer relative to the czs Isomer was related to the high firms-influence of phosphines rela- 
tive to chloride, this also being indicated by X-ray crystallography and Infrared spectro- 
scopic data. Since lJp,_p ~c~s)/IJ~+~ ( LW~S) IS slmllar for PtCi,(PBun,), and PtC14(PBuRg)2, 

the trans-influence of phosphlnes relative to cfiioride IS also high for PtIv_ 

Tile variation In IJP~_~ accordmg to the &and tram to the phosphine was also ex- 
plained m the same terms by Aller, and Pldcockzz4- For example, the large difference be- 
Ween Vpt_p trans to Cl- (3454 d-12) and trans to PBuJt3 (2270 Hz) in [C1Pt(PBu”~)~]* 

was again consistent with the hi&x tram-influence of PBuJz3 relative to Cl-. 

Allen et al. 225 examined lJPt_p for some PtI’ ccmpiexes of tnphenylphosphite, 
P(Oph)3, and phosphonates, (RO),F’0- and (RO)zPOI-I (I2 = Me, Ph). Couplsng to 31P 
in complexes of (PhO),pc)- vanes wrth the other hgands in the same way as for PEt, 
complexes. There is a lmesr relationship of lJpt_p(P~osphmeI for the compIexes mans- 

[PtX@hO)$O~ (PBu”~)~], wth 2Jpt_ble for the complexes trans-PtXMe(PEtj)2 {dis- 
cussed later)_ 

Combining several sets of results, Allen and Sze 226 obtained a trans-influence series 
(order of increasing coupling constants) SlMeE’h,- (ref_ 227) > Ph- > Me- > PEt,, 
PBu”~ > PMezPh > PPh, > P(OPh),, CN- > AsEt > N02- >p-toluidine > EtNH2 > 
Et,NH r FY, N3-, NCO-, NCS+ > Cl-, Br-, I- > ONO,-. This order represents a de- 

creasing tendency for the hgands to concentrate Pt(6s) character mto their bonds with 
Pt”. 

ft is more difficult to discuss the varlatmn m xJPt_p when the llgand czs to the phos- 

phme is cfianged. The changes are smail relatrve to those when +he rram hgand is varied 
and changes m any of the varrables m eqn. (3) could be equally Important. As pointed out 
by AUen and Sze226 values of IJpt_p In the three series Wans-PtHX(PEt3)z (ref. 149), 
transs-PtMeX(PEt3)2 (ref. 224) and trarrs-Pt [(PIIO)~PCI~ X(PEt,), (ref, 225) give a 
consistent c&influence series (mcreasmg order of lJpt_p) CN-, II- > NCS- , Br- > 
NCO-, Cl- > N,- I=- NOz- > ONO,+_ If the variation in lJpt_p is compared witi 

that for the lg5Pt chemical shifts in Walzs-PtHX (PEt ), (ref. 228) a linear carrela- 

bon is obtained, except for I- (Fig 5). Since the 3 Pkemicd shift also correlatm 13 

with the Lg5Pt chemical shift 228, the correlation between lJpt_p and 6p observed by 
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Frg. 5. Plot of Jpt_p vs lg5Pt chemical shift m complexes tra?r~-PtX(H)IPEt3), 

Socrates r4g necessarily follows These correlations appear to be too good to be co- 
mcrdent, but it is not clear what they mean m terms of the variables m eqn. (3) for 

lJpt P’ If, as suggested by Dean and Green Z* lg5Pt chemical shifts in LWZS- 
PtHk(PEtj)t are determined mamly by the covalkcy of the Pt--X bond (and my 

Pt-X n-bondmg), the unplication is that as Pt-X becomes more covalent (or Pt+X 
I;-bondmg mcreases), lJpt_p cis to X decreases, But Me- appears to have a IO-E czs- 
influence, since lJPt_P cram to Me- in cl+PtMe2(PEt3)2 (1856 Hz) is greater than 
in crs-PtMeCl(PEt& (I 7 19 HZ] 224_ Although the Pi-Me bond IS usually considered 

to be very covalent a possible reason for this IS that I $Ptt6sj (0) 12 1s very hgh m the 

dirnethylplatmum complex owing to the strong a-donor power * of Me-. 

* Some disagreement exists between Church and M3ysg7 and Allen et al. 225 on the effect of a 
strw donor &and on I$pt (es) (@I2 AUen et al. 225 pornt out that this represents the square 
of the amphtude of the atomic wavefunctlon, and that a decrease m a-donor strength of L 
will cause a contraction of the s-orbltai, which will tend to mcretie thus amplrtude. However, 
$z at any pomt represents the selectron density at that point and duect donation of electronic 
charge mto the orbital IS usually considered to outwei_& orbItal expanwon, Of course, removal 
of charge from other metal Cd,) orbitals causes art t?crease in t$z at the nucleus. This approach 
seems to be quite successful in dlscussmg center shtits III Mossbauer spectroscopy, which de- 
pend on sslectron density at the nucleus 22g. 
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Allen and Sze 226 used LJpt_p in the complexes cis-PtCE, L (PBu”3) to arrange the 
hgands L fn a crs-influence order (mcreasmg lJFt_p): (PhO),P > (Me0)3P > PI%, 
> PMePh, > PBun,, PEt3+ 

Although Grrm and Wheatland 330 have contmued to support their theory that 

%-P is determined mamly by the extent of Pt+P n-bonding, &IS theory IS certain- 
ly incorrect. The most convmcing argument against It is provided by the essential 
similarity between the variation of iJpt_P with the to-arzs ligand and that of lJpt_H, 

2JPt_&fe3 etc. (see followmg discussion). No n-bonding can occur in the Pt-H bond. 

(c) Phtitrum-hydride couphg curwtunts 
Powell and Shaw 231 measured lJpt__r for a series of complexes wans-PtHX(PEt,),. 

TH was correlated wrth the trans-effect of X-, but no apparent correlations appeared 
to exist involving lJpt_H. Atkms et al. ls8 observed that, for the closely related 
complexes ~~~~ts-PtH(RCO1)(PEt,)l, lJp,_H (along with rH and z+~_~) correlated 
lmearly with pK, of RCO2H. The results were interpreted in terms of the appropriate 
form of eqn, (3) (substrtutin g Pt and H for A and B) Increased donation of charge 
to platinum caused a decrease in c+,l in the Pt-H bond. The lack of correlation be- 
tween lJpt_H and 7H, or +t__H when X = Cl-, Br-, I-, NCS-, SCN-, No*-, CN-, 
and the observation of a correlation between $,_H and the position of X- in the 
spectrochemical serves (determined from the W spectra of Cc@ complexes) led to 
the suggestion that changes in 3AI? might be dominant in (3) when “gross” changes 
were made m X- However, the correfatron with the spectrochemrcal series might 
equally well be explained in terms of variatrons m c+t* being dominant if ligands 
which tend to concentrate s-character into their bonds with platmum are also those 
which cause a large d-orbital spEittmg 

Church and Mays g7 studied ‘Jpt__~ for a number of cationic complexes ~UIZS- 
[PtHL {PEt&]‘* The results were interpreted in terms of variation in apt’_ Changes 
in 1Jpt_tI with the rrans-lrgand parallel &ose In lJpt_. as would be expected If apt2 
is dominant in both cases. When values of LJpt_H for complexes rrnns-PtHX(PEt3)2 
are compared with those for trarzs-PtHX(PMe,Ph)2 (ref. !54), the former are con- 
sistently tigher than the latter (e.g., with X = NO,, lJpt_H = 1322 Hz for the 

PEt3 complex 231 and 13 I6 Hz for the PMe,Ph complex). A large difference is ob- 
served between corresponding values of lJpt_H for trans-[PtWL’L2J*, where L = 
PEt, (ref. 97) and AsEt (ref. 156) (e.g., for L’ = PI%,, lJpt_H = 890 Hz when 
L= PEt, and 739 Hz when L 

-I 
= AsEt,). The relative difference is greater than that 

. 
in ypt_- (2069 cm for [PtH(PPh3) (As&&]+ 
(PEt3)2]+)_ As usual for “NMR cis-mfh.rences” 

and 2100 cm-l for [PtH(PPh$- 
no definite statement can be made on 

factors responsrble in eqn. (3), although variations in 1 Q,,,,, (0) I2 might produce 
the observed differences. It should be mentioned that the &-influence on 1JPt_H is 
magnified in these complexes since two cr’s ligands are being changed. 

Combining results on pans-PtHXL2 and PtH(L’) Lz+, the order of decreasing NMR 
tians-influence. corresponding to the increasing order of apt2 in the Pt-H bond, 
shown m Table 8 is obtained. 

There are a few anomalies in this series- Church and Mays g7 commented on the 
position of P?h, relative to PEt, and the phosphites, although Pt-H stretching fre- 
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TABLE 8 

Pt-H couplmg constants and ftans-infiuences for pfatmum(Ii) compounds@ 

CN- (768) (ref 154) > PEt3 (790*) (ref 97) > PMePhz (840) (ref 154) > P(OMe)3 (846*) (ref 97) 
=_ P(t3Ph)~ (872*) (ref 97) 12~ p-Me-QH4NC (872) {szf. 154) > PPh3 (890’) (ref 97) zzp-MeO- 
C6H4NC #PO*) (ref. 97) 2 t-BuNC (895*) (ref. 97) > CzZH4 (93 1) (ref. 157) > CO (967*) (ref 97) 
zz S-CsHs- (PPh3 complex, 969) (ref. 231aI > NUz- (1003*) (ref 23f) > -NCO-” (lC)80*) (ref. 231) 
LZL -NCS- (1072 (ref 1541, iO86* (ref. 23 I)) N 2-Me-py (1080) (ref_ 154) z= 2,4,6~~~e~y~pyridme 
(1073) (ref. 154) 2 py C1106) Cref 97) > p-bieCgHgC02- 11195”) Cref 158) > -SCN- (1204 
(ref t54), f233* (ref. 231)) > Cl- (1260) Cref- 1541 pCF3CO 2-- (I286*) (ref. 158) > Br- (1302) 
(ref 154) 2 NOs- (1316) (ref. 154) > I- (1332) (ref. 154) > hIe2CO (1458) (ref. 154) > ClC?,+- 
(PPh3 complex, 1466) {ref. 163) 

a IJpt-H ( Hz for trans-PtHXLn or rrans-PtHL’Lx, where L = I PhZePh2 except where otherww noted, 
or -hen rndrcated by an astestsk, m tvhtch case L = PEt3. The order IS that of ~~cre~slng .I, and de- 
creasing mm-mffuence 

quencies show the same order. By compariSOn with the ppt_H series of Br-, I- and 
SCN- are out of order This is a general feature of ~~~~~-~~uen~~ series derived 
from coupling constants (see discusslcrn later). 

(&I) cmrpltng cun~r~nr~ ru rhe p~~r~n~#~-~~r~~y~ grmp p~~r~nr~~ {If). 
Plarinunz(li) Couphng between lg5Pt and 13C m 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, 2Jpt_Me, is more comphcated 23*_ However, Smrth 233 showed that the ~oupi~~~ 

2JX C H could be treated in an analogous way to 'JHCH, which is fairly well understood. 
The& ~ns~derat~o~s s~~ested2*~ that 2Jpt_hie would be given by 

f(C) represents the various factors that affect the transmission of the xoupling through 
the carbon atom. W&un a series of complexes tram-PtNeXt2, provided changes m f(C) 
are relatrvdy small, variation m 2J&_Z1Te with X would depend mainly on vanatmns m 
lupt2, as for lJpt_p and lJpk_H_ A linear correiatton 203 between 2Jpt_Me for these com- 
plexes wzth lJpt_H for corresponding complexes ,?~~ns-PtfliXL~ mdicates that changes III 
f(C) are not important- This conciusictn 1s confirmed by the observed linear correlation 
between &q,t_~3c and 2Jlqt_C_1H for a series of platinum-methyl complexes234. 

A&n and Pldcock224 noted that 2Jpt_hIe in the compiexes grgas-PtMeX(PEt3)2 was 
dependent on X- 
Ruddick235 

and varied in much the same way as lJpt_H in the hydrides. Clark and 
examined ?Fpt_&, in the catsonic complexes trans-fPtMeLfPMe2Ph)2]+ and 

pointed out that the dependence of 2J on L was slmlilar to that of Opr_W in corre- 
spending hydrides. More recent work 1 ~~~~~~~~ 236*237 has extended the range of methyl- 
plat~um~1~) compi~x~s. ~ornb~n~ng results for 2Jpt_Me in PEt3 and PMeaPh complexes 
(the change of phos~~n~ has iittle effect2a3 an 2J’pt_CHJ) the NM!& ~~~~-~uenc~ order 
&own in Table 9A is obtained. 

For complexes cis-PrMe2 L2, 2JPt-Me also shows a dependence on L, to &zve the @QZ?S- 
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TABLE 9 

Coupimg constants and rrans-mfluences for methyl-platinum(M) compounds 

383 

A* 

B 

2Jpr_~_~v~incs for trms-PrMeXL2 and trans-[PtMeL’Lz ]+ complexes 0 
x or L = p-F-C&&- (49.5) (ref. 25 1) > m-F-CaHa- (50 0) (ref. 251) > carbznes (e.g., .C(OMe)_ 
Me) (5 3) (ref. 176) > SbPh3 (55) Cref, 235) > PMezPh (57) <ref. 2.35) 1 -C=CCF3 (57 8) 
(ref. 236) N P(OPhI3 (58) (ref 235) r PPh3 (60) <ref. 235) 1 CN- (61) (ref 203) > CO (63) 
(ref. 235) 1 RNC (63) (ref 177) > AsPh3 (67) (ref. 235) > NOz- (7 1 3) (ref. 203) > CHz=C- CH2 
(72 0) {ref. 178) > Me-CH=CHz (73 5) (ref. 179) > py (74J <ref. 235) = C2H4 (74 3) 
(ref- 179) 1: CH2=CHCH=CH2 (75) (ref. 178) > NH=C IOMe)& Ts (76-4) [ref- 180) 21 hleC=Chie 
(77) (ref. 179) 2 NCO- (78) (ref 203) = NCS- (78 5) (ref 203) N N3- (78 6) (ref. 224) > RCN 
(80) (ref. 180) > L- (81) (ref 108) r Cl- (82) (ref_ 108) E Br- (83) (ref_ 108) > N03- (86) 
(ref. 2.03) > hie;CO (88) (ref 237) 

2Jpr_r_~ values for ci*PfMepL2 a 

Sb,h& b 154) (ref. 239) > PMezPh (67) (ref. 108) > PPh3 169) (ref. 240) 2~ P@XZbH4hIe)3 (69) 
<rcf_ 241) > p-CN-C6H&Ie (74.6) (ref. 241) N CNCt (75) (ref_ 240) > AslMe3 b (77 5) (refs 239, 
242) > AsMezPh (79) (ref. 109) > COD (83.4) (ref. 241) - 

a The order 1s that of dccressm_g rrarzs-mflucnce with Jvdues (Hz) m parentheses, 

6 me 2JPr-cE-i3 couphng constants III ref 239 appear to be half the true values 

influence order shown in Table 9B- For the ln-mted number of complexes of this type for 
which 13C NMR data are availabIe234*243 changes in lJPt_C parallel those for ZJPt_C_H. 
The results suggest rather large differences between the rrans-influences of phosphine, 
arsine and stibine ligands, Lvhich are not apparent when NMIX spectra of a series of trans- 
complexes PtMeL(PMe2E%)2i are examined 235 Platinum-methyl coupling constants in . 

the cis-dime*kyl complexes probably provide a less reliable guide to rrans-influence be- 

cause _ 
(i) Results will reflect a czs-influence as we21 as a rrrms-influence 

(iz) Two hgands are bemg varred from compound to compound so that “perturbations” 
from changes In 3AE, I I$ Pt(6s) (0) 12 will be more pronounced. 

A senes 

2JPGCH 

244 of complexes cis-Pt(CH, SlMe3), L, shows an analogous variation in 
with L although the couplrng constants are consistently higher than correspondmg 

values of 3Jpt_afe for the analogous platinum-methyl compounds. 

Pkztzn~m(JV) In trimethylplatmurn(IV) complexes, 2JPt_hie depends245 on the tram 

donor atom, e.g., complex XXIII 

shows three Pt-Me resonances with 2Jp&_hle = 73.6 (n-am to 0), 71 @mns to py) and 697 
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(LWIZS to N) Hz* The complexes [PtMe3Xj1 gave l** 2Jpt_hie = 8 1.7 (X = Cl), 80.1 (Br), 
80 1 (OH), 78.4 (I) and 73.4 (SH) Hz. The range of couplmg constants obtained by Kite 
et al_ 245 was not very large (69-82) smce no Iigands of very high trorzs-influence were m- 
eluded Ruddick and Shaw lo** log examined the NMR spectra of some Ptrv non- 
electrolytes containmg ligands such as tertiary phosphines and arsines with high wans- 
influence. For example, for the complexfac-PtMeg(PMeZPh)ZI (XX), ‘JPr_hlr: (traizs to I-) 
1s 70 Hz and 56 Hz lrurzs to PMezPh. For the correspondmg complex with AsMe2Ph the 
coupiing constants are 72 and 64 Hz troizs to I- and arsine respectively. The lowest value 

Of 3-JPt-Aie occurred for the complex cis-PtMe4(PMe2Ph)2 for which the platmum-methyl 
coupling constant for tlie mutually frtz/zs me thy1 groups was 44 Hz (57 Hz frarls to PMe?Ph). 

Clegg ;nd Hall 185 measured 2Jpt_hlr for some trimethylplatmum(N) complexes, 
PtMe, X3-- and PtMe, L,+. The coupling constant was dependent on the tralzs lrgand and 
correlated with VPt_tfe from Raman spectral data For the anionic complexes, the order of 

2Jpt hfe - was NCS (73.4 Hz) > NO,- (70.9) > CN- (60 8), suggesting a reverse LWZS- 
influence order For the senes PtfCH3)3(bipy)X and Pt(CH3)3(bipy) L+ It was found 185a 

3 
that -JPt-CHs ~JYZ~ZS to X or L was very sensltlve to change in X or L and 2Jpt_CH3 frarzs 

to blpy almost msensltive to X or L The tralzs-Influence order obtamed is given m Table 
1OA. This order showed some correlation with v Pt__CH3 (trarzs to X). For cationic tn- 
methylplatmum(IV) complexes containmg three neutral ligands, 2Jpt_hle IS very dependent 
on the nature of the lrgand trarrs to the methyl group m questIon, but almost independent 
of the cis ligands For example, 2Jpr_hIe rrans to pyridine is virtually constant at 67-68 
Hz in the complexes PtMe,(py),,(OH,),_,+ (n = 1-3) (ref. 185), PtMe3(py)z(PMe2Ph)+ 
(ref- 189), PtMe,(py)(PMe,Ph), (ref. 189). H owever. the value changes for different 
classes of compounds, e.g., 2 1 6Hz (ref. 190) for PtMelI(PMe2Ph)2(py)+, XXIV, 

60.8 HZ for PtMe2(py)2(PMe2Ph)22*-+, XIV (ref 190) and 7 I Hz in XXIII (ref. 245). Con- 
sequently it is Important, when making detailed comparisons, to confine considerations to 
complexes of a particular class. For the complexes PtMe3L3+ (refs. 185, 189) and 
Pthle,(L’) I$’ (ref. 189) the trans-influence order 1s gwen m Table 1 OB, and for the di- 
methylplatinum cations [PtMe2(PMe2Ph)2b_]* and [PtMe2(PMezPh)zIL]+ in 
Table I OC. The trarzs-Influence order m Table 1OC correlates well with that obtamed from 
vpt_hfe m the Raman spectra. A linear correlation was also found between these coupling 
constants and those obtamed for trons-IPtMeLfP~fezPh)21+. 

The trifluoromethyl group also exhibrts a hq$ NMR flawinfluence in platinum(W) 
compounds. For example, in the complex XXVa, 2JPt_hk has the low value246 44.6 Hz 
trarzs to -CF 3- (66-4 Hz rr~ns to I-) and in XXVI both Pt-Me coupling constants are 
low (44 and 46 Hz) 237 _ 

In the dimeric complex [Pt(CH,)3( 
acac (73.3 HZ) is sirnilar235 

acac)] 2, the Pt-CH, coupling trarrs to the 0-C or” 
to that for the methyl groups mans to 0 (75.1 Hz), indlcztmg 
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TABLt: 10 

Coupting constants and trams-influences for methyl-pplatinum(tV) complexes n* b 

A. 

B 

c 

2JPt-tZ’M3 Wares for Pri%fe$Kf~r~~~j arzd PiMe (b@y)+ [trans TO X or L) m tzrrrobenrene185~ 
cIi3- (44 2) > CN- (55 5) > PPh3 (58.5) 2 acac- (C-bound) (63 8) > NOz- (67.2) > plperldme 
(68.8) > MeNHa (49.6) z EtNH2 (69.9) > -SCN- (70 5) > py (70 9) > NH3 (71 7) > NCO- 
(72.3) 2: I- (73 4) 1 -NCS- (73 0) > CH3C02- (74-O) > Br- (74 6) z Cl- (74 7) > NOs- 
(79.5) > Hz0 (82) I 

2JJq_C_ff &wiues185*‘ag for /PrMc3L3/+ and /P*Me3L~L/ + c 
F_ = XCH2CHzCH20 (49 Hz III PthLe3(AsMe3)2 L+) > PMezPh I54 5) > SbMe3 (60) b p-CNC6H4- 
Me (60) > CNMe (60 8) r p-CNC6H!/0Me <6X-3) _ 
(PtMe3 L.+, 

- CNC2H5 (61 2) > py (68) 2 NH2Me 
68 4) > NH3(Pthle3LS , 

mfe3L3+, 79.7) 
71) > NCCsF5 (PthIe3(AsbIe&L+, 77.4) > Hz0 

‘Jpf-c_~ udues2 for /pfMe2 (PiV¶e2P?1)zL2]2+ und [PMcT~ (PMe~Ph) 21L/+ (ref. 190) 
L = CCH2CH2CH20 (47) > PMezPh (50 5) > dears (56-O) > CNC6H40hk (57-8) > CNCeHeMe 
(58 0) 2 CNMe (58.2) N CNEt (58 2) > P(Obfe)s (60.0) > dlphos (60 6) > py (60.8) > tetra- 
pyrazolyiborate, Bpz4 - (64 3) > blpy (64.4) > terpy (64 6) > S2CNEt2- (64 8) > NH=CVXIe)- 
CeFs 465-2) > phen (6s 5) > p-NCC6H40CH~(70 2) 

Q The order IS that of decreasmg rrmrs-Influence [incremng J) values (Hz). 
b Values rn Hz are given m parentheses for each lrpnd 
C L’ = PMezPh unless other\% ISC noted 

xxv 
(a) R’ =R"=Me 
(b) R’ = I.R2=CF3 
(c ) R’ = R2=CsHg 

that the O-C bonded acetylacetonate group is exceptional among tT-alkyl groups rn having 
a low NM2 frans-mfluence, This supports a smnlar conch~~lon from Pt-CH3 bond Lengths 
in related complexes 44byc_ In the complex Pt(CH3)3(blpy)[-CH(COCH3)2] the Pt-CH3 
coupling trc~n~ to the carbon-bonded acetylacetonate 185a (63.8 Hz) IS smaller, Indicating 
that the trans-influence of &IS group LS a little higher than that of bipy (tiafzs-coupling 
68.8 Hz), but still much less than that of CH3- (rrans-coupling 44.2 Hz). The crystal 
structure of this complex44a supports the conclusion that there is little difference between 
the rrans-influences of blpy and C-acetylacetanate. 

King246a has reported the preparation of the dinitrogen complex Pt(CH3)3(dlpyrazol- 
ylborate)(Nz)_ A comparison of the Pt-CH3 coupling constants cis and fmm to the 
dinitrogen ligand (78 and 64 Hz respectrvely) implies a moderately high trans-influence 
for N2. 

(e) I%-CF3 couplrng 
It has been suggested203 that 2Jr9sPt_C __I 9 F in trifluoromethyIplatmum complexes 

is given by an equation analogous to (3) A linear correlation2*3 between 2Jpt_nl, and 
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2JFY-CF for corresponding complexes frans-Pt(R)X(PMe2Ph)7 and purrs-PtfR) Ld 
(PMe,P&+ supports this conclusion. The devration from the line of pomts representing 
L = SbPh3 and CO was explained m terms of these ligands requrring back-bonding from 
filled metal d,-orbit& which were contracted in the trrfluoromethyl complex owmg to a 

greater effective positive charge on platinum. 
A dependence of 2Jpt_CT on L was also observed for the complexes cis-Pt(CF,),L, 

(ref. 241) analogous to that &r crs-PtMe L 2 2. The decreasingorder of coupling constant, 

%-CT; and hence the order of increasing trarzs-influence, IS 4Me-py (793 Hz) G 
SbPh, (79I) < COD (736) < AsPh, (73 1) C CNEt (713) < AsMe, (713) < PMe,Ph 
(627) Triphenylstrbine agam has a low trans-rnfluence in a metal complex where the effec- 
tive posrtrve charge on platinum 1s high; but, surprisingly. the zPans-influence of COD ap- 
pears to be similar to that in the drmethylplatinum complexes. 

%CTa also shows a dependence on the fz-urzs hgand in platinum(IV) complexes The 
ccupling constant order 1s: Me,CO (612 Hz in XXWIb)246 > I- (505 in xXVIIa)247 > 
CNEt (452 Hz in XXIX) 241 > PMezPh (419 in WIII) 246 >CFJ- (289 in XXVb)‘46 
> Me- (280 Hz rn XXVa) 246 > -C,H,- (235.5 Hz rn XX’VC)~~~_ 

XXVII 

tal X=i,n=O 
(b) X= Me&O, n=l 

i 

l-l+ 

Me, yt7 PMeaPh 

CF,’ 1 ‘PMe2Ph 
L 

I 

-3 1 CNEt 
‘P/ 

Cfj’ 1 ‘CNEt 
I 

9 

XXVLII XXIX 

(f) I 9spr- 4.f ctlztpl1r1g 
Very recently, Venanzi 247a has reported the observation of coupling between l95Pt 

and 15N in lSN-enriched complexes czs- and zrazls-PtX2L2 (X = Cl, Br; L = n-C12H25NH2) 
of lJpr_N in czs-PtC12L, (351 Hz). The higher value compared with that in the frans- 

isomer (290 Hz) imphesthar the amme has a hrgher trans-influence than chloride. The 
difference in coupling between cis and rrarrs isomers IS less pronounced than that for 
lJPt_P in the analogous PBu”~ complexes 1 These data are consistent wrth the trurzs- 
influence series RjP > RNH2 > Cl-, Br- obtained from Pt-P, Pt-I-l and Pt-CH3 

coupling constants. 

(g) Couplings involvitrg 195&9VW?tlU?-C? than tW0 bOlldS 

Theoretically, the treatment of zzJPt_X becomes extremely complicated as zz mcreases. 
However, experimental results have mdrcated that the behavior of the couphng constants 
involving lg5Pt is often analogous to that of coupling constants involvrng IH For exam- 
ple, 3J,,,_,_, shows a dependence 248p 249 on the dihedral angle between the planes 
Pt-N-C and N-C-H similar to the Karplus reiatron for 3J 

*-ckJ$-H 
in the fragment 

H-C-C-H Likewise, 4JptNccH shows an angular dependence , srmilar to that for 

4JHKcW Consequently, in considering a couplmg MJPt_A_B _M_-X which is transmitted 
through bonding electrons, it is reasonable to use the relation 
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In this extension of eqn. (S), F(A-B._..M) represents alI the electronic and stereochem- 
ical factors m the A--B....M fragment w&h can affect the coupling. If, within a series of 
complexes, changes in &X2 F (AEL ..M)l $J~ tnsj(0) I 2 are relatively small the couphng 
wiU depend on c~,~~f ~Pt~~~~(0)12/3~, just as for ZJpt_X. 

Thus for the complexes Pt(en)L2’+, 3Jpt_N_CHz varies with L in a similar way to 

2J%CH varytng2qg from 32 Hz (rr~ns to PPh3) to 52.5 Hz (~UTZS to HlO). 3Jpt_p_17~, 
for the p3h6sphine tram to X In the complexes PtX(PMe,Ph),+ depends on the D-~R~s- 
influence of X, as illustrated in Table 1 I. The difference between the coupling constants 

3JPt--P--CH czs and traprs to Cl- may be compared with that between lJpt_p in reIated 
complexes $tX(PR3)3+ (see earlier discussron) I13 224. 

3Jpr-p_Crl:, _~tzns to all the a-C bonded organic groups 1s low, indicating a high tmns- 

influence. The sl@ficant variation in 3Jpt_-p_-CH, (czs to R) suggests that these coupling 
constants cannot be used as a precise mdlcation of rrarrs-influence differences between 
-R groups 

Within the series of complexes XXX 

tl+ 

PMe2Ph ,Hv 
I 

t--Pt--C* =‘OMe 
I ‘CF3 
PMeaPh 1 

xxx 
(al Z=x;n=G 
ibl z=L.n=l 

3JPt-C-CF ad 3Jpt-C--C-H both vary lmearly with 2JPt_CHs for the correspondmg 
rnethylpiat&um complexes Pt~eZ(PMe2Ph)~‘zt (except for the pomts representmg L = 
S$Phs), although the lmes do not pass through the orlgmzsO. This suggests that over the 
observable range of coupling constants (77-144 Hz for 3Jpt_C_CF,) the dommant factor 
in eqn. (4) is apt2. 

Glockling and Hooton 1 1 1 studred the variation of 3JPt_Ge_CHa with X in the com- 
plexes rrans-PtX(GeMe3)(PEt3)2. The coupling ranges from 11.8 Hz for X = CN- to 
20 Hz for X= Cl-, vaiying in an analogous way to 2Jpt_CH, m the methylplatinum com- 
plexe s. 

Some typical data on coupling between 31P and lo3Rh (I=+, 100% abundance) are 
given in Table 12. 

In the complexes EZhX(PPh,),, l&l P is always larger frans to X than Warts to PPh,. 
Grim and Ference25~ have @en an expl&atlon in terms of the mutually rrans phosphine 
ligands competing for M d= electrons. The fact that values of lJRh_p for the Rhirr corn- 
plexes are smaller than for Rh’ complexes with the same tram hgands is then explained 
in terms of less n-bonding for Rhm. However, just as lJpt_p (trctns to P)/lJ,,_, (tram 
to Cl) was the same f for Pt” and Ptrv, LJRh_p ( *arts to P)/lJRh_p (trusts to Cl) is 0.75 
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TABLE 11 

3Jpt_p_~~, for ~~mpleves [ PtX(PMeaPh)a I+ 

R 3J Qxs to R) 3&f ffmrs to R) Ref. 

-Cl 23.5 40.0 235 

-@SC’ 
H 

30 Q 20 6 
fy3 ‘txk 29-2 3,so 

-Cc& 32.6 17.6 250 
-a73 28 0 19 0 203 
-C& 30 0 18.5 235 
-H 39.5 20 5 154 

TABLE 12 

t*3Rh-3LE’ coupImp constants tn C&Cl2 

Compound i “Rh-Pi 
rraf7s to halogen 

or COD 

ReI - 

RhCLCPPh31s 
RhBr(Pph3)3 
Rfil (Pfh3 13 

nrer- RhC13 IPBu”~)~ 

n2er- RhBr31PBun3)3 
nzer- RhCls (PhIq 13 
nter- RhCls (Phlq Ph)a 
mer- RhC13(PhicPh2)3 

Rh{COD)(PPh3)Cl 
mer- RhC13 (PEt2 Ph)3 

189 
192 
194 
II4 
1125 
108 
103 
1123 
114.5 
152 
108 
111 1 

129 
124Q 

142 
141 
139 

84 
83 6 
84 
83. 
84.6 
86 0 

84 
84 

252 
253 
253 
253 
253 
256 
254 
253 
253 
254 
254 
252 
252 
254 

for RhCI(PPh,), and for RhCl, (PM&%& *, which could not be expected if bRh__,de- 
paded_ mainly on Rh-P n-bonding, and such n-bonding was reduced for RhlIJ relative to 
Rh’ It should also be noted” that lJRhn~_p/lJ~hr_p for this parr of cornpfexes is 0-d fur 
phosphine frans to Cf and rrarrs to phosphine, almost identical 1 to correspondmg vakes of 

Qp&v _p/ iJp$I -p1 and comparable wlfh the “theoreticai” vah~e~~~ of CMi7. Consequent- 
ly we prefer to discuss variations in lJ~~_p in terms of the appropriate form of eqn. (29, 
with changes b icYRhZ being predominant. At least, it is clear that the mechanism of coupling 

for IJRh-p is similar to that for lJ~t_~. 

* This discussion @rwres the probabie smaU dKferences bcween ‘JRh_p for PPh:, and PMePhz complexes 
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The ratio lJRh_p( nmzs to PPh#&&rranS to Cl) for RhCl(PPh&, 0.75, is sig- 
nificantly larger than for lJpt_p(tmns to PPhPr”2)/LJ~t_p(Z~#~s to Cl) in the complex 
PtCl(PPhPr”~)3+, O-46, This suggest that the trarrs-influence of phosphimes relative to 
Cl- is less for Rhf than for PtZ1. A significant &-influence on lJRh+{tmrrs to PPh,) 1s 
demonstrated by the couplmg constants in trans-RhCl(CO)(PPh,)2 { 129) and RKI- 
(PPhj)3 (142). The tralrs-influence of COD appears to be slightly lower than that of CI-. 

(i) CutipImg cunsrQnrs inudvi?2g 199Hg 
Hatton et ai 255 examined the variation in 2JHg_cH, ( lg9Hg, I = $, 16.9% natural 

abundance) with X in the series Me-J&--X_ The series has been extended by Schaaf and 
Oliver *%, and Goggm et al- 2s7 have studied Some cationic complexes Me-Hg-L? 
I-Iatton et al_ 2% interpret the results in terms of variation m the s-character of the Hg-CW, 
bond. The trans-Influence series thus obtained is gven in Table 13. Trends a+ogous to 
those in Table 12 are observed255 for 2JHg_CH, and 3JHg_CH,_-CHJ in complexes EtHgX. 

Schaaf and Ohver 
Iy with rlJtIg_-CHJ 

Z6 found that 3JHg_S1CH, m the complexes Me, SIT&X varied linear- 
in the correspondmg complexes Me--Hg-X (although the plot does not 

pass through the origin) indicating that changes in Hg hybridization are dominant in both 
series. The srtuatron is slmllar to that in the complexeslll trans_PtX(GeMe,)(PEt3)2 
mentioned above. 

Ptdcock and co-workers 86 measured lJHp_p in some complexes HgXfPO(OEt),] in 
benzene. The complexes are drme:nc in sobtlon with Hg-P-0----Hg bridges, but from the 

crystal structure of the solid complex HgCl[PO(OEt)Z] it was concluded that the 
P-Hg-Cl unit was not greatly perturbed by these mteractlons and remained almost linear. 
1J He_P varies with X in the order: MeCOZ- (12 97 kHz] > Cl- (12 67) > Br- (12.24) 
> I- (11.18) S (EtO),FQ- (7.50). The similarity of this behavior to that 22s in trans- 

PtXWNOEt)*I @Et,)2 was noted. Since Hgrr has a closed d-shell, effects mvolving 
metal d-electrons are not expected to be important. Thrs provides additional evrdence that 
R-P d, bondmg does not control lJPt_-P in PtrI complexes_ Smce HgrI 1s formally sp- 
hybridized but appears to show an NMR trans-influence similar to that m formally dsp2 
P$, the results suggest (If the Fermi contact explanatron is correct) that changes in s- and 
p-orbIt& are dominant m giving ruse to the frQfts-mfluence m PtiI complexes. 

Goggin et al. 257 measured 3Jwg_p_cH3 in the serzes [HgX(PMe3)lq and [HgL(PMe3)12’ 
in D20. The NMR mm-influence order thus obtained was: Me- (43.9 Hz) > Ph-” (50.8) 
1 PMe, (84.3) > AsMe, (- 92) > CBi- (99.6) > I- (106.4) > Br- (117.0) > Cl- (122.9). 
It was noted that this trend is smular to that observed for 2.1Hg_CH3. Correlations with 
vH~_CH~ and ~9-p were noted. 

McFarlane 25 noted that in the complexes (CF3--CGH~)H~X, JHg_F increased by a 
factor of approximately two as X was changed from --C,&--CF, to Br when the tri- 
fluoromethyl group was meta or pum This could be explamed in the usual way in terms 
of variations in cyHg2_ However, when the CF, group was ortlto no such change with X 
occurred- it was therefore suggested that the mercky o-CF3 coupling contained a large 
Yhrough space” component. The corollary of this finding is that coupling constants can 
only be expected to provide data about the Pans-Influence when such “through space” 
coupling is absent. 
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TABLE 13 

Couphng constants * and trans-influences in MeHgX and jhieHgL]+ 
- 
X- 01 L = SrMes- (96.8, cyciopentane) (ref 256) > Me- (102 (ref. 258), 100 6 cycloheune (ref. 
25;); 102 5, CFC13 (ref 256),104 3 pyrldlne (ref 255)) > --mH2- C103.5, CFCIJ) (ref. 256) 
9 -CH=CHz - (107, CFC13) (ref 256) zz -CH2Ph- (107 2, 1,2-d imethoxyethnne) (ref. 256) > 
-C6H,- (106 5, CFCIJ) (ref 256) > -s-Et (148, 1.2-dlmethoxyethane) (ref 256) 2 -C=C? 

0 
(150 6, pyndtne) (ref- 255) > S-E&-Me- (156.6, pyrrdme) (ref. 255) c1 -N(SrXfe~)~- (157 2,1,2- 
dimethouyethane) (ref- 256) > PhZe3 (167 3, D20) (ref. 257) > CN- (176) (ref. 255) > AsMe3 (- 180, 
DzO) (rcf 257) > I- (200, pyridrne) (ref 255) > SCN-‘ (208, pyndme) (ref 255) > Br- (212, 
pyrldme) (ref 255) N OH- (204,214.2, pyndlne) (ref. 255) 2 C2O4 (Hghle)- (205; 215.2, pyndme) 
(ref. 255) 2: SOa @&Me)- (205, 216, pyndmc) (ref. 255) > PO4 (HgM&- (220.5, pyrrdrne) (ref 
255) N OCObxe- (214-3; 320.8, pyrrdxne) (ref. 255) z S.Me;! (220-7, D201 (ref 257) > py i227 for 
MeHgpy(N03). 233-2 for M~Hgpy(Cf04)] (ref 255) 3 N03- (240 6) (ref 255) > D,O (359 2 for 
[McHg(D2O)]NO~ and [MeHg(D20)IC1041 

_-- 
a ‘YfShc order is that af decre,Mn_e r~a~rwIflUence Values of *&,-C-H (Hz) are given WI pmntheSeS, 

= and were measured In benzene unless otherwae noted. 

(jj Curplmg involviizg i&3 FV 
Grim et aI 208,230,260-262 h ave examined the coupling between le3W (l = 3, 14.3$% 

natural ~b~~da~~~) and 3fP m the cOmpfexes L~~(C~~~ and ~W(C~~~ where L IS a phos- 
phme or phosphite, Two main conclusions were reached: 

(z) In the complexes LW(CO), , 1Jjbr_p tended to mcreaseZO*v 262 with Increasing sub- 
stitutlon of electron-withdrawmg groups on P, varying Imearly with ucO (E mode) 

(iz) in the complexes ~P~~)~~~~~O)~, lJlv_p 1x1 the ~~rzs isomer was appreclabfy 
greater than in the cis isomer 23*y 26 I. 

The results are explained m terms of W-P n-bonding. Point (I) was taken to indicate 
that 1Jw_p was a measure of W+P n-bonding, since of spin-spin couplmg is transmitted 
mainly through cZ-bonds, one m&t expect the best o-bond to have the largest LJ~V_p. 
Either coupling was tr~sm~t~ed via r-bonds, or, in the Fermi Contact Theory (approprrate 
foml of eqn. (3)) n-bonding enhanced 1 $Iv(6s){0) I”, with a synergic Increase in P+W 
o-bonding also affecting the coupling. Pomt (zz) was explamed as ansing from greater com- 
petxtion by CO for sr-electrons than by PR3. 

~a~~~r and Pidcock 2(i3 have ~~~leng~~ these conclusions. They point out that when 
the groups on phosphorus are varied, the factors in the appropriate form of eqn, (3) 
which would be expected to be most affected are CY_~’ 1 I,L~~~~~(O) I”, rather than cyw’ I $w~~S~- 
(Cl) 12. Over a wider series of compIexes than that examined by Crir__ ct al. littie correlation 
was obsenred between lJw_p and the expected strength of W-P ~-bonding. 

It has previously been shown that vco in metal carbonyls LJ%(CO)s correlated wth the 

net electronegativlty of L, whether the electron flaw involved is O, 7~ or a combination 
(see earlier discussions on I+-&, so that the linear plot 208* X2 of 1Jw_-p agamst +a mdi- 
cates that phosphorus hybridization and net L-M charge transfer both chrunge regukly 
as electron-redrawing subst~~ents are introduced an the phosphors atom- 

The lower vah3e of Jw_p tmns to CO than rrans to PR, can be explained in terrr~~ oIT 

hi@xer gv’ III the former case if CO has a higher NMR tracts-mfluence than PR, m these 
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complexes. In the relatively electron-deficient complexes rrarls-PtMeL(PMefh)zt‘, the matzs- 
influence of CO (2Jpt_cH, for L = CO, 63 Hz)235 is only shghtly less than that of phos- 

phines C2JPt_-CHs, for L = PPh,, 60 Hz). It would be expected that the #-am-mffuence of 
CO would be greater m the “electron-rlchl’ tungsten(O) complexes. If this explanation is 
correct, it directly contradicts the assumption that there is no trcrrzs-influence u-r complexes 
such as these 89_ 

(k) Metal-olefitz coupling cotzsrutr~s 
X-ray data4’ suggest that the Pt-olefin bond 1s weakened when ~arzs to a hgand of high 

mans-influence, Couplmg constants to olefins also depend on the trrrlrs-lrgand, Since the 
bonding of olefins to metals is considerably more comphcated than that of a methide or 
hydride ion, or phosphme, such coupling constants should not be used alone as an indica- 
tor of tralzs-influence However, it IS of Interest to examme the effect of trans-ligands on 
meial-olefin bonding as revealed by these coupling constants. 

Kaplan and Qrchm 264 found that, zn the complexes XXXI, electron withdrawing 
groups, Z, increased the couplmg between lg5Pt and the olefin protons, although chem- 
icd shifts were consistent with the expecr,c; decrease in Pt-olefin n-bonding 

H H 
xxx1 

Braterman 265 explained these results in terms of the s-character of the Pt o-orbital vary- 
ing with the nature of the mans group X in an analogous way to that &cussed above to 
account for variations m f JPt_P, lJpt_H, etc. In platinum(H) complexes (Frg. 6) a mirror 
plane passing through X, Pt and the center of the C=C bond prevents s-character in the 
Pt orbrtals used for the Ir-back-bonding from contrtbutlng to the couplmg Since there is 
no mirror plane containing the C=C bond, symmetry does not prevent mixing of C 2s 
character mto the olefin n-orbital which is used to form the olefrn+metal a-bond- The 
s-character of this n-orbital will presumably depend on such factors as changes in Pt- 
olefin n-bonding caused by changing X, but by Braterman’s model such changes are out- 
weighed by those in the Pt o-orbital- 

The theory was used by Fritz and Sellmann *66 n-r discussing JPt_C2H4 in the corn- 
plexes trans-PtCl2(C2E-Q) L, where L was an amine hgand (mainly substituted pyrrdmes). 

Over the narrow range of coupling constants observed (59.543 Hz) tie 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 drstortrons in the Pt-olefin geometry. 

(i) The C=C axis can bend back268 as in XXXIIb 
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HA b 
b#@ 

II -pt 
/\ 

Hc R 
faJ 

xxx11 

(b3 

3Ylg. 6 The Dewar-Chatt-Dunc3nson model of metal-olefm bondmg. 

ff this occurs, it has little effect on @atmum--proton coupling constants since lpt_HA is 
similar to J&HC’ 

(zi) Twisting can occur about the C=C axis, XXXIIIb. 

This does have a sqnificant effect on coupling ~on~t~n~~~~7-~~~, causing JP,zrB to be 
smaller than JPt_-WA (67.2 and 77 Hz respectively in trans-PtC1,(MeCH=CH2)- 
(0--NC~T+-Me). 

HoIIoway et al 2dg showed that in the complex PtCl(acac) (Me-CWi=C&), the plati- 
num coupling constants to the vinyl pro.ons were negative, so that “the effect of moving 
(vinyl) protons riearer to the platinum atom involves an increase in the negatrve character 
of the ig5Pt-f-f coupling “26gt It was implied that “the 1%%-H coupIing constants of 
the olefm &and are more complex in origin than would be expected from consideration 
of only the Fermi Contact term “26g . The situation does not appear to be markedly dif- 
ferent from that rn the ‘“simple” H, --C-c--H, fragnrent, ~~0~~ it is more drEicult to 
analyze in detail. Karpl~s~~O showed that JH C17H depended markedly on the dihedral 
angle between the planes H A--c-c and c--&&$$~~~ 

xxxw 
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A sirnrlar angular dependence is found 248* 24g for 3Jpt_N_C_H _ When propene is twisted, 
the dihedral angles C#I~ and & (=IIIb) drffer from the drhedral angle, #, before twisting 
by the torsional angle IY such that GA = 0-a; t#~~ = @++or. Dependence ofJyt_H on # would 
be expected on tie Braterrnan model Holloway et al. X9 also found that platinum 

coupling to the propene methyl group was opposite in srgn (positive ) to that to the vmyl 
protons (negative), just as in [PtEt, Cl J4, where zJpt_CH1 is opposite in sign 27L to 
3J Pt- CH3 * This represents a typical reversal of srgn of couphng constants n+ZJA_C _x as 
n changes from odd to even 272, although there are exceptions. It should be remen?bered 
that when a coupling nJA_B _hL_X is said to originate III Fermr Contact, this refers to the 

mechanism by which the electrons in the bonding orbit& of A and X are perturbed by 
the nuclear spin. It does nof refer to the way in which this perturbation 1s transmitted 
through B ..M (which does not necessarily involve s-electrons at ah). These results do sug- 
gest that the Pt--l* (&fin) coupling constants should only be used as an indication of the 
trans-influence of t\e ligand tralrs to the olefin when such steric factors are constant. 

The direct couphugs r Jr 9s Pt_ I 3c to the olefin carbon atoms are not subject to these 
config’urationd complicat Jlls. ihe i?i-(: coupling constants m the complexes PtX2(CCID) 
where X = I, CF, and CH, are 124 * 4, 56 -t 3 and 55 % 3 Hz respectively773. The virtual- 
ly identical coupling constants trans to -CH - and -CF,- are consistent with the hrgb 
NMR rrnns-mfluence of both these ligands20 3 and make it clear that the Pt--C (COD) 
couplmgs are not dominated by the effective charge on platinum since the trrfluoromethyl 
complex would be closer to the lodo than the methyl complex in this respect. This is 
reflected in the 13C chemical shifts of the vinyl carbons273 (111 p_p.m_ downfield from 
TMS for Pt{CF3)2(COD) and 98 8 p_p.m. for PtMe2(COD)). Coupfrng between platrnum 
and the vinyl protons (70,40 and 42 Hz for X = E, CH3 and CF3 respectively) is also sensi- 
tive 274 to the trans-mfluence of X- . 

In the platinum(O) complexes, PtL2(olefin), the olefin lies approximately in the plane 
of PtL2 so that the symmetry restriction noted by Braterman for Ptrr complexes preventmg 
participation of Pt-S orbitals in the Pt-olefin n-bonding is no longer present- Thus there 
are two possible mechanisms for coupling between platinum and nuclei on the coordinated 
olefin. One 1s essentially the same as that proposed by Braterman26s for Ptrr with the 
platinum consrdered to be trlgonally hybridized, XXXVa (largely sp2) The other corre- 
sponds to a&p2 square planar hybridization, and to a “metaUocyclic” structure. The situ- 

f/ 
L. 

PK f 
L' ‘c 

(b) \’ 

xxxv 

ation is not necessarily either (a) or (b). Clark et al, 273 consider, on the basis of a com- 
parison of platinum-carbon couplings in Ptrr and PtO complexes of CzH4 and 

Me--Z-Me, that the couplmg mechanism in fto complexes is essentially srmrlar to that 
in Ptn complexes, the formal oxidation state only contributing to the magnitude of this 
coupling- 

The results of Kemmitt and Moore276 suggest that the s-character in the @atmum 
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o-orbitals depends on the nature of L in the complexes PtL2fC2Fd). JPt_F is sensitrve to 
L,, decreasing in the order en > bipy = phen > AsPh, > diphos > PEtzPh 2 PMezPh 2 
PMePh, t PBu n3 2 PPh,. The overall trans-influence N-donors < As-donors < phosphines 
is comparable to a “norm&’ frtirrs-infhrence series from platinum rehybridization. 

(e) Sltml?7aly 
Most of the above coupling constant data can be explained m terms of variation of the 

factors contamed in eqn (31, or the extensrons (4) and (5). The variations n-t couphng be- 
tween IvZ and a nucleus in the “mdicator” group A as L IS changed in the linear fragment 
A-M-L can be consistently explamed in terms of vartation in the szcharacter of the hybrid 
orbrtals used by M in the M-A bond This 1s clearly related to the trarts-influence, defined 
as the weakenmg of the M-A bond, and it IS found by comparison with other measures 
of M-A bond strength (see discussion on correlatrons later) that those ligands with hrgb 
rrans-inffuence are also tlrose whrch tend to reduce the s-character of the M-A bond. To a 
first approximation, the M-A couplmg constant is sensrtive only to the hybndization, 
not to changes in electronegativlty of L (as when L is -CH,- or CF3-). Since the nam- 
influence of L, as defined, appears to depend on both metal hybridization and electronega- 
tivity L, the serves obtained from M-A couphng constants IS shghtly different from the 
@NWrnfluence serres obtained by other experimental techniques, and thus should be re- 
ferred to as the “NMR tows-Influence series” I. Correlations between couphng constant 

data and results from other experimental techniques will be consrdered later. 

Strrctly speaking, the chemical shrft of the 195Pt nucleus in Pt” complexes does not 
constitute an experrmentai observation of the rrans-influence 1 However, it does rndrcate 
the effect of Iigands on platmum Itself, and since It is clearly related to the hydride chem- 
ical shift 228 in the complexes rrQrwPtHX(PEt,), (which has been used as an mdrcatron 

- of tarts-influence) it will be drscussed briefly. 
The shieldrng constant for a nucleus 1s 

where od and crp are the diamagnetic and paramagnetlc contnbutions to the shielding, 
respectwely- According to Ramsey’s theory for chemrcal shrfts277 the paramagnettc con- 
tributlon to the chemical shift is 

(7) 
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where IO > and 1 n > are ground and excited molecular wave functions of energies E0 and 
E,,. Zlx is the x-component of the one-electron angular momentum operator for the electron, 
i, and ri IS its distance from the nucleus concerned-. 

When large chemical shifts are involved, ‘Td is usually considered neghgible compared 
with OP. In classic NMR experiments 278, the chemical shift of the 5gCo nucleus in octa- 
hedral Corn complexes was shown to be inversely proportional to the wavelength of the 
IA +-IT 2g transition in the electronrc spectra of the complexes. However, in spite of a 
c&&ative correlation27p between lg5ft chemical shifts and color in some compiexes 
PtC12(PIZ3)2, detailed attempts to correlate the chemical shift with excitation eilergres 
alone were unsuccessfu1280_ 

Dean and Green22*, in considering lg5Pt chemical shifts m complexes trans-PtHX- 
(PEt,),, derived the expressron 

where < rU3> IS an average over the radral 5d functrons used as a basis set and C, 1 
are the coeffrcrents of the corresponding d-orbrtals m molecular orbltals used on 

, Ceg 
p B atmum. 

If X forms a covalent bond with platinum, cly2 is reduced (since thrs orbital corre- 
sponds to C&Z __), 2 used rn rhese bonds). If X m-bonds with Pt, the coefficients of the orbl- 
tals involved also decrease (C’=$ CgZ)- Thus, if X either forms very covalent bonds, or 
n-bonds appreciably with platkum, the chemical shift moves upfield. The equtlibrrum 
constant for the reaction 

Me-Hg+ f X- + Me--Hg-X 

and the nephelauxetic series were used as an mdicator of covalency of the Pt-X bond and 
a good correlatron was found between these and the lg5Pt chemical shift, except for CN-, 
which could be due erther to its exceptionally high ligand field strength or high n-bondmg. 

If one factor influencing the tmns-influence of X- is the covalency of the M-X bond 
some relationship might be expected between the order of lg5Pt chemical shifts, RC02- 
< NO,- < NO,- < Cl- < -SCN- = Pn- < CN- < 1- and the mans-influence senes de- 
termined, for example from “Pt_H (RCO,- N NO,- < Cl- < Br- < I- C N02- < SCN- 
< CN-). Halides occur higher m the chemical shift series and are more differentiated. 
Otherwise the order is similar. 

When R was changed in the RC02- complexes, small chemical shift changes were ob- 
served. 

(i) The ortho, para and meta series all varied independently with pKa of the corre- 
sponding acid. 

(Z) In each series there was an increase in shielding with decreasing pK,_ 
(iir) Meta derivatives were less sensitive to changes in pK,. 
Those trends were interpreted in terms of variataon in ;r-acceptor proprties of the 
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carboxylate ligands. However the chemical shift variation is small (< 8 p.p.m.) and the 
trends are not dearly dei”med. 

fb) Hydride chmicd sfz@ts 
~n~~n~~ and St~ph~ns~~~l~~~ considered that the large high-field shifts characteristic 

of transition metal hydrides arose chiefly from pammagnetic shielding by the incomplete 
d-electron subshelf. They ~~~u~at~d, from Ramsey’s ~~uati~n~ the fo~~~v~g expressions 
for od and up for a proton H, at a distance R along the x axis from a metal atom. 

*d IW 

(Analogous expressions were developed for opYY and a,.) 
Most symbols have the same significance as IR cqn, (8) Zrn, and IHz are one-electron angular 
momentum operators corresponding to motion about the metal and the hydride respective- 
iy. r~[ is the distance of the electron i from the hydride. 

The main contributions to op arise from Ehe rnftuence of the metal d-eIectrons on tie 
hydride. This clearly depends on the distance. R, between the hydride and the metal (on 
decreases as R increases), the properties (especially optical extension) of the metal d-orI% 
tais, defined by k where kr is the exponent in the Slater d-orbital functions, and excitatron 
energies, AL?. ~uc~~~ and Stephens281 showed that as R + 0, eqns. [IO) and ( 11) re- 
duce to the expression for the d-electron contribution to the shielding metal nucleus. 

Pla~i?zum (II) cclmplexes. Powell and Shaw 231 observed that rH m the complexes Awz~- 
PtHX(PEt,) correlated with the trctns-effect series for X4 (except for X = NO?- which 
was out of order; their explanation for this in terms of an oxygen-bound nitrite group is 
not correct2o3p 225). Although it was suggested Is8 that htfle correlation existed between 
TV and a parameter which varied with the ~~~~~~~n~u~nce of X- (e.g., %f_w), if a suf~ci~nt 
number of complexes is taken, some correlation is clearly present (ref. 154 and discussions 
later). ~u~~~~ and Stephens 28f suggested that variations in the platinum-hydrogen 
bond length, R , n-~&t be the mm cause of the variatrons in rH. However the nearly ht~ 
correlation found by Dean and Green 228 between hydnde and 19sPt chemical shifts sug- 
gest that variations in R are of subsidiary importance, and that the effect on Pt d-orbiZafs 
of variatrons in covaiency and Ir-bonding have a very simtku effect on the hydride and 
29SPt chemical shafts- Because of the “perturbing” effect of variations rrr R, the hydride 
chemic;lll shift presumably provides a less reliable guide to the nature of the R-X bond 
than the chemkcat shift of the lg5Pt nucleus itself. The hydride chemical shift is, however, 
very much easier to measure than that of 195Pt and is available for a wider range of com- 
plexes. U&.&e +.t_H, and, to some extent, Jat_H, rH does not re&y indicate primarily 



variations in the Pt-H bond itself but rather variations at the platinum atom. Consequent- 
ly, we suggest fiat if the mans-influence of a l&and as indicated by 7H is at variance with 
that indicated by +t_NI. and JP~,~ (as for NOz-), the latter parameters should usually be 
considered to provide a better indication. When small variations in 7H are being considered, 
it should also be remembered that anisotropic effects from ligands containing unsaturated 
groups (such as -EN- f CF33) or aromatic rungs appear to have some effect on the chem- 
icai shift. For complexes such as trans-PtHX(PMePh,),, any preferred orientation of the 
p~~sp~n~ ligands could akw the anisotro~~~ efkcts of the aromatic rings attached to 
phosphorus ta influence rw_ 

Atkins et al. 158 found that for the complexes trarrs-PtH(OzC~)(PEL3)* linear correla- 
tions exrsted between TH and pK, of the acrds RCO,H, a better fit bemg obtained if three 
different lines were drawn corresponding to acetate-, o-benzoato, and m-, p-benzoato dert- 
vatlves, When rH was plotted agamst the parameters z+~_~ and fpt_H, separate linear corre- 
lations were usualiy observed for benzoato and acetato derivatives_ Keskinen and Senoff 23 Ia, 
however, observed no such correEatlons involving TH for the series tvans-PtH(SC6H4X)- 
CpPh,),. 

Dependence Of TH on X and correlations between TV and other parameters for com- 
plexes trans-PtHXL2 are lflustrated in Figs. 1 O---12- 

iWckei(II) and palludrun2(lIJ. The hydrrde chemical shifts for the complexes &ans-NiHX- 
(PCYJ)~ and tramr-PdHX(pCy3)7_ cteariy vary m an analogous way with X to 7prH in trann- 
~~X(PEt~)~ (Fig_ 7)_ Presumably similar factors affect the chemxxd shifts in the thr& 
serzes of complexes This is interestmg m view af the apparently anomalous order of 
vNr_-U for halide complexes (see earlirtr discussion). 

Ucru~2ed~u~ cump~exes. ~~~~n~al~ and Stevens 282 considered m detaif the varration of 
rw in octakdrai hydride compfexes w%thR, k and AE and found it drfficuft to separate 
out the dommant factors m any particular case. They observed that the order of increasing 
7 when H was mans to a halogen (I < Br C Cl) was best explained in terms of variations In 

k correspondrng to the nepheiauxetic series and covaiency of the &I--X bond since an ex- 
pupation m terms of dE would predict the reverse order. However, when the ~RZFZS &and 
was constant and the cis hgand was varied, the order of 7% is Cl < Br (: ?, suggestmg that 
variations in A,5 are perhaps in this case predommant, These orders have been shown to 
hold for a wide variety of complexes 170. Ligands which hrtve a high pans-influence, are 
h&h m the spectrochemicaf series and form more covalent bonds, such as H-, CH,- and 
-CdH5- (ref. 283), cause Zow-field shifts for hydrides rans to them. R, k. and A,!? all pro- 
duce effects in the same direction for these ligands. 

7H IS usually more sensitive to the nature of the IWZIIS Iigand than the cis dlhydrldo com- 
plexes. rH is usually lower for a hydride tvavrs to the Iigand of greater tl”ans-influence. For 
exampk, 7H in XmIa is 30.2 p-p-m- (rr61~rs to Cl-) and 2 1. I p-pm (rrcms to Pm& 

When Cl- is replaced by SnCI,-, XXXVIb (higher tram-infhence than Cl-), qf @runs 
to Snf13-) is 24+7 p.p_m*, a substantial decrease from that ~Ti~rrs to Cl-“, whale 7H (trans to 
Pph3) increases dightly 173 to 22_ 15. ffowever, it should be remembered that ry is com- 
plex in origin and d-s not provide a direct measure of the rrans-infIuence, as does, prcsum- 
aibfy, the M----H force constant. 
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whik in a ~~ff-su~stitu~ed Buorobenzene XXXVXHa a mesomeric effect is hposhl ofl the 
cr-induct& effect from contributions due to resonance structures XXXVIXIb, c. Thus 

@F@atul -6FCmetn$ is considered to give a measure of the n-donation to the aromatic rmg. 
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Parshall 25 1 examined the systems where Z = 
6 

tians-Pt(PEt&X_ The difference (6F(pnraI- 
F(metaj)X was subtracted from that for X = Me- (for which n-effects were considered to 

be absent} to grve a n-acceptor parameter. a,(,,,) was used as a measure of cr-inductwe 
effect. 

Taft’s method has been the center of some controversy amongst organic chemists in 
recent years and some authors285 have clarmed that 6,Gmaj- GF(meraj cannot be used to 
gave a simple measure of mesomeric effects, especially if 2 is more electropositive than H- 
or Me- (footnote 12 in ref_ 25 1 (b)). HoLvever, if rt 1s assumed that the technique IS sub- 
stantially correct in giving the n-donation from 2 (Pt(PEt3)2X) into the aromatic ring, 
these results cannot be reliably used to grve a measure of the n-properties of tile platinum 
substituent X. Parshall considered that X could only affect Pt --t C,H,F rr bonding by 
competing with the fluorophenyl group for the same metal d, orbit&. However, Church 
and Maysg7 pointed out that X could also decrease the Pt-aryl n-bonding if 

(I) X was a poorer o-donor, mcreasrng the effective positive charge on the metal, 
causing the metal d, arbitals to contract and have lower energy. 

(zz) X has a higher rrans-lnfhrence, causmg an increase in the R-C (C6H4 F) bond length, 
which could tend to reduce overlap between the aryl IT* orbltals and Pt d,,-orbitals. 

Conversely, changes m the x-acceptor properties of X will cause variations in the o-induc- 
tive power of -Pt (PEt& X, since, as d, electrons are withdrawn by X, the group as a 
whole wrll become more electron-withdrawmg via o-orbit& (these considerations are anal- 
ogous to those used earlier m the discussion of C- stretching frequencies)_ 

The %-inductive series” from FF(,neraj found by Parshall 151 was CH, > C,H, > PEt, > 

p-F-CgHa- > Ph-CX- > m-F--C,l$ > NC0 > CN > Cl > Br > NCS (or SCN) > I > 
SnCl3. The ‘%accepfor series” from (6 F(para)- 6 F(mel.aj) was CN > SnC13 > -4ZCPh > 

Ph = C6H4 F > NCS(SCN). The methyl group by definitron had no n-acceptor capacity and 
the %acceptor parameter” for NC0 was zero. The halogens were found to be “n-donors”. 
The order for neutral hgands found by Church and Maysg7 was: “a-inductive”, Me3CNC 
> p-MeO-C6H4 -NC > PEts > P(OM& > P(OPh), > CO, “rr-acceptor”, CO > F(OPh), = 
PEt3 > PcOM+ > ArNC > RNC. 

While many aspects of these series are “reasonable” they should not be considered to be 
completely valid for the reasons above. Church and Mays97 noted the anomalous position 
of PEt3 relative to the phosphites in their ‘k-acceptor senes”_ The conclusion that halides 

are sr-donors from Parshall’s 25 1 and Grahan~‘s~~ treatments cannot, by any objective cri- 
terion, be consrdered to be firmly estabhshed, 

lgF chemical shifts in m- andp-FC6H4Z, FCeH4CHZZ and related systems, have been 
used to study fluoroaryl complexes of mercury285r 386, mam Group IV metals285p 287, 
copper2*s, iron28g* 2g*, manganese, nickel, molybdenum and cobalt carbonyl complexes 2g0 
and cobalt(LII) Schiff-base (vitamin B12 analogues) complexes2g1. 

fnterpretation of results depends on the theoretical standpoint of the authors (for 
example, whether they accept Taft’s basic premise that 8T;Imern, is sensitrve only to induc- 
tive effects and GFcpmnj to both mductive and mesomeric effects). Stewart and Treiche129* 
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-a& ?r-interaction over a wide 
range of transition metals and thezr substituents, metal-aryl n-bonding was very small rela- 
tive to a-bonding. They showed that a clear relationship existed between the 19F chemical 
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shifts in the complexes m-FC~M4CH~Z and hence they assigned to each of the various ML, 
groups a group elec~r~ne~a~ivity which is appreciably dependent on the metal s~bs~~e~ts. 

The results of Hill et al_ 292 on the complexes XXXIX, with R = C61-14 F, ;rz = 3, 

xxxtx 

provide an ~~t~r~~ti~~ ~o~par~so~ with those of Parshalf on p~~~~~u~(I~~ ~~~p~~~ds- Quite 
gmd ltnear correlations were found for both the mekz and pam fiuormes between 8, 
f-PtX(PEt3)Z) and G~C--CoLX) Si~i~~ant deviations were observed only for points re- 
presenting X = I, NC0 The effect of varying X on the electronegativlty of the groups 
(metal arxd hgands) 1s clearly similar zn the two series. The conclusion was reached from the 
St-(mera) values that the Coirr complexes consistently transferred less charge by a a-induc- 
tive mechanism into the aryl ring than the Pt” complexes. From the values of @,eam)-- 
s I=(meral) it ~VBS concluded that the CofZ’ complexes were better pdonors into the aryl 
ring than Pt”I and that this ~-donation was more dependent on X, 

{d) hWh?Jl Ch?ZiCa~ Shfts I?2 CUbQh(~~& WtQ?Pti?l &z QFdJ~f3$ 
The best ~lustrat~o~ of the use of proton cl~~mic~ shifts in the study of the effect on a 

gven &and by varying other ligands attached to the central metal is provided by the re- 
sults obtained largely by I&D et al_ on vttamin I3 1 3 analogues such as dhnethylglyoximates, 
XLJ9-“* 2g3, Schiff-base complexes, XL1 294* 295 and corrinoidsz9G 

Typical results are provided by the dimethyfglyoximate compiexes, XL. When L is 
PPh3 and X is changed 2g2 the chemical shift of the dimethylglyoxnnate methyl groups 
changes over the range 7 = 7.70-8.20 in the order (incrt?asing high-field shift): ---MD2 < 
CN < Ci < Br < I < --ON0 < CH2GF3 < CH3 g C2H5, MZ31=17. A srrnllar order IS 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 cr-functions. In the pyr~dine 
series, the chemical shifts of the protons, espemdy a-protons, were found to be sensitive 
to X, though the variation was m the opposite direction to that expected from changes m 
electron density. It was considered that variation in shielding by the equatorial ligands, 
arising mainly from variation in the Co-N bond length was responsible. In the complexes 
where X = --CZH_S, and Z was changed (mainly nitrogen donors], the chemical shift differ- 
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ence between the methylene and methyl protons of the ethyl group was considered to be 
a measure of the electronegativity of the attached CO@MG)~L group- Separate linear cor- 
relations were observed between pKa 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 r-bonding. 
However, this conclusron is doubtful since it aSsumes that a-coordination behavior of a 
base towards C@ must be identical to that towards HC_ 

For the five-coordmate Schlff-base complexes XL1 (CoR(BAE)) analogous vanations 
were observed in the chemrcal shift of the metbine protons as R was changed 294* 2g5. When 
R was a pcrm-substituted phenyl group, -C6Ha-X, the methine chemical shifts increased 
to krigh field in the order X =N02<CN~f3r<I<H<Me-_Me,re_,theorderof 
Hammett o-pm-a function 294. A correlation was observed between these chemical slufts 
and the thermodynamic trans-effect as measured by the equilibrium constants for the reac- 
tions. 

[CoR(BAE)] f L * [CoR(BAE)L’I 

In the complexes [COM~(BAE)L] a dependence of the Me-Co chemical shift upon the 
basiclty of L was noted295. 

Chemical shift data, such as those discussed above, represent the effect of vaflatfon in 
o-electron transfer by one hgand on electron densities at another Iigand. Cis and trans 
ligands Lppear 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 thermodynamrc rrans-effects such as that mentroned above imply that 
the Crans-influence is related to such electron density variatrons. 

(e) N-H chemical shifts 

Brief mentron should be made of the different chemical shift behavior for the N-H pro- 
ions cis and rrcrrrs to X in the complexes [CoX(NH ) 12” 

3,50 
and m related complexes. Avarl- 

able data have been summarrzed by Pratt and Thorp- , who concluded that the chermcal 
shift orders obtamed did not provide any srngle and simple tralzs- or cts-influence order, 
since several drfferent effects probably operated. 

Watt and Cuddeback 1 I7 attempted to correlate the --MI2 chemical shifts for the 
ethylenediamme ligand m the complexes Pt(en)Xz and Pt(en)LZ2+ in d6-DMSO with the 
trans-influence of L (as measured by Pt-Cl stretchmg frequencies m the complexes 
PtL2C12). Some correspondence was found but it is very likely that anisotropic effects (in, 
for example, [Pt(en)(phen)]2t) and changes in salvation have important effects on the 
--NH, chemica3. sbft. 

(vi) Chlurirze mdem quadruple resonance spectroscopy 

Fryer and Smith2g7* 298 ha ve studied a wide range of piatumm(II) and palladium(U) 
chloro complexes by NQR- The most interesting remits are provided by the correlatrons 
between 35Cl resonance frequencies 35 V, and the Pt-CI bond lengths, r, obtained from X- 
ray structure determinatrons- The plots are reproduced in Frg. 8. Fryer and Smrth noted 
that: 
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(a> 

I I 1 1 1 

226 230 234 23% 242 

(b3 

L I I I 

226 230 234 238 2 42 
r(Pt-Cl bond-length In ft) 

Fig. 8 Variatron of chlorme-35 NQR frequency 35~ at O*C x*rth Pt-Cl bond length r m Pdi complehes. 
{a) Chlormes trum to the &and specrfied; (b) chlorines 1~~s to another chlorrne hgand. Reproduced, 
with permrssron, from ref. 298 

Key to l?g 8 * 

&aim i 

a kPt2Cl2 WIN)2 (PW3)2 
b or-PtaClz /SCN)2 (PPr”3 12 

c cis-PrC12@XMPEt3) 
d cis-PtCIz (PhNC) (PE t3 ) 
e cls-PrzCl2(SEt)2~PPr~3)2 
f cz-s-PtClz [C(aEt)NHPh] CPEt$ 

g K[PtCL3CGH4)]H20 
h rron~-Pt,C1~ (PPrn, I2 

J ttans-PtC12 (PEt, )2 
k K2PtC14 
1 traas-PtC12 (NHs)z 

Secrion I.. 

m Pt(cyclo-actadiene)Clz; C1~H1403PtC12 
n ci+PtCIz[PPBu”j)t; cis-PtClp(PMe3)z 
p runs-Pt~CI(PhfezPh)Z, trans-PtHCI(PEtPh& 
9 PtzCfg(CHaCH=CH&; Pt2C14(hfe2C=C=CiMel)z 
s Pt+Cl~(AsEf3)~; PtzC14(A&fe& 

l The full circies apply to the compounds in Section I for which both 3s~ and r values are avaiIabie 
The open circles represent less rehable correIatrons for which 9s~ applies to the compound given first 

m Sectron 11, and r to the structurahy srmriar compound given second. 
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(t) There is a general tendency for 3% to decrease as I- increases. 
(Ei) The bond length rpt__cl IS more sensrtive to variation of the ligand DWZS to Cl than 

to variation of the cfs ligand, but 3sv is sensitive to variation in both cis and tram ligands. 
(iLzj If the tram ligand is kept constant and the CLS ligand is changed, 3511 decreases 

linearly as r Increases 
The results were explained in terms of the Townes--Dailey approximation299 

412) 

where (e*Qq malYh and (e’Qrl,Jf z are the quadrupole couphng constants for the Cl atom 
in the molecule and m the free chlorine atom, s IS the degree of s-hybridization in the 
chlorine bonding orbItal, o IS the o-covalent character of the Pt-Cl bond and IT is the IT- 
character of the Pt-CL bond. 

Point (i) was taken to indicate that variations in o were the main cause of the varlatlons 
in 35v. ifs and n are consIdered to be constant then changes in o will imply inverse changes 
in the negative charge on chlorine. Point (iz) indicates that a greater increase m r is obtained 
by altering the trans ligand than the czs ligand even when the same reduction in (J for the 
Pt-Cl bond occurs. This can be explained if the weakenmg of a Pt-Ct bond by a ligand L 
trarzs to it is the result of two effects: 

(1) as L transfers more charge to Pt, tie Pt-Cl bond trans to it IS weakened_ A Pt-Cl 
bond cis to L will also be weakened although electrostatic arguments such as Grinberg’s, 
and that Bven m ref. 298, predzct that the fr~rzs ligand will be affected more_ 

(2) The Pt atom hybridizes according to Syrkm’s theory, i.e., the Pt-Cl bond OYZ~ZS to L 
gainsp-character at the expense of s- and d- and is weakened while a Pt-Cl bond czs to L 
gams s-character and IS strengthened. 

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

A c&influence order 1s readily obtained from the results on complexes rrans-MU2 L,, 
For M = Pd the increasing order of 35~ (OOC) (increasing Pd-CI covalency, decreasing Cl 
negative charge and decreasing &s-influence) 1s piperrdlne (16.11, 16.3 I MHz) < pyndme 
(17.72) < AsBu” 3 (18.23, 18.59)<PB~“~ ( 18.37, 18.50, 18.58, 18.63) f DMSB (19.75) 

< EtCN (20-30) < PhCN (20.58). For M = Pt the series is N& (17.30) < MezNH (18.16) 
< py (19-62) < PEt, (20.99) < PBun, (20.90, 21.04, 21.08) < PBu”~ E% (21.32,21.64). 

There is no comparable series that dlustrates the trans-influence series without cis-in- 
fluence also being present. Two other series where further study should prove to be profit- 
able are trans-Pt(X)Cl(PR& and PtCl, L-. The first series would enable the change in 
3sv with the &WZS lrgand X to be studied- The results could be correlated with x-ray, NMEZ 
and IR results. The only available results on this series would appear to be those for X = H 
and X = Cl, where 35 v occurs at 14.4 and 21.0 MHz respectively. The series PtCl 
been studied only for L B 

L- has 
= Cl&, cis-2-butene and styrene 3oo and I_, = pyridine 2 7. This 

series, in principle, would allow the cis- and pans-mfluences of L to be studied together 
and the results could be compared with those from infrared studies, Three frequencies were 
observed for [&&IQ] [PtC13(py)] at 16.88, 17.89 and 20.68 MHz but no attempt was 
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made to assign them 37 For Zeise’s salt, Yesinowski and Brown - 3oo found frequencies 

(13°C) of 16.001,20.137, and 20.370 MHz. The two higher frequencies were assigned to 

the two crystallographically distinct Ci atoms cis to ethylene, the lower frequency to the Cl 
atom crarzs to ethylene_ This was interpreted in terms of ethylene having a higher tram- 
influence than chlorine, because of its (7-71 synergic bonding. 

In the complexes297 cis PtCl,L,, both cis- and trans-influences of L operate on each 
chloride atom. The increasing order of 35 Y in these complexes at 0°C is Me2NH (17.21) 

< py (17.70) < PBu’$ (17.73, 17.79, 17.89, 17.96) < PEt,Ph (17.82, 17.99) < PBu”, Ph 
(18 33) < norbornadlene (30°C 18.573, 18.799) = brpy (18.98) < COD (19_772,3O”C) 
< EtCN (21 05,21.33) 

A conslstent finding from the NQR data is that, as expected, covalency in Pd-Cl bonds 
is considerably less than m Pt-Cl bondszg7 

(VIZ) Phoroelectrurn spectroscupy 

As wtth NQR, the application of photoelectron spectroscopy to the trans-influence is 
in its mfancy. In principle, the method has the advantage over most other forms ofspectro- 
scopy that some aspects of tie electronic structures of several of the atoms m a complex 

can be examined at the same time. 
In an X-ray photoelectron study, Clark et al. 301 examined some complexes CLS- and 

trans-MX2PR3 (M = Pt and Pd). Results relevant to the rrrnzs-influence are listed in Table 14. 
The results were rnterpreted in terms of variations in the binding energies of the core 

electrons quahtatively reflecting variations rn the charge on the atom concerned, a Iower 
binding energy indicating greater negative charge. With this hypothesis the following deduc- 

tions can be made from the data in Table 14. 
(zI) Replacement of Cl by Me in diphos-PtX2 causes a substantial increase In negatrve 

charge on Pt and phosphorus. 

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

TABLE 14 

X-ray photoelectron binding energies301 (ev) 

Complex Pt (%/2) c1%‘3/2) p(*P3/2) cm) 

or Pd (365/z) or I (3&/z 1 

Pt (dlphos) Cl2 72.1 
Pt (dlphos) hle2 71.1 
as-PtCl* (PBu”3)2 72.0 
rrQ?IS-PtC12(PBUn3)2 72.0 
cis-Ptr2 (PMe& 72.9 

~QIZ~-Ptl~(Phf~3)2 72 9 
Pt metal 71-l 
cis-PdClz(PEt2Ph)2 338.0 
frans-PdCl2(PEt2Pi& 338 0 

130.9 284 7 

130 5 284.7 
198 1 131 1 284 7 
199.3 130 7 284.7 

621.4 132 6 285.1 
622.1 132 1 285.0 

197.4 130 9 284 7 

198.2 130-6 284.7 
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(fir) Palladium complexes show similar effects although the Cl atoms are more negatwe 
than in the platmum complexes. 

(iv) It was suggested from a comparison of Pt and P binding energies for PtC12(PBu’z3)2 
and Pt 12(PMe& that iodine transferred less charge to piatinum than chlorine (as Parshall 
suggested) 251 - This IS probably valid, though it is unfortunate that the phosphines differ 
in the two sets of complexes 

CorreIatmns with NQR resuits were pointed out. As with NQR, a detailed photo- 
electron study could profitably be carried out with extended series such as rrarzs-PtClX- 
(PR3)* and PtCl, L- _ 

D_ CORRELATIONS BETWEEN RESULTS OBTAINED BY DIFI-ERENT EXPERIMENTAL METHODS 

(i/An empirical approach to the tram-irzfluence 

Most correlatzons between different experimental technrques pertaining to the ~rm7s- 
influence, such as those above, can be explained by the follawing assumptions: 

(i) The rranh-influence of a given hgand, L, depends on (a) the effect of L on the hybrid 
orbital used by the metal m its bond to the mzns ligand A, and (b) the net charge transfer 
((T,,,~~~~+T) from Iigand to the metal 

(ii) Dtfferent experimental techniques have drfferent sensitrvities to (r) (a) and (b). 
However, (z) (a) and (6) are not altogether unrelated. Metal hybridrzatron 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 orbrtal population which could maximize a quantity 14* I5 such as 
S”/A/Z, where S is the overlap integral between metal and ligand orbitals and &!7 is the 
absoiute energy separatron between them Thus optrmum metal hybrrdization for a given 
metal-ligand bond fill seldom be achieved because of the demands of the other M-L 
bonds, However, the Iigand whrch is capable of strongest covalent bonding (i.e., for which 
Sz/&!Z 1s potentrally largest) wr.lI come closest to having optimum metal hybrldtzatEon in 
its M-L bond, at the expense of the rrarts-M-A bond. If the optimum metal hybrid for 
the M-L bond contains a high degree of s-character, the rrarzs-M-A bond is then deprived 
of s-character Many hgands which form strong covalent bonds do have large metal s-parti- 
clpation in their M-L bonds (e.g.) PR,, -CH3-, -CN-) and thus the M-A bond n-am to 
these hgands is weakened botfi through low s-c haracter ~II the U-A metal hybrid, (I) (a), 
and through the “electrostatrc” effect of the covalent charge transfer, (I) (b)_ But for some 
hgands (e.g T N-donors, I-, Br-) optimum metal hybridization in the M-L bond does not 
appear to contain much s-character. Then, although for example the M-N bond IS quite 
strong in terms of bond energy 302, the M-A bond rrans to rt is not greatly depleted in 
metal s-character. The trans-influence of nitrogen donors then depends only on the degree 
of covalent charge transfer, (I) (6). Nitrogen donors thus have a lower overall trarz+influen- 

ce ((4 (4 + (0 (b) as measured by yhI_CI) than, for example, phosphines which form strong 
covalent bonds (i) (6) and deplete s-character of the mans-bond (I) (a)- N-donors even have 
an IR rrans-influence lower than or comparable with those of olefins ti pfatinum(I1) com- 
plexes, m spite of the facts that (a) the Pt-N bond is thermodynamrcally more stable than 
the Pt-olefin bond302, and (b) that Pt-olefin n-bonding tends to strengthen the funs- 
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Pt-Cl bond by wlthdrawmg charge from Pt, (I) (6). This must be because the Pt-olefin 
bond requires more s-character than the optimum Pt-N bond and hence (I) (a) outweighs 

@I (b)- 
The tendency to deplete metal s-character III the o-Q~zs-M-A bond appears to depend 

prlmarrly on the nature of the donor atom, and secondly on the orb& hybndlzation of 
the donor atom, and the electronegativlty of its substituents From NMR coupIing constants 

this rendency decreases in the order: C-donors (sp3 = s$ > sp) > P-donors > As-donors 
> S-donors 3 N-donors 3 halides 2 O-donors- 

At th~s tinw, a detailed dlscusszon of the way zn whrch maximization ofSs/aE affects 
the metal hybrldlzatlon IR the optnnum M-L bond IS probably not Justified. However, 
the folfowmg speculatrve suggestions can be made. The degree of orbital overlap, S2, is 

certarnfy an important factor in determining tie covalency of the M-L bond I43 15_ How- 

ever, the effect of the metal r~~~ybrl~lzation appears to be manly a lowering of the energy 
of the metal orbltals (decreased AE) by mcreasmg s- and d-participation (as suggested by 
Syrkin) rather than to increase orbitirl overlap (S2) by increasmgp-participation. On this 
modei, a lrgand X whose orbital energy closely matches that of a metal hybnd WI& refa- 
tively low s-character wll have a lower s-demand than a hgand Y whose orbital energy 
more closely matches that of a metal hybnd with high s-character fF~g 9). Typically, 
pyrldlne ml&t represent a ligand such as X, a phosphine a Iigand such as Y. 

The experimental results can be expiiamed in terms of the dlffermg sensltlvrties of&f- 
ferent experiments tec~~niques- Agate the approach is ernp~~c~, based on the results, and 
only secondly on the theoretical concepts_ 

NMR couphng constants depend prtinarliy on the metal hybndization, (I) (a). 
Chemical shifts of nuclei well removed from dnect contact with metal d-orbltals (e.g., 

IQ F chemical shifts m nr- and p-fluor oaryl denvatlves - not W-H thermcal shIfti) depend 
almost entrrely on effective metal charge, (r) (b) 

Hydride chemlcaf shifts are very complex m or@n but probably correlate best with 
u + YK covalency of the tr~ln~ hgand 

NQR freqaenczes, photoelectron spectroscopic binding energres, vibrational stretching 
frequcncles and bond lengths would all be expected to depend on both (x) (a) and (z) (b). 
NQR and photoekctron spectroscopy results appear to depend mainly on electrostat;lc 
effects (I) (b) (see above). 

The relative effects of (L) (rr) and (z) (b) on an M-A stretchmg frequency depend on 

Metal orbltals Metar hybrds Bondrng Ilgand 
OrbdaIs 

IT- 

d- 

S- 

FIN, 9. Hypothetrcal energy level dugram. Y has a higher s-demand than X- 
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the nature of A. From the correlations whrch follow, it IS clear that Pt-H and Pt-CH, 
stretchmg frequencies can distinguish between different rxatzs-Iigands wrth moderate or 
weak tTapt$-influence, e.g., between RNC, CO, CZH4, py, Cl-, whrle vPt_C1 is almost con- 
stant trans to these hgands (Table 3). At the other end of the trafts-influence series, how- 
ever, Pr-Cl stretching frequencies are very sensitive to the O-Q~S l&and and cart distinguish, 
for example, between different aryl-substrtuted silyl groups (Table 3). Pt-Cl bond lengths 
appear to show similar behavior, since there is littie difference between Pt-CL bond 
lengths trarzs to different Iigands with weak to moderate turns-influence (Tables 1, 21, but 
appreciable differences I5 between Pt-Cl bond lengths trans $0 PR3, H- , SIRS-. These 
results can be explained as follows: Pt-Cl bonds have a low optrmum Pt(6s) character. If 
the demand on the rra~s hgand, L, for Pt(6s) character m the Pt-L bond zs not high, the 
Pt-hybrrdtzation m the Pt-Cl bond 1s near optrmum and thz Pt-Cl bond is not greatly 
weakened by an increase m the s-demand of L, and will be affected mainly by electro- 
static factors, (2) (b) (especially smce the Pt--Cl bond contains appreciable iomc character). 
When L has a hq$ s-demand, however, the Pt-Cl bond is depleted of Pt(6s) character be- 
low optunum, and is consequently progressively weakened as the s-demand of L Increases. 
Bonds such as Pt-H and Pt--CH, which have very hi& optnnum Pt (6s) character are sen- 
sitive to small variations m the s-demand of the trans-ligartd, L, even when the s-demand 
of L IS very low_ 

in the followmg sections graphs in which one spectroscopic parameter IS plotted agamst 
another are used to determine the degree of correlation between trans-mfluence series de- 
rived from different spectroscopic measurements It should be emphasized that perfect 
linear correlatrons between various parameters used as a measure of the lrarrs-Influence 
would not be expected, smce as pomted out above different techniques have different 
sensltlvltles to the hybndlzation and electrostatic aspects of the trans-influence, and since 
the interpretation of any spectroscopic result m terms of the properties of a bond is sub- 
ject to approximations and su-nphfications (mentioned III the approprrate sectlons above). 
The plots which follow are intended to show general trends only, and minor deviations of 
individual points from hnes drawn to illustrate these have irttIe physical signrficance. 

Atkms et al. M* found that within the closely related series of complexes rnzl:s-PtH- 

(OzCR)(PEt3)2 very good straight lines were obtained when each of the parameters JPt_H, 

vPt-H Or 7Pt-H was plotted agamst each of the other parameters Each of the parameters 
varied linearly with pKa of RCOzH as well. 

As pointed out by Keskinen and Senoff 231a, the various hydride parameters when R is 
substituted aryl group -CGH4X can equally well be plotted against ap, the Hammett sub- 
stituent parameter, for X. These authors found that both Jpt_ H and up,_ H in the series 
trans-Pt(H) (S-CeH4X)(PPh,), varied hnearly with ap for X, and that a rough linear corre- 
lation existed between lJpt_H and VP&H over this series ot complexes. Somewhat sur- 
prislndy, 7~ was msensitive to X. 

Plots between the three hydride parameters over a wide range of ligands are given m 

Figs. 10-12. It would be preferable to have values of all parameters in the same soivent 
but in some cases these are not available, as indicated. From the plots it is clear that there 
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is an overall trend for z$t_H, lJpt_H 
IJ 

and b&-H to decrease together. As discussed above, 
pt_H depends predominantly on the s-character of the platinum hybnd orbital used in 

the Pt-H bond , apt*; rpt_H (see above) probably depends mainly on Pt-X or Pt-L 
covalency. ypt_H would be expected to depend on both apt2 and the net charge transferred 
to Pt by X or L (which in the absence of R-X, Pt-F, n-back-donation is directly related 
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1 
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Fxg 12 Plot of ‘Jpt_11 vs 7~ m complexes rrans-Pt(H)X(PRs)z and ~FD~s-P~(H)L(PR~)~+ 

Key to Frgs, 10, II, 12 

Parameters m CHC13 or CH2Cl2 unless otherwse stated 

NO. Complex Notes 

1 Pt(H)(NO3)WEt3)2 
2 Pt(H) @T&02) @Et312 
3 Pt(H)~-hieC6HqC02)(fEt3)2 
4 Pt W) WCO) (PEtA 
5 PtWlCNCS)tPEt3)2 
6 Pt(H)Ci(PEt3l2 
7 Pt(H)Br(PEt3)2 
8 [PtW~pW’Et&VX’4 
9 PtCH)IIPEt& 

10 PtWGCN)CPEt3h 
11 Pt G-0 W32 ) WEtd2 
12 [Pt(H)(Co)IPEtn)21Cl04 
13 [Pt(H)(r-BuNC)(PEt3)2 ICI04 

14 IPt(H)@-~leOC6H4NC)(~Et3)21C104 

15 Pt vi) c5nc13) VEt3)z 
16 [Pt (HI (PPh3) (PEE& ]cio4 

17 [Pt(H)!PG3Ph)~ 1 U-312 ICI04 

18 [Pt G-0 WEt3)3 1C104 

19 [PtIHI {P(OMe)~) (PEt&! lC104 
20 PtWKN)IPEt& 

r and J 1x1 benzene 
_4U in acetone 

T and J m benzene 
I and J m benzene 
7 and 3 m benzene 
7 and J III benzene 

7 and Jm benzene 
T and J m benzene 
T and J in benzene 

v “corrected” 
Y “corrected” 
v “corrected” 
In heuane? J not available 

u “corrected” 
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NO Complex Notes 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
33 
33 
34 

Pt (i-0 (-C=C-Ph) (PEtsI 
IPt(tI)(acetone)BXfePh~~~~PFs 
Pt(H)(N03)(PhfePh2)2 
Pt(H)(NCS)(PhlePh2)2 
Pt(H)Cl(PMePhp)2 
Pt (HI Br (PMePhz 12 
[Pt(H~C2-hlepy)(PhlePh2)21PTs 
[Pt (H) (2,4,6-Mepy) (PMePh212 ] PI-6 
Pt (H) I (PMePh2 12 
Pt()I)(SCNJ(PhiePh2)2 
[Pt(H)(C2H4)(PhIePh?_)2]PTg 
[Pt(H)(p-BIeC6H4NC)(PhfcPh2)21Pf6 
1 P t (HI (PhlePh2 13 ] PFb 
Pt(H)~CN)(PhfePh2)2]PF6 

Y not “corrected” J not available 
v in Nu~ol 

V IfI NUJOl 

V m NUJOl 

v not known 
v not accurately known 
V In Nujol 

to Pt-X(L) o-covaiency; 7r-bondrng would make Pt more positive and strengthen the 
Pt-H bond) Thus, the general trends illustrated by the graphs are to be expected, but the 
Worst ovelafl correlation is between TH and lJPt_H. 

One advantage of comparing the three hydride parameters in thus way IS that it 1s very 
easy to see if any one of these quantities is “anomalous” for a particular X or L. For exam- 
ple, in both pIots involving TV. the point representing NO,- lies well away from the 
“hne” while for the plot l$t_H vs. VPt_H it hes very close to the “he”. Thus, of the 
three parameters only rH 1s “anomalous” for X = NO,-. Similarly, the point representing 
L = CO hes well off the “hne” in plots rnvolving TH It 1s tempting to ascnbe these devia- 
tions, in part at least, to the magnetic anisotropy of these groups. In plots involving 

lJpt_q 2 consistent deviations are observed for points representmg X = Br-, I-, -SCN-, 
whlle’these points lie near the “line” in the plot of TH against Vpt_-H. The best explanation 
for these deviations would appear to be that the differences in the effect on z+t_fi for 
these ligands is more controlIed by Pt-X covalency and X+Pt charge transfer, to which 

IJpt H - IS not directly sensitive, than by the Pt hybridization, to whrch ‘JPt_H 1s sensitive. 

(iii) Orher correlations 

In this section the correlatrons observed III the hterature between various parameters 
related to the trans-influence will be listed and discussed, together with a few correlations 
that have not previously been noted. 

(a) Correlattons between coupling curtstunts 
(9 2Jpt_CH, for complexes oans- [PtCH3L@‘Me2Ph)2]f varies linearly 234 with 

1J19, pt-1 “C- 
(3 ZJpt_C~, for complexes bmts-PtCH3 X(PMe2Ph)2 varies linearly 203 with zJpt_H 

for complexes rrans-PtI%(PEt3)2. 
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(z$ lJpt_p in the complexes rrans_Pt(Po(oPh),)X(PEt3)2 varies linearly 225 wrth 
ZJ for the complexes PtCH3 X(PEt&. 

p&5%p,_,, m the complexes ~~~~z~-PtX(CF3)(PPvIe2Ph) and [PtL(CF3)(PMe2Ph)2]* 
varies linearly w&h 2Jpt_cnS in the corresponding methylplatinum complexes, except 
for L = CO, SbPh, which use synergic G--IT bondlng203_ 

(4 3Jpt-CCF, and 3Jpt_c_C--H in the complexes 

vary hnearly with Jpt_SIe in correspondrng methylplatinum complexes250 except for L = 
SbPh,. 

(3 3Jpt_e_&k in the complexes rraris-PtX(GeMe3)(PEt3)2 correlate 1 l1 with 
2J III rr~~2s-PtX(CH,)(PEt3)2_ 

~:;‘j%pt_-CH in the PtIV compEexes [Pt(~H~)2(PMc,P~1),L21+, XIX, varies hnear- 
ly lgo with ‘Jp:_CH3 zn the Ptrr complc cs zr~ns-Pt(CH,) L(PMe2 Ph2)2 -t 

_ 

w> 3 JJ+_p__c~ 3 in the complexes PMe3--Hg-X+ vanes257 in a srmllar way to 21tIe_CH3 
in the complexes Me--Hg----X. 

(u) rJpt_CH3 varies 224 with X in trapzs-PtX(CHS)(PEt3)2 in a sinnlar way to 2JrIg_cH3 
in CH&Jx. 

(x) lJgg_p in the complexes X-Hg-P(O)(OPh) 3 varies with X in a smular way to 
V ws_p in the series rrans-PtX(P(0)(OPh)2(PEt3)2)r 

(-=) 3JH g__S*-_CH3 uz the series X--HgOSlMe3 varies Iinearly256 with 2JHg_CH, in the 

series CH, -Hg-X 
The above correlations are consistent with variations III ak12 dominatmg the coupling, 

and berng similar for M = Pt, Hg. 

(b) Currel~tiorrs benveen merul-~igund smetch fng freqicencres 
(i) vPt_C1 truns to L m i~u~s-Pt(L)C1(PEt31*“, crs-PtC1,L2, PtC13L-, ft2Cl,L2 all 

show rough correlations (see Table 3)_ 
(ri’) Over the range of complexes avallabIe for comparison, vpt_cI rn the complexes 

#ms*PtC1(Z)~PEt3)~~+ does not correlate very well with vPt_H m rralrs-Pt(H)(Z)(PEt3)2tl+ 

(Fig 13 (a)) or +&-C& in ~FQ~~-P~(CH~)(Z)(PR~)~“~ (Fig 13(b))_ vPt_-Cl becomes rela- 
tively insensibve to Z as the rrans-influence of 2 becomes weaker. 

(~ii)z+u;;dagood linear correlatron is obtained between +__CH3 u-r ~~pzs-Pt(cH~)(Z)- 

(p&)2 Pt_H ln trans-PtCH,(Z)(PR3)2n” (Frg. 14). UP&H values have been 
“corrected” for vlbratlonal coupling for Z = CO, p-MeOC~H4NC, CN- . No attempt has 
been made to correct for vlbratlonal coupling involving Y~~_._~~~, which could be signnkant 
where ypK_ z occurs in a Sb’dar region t0 vp@-fi3, Viz_ z = CO, p-MeOC,M,NC, CN- , 

NO,-. CIe=ly vpt_H and v&-C& depend in a similar way on platinum hybridization 
and effective metal charge. 

(V) Rough correlations exist between trans-infiuence: orders as found by v~_~~, r~~~_~, 
+I__CH3 and those obtarned from z&_-H and P~~_~ (see appropriate sections). 
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ing complexes tmns-Pt(CH3)X(PR3)2, Pt(CH3)L(PR&+. 
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fcj Correhtions bemetw me fulr-&md stretching frequencies and cuupIrng constants 
0) 2Jpt_CHJ shows quite a good correlation with VPt_cH3 in the complexes trans- 

PWH,W)(PR,), ** (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 vPt_CH3 for the complexes with Ar-CN and Ar, -CN. Vibrational coupling may be 
partly responsible for the deviations when Z = CN-, CO. 

(ir) SOme correiations have been noted between 2Jpt_CH3 and vpp__CH3 m some series 
of methylplatinum complexes, viz. Pt(CH,j3L3* and Pt(CH3)3%32- (ref. 183, and 
Pt{CH3)2(P(CH3)2 (C&I &LZ2+ (ref. 190). 

(iir) Church and Mays 93 

Pt (HI LCPEt, 12+ and VPt-CL 

found a linear correlation between lJpt_H m the series frarzs- 
m the series @ans-PtC1L(PEt3)Z+ over a S~WU range of L. 

When the range is extended to include L = py, the correlation 1s less rekarkable (Fig. 16). 
Similar results are obtained when ~~~~~~ 
series Rans-Pt (CH3)L(PR3>2’ 

in this series IS plotted against 2Jpt_CH3 m the 

(i) The mm-mffuence based on Pt-CI bond length@ is similar to that obtained from 
Pt-Cl stretching frequencres. Like ~~~~~~~ rpt_cl app ears to become relatively insensltive 
at the weak end of the trans-influence series. 

(II) Correlations between position of a ligand in the rrans-influence series (from X-ray 
bond lengths) and calculated overlap between ligand and metal orbit& have been made 14v Is_ 

(ih) Correlations have been made between the Pauling electronegativity of the donor 
atom and the tralzs-Influence of the hgand, as measured by X-ray bond lengths 14* I5 and 
stretching frequencies Various authors have noted, however, that the Pans-Influence and 
clec tronegativity series are by no means coincident 1 I07 *03* 273. 

{iv) In the series PdClZL2, the heat of formatlon of the Pd-L bond correlates weI1 with 
the trans-influence of L as measured by Pd-Cl stretching frequencies 302 for L = olefin, 
PR3, AsR,, but the low trans-influence of N-donors was apparently inconsistent with the 
high Pd-4 bond energies. This Is dlscussed zn detail above. 

(Y) The correlation between 35Cl NQR frequencres and bond lengths has been discussed 
above, 

E. THE Pans-INFLUENCE AND THE frans-EFFECT 

The relationship between the trans-influence and the trans-effect was long clouded by 
a near-exclusive concentration on square-planar platinum(U) complexes, for which the 
mans-effect order is- HZ0 N NO,- < OH- Cl NH, < Cl- < Bs- < I- cy -SCN-- N_ NO,- 

= PR3 <CO ‘v C2H4 = CN- = CH,- N- H-. By 1962 it was becoming clear 2 that two 
types of ligmds had a very high mans-effect in Ptil complexes, viz. those with (what we 
now call) hi& trans-influence, and those with n-bonding capacity (and lowtrtzns-influence). 

The Hugh tmns-effects of both types of &and have been adequately explained on the 
basis of a trigonal bipyramidal transition state. The stabilizing effect of such a transition 
state of n-bonding ligands was discussed by Chatt et al. 6 and Orge17. 
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Fig 15. Plot of ‘J~~_cH, vs. zpt-c~, 1t-t complexes rrmzs-PtCCH~)X(PR3)~ and Pt(CH3)i_(fR3)2f 

m3 = PI& PMezPh). 

Key to Fig. I5 

1 X=NO3_ 
2 -NCS- 
3 Cl- 
4 Ek- 
5 Fm2- 
6 I- 
7 CN- 

trans-Pr ICH3 1 L (PR3 I2 

8 L = Me2CO 
9 ArCN 

10 PY 

11 ‘-NH=C(ai\fe)-CgFg 
12 CH2=CH-CH=CHz 
13 CsFsCN 
14 w-J4 
15 hfeC=CMc 

16 CH_L=C=CH2 
17 CH3CH=CH2 
18 CO 
19 EtNC 
20 SbPh3 
21 PPh3 
22 PMe2 Ph 
23 -C COhfe)Me 

III recent theoretical treatments of the five-coordznate transition state I39 I6 it has been 

suggested that a non-m-bondmg ligand of high rrflns-effect weakens the pans-bond in the 
transrtion state by depriving it of Pt(6~,) character. It seems more likely to us that a 
lipd of high frans-inff uence weakens the @cz?zs-bond in the transition state by a mechanism 
essentially similar to that by which it weakens the trans-bond in the ground state, i.e., by 
depriving the Pt orbital to the ncms-bond of PtfGs) character, and making the #zns-bond 
more ionic by electrastatic repulsion. 

In octahedral complexes the transition state in a substitution reaction is quite different 



from that in square planar reactions, and the arguments of Chatt et al. and Orget do not 
readily apply. Consequently it is not surprising &at for u~~~~dr~ complexes the trans- 
effect order (so far as xt is known) appears to paraW t&e ~~~~s-intiuence order, and ligands 
witi n-bondmg capacity (e.g., CO) do not have high nans-effectslOLT I45 171. 
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