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of the first wave, which is reversible, resulted in discoloration of
the solution with disappearance of the intervalence bands, showing
that the structure is not retained. In this case also, the electron
transfer is followed by chemical reactions leading to a breakdown
of the structure.

Conclusion

The present study has shown the stability of the V,0,** mix-
ed-valence core with the trans geometry. Electronic and ESR
spectra are consistent with a large amount of ground-state delo-
calization, especially in the [V,0;(pmida),]” ion for which the
two vanadium sites are chemically equivalent. With the bdta
ligand, a complicated structure with four mixed-valence units is
observed. The interactions between these units are believed to

be responsible of the differences in behavior with respect to
“normal” binuclear mixed-valence systems: the splitting of the
intervalence band, the broadening of the ESR spectrum, and finally
the presence of several waves in electrochemical oxidation.
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A number of new cis platinum(II) complexes have been synthesized incorporating the chelating dianion of perfluoropinacol,
[FOC(CF;),C(CFs),0-]*, PFP, in conjunction with phosphine and thioether coligands. The general formula is (PFP)PtL,, where
L = PMe;, PMe,Ph, PMePh,, PPh;, SMe,, MeSEt, SEt,, or S-bonded Me,SO or L, = MeS(CH,),SMe. The last complex exists
as two stereoisomers, with the S-methyl groups in syn or anti conformations. Through the use of NMR measurements, in particular
the value of 'J(Pt,P) in the phosphine complexes, the static trans influence of the fluorinated alkoxy group has been estimated
for the first time. It is similar to that of the halides and pseudohalides, the ordering being CI- < -C(CF,),0™ =~ Br- < I, By
contrast, measurements of the barrier to inversion in the thioether complexes show ~C(CF;),0" to have a dynamic trans effect
less than that of Cl~. These observations are interpreted on the basis that platinum(II) forms bonds to alkoxides with a higher
degree of electrostatic character than those to chloride, but a lower degree of covalent character.

Introduction

In our previous studies on fluorinated alkoxides of transition
metals, we have demonstrated the use of the dianion of per-
fluoropinacol, PFP? (1), as a bidentate ligand forming a wide
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range of complexes.! In particular, we were able to prepare a
stable fluorinated alkoxide of platinum(II) with phosphines as
coligands, 2; the geometry of PFP?" requires that these be cis.?

At the time when we reported the synthesis of 2, few alkoxides
of platinum were known, an effect attributed to the incompatibility
between the hard alkoxy ligand and the soft Pt** ion.> Subsequent
work has somewhat extended the range of this type of compound,
but stable alkoxy platinum complexes are still described as “rare”.*
The stability and ready accessibility of the PFP?" derivatives
therefore make this ligand particularly suitable for the investigation
of compounds containing the platinum—oxygen linkage. In this
paper, we report an extension of the range of type 2 complexes
using different phosphines as coligands, together with the synthesis
of new Pt?* complexes where a thioether or sulfoxide is used as
a coligand with PFP?-, By the use of NMR methods, including

(1) (a) Allan, M.; Willis, C. J. J. Am. Chem. Soc. 1968, 90, 5343. (b)
Allan, M.; Janzen, A. F.; Willis, C. J. Can. J. Chem. 1968, 46, 3671,

(2) Cripps, W. S.; Willis, C. J. Can. J. Chem. 1975, 53, 809.

(3) Hartley, F. R. “The Chemistry of Platinum and Palladium”; Wiley:
New York, 1973; p 172,

(4) (a) Michelin, R. A.; Napoli, M.; Ros, R. J. Organomet. Chem. 1979,
175, 239. (b) Giordano, F.; Vitagliano, A. Inorg. Chem. 1981, 20, 633.

0020-1669/85/1324-1059%01.50/0

the measurement of coupling constants and, in the case of the
thioether complexes, the observation of inversion at sulfur, the
trans influence and the trans effect of the fluorinated alkoxy ligand
may then be estimated relative to other common ligands, enabling
the Pt—-OR bond to be contrasted with the Pt-halide bond.

Experimental Section

General Information. Organophosphines and dimethyl thioether were
commercial samples (Alfa, Aldrich). Diethyl thioether, ethyl methyl
thioether, and 2,5-dithiahexane were prepared by standard methods.’
Perfluoropinacol (H,PFP) was prepared as described previously.? Mi-
croanalysis was performed by Guelph Analytical Laboratories, Guelph,
Ontario; all analytical data are in Table I. Infrared spectra were re-
corded on a Beckman 4250 spectrometer, mass spectra on a Varian Mat
311A instrument, and NMR spectra on a Varian XL-100 spectrometer
at 100.1 MHz for 'H, 94.1 MHz for !F, and 40.5 MHz for 3'P. Var-
iable-temperature NMR spectra were recorded over the range —120 to
+160 °C; temperature settings of the spectrometer were checked with
a Doric Trendicator 400 type T digital thermometer calibrated to £0.5
°C at the ice point.

Preparation of Complexes. Pt(PFP)(PMe;), (3). cis-PtCl,(PMe;),
was prepared by a modification of the literature method. A mixture
of K,PtCl, (1.9 g) and (Agl-PMe;,), (2.5 g) was refluxed in water (50
mL) for 1 h; some decomposition was observed. After removal of water
by rotary evaporation, extraction with boiling methanol followed by
cooling to 0 °C gave cis-PtCl,(PMe;), (1.4 g, 83%) as flaky white
crystals, mp 345 °C dec.

c¢is-PtCl,(PMe;), (0.670 g, 1.45 mmol) was suspended in CH,Cl, (80
mL) and H,PFP (0.48 g, 1.45 mmol) added with stirring, followed by
KOH (2.69 mmol) in ethanol. (In this and the following reactions, it was
found convenient to measure out KOH volumetrically with a standard-
ized solution, about 0.6 M, in ethanol.) After stirring for 2 h, the reaction

(5) Schoberl, A.; Wagner, A. In “Methoden der Organischen Chemie”;
Houben, J., Weyl, T., Eds.; Verlag Chemie: Stuttgart, 1955; Vol 9, p
114,

(6) Reference 3, p 457.
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Table I. Analytical Data
% C % H % other

compd formula caled found caled found caled found color mp, °C
Pt(PFP)(PMe,), (3) C,,;H,;F,,0,P,Pt 21.22 21.23 2,67 2,66 9.12 8.21°¢ colorless 257-260
Pt(PFP)(PMe,Ph), (4) C,,H,,F,,0,P,Pt 32.89 32.71 2.76 276 171 7.76¢ colorless 176-179¢4
Pt(PFP)(PMePh,), (5) C,,H,,F,,0,P,Pt 41.44 41,50 2.83 2.86 6.68 7.02¢ colorless 171-173
Pt(PFP)(PPh,), (6) C,,H,,F,,0,P,Pt 47.97 47.89 2.88 2.74  5.89 5.76¢ colorless 278-280
Pt(PFP)(SMe,), (7) C,,H,,F,0,PtS, 18.44 18.67 1.86 1.75  9.84 9.63¢ tan 60
Pt(PFP)(SEt,), (9) C, H,,I,,0,PtS, 23.77 23.96 2.85 2.74  9.06 8.93¢ pale yellow 103-105
Pt(PFP)(DTH)? (10) C,oH,.F,,0,PtS, 18.50 18.55 1.55 1.55 9.87 9.71¢ pale yellow 288-290
Pt(PFP)(MezSO)zb (11) C,,H,,F,,0,PtS, 17.58 17.53 1.77 1.81 9.38 8.60° white 225-226

@ DTH = 2,5-dithiahexane, P

=
N
©v

e,S0 = dimethyl sulfoxide.

mixture was filtered to remove KC| and evaporated and the proauct
recrystallized from CHCl;.

Pt(PFP)(PMe,Ph) (4). cis-PtCl,(PMe,Ph), was prepared by the
literature method® as modified by Thompson.” Treatment with H,PFP
and base as before gave 4, recrystallized from CH,Cl,.

Pt(PFP)(PMePh,) (5) was prepared in a similar manner from cis-
PtCl,(PMePh,),® and recrystallized from CH,Cl,/CHCI,.

Pt(PFP)(PPh,); (6) was prepared from cis-PtCl,(PPh;),® by the same
method, except that overnight stirring was used following the addition
of the H,PFP and base. The product was recrystallized from CH,Cl,.

Pt(PFP)(SMe,); (7). The reported procedure® for the preparation
of cis-PtCl,(SMe;), gave a product shown by 'H NMR to be contami-
nated by ~10% of the trans isomer. Further purification was effected
by dissolving in the minimum quantity of CH,Cl, and adding an excess
of benzene, when the less soluble cis isomer precipitated; its purity was
established by NMR. The cis complex (0.38 g, 0.97 mmol) was dissolved
in CH,Cl, (20 mL) and H,PFP (0.32 g, 0.97 mmol) added, followed by
KOH (1.94 mmol) in ethanol. After stirring for 18 h, the solution was
filtered and evaporated; the residual tan solid was extracted with ether,
then passed through Fluorosil in acetone solution, and evaporated. The
product was recrystallized from toluene and washed with 40—60 petro-
leum ether.

Pt(PFP)(MeSEt), (8). cis-PtCl,(MeSEt), had not previously been
reported. It was prepared following the procedure used by Kauffman'®
for the preparation of the diethyl thioether analogue and characterized
by the mass spectrum and 'H NMR. 'H NMR (8): 1.30 (t, 3J(H,H)
= 7.0 Hz, CH;, of ethyl group), 2.1~3.4 (m, CH, of ethyl group), (s,
3J(Pt,H) = 49.5 Hz). Cis geometry was established by comparison with
3J(Pt,H) of PtCl,(SMe;,),, 49.0 Hz for cis and 41.5 Hz for trans.!! The
dichloride was converted to the PFP derivative, 8, following the same
procedure as for 7. The product was a waxy solid that could not be
recrystallized; its identity and purity were established by infrared, mass,
and NMR spectra.

Pt(PFP)(SEt,), (9). cis-PtCl,(SEt,), was made as described previ-
ously!'® and the PFP derivative prepared as for 7.

Pt(PFP)(DTH) (10). PtCl,(DTH) was made by the method of
Tschugaeff.'? Because of its low solubility in common solvents, a sus-
pension of the dichloro complex (0.30 g, 0.78 mmol) in CH,Cl, (150 mL)
was treated with excess H,PFP (0.4 g, 1.2 mmol) and ethanolic KOH
(1.55 mol) added. After stirring for 2 days, the suspension of KCI was
filtered through Celite aad evaporated to yield a brown semisolid. This
was extracted with acetone, from which ether addition produced a green
solid that was washed with CH,Cl, and recrystallized from acetone/
toluene to give 10 as pale yellow flakes.

Pt(PFP)(Me,SO0), (11). PtCl, (0.200 g, 0.75 mmol) was dissolved
in dimethy! sulfoxide (20 mL) and H,PFP (0.25 g, 0.75 mmol) added,
followed by ethanolic KOH (1.50 mmol). The solution was stirred for
5 days at 25 °C, and then precipitated KCI removed by centrifugation
and solvent removed under vacuum at ~80 °C. The residual solid was
extracted with acetone, centrifuged, and evaporated to give a pale yellow

residue.

Recrystallization from acetone/chloroform gave coloriess

crystals of 11.
Characterization. The identity of new complexes was established by
elemental analysis (Table I) with the exception of 8, which could not be

(7)
(8)
9)
(10
(11)
(12)

13

Thompson, P. J. Ph.D. Thesis, University of Liverpool, 1976.
Bailar, J. C.; Itani, H. Inorg. Chem. 1965, 4, 1618.

Cox, E. G.; Saenger, H.; Wardlaw, W. J. Chem. Soc. 1934, 182.
Kauffman, G. B.; Cowan, D. O. Inorg. Synth. 1960, 6, 211.

Roulet, R.; Barbey, C. Helv. Chim. Acta 1973, 56, 2179.

(a) Tschugaeff, L.; Kobljanski, A. Z. Anorg. Chem. 1913, 83, 8. (b)
Sweeney, D. M.; Mizushima, S. I.; Quagliano, J. V. J. Am. Chem. Soc.
1958, 77, 6521.

Mark, V.; Dungan, C. H.; Crutchfield, M. M,; Van Wazer, J. R. Top.
Phosphorus Chem. 1967, 5, 227,

¢ Phosphorus content, ¢ Lit. mp 174-175 °C. © Sulfur content.

obtained in crystalline form. Infrared spectra showed absorptions asso-
ciated with the PFP ligand near 860, 910, 940, 1105, 1140, and
1160-1250 (C-F stretch) cm™.

All complexes gave mass spectra consistent with their proposed
structures. The peak at highest mass number corresponded to the mo-
lecular ion in all cases except for 6, where loss of F~ occurred. All nine
complexes gave peaks corresponding to loss of CF;7, loss of [(CF;),CO
+ F-], and loss of PFP~,

Results and Discussion

Our previous work on complexes of the perfluoropinacol ligand,
PFP%, has demonstrated that the most stable complexes of divalent
metal ions are usually those where neutral coligands are present,
giving a neutral complex M(PFP)L,. In the case of Pt2* complexes
where cis geometry is imposed by the PFP?- ligand, stability would
be expected when soft coligands are present (the “antisymbiotic
effect”'). We have previously demonstrated a preference for
cis geometry in the Pt>* complex of ligand 12, where cis—trans
isomerism is possible with the O,S, donor set.!®

CF3 CF4

CH3—-S 0
12

Our previous studies on platinum derivatives of PFP?~ had been
restricted to the complex Pt(PFP)(PMe,Ph),, and it was clearly
of interest to extend this to cases where other phosphines, thio-
ethers, or related compounds were used as coligands. We have
therefore synthesized a range of complexes in which the coligand
is PMe,, PMe,Ph, PMePh,, PPh,;, SMe,, MeSEt, SEt,, MeS-
(CH,),SMe (2,5-dithiahexane, DTH), or S-bonded (CH,),SO
(Me,S0O). The general synthetic approach was to take the ap-
propriate PtCl, complex in CH,Cl, solution and treat it with the
stoichiometric quantitites of H,PFP and KOH, causing KCl to
precipitate and leaving the desired product in solution; in the case
of Pt(PFP)(Me,SO),, the reaction was carried out in Me,SO
solution without isolation of the PtCl, adduct.

NMR Studies. The presence in these complexes of three
NMR-active nuclei (*H, '°F, 3'P), each of which may couple to
195Py, renders them particularly suitable for investigation by this
technique. In the case of the thioether ligands, additional in-
formation may be obtained from NMR studies of inversion at
sulfur. General features of the NMR spectra, summarized in
Tables II and III, will be discussed first, followed by a more
detailed consideration of their implications in terms of the
trans-influence of the PFP?" ligand.

(i) Phosphine Complexes. The °F spectrum of each of the four
phosphine complexes, 3—6, consists of a single peak at ambient
temperature (~32 °C), indicating equivalence between the four
CF; groups on the NMR time scale. Solid-state studies on other
chelated PFP? derivatives have shown that the CF; groups become
inequivalent through twisting of the five-membered rings, e.g. in
[Ni(PFP),]?* ¢ or in S(PFP),.!” However, the environment of

(14) Pearson, R. G. Inorg. Chem. 1973, 12, 712.

(15) Boeré, R. T.; Willis, C. J. Abstracts 10th International Symposium on
Fluorine Chemistry, Vancouver, B.C., 1982; J. Fluorine Chem. 1982,
21, 18,
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Table II. 'H and '°F NMR Spectra: General Features
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“J(Pt,F), *J(PH),  3J(PtH),
complex conditions 8(CF,) (v,,,)* Hz 8(CH,)? Hz Hz
Pt(PFP)(PMe,), (3) cDCl,, 60 °C -71.2 (1.0) 2.8 1.54¢ 11.3 32,9
Pt(PFP)(PMe,Ph), (4) cDCl, ~71.1 2.3) <2 1.56¢ 11,6 31.4
Pt(PFP)(PMePh,), (5) cDCl,, 32°C -170.9 (2.0) <2 1.73¢ 11.0 30.1
Pt(PFP)(PPh,), (6) cD,dl,, 32°C ~70.4 (2.0) <2 e
Pt(PFP)(SMe,), (7) CDCl, -71.0 (0.9) 6.5 2.51 44,0
Pt(PFP)(MeSEt), (8) CDCl,, 32°C -71.0 (1.8) <5 2.48 44,0
Pt(PFP)(SEt,), (9) CDCl,, 32°C —~71.0 (1.2) 5.0
Pt(PFP)(DTH) (10) (CD,),S0, 180 °C ~—69 (7.5) f 2.60 46.7
syn, 36% (CD,),50, 60 °C —69.46 (~6) f 2.65 46.4
anti, 64% (CD,),S0, 60 °C ~69,48¢ f 2.52 48.7
syn, 48% (CD,),CO, 32°C ~69.52 (5.5) <5 2,74 46.7
anti, 52% (CD,),CO, 32°C ~69.508 f 2.61 48.3
Pt(PFP)(Me, SO), (11) (CD,),CO, 32°C ~70.1 (1.0) 3.7 3.50 20.5

@ & in ppm from CFCl,; v in Hz, P 6 in ppm from Me,Si. ¢ CH,
42 Hz, € Aromatic 'H signal, 7.1-7.7 ppm.

Table III. *'P NMR Parameters®

J(Pt,P),
complex 5(*'P)? Hz §(free)*  Asd
Pt(PFP)(PMe,), (3) -32.3 3414 620 29.7
Pt(PFP)(PMe,Ph), (4) -22.5 3490 -47.0 24,5
Pt(PFP)(PMePh,), (5) -8.7 3578 ~28.0 19.3
Pt(PFP)(PPh,), (6) +5.4 3669 -6.0 11.4

8 Proton decoupled, in CH,Cl,, 0.1 M, at 30 °C. ® From
external (MeQ),PO; positive shifts to low field. € Data for free
phosphines. ' 4 The coordination shift, [§(coord) — §(free)].

the CF; groups in 3-6 may be rendered equivalent through simple
ring flexion, and it is not surprising that this occurs readily in
solutions at room temperature. In an attempt to slow down the
interconversion process, the temperature was lowered. Significant
broadening was observed, but in no case did we sée a separation
of signals due to nonequivalent CF, groups. Inequivalent CF,
groups giving rise to distinct 1*F NMR signals have been observed
at =100 °C in the PFP derivative S(PFP),,!® but the bonding at
sulfur is based on trigonal-bipyramidal geometry and the inter-
conversion process is therefore not strictly comparable to that
occurring in a square-planar metal complex.

Previous reports of the value of four-bond coupling between
F and %Pt (in complexes of nonaromatic ligands) have varied
over the range 4-30 Hz. In the Pt>* complexes of the chelating
ligands [0—O—C(CF,),~0]* and [O-C(CF,),—0]* (PPh; coli-
gand), which are closely analogous to our complexes, “J(Pt,F)
values are 6.1 and 6.8 Hz, respectively.!® In our phosphine
complexes, the 4J(Pt,F) coupling is somewhat lower than this,
being 2.8 Hz in compound 3 and less than 2 Hz (unresolved) in
the other three.

The 'H spectra of the phosphine complexes are very similar
to those of their cis-PtCl,(PRj), analogues. Coupling constants
given in Table II represent apparent 2J(P,H) and *J(Pt,H) values,
since all complexes exhibit X,AA’X’, spectra, where X = 'H, A
=3P, and n = 9, 6, and 3 for 3-5, respectively.?® It has been
shown?! that the appearance of this type of spectrum is critically
dependent on the value of 2J(P,P"), which is in the range 14-19
Hz in cis-PtX,(PR;), complexes.?®

In each of the four complexes, the P resonance consists of a
singlet with 195Pt satellites. There is a linear correlation between
the coordination shift, As, and the free-ligand resonance positions
of the respective phosphines, an effect that has been noted before
in several cases, and it has been suggested that it is associated
with the increase in the C-P-C bond angle on coordination.??

(16) Barnhart, D. M.; Lingafelter, E. C. Cryst. Struct. Commun. 1982, 11,
733.

(17) Davies, B. W.; Payne, N. C,; Willis, C. J., unpublished results.

(18) Astrologes, G. W.; Martin, J. C. J. Am. Chem. Soc. 1976, 98, 2895.

(19) Hayward, P. J.; Nyman, C. J. J. Am. Chem. Soc. 1971, 93, 617.

(20) Verkade, J. G. Coord. Chem. Rev. 1972/73, 9, 1.

(21) Harris, R. K. Can. J. Chem. 1964, 42, 2275.

signal “filled-in doublet”, ¢ Doublet of quartets, Jag =10 Hz, App=
T Not resolved. € Doublet of quartets, Jag = 9 Hz, Ao =36 Hz,

(ii) Thioether Complexes. For the three complexes of the
monodentate thioethers, 7-9, the '°F NMR spectrum shows a
singlet in each case, indicating that, as with the phosphine com-
plexes, the PFP?" ring is dynamically planar. The values of
4J(Pt,F) are significantly greater than in the phosphine complexes.
The 'H spectra of the SMe, complex, 7, and the MeSEt complex,
8, are consistent with a cis structure. In each, the CHj; group gives
a singlet (5 2.51 and 2.48, respectively) with !%°Pt satellites, 3J-
(Pt,H) = 44.0 Hz. These values may be compared with those
reported for the isomers of the analogous complex PtCl,(SMe,):!!
8 2.55 (CJ(Pt,H) = 49.0 Hz), cis and & 2.45 CJ(Pt,H) = 41.5 Hz,
trans).

The 'H spectrum of the ethyl group of the thioether in complex
8 consists of a CH, triplet [é 1.40 ppm (*J(H,H) = 7.4 Hz)] and
an ABM; multiplet for the methylene protons, which become
magnetically inequivalent on coordination [5 2.85 (A,p = 39.9
Hz, 2J(A,B) = 12.2 Hz in CDCl,)].

The 'H spectrum of Pt(PFP)(SEt,), (9) is similarly complicated
by the fact that the protons of the methylene groups in the
thioether become magnetically inequivalent on coordination. They
show the same ABM, pattern: & 2.85 (A3 = 47.2 Hz, 2J(A,B)
= 12.2 Hz). This problem has been considered in detail by
Haake?? for PtCl,(SEt,),, for which both cis and trans isomers
show an ABM, spectrum, superimposed on a smaller ABM3X
spectrum due to coupling with 1%Pt. The AB/ABX envelope in
the chloro complex is found to coalesce at 60 °C for the cis isomer
and | °C for the trans; below the coalescence point, the chemical
shift separation A,g is ~31 Hz for the cis isomer and ~18 Hz
for the trans at the same temperature. Data for 9, which is
unambiguously cis, are in good agreement with this work; allowing
for a change in field strength, cis-PtCl,(SEt,), would show A,p
= ~49 Hz at 100 MHz.

Assignment of the 'H and '°F NMR spectra of the DTH
complex, 10, is complicated by the existence of conformational
isomers different in the relative orientation of the methyl groups
on the two pyramidal coordinated sulfur atoms; these may con-
veniently be referred to as syn and anti isomers:

CHs Hy  CHj
S—Pt—S. S—Pt—§'
A A
syn CHy

anti

At elevated temperature [180 °C, (CD,),SO solution], inter-
conversion of these is rapid on the NMR time scale and averaged
signals are seen. The CH; groups give a singlet with %Pt satellites
[6 2.60, 3J(Pt,H) = 46.7 Hz], while the CH, groups give a singlet
at 6 2.96 CJ(Pt,H) = 47.8 Hz). A detailed analysis of the NMR

(22) Pregosin, P. S.; Kunz, R. W. “NMR Basic Principles and Progress™;
Springer-Verlag: Berlin, 1979; Vol. 16, p 51.
(23) Turley, P. C.; Haake, P. J. Am. Chem. Soc. 1967, 89, 4617.
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parameters of PtCl,(DTH) has been made by Abel,* who reports
a high-temperature spectrum with CH, singlet at § 2.61 (CJ(Pt,H)
= 47 Hz) and a CH, singlet at § 2.95 (J(Pt,H) = 46 Hz), in close
agreement with out data on 10.

At ambient temperature [32 °C, (CD;),CO solution], the
spectra of 10 clearly show the existence of two isomers. The !°F
signal contains a singlet superimposed on a doublet of quartets,
the latter suggesting inequivalent pairs of CF, groups in PFP%",
The CHj, signals are singlets (with !°°Pt satellites) at 2.74 and
2.61 ppm, while the CH, groups give rise to complex multiplets.
Abel has used steric arguments to assign the lower field CHj signal
to the syn isomer of PtCl,(DTH), which shows peaks at 2.72 and
2.60 ppm,?* and the close agreement in the positions of the peaks
in 10 suggests that we are observing an analogous situation.
Accurate integration of the CH, and CF, signals was difficult,
and we have relied on the marked difference in population of the
two isomers between acetone-dg and Me,SO-d; to assign the peaks.
Integration of the clearly visible SCHj signals from the two isomers
was 48:52 in the former and 36:64 in the latter solvent. When
the relative size of the doublet of quartets and the singlet signals
in the '°F spectra was noted, it was then possible to assign the
former to the CF, groups in the anti isomer and the latter to those
in the syn isomer.

The difference in the '°F spectra of the two isomers may be
rationalized by assuming that the lowest energy conformation of
a chelate PFP? ring is twisted so as to divide the four CF; groups
into two axial and two equatorial pairs:

CFy CFy
CF3 — CF

Pt— ———Pt=
L e
0 Ocr, 2

3

CF3 CFy

It is clear that, in the syn isomer of the complex Pt(PFP)(DTH),
these two conformations of the PFP ring will be of equal energy.
However, in the anti isomer (where the DTH ligand adopts a chiral
conformation) the two conformations of the PFP ring will differ
in energy because of differing steric interactions between the CH,
and CF; groups. The PFP ring therefore adopts a preferred chiral
conformation in the anti isomer, and the CF; groups are in two
different environments.

(iii) Sulfoxide Complexes. During the high-temperature NMR
study on the DTH complex, 10 in Me,SO-d; solution, an additional
peak was observed to be gradually developing at slightly higher
field in the 1°F spectrum. Workup of the sample showed the
presence of the new compound, Pt(PFP)(Me,SO-dy),, identified
by its mass spectrum, and its protonated analogue, 11, was sub-
sequently made directly. Its °F spectrum shows a singlet with
195Pt satellites [§ ~70.1, 4J(Pt,F) = 3.7 Hz], while the 'H spectrum
shows a singlet at & 3.50 (CJ(Pt,H) = 20.5 Hz).

It has been established that, in O-bonded sulfoxide complexes
of Pt** such as [PtCl(Me,SO-0)diphos]PF,% there is a coor-
dination shift of less than 0.5 ppm from the resonance of the free
ligand (4 2.53) and no observed coupling to **Pt. In contrast,
the compound cis-PtCl,(Me,SO),, where an S-bonded structure
has been established,?6 has a methyl resonance at 6 3.55 CJ(Pt,H)
= 23 Hz).? On this basis, we may confidently assign an S-bonded
structure to Pt(PFP)(Me,SO),.

Trans Influence of Phosphines and Thioethers. The trans in-
fluence of various ligands in palladium(II) and platinum(II)
complexes has been the subject of considerable interest, and the
field has been comprehensively reviewed.?® Our compilation of
data on this series of new complexes enables us to attempt a
ranking of the coligands trans to the fluorinated alkoxy group,
based on the observed values of “J(Pt,F). Since the trans influence

(24) Abel, E. W, et al. Polyhedron 1982, 1, 289.

(25) Davies, J. A. Adv. Inorg. Chem. Radiochem. 1981, 24, 115.

(26) Melanson, R.; Rochon, F. D. Can. J. Chem. 1975, 53, 2371.

(27) Kitching, W.; Moore, C. J.; Doddrell, D. Inorg. Chem. 1970, 9, 541.

(28) Appleton, T. G.; Clark, H. C.; Manzer, L. E. Coord. Chem. Rev. 1973,
10, 335.
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implies a static weakening of the opposite bond, the ligand with
the greater influence will cause a smaller value of the coupling
constant. The latter is not resolved in every case, but the observed
order is SMe, < MeSEt < SEt, < OSMe, < PMe; < PPh,Me,_,
where “J(Pt,F) = 6.5, ~5.5,5.0, 3.7, 2.8, and ~2 Hz, respectively.

The value of 4J(Pt,F) provides a useful discriminator among
ligands of weak trans influence, and general trends in this series
are in accord with ratings based on trans-(Pt—Cl) stretching
frequencies® or on trans 'J(Pt,P) coupling constants3® The
relative ordering among the phosphines is not so reliable, because
of the small values of 4J, but it appears that trimethylphosphine
has a weaker trans influence than the alkylarylphosphines. This
is contrary to the ordering based on other criteria,?® but a similar
inversion has been noted by Kemmit,*! based on observations of
trans 2J(Pt,F) in a series of Pt(C,F,)L, complexes.

On the basis of metal-chlorine bond lengths, Davies?® has
concluded that Me,SO has a somewhat greater trans influence
than thioethers. A recent study of the kinetic trans effect? shows
that SEt, has a greater labilizing effect on a trans chloride ligand
than SMe,, a difference attributed to the better g-donor power
of the ethyl-substituted compound; here, the trans effect and the
trans influence run in parallel.

Inversion in Thioether Complexes. As mentioned in the above
discussion of the NMR spectra of the thioether complexes, the
presence of pyramidal coordinated sulfur leads to the existence
of conformational isomers, which may be interconverted by in-
version at the sulfur atom. This process is conveniently followed
by dynamic NMR spectroscopy, since the barrier to inversion is
frequently such that the process occurs at a measurable rate over
temperature ranges accessible by the NMR method.? In this way,
the height of the inversion barrier may be estimated.

The four thioether complexes studied in the present work fall
into three categories when the inversion process is investigated
by NMR. In 7, where the ligand is (CH;),S, all three protons
of each methyl group are rendered equivalent by rotation about
the C-S bond, so only one signal is observed and no information
about inversion at sulfur may be obtained. When ethyl groups
are present in the thioether, as in 8 and 9, the two methylene
protons H, and Hj are interconverted by inversion at sulfur, but
not by rotation about the C-S bond. If the inversion process is
slow on the NMR time scale, the methylene protons will give an
ABM; pattern.

In these compounds, the inversion process gives a species
chemically identical with the original molecule (and degenerate
with it in energy), a process called mutual inversion. Clearly,
the rate constant and activation energy for the forward and reverse
reactions will be the same in this situation.

In the DTH compound, 10, inversion at one sulfur atom will
convert the syn to the anti isomer, or vice versa. Since these species
are chemically distinct, they are of different energies and popu-
lations, and the interconversion process is known as nonmutual
inversion.

GH3
PN P
.S\IA .A/S.. = S H Ha
/ C—T \ TNC—¢ s\
CHy | CHy [ | tH,
Hg Hg Ha Hg
syn anti

(29) Murray, S. G.; Hartley, F. R. Chem. Rev. 1981, 81, 365.

(30) Allen, F. H.; Sze, S. N. J. Chem. Soc. A 1971, 2054.

(31) Kemmet, R. D. W.; Moore, R. D. J. Chem. Soc. A 1971, 2472.
(32) Gosling, R.; Tobe, M. L. Inorg. Chim. Acta 1980, 42, 223.
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In this case, the rate constants and activation energies for
forward and reverse reaction will be different.

A detailed discussion of the experiment has been given by
several authors,3*35 and our treatment follows that of Sandstrém.*
The most accurate method of obtaining thermodynamic param-
eters requires computer fitting of line shapes as a function of
temperature. However, the treatment of experimental data may
be very much simplified by considering the line shape of the
resonance at the coalescence temperature, 7.. This may be defined
as the temperature at which NMR signals due to two exchanging
nuclei have just coalesced to give the widest peak with no residual
splitting effects. At this temperature, the rate constant, k, for
exchange between two uncoupled, equally populated, sites un-
dergoing mutual exchange may be related to the difference be-
tween their chemical shifts. A,g, by the classical expression of
Gutowsky and Holm:?¢

k = 7Asp/V2 )

The half-height line width of the peak at coalescence tem-
perature, W*, is often used as an approximation for A,p in this
equation on the basis of Lorentzian line shapes.

Similar approximations have been applied to systems undergoing
two-site, nonmutual exchange of two uncoupled spin systems with
unequal populations. With the populations denoted as p, and p,,
and the difference Ap = (p, — py), where p, > p, then it may be
shown that

Ap = [(X*-2) /312 (1/X) 2)
where X = 2wr7.A,p and 7, is the lifetime at coalescence:
T = (ka + kb)_l = pa/ka = Pb/kb

Egan and Mislow?” have solved eq 2 for X at various values
of Ap, and a convenient tabulation of their results is given by
Sandstrdm.*®

The rate constants may then be evaluated from

ky=pQ2m)W*/X k= pp(2m)W* /X 3

The last equation has been used in this study for the DTH
complex, which is undergoing nonmutual exchange of uncoupled
CH;-S signals.

From the measured rate constants, the activation energy of the
inversion process, AG*, may then be found from the Eyring
equation

k = x(ky/h)Te aG'/RT )

where k is the rate constant, x is the transmission coefficient, k;
is the Boltzmann constant, and the other symbols have their usual
significance. For polyatomic molecules undergoing thermal re-
arrangement, x may be taken as unity and the activation energy
at a given temperature T may be obtained by rearrangement of
(4) to give

AG* = (1914 X 1073 T(10.319 + log |T/k)  (5)

In the present work, this equation has been used to find the
activation energy for the inversion process in each complex at its
coalescence point, T.. The largest source of error in the method
is the measurement of T, which we estimate to be accurate to
+5 K. In the temperature range 300-400 K, this will give a

(33) Jackman, L. M., Cotton, F. A., Eds. “Dynamic Nuclear Magnetic
Resonance”; Academic Press: New York, 1975.

(34) Kaplan, J. L; Fraenkel, G. “NMR of Chemically Exchanging Systems”;
Academic Press: New York, 1980.

(35) Sandstrom, J. “Dynamic NMR Spectroscopy”; Academic Press: New
York, 1982; p 77.

(36) Gutowsky, H. S.; Holm, C. H. J. Chem. Phys. 1956, 25, 1228.

(37) Egan, W. Thesis, Princeton University, 1971.

(38) Reference 35, p 82.
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resulting uncertainty of about +1 kJ/mol in AG*. (The effect
on AG* of error in k is much less significant and may be ne-
glected.)

For compounds 8 and 9, 'H spectra were recorded in Me,SO-dj
solution over the temperature range 30-180 °C and T, was found
to be 72 °C (347 K) for each. The chemical shift difference A,p
was measured in the temperature region 30-52 °C; no appreciable
variation with temperature was noted, and these values were
therefore used for Ap at T in solving for k. Values of A,p were
7.5 Hz for 8 and 11.8 Hz for 9, and use of eq 1 and 5 gives k =
16.7 s, AG* = 77 & 1 kJ/mol for the MeSEt complex, 8, and
k = 26.1 57!, AG* = 75.5 = 1 kJ/mol for the SEt, complex, 9.
These activation energies are significantly greater than the figure
of 70.3 kJ/mol calculated by the same approach for cis-PtCl,-
(SEty),?

As mentioned above, there are two isomers, syn and anti, present
in the complex Pt(PFP)(DTH) (10). At the coalescence tem-
perature of 114 °C (391 % 5 K), the proportions are as follows:
anti, 0.60 (p,); syn, 0.40 (p,). Substituting the value of W* (14
Hz) into eq 4 gives k, = 18.6 s/, AG*(A—B) = 87.1 £+ 1 kJ/mol
and k, = 28.0 57!, AG*(B—A) = 85.8 £ 1 kJ/mol.

An approximate value of AG* may also be obtained from the
I9F spectrum of 10. Because the fluorine nuclei in this complex
are coupled in an A;B; system, the spectrum is not first order.
The signal from the anti isomer is a doublet of quartets, while
that from the syn isomer is a singlet. By assuming that the former
collapses to a singlet, which then merges with the latter at the
coalescence point, a rough estimate of 120 °C (393 £ 5 K) may
be made for T, at which point W* = 12 Hz. This leads to &,
=27 sl and AG*(B—A) = 86 = 1 kJ/mol, within experimental
error of the value obtained from the 'H spectra. The agreement
between the AG* values independently determined from the proton
and fluorine NMR spectra suggests that the same process produces
simultaneous interconversion of the inequivalent hydrogen and
fluorine atoms, consistent with the previously suggested differ-
entiation between inequivalent groups in coordinated PFP?- im-
posed by the chirality of the DTH coligand in the anti isomer.

The height of the barrier to inversion in 10 may be compared
with those in the complexes PtCl,(DTH) and PtI,(DTH), which
are respectively 81.4 & 0.1 and 75.3 & 0.2 kJ/mol.¥ In both
the SEt, and the DTH complexes, the barrier is ~5 kJ higher
for the PFP?~ complex than for the CI™ analogue. (The increase
in AG* of ~10 kJ for the same anion when passing from the
monodentate SEt, to the chelating DTH is due to the introduction
of angle strain, which hinders the obtaining of a planar transition
state.” A similar difference is found between the SEt, and DTH
complexes of PtCl,.)

Variations in AG* with the nature of the coligands have been
noted previously in DTH complexes but have not been quanti-
tatively assessed.“© Much of the discussion has focused on the
very large depression of the coalescence temperature resulting from
the introduction of a trans-disposed ligand of large trans influence
such as phenyl, and less attention has been given to the variations
within the halide and pseudohalide ligand series. Since the
fluorinated alkoxides form a class of pseudohalides, we have
attempted to assess the significance of their trans influence on
the barrier to thioether inversion, and a close comparison to the
two halides studied by Abel (PtCl,, Ptl,)*° has been made.
However, it was first necessary to establish the position of PFP?-
in the trans-influence series.

Trans Influence of the Perfluoropinacolato Ligand. Our previous
studies on fluorinated alkoxides have shown, on the basis of
measurements on nickel(II) complexes, that PFP?~ shows a ligand
field strength comparable to that of SCN~ and slightly above the
halides in the spectrochemical series.> The availability of the
complexes synthesized in the present work now enables us, using
NMR probes, to relate the trans influence of PFP?" to that of the

(39) Abel, E. W,; Bhargava, S. K.; Kite, K.; Orrell, K. G.; Williams, B. L.
Polyhedron, 1982, 1, 289.

(40) Cross, R. J; Dalgleish, I. G.; Smith, G. J.; Wardle, R. J. Chem. Soc.,
Dalton Trans. 1972, 992.
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Table IV. NMR Data on Some Phosphine Complexes?

cis complex
phosphine Pt(PFP) Pt(l, PtBr, Ptl,

As PMe, 29.7 37.4 38,20 36.0%
PMe,Ph  24.5 31.1 31.1 28.9
PMePh, 19.3 256 38.0 35.4¢
PPh, 11.4 19,74

J(Pt,P), Hz  PMe, 3414 3481 3426¢  3300°

PMe,Ph 34990 3550 3506 3374
PMePh, 3578 3621 3576 3435

PPh, 3669 36787
3J(Pt,H),Hz  PMe, 32.9 35.6° 36.1° 36.1°
PMe,Ph 31.4 3sf 35.5f ~37f

@ Unless otherwise indicated, data on dihalide complexes are
taken from ref 43, Y Reference 42, € A value of 22,9 ppm has
also been reported,** d Reference 45. © Reference 46. ! Ref-
erence 47.

halides and other common ligands. No previous attempts to
estimate the trans influence of a fluorinated alkoxy ligand have
been reported.

Following established usage,**? we use the term trans influence
to describe the ability of a ligand to weaken a trans-disposed bond
in the ground state of the complex, while the term trans effect
is applied to kinetic phenomena. (In the particular case of a
symmetrical bidentate ligand such as PFP? in a square-planar
complex, it is of course impossible to distinguish between effects
resulting from cis and trans substitution, but precedent suggests
that the ligand in the trans site is of greater importance.) Because
of the availability of a wide range of reference compounds, and
the convenience of observation of the 3'P resonance, the series of
phosphine complexes constitutes the best means of evaluating the
trans-influence of the PFP?" ligand. Data on the coordination
shifts, A, of the phosphine complexes are given in Table IV,
together with the 'J(Pt,P) and 3J(Pt,H) coupling constant values.

The coordination shift values are at a maximum in the tri-
methylphosphine complexes, Pt(PFP)}(PMe;), and PtX,(PMe;),.
They generally decrease as phenyl groups are substituted for
methyl in the phosphine, in accordance with the concept that Ad
is greater in phosphines that are stronger s-donors,* although
there are apparent anomalies in complexes where PMePh, is
present in conjunction with the largest halides, Br-and I". In
complexes with all four phosphines studied, the coordination shift
in the PFP?" derivative is 6~7 ppm less than in the C1™ analogue,
suggesting that PFP?" has a definitely greater trans influence than
Cl.

In the methylphosphine complexes of PtPFP, the position of
the CH, resonance is in each case about 0.2 ppm to high field
of that in the PtCl, analogues, representing a smaller coordination
shift and a greater trans influence for PFP*".

The coupling constants !J(Pt,P) for PtPFP and the dihalides
show a regular increase in each series of complexes as the in-
troduction of phenyl groups increases the w-acceptor character
of the ligand. We therefore follow the precedent of previous
workers®® in using 'J(Pt,P) as the best criterion of trans influence,
and it is clear from the data that PFP? is in the pseudohalide
class, with a trans influence marginally greater than that of Br~.
A comprehensive rating of ligands has been made* by mea-
surement of 'J(Pt,P) in complexes cis-PtX,(P-n-Bu,),, and the

(41) Pidcock, A.; Richards, R. E,; Venanzi, L. M. J. Chem. Soc. A 1966,
707.

(42) Duddell, D. A ; Evans, J. G.; Goggin, P. L.; Goodfellow, R. J.; Rest,
A. J.; Smith, J. G. J. Chem. Soc. 4 1969, 2134,

(43) Macdougall, J. J.; Nelson, J. H.; Mathey, F. Inorg. Chem. 1982, 21,
2145.

(44) Kennedy, J. D.; McFarlane, W.; Puddephatt, R. J.; Thompson, P. J. J.
Chem. Soc., Dalton Trans. 1976, 874,

(45) Allen, D. W.; Taylor, B. F. J. Chem. Soc., Dalton Trans. 1982, 51.

(46) Goggin, P. L. et al. J. Chem. Soc., Dalton Trans. 1974, 523.

(47) Jenkins, J. M.; Shaw, B. L. J. Chem. Soc. A 1966, 770.

(48) Grim, S. O.; Keiter, R. L.; McFarlane, W. Inorg. Chem. 1967, 6, 1133.

(49) Mather, G. C.; Rapsey, G. J. N.; Pidcock, A. Inorg. Nucl. Chem. Lett.
1973, 9, 567.

(50) Appleton, T. G.; Bennet, M. A. Inorg. Chem. 1978, 17, 738.
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order of increasing trans influence has been found to be ONO,"
< CI' < Brr < N;7= NCO" < I" < SCN~ < NO,".

The value of 'J(Pt,P) in P-n-Bu; complexes is generally ~20
Hz greater than in the PMe,; analogues, which would suggest
~3440 Hz in Pt(PFP)(P-n-Bu;),. The values for X~ = Br, Ny,
and NCO~ are respectively 3477, 3409, and 3396 Hz, giving
placement of PFP?" between Br™ and N~

An extensive comparison of trans influences has been made by
Appleton and Bennet™ using the series of bis(phosphine) complexes
[-P(Ph),CH,CH,P(Ph),~]Pt(CH;)X. On the basis of the value
of 1J(Pt,P) trans to X, their ordering includes the following ligands:
ONO, < CI" < CH,COO™ < I" < NCO" < p-CH,0C¢H, 0™ <
SCN- < OH™ < NO;".

This series is of particular relevance to the present work because
of its inclusion of the hydroxide ion, which clearly has a trans
influence that is stronger than that of the halide or thiocyanate
ions and hence, by implication, stronger than that of fluorinated
alkoxide.

An alternate, less satisfactory, measure of the trans influence
in phosphine complexes is the value of *J(Pt,H) when methyl
groups are attached to phosphorus. This coupling is, of course,
much smaller than direct Pt-P coupling, and spectra are com-
plicated by H-P and P-P coupling effects. Data for PtX,(PMes),
and PtX,(PMe,Ph), complexes show little differentiation between
the halides on this criterion, with 3J(Pt,H) being 35.6~36.1 Hz
in the former*? and 35-37 Hz in the latter.*’ In each case, PFP*
shows a significantly stronger trans influence (i.e., a decrease in
the coupling constant) with 3J(Pt,H) values in the analogous
complexes of 32.9 and 31.4 Hz, respectively. Another ligand
bonding to Pt through oxygen, acac™, shows a very similar value
of 32.2 Hz in the complex Pt(acac)Cl(Me,PPh).¥’

In complexes 7, 8, 10, and 11, where a CH,~S-Pt linkage is
present in conjunction with PFP?, an estimate of the trans in-
fluence of the latter may be made from the value of 3/(Pt,H) in
the methyl protons. In both 7 (SMe,) and 8 (MeSEt), 3J(Pt,H)
is 44.0 Hz, significantly less than the 49.0 Hz reported for cis-
PtCl,(SMe,),'! and the 49.5 Hz we find in cis-PtCl,(MeSEt),.
In the DTH complex, 10, the coupling constant varies according
to temperature, solvent, and ligand conformation in the range
46.4-48.3 Hz (Table II); the value for PtCl,(DTH) is 47 Hz.**
In the Me,SO complex, 11, 3J(Pt,H) is 20.5 Hz, whereas the value
in cis-PtCly(Me,SO), is 23 Hz.” These figures are in general
agreement with the results obtained on the phosphine complexes,
showing PFP?" to have a stronger trans influence than CI-, leading
to smaller values of 3J(Pt,H) in trans-S-CH, ligands in comparable
situations.

Conclusions. From this large body of results on complexes
where PFP?" is coordinated trans to phosphines or thioethers on
Pt2*, we can place the static trans influence of the fluorinated
alkoxy group relative to two other important series of ligands.
First, among ligands bonding to platinum(II) through oxygen,
the order of increasing trans influence corresponds to the order
of increasing basicity of the groups: ONO,” < CH,COO™ =~
-C(CF,),0” < p-CH,0C;H, O~ < OH". Second, in comparison
to the halide series, the trans influence of PFP? is significantly
greater than that of CI™. In situations where a differentiation
between the halide ions can be made, it is very similar to Br™ and
weaker than I~

At the same time, our experiments on the thioether complexes
have shown that PFP?" is Jess effective than Cl” in reducing the
barrier to inversion at a trans sulfur atom. It is important to
recognize that this is a completely independent result. Thioether
inversion is a dynamic phenomenon whose rate is being measured,
and differences found between PFP?" and halide complexes are
due to the trans effect of these ligands. We now have a clear case
where there is an inversion of the relative positions of two ligands
in the trans-effect and the trans-influence series. We suggest that
this difference, although at first sight surprising, is in fact in
agreement with the difference that might be expected between
Pt—O and Pt-Cl bonds in nondelocalized systems on the as-
sumption that the Pt—-O bond has the greater degree of ionic
character.
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We rationalize these observations in the following way: The
rate of thioether inversion will be enhanced by stabilization of the
intermediate, and this will be favored by a greater charge density
on the metal atom to which the thioether is coordinated. In early
discussion of this problem, Haake and Turley’! had proposed a
lone pair displacement mechanism for inversion at platinum in
a square-planar complex. More recently, Abel and co-workers™2
have provided a more satisfactory approach in which they apply
classical treatments of pyramidal inversions¢ to inversion at
sulfur. The inversion process is assumed to proceed through an
intermediate involving a planar, three-coordinate sulfur atom with
sp? hybridization and a lone pair of electrons accommodated in
a p orbital perpendicular to the bonding plane. This model leads
to the conclusion that the barrier to inversion should be raised
by the presence of more electronegative substituents X in X-SR,
but Jowered by an increased degree of = overlap between X and
S in the transition state. Thus, in both ways the more strongly
electron-withdrawing groups trans to coordinated sulfur would
be expected to raise the barrier to inversion. (Variations between
ligands are, however, still small in comparison with the large
reduction in AG* occurring when a sulfur-containing ligand is
coordinated to a metal atom.) Our results therefore suggest that
the fluorinated alkoxy group is more strongly electron withdrawing
than CI-.

The concept of a more strongly electron-withdrawing group
implies a higher degree of ionic character to the bond, which seems
at first sight to be incompatible with an observation of greater
trans influence. However, we suggest that it would be an over-
simplification to infer from the higher trans-influence of alkoxide

(51) Haake, P.; Turley, P. C. J. Am. Chem. Soc. 1967, 89, 4611.

(52) (a) Abel, E. W.; Farrow, G. W.; Orrell, K. G.; Sik, V. J. Chem. Soc.,
Dalton Trans. 1977, 42. (b) Abel, E. W ; King, G. D.; Orrell, K. G,;
Sik, V. Polyhedron 1983, 2, 1363.

(53) Rauk, A; Allen, L. C.; Mislow, K. Angew. Chem., Int. Ed. Engl. 1970,
9, 400.

(54) Lambert, J. B. Top. Stereochem. 1971, 6, 19.

over chloride a greater degree of covalency in the Pt—O over the
Pt—Cl bond. Rather, it is due to an inductive electron-withdrawing
effect by the ligand, which robs the trans ligand of electron density
from its o orbital and thus leads to smaller values of the coupling
constants. Concentration on the covalent interactions of ligands
in discussions of the trans influence has perhaps been overem-
phasized, and we would suggest that other factors are involved.
This is particularly the case when the ligands in question bond
to the metal through atoms of significantly different character.
First-row donors, such as oxygen and nitrogen, are hard to compare
with second-row and later elements (P, S, CI', Br~, I") that possess
w-acceptor character.

In virtually all bonding situations, bond effects are dependent
on both the electronegativities of the linked atoms (“ionic
character™) and effective orbital overlap between them (“covalent
character”). Within the series of ligands bonding through oxygen,
the increasing trans influence parallels the increasing basicity of
the ligand and the associated increase in the covalent character
of the metal-ligand bond. Overlap is more significant than
electronegativity change in this group. Similarly, within the halide
series, the order of increasing trans influence runs ClI~ < Br~ <
I"; this is the converse of the increase in electronegativity but
corresponds to the increase in the covalent character of the
metal-halide bond. In contrast, the greater trans influence of
—C(CF;),07, OH", and N relative to CI” may then be attributed
to their greater electronegativity, leading to the withdrawal of
electron density from the metal o orbitals.

The generalized order of trans influence usually presented®
is therefore a composite of these two effects, and hence it is not
surprising that many small inversions of the sequence are observed
when different metal complexes are used to establish a comparative
trans influence.
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X-ray Structure of a Ternary Metal Complex: Copper(II)-Inosine
5’-Monophosphate-Imidazole. Metal Binding to the N(7) Atom of the Nucleotide in a
Mixed-Ligand System Containing an Aromatic Amine
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A ternary metal-nucleotide complex, Na,[Cu(5’-IMP),(im)q(H,0), ,(H,0),]-12.4H,0, has been prepared and its structure
analyzed by X-ray diffraction (5-IMP = inosine 5’-monophosphate; im = imidazole). The complex crystallizes in space group

€222, witha = 8.733 (4) A, b = 23.213 (5) &, ¢ = 21.489 (6)

,and Z = 4. The structure was solved by the heavy-atom method

and refined by full-matrix least-squares technique on the basis of 2008 observed reflections to a final R value of 0.087. Sym-
metry-related 5-IMP anions coordinate in cis geometry through the N(7) atoms of the bases. The other cis positions of the
coordination plane are statistically occupied by nitrogen atoms of disordered im groups and water oxygens with occupancies 0.4
and 0.6, respectively. Water oxygens in axial positions complete the octahedral coordination of Cu(II). The complex is isostructural
with cis-[Pt(5-IMP),(NH;),]*, a model proposed for Pt(II) binding to DNA. The base binding observed in the present case
is different from the typical “phosphate only” binding shown from earlier studies on metal-nucleotide complexes containing various

other w-aromatic amines.

Introduction

During the past few years interaction of metal ions with nucleic
acid constituents has been a field of active research.! This activity

(1) (a) Marzilli, L. G. Prog. Inorg. Chem. 19717, 23, 255-378. (b) Martin,
R. B.; Marium, Y. H. Met. Ions Biol. Syst. 1979, 8, 57-124. (c) Spiro,
T. G., Ed. “Nucleic Acid-Metal Ion Interactions”; Wiley: New York,
1980; Vol. 1. (d) Hodgson, D. J. Prog. Inorg. Chem. 1977, 23, 211-254.
(e) Gellert, R. W.; Bau, R. Met. Ions Biol. Syst. 1979, 8, 1-55. (f)
Swaminathan, V.; Sundaralingam, M. CRC Crit. Rev. Biochem. 1979,
6, 245-336.

is motivated, in large part, by the well-recognized role of metal
ions in the biochemistry of nucleic acids? and by the speculation
that the antineoplastic agents, notably cis-[Pt(NH,),Cl,], exhibit
their activity by binding to DNA.> Metal-nucleotide complexes
containing heteroaromatic N bases are of special interest since

(2) Eichhorn, G. L. In “Inorganic Biochemistry™; Eichhorn, G. L., Ed.;
Elsevier: Amsterdam, 1973; Vol. 2, Chapters 33 and 34.

(3) Roberts, J. J.; Thomson, A. J. Prog. Nucl. Acid Res. Mol. Biol. 1979,
22, 71-133.
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