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13C NMR data are reported for the series of platinum(II) compounds rans-[(olefin) PtCly(NCsHyMe)], K[(olefin)PtCl;],
and [(olefin)PtCI(NH3),]BF4 (where olefin may te p-Y CsH4CH=CH,, RCH=CH;, RHC==CHR, or CH;=CH(CH,),X).
The observed trends in 1J195Pt—13C and 8¢ values of the olefinic carbon atoms are discussed in terms of the nature of
olefin~platinum(II) bonding. The data can be rationalized qualitatively using a valence-bond description of the bonding.
In terms of the Chatt-Dewar model of the bonding, the data support the view that donation from olefin = to a platinum
o orbital is the predominant component of the olefin—-metal bond. The data also illustrate the varied effects of olefin substituents

on the nature of platinum(II)-olefin bonds.

Introduction

Recent years have seen a rapid growth in the application
of 13C NMR to bonding and structural studies in organo-
metallic chemistry. While 13C NMR investigations of -
bonded olefin—transition metal complexes are now com-
monplace,’21 there is still considerable uncertainty and
controversy concerning the unusual magnitudes of the 13C
coordination chemical shifts of olefins and the possible re-
lationship with w-back-bonding effects.?:3.5:16.17.20-22 Recent
studies of organoplatinum compounds clearly emphasize the
importance of systematic studies of closely related series of
compounds and the added advantages of studying systems
where both olefinic carbon shieldings and metal-olefinic carbon
coupling constant data are available.?"6

In this paper.we report a systematic !3C NMR spectroscopic
study of both functionally substituted olefins and simple

alkenes coordinated to platinum(1I) in the three series of

complexes 1-3. These series provide examples of olefin
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coordination to neutral, anionic, and cationic platinum(II).

In view of the extensive studies by Orchin and others of
complexes of type 1 and thus the available literature data?3-3!
the major portion of our studies has been confined to series
1 compounds with anionic 2 and cationic 3 analogues being
studied for particularly interesting cases.

Very few of the previously reported 13C NMR studies have
concentrated on the effects of functional substitution of the
olefin on coordination chemical shifts and metal-carbon
coupling constants.43:21

Experimental Section

Complexes of the type trans-{(olefin)PtClo(NCsHsMe)] were
prepared using the method of Orchin et al.23 The anionic complexes
K[(olefin)PtCls] were prepared via the method of Saika et al.32 The
cationic derivatives trans-[(olefin)PtCl(NH3),]BF4 were prepared
according to the method of Gel’fman and co-workers33 with the
exception that we have used AgBF, in place of AgNO3 and used
acetone as the solvent in lieu of water. Acetone—dichloromethane
was found to be an excellent solvent for the recrystallization of these
compounds.

The 13C NMR spectra were measured on either a Varian XL-
100-15 or a Varian CFT-20 spectrometer operating in the Fourier
transform mode at 25.2 and 20.0 MHz, respectively. All spectra were
determined with noise-modulated proton decoupling. Proton-coupled
spectra were recorded where necessary for assignment purposes. In
order to obtain accurate 1Jpic values it was frequently necessary to
recrystallize the type 1 complexes several times in order to ensure
that the samples contained no excess picoline.2829 The observation
of well-resolved 195Pt satellite resonances for the 8 carbon of the
coordinated picoline indicated that picoline exchange was slow on the
NMR time scale. In most cases the effect of repeated recrystallizations
was an increase in 'J195py_glefinic 13c values of ca. 1 Hz.
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13C NMR data for a variety of simple alkenes coordinated
to the “trans-PtCl(NCsHsMe)” moiety (type 1 complexes)
are tabulated in Table I. Corresponding data for series of
para-substituted styrenes coordinated to either type 1 com-
plexes or to type 2 (PtCly") or type 3 (trans-PtCI(NH3),")
are given in Table II. Table III contains the data for
complexes of functionally substituted olefins generally of the
type CH,=CH(CH3),X where X is an electronegative
substituent (e.g., OH, OMe, OPh, Cl) and 0 < n < 4. Table
IV lists a few examples of olefins, other than styrenes, co-
ordinated to type 2 or type 3 complexes.

Complexes of Simple Alkenes. Upon coordination, upfield
shifts (Adc) ca. 30-55 ppm are observed for the olefinic carbon
atoms of the simple alkenes. Platinum-olefinic carbon
coupling constants are in the range ca. 150-160 Hz.

For complexes of cis- or trans-1,2-dialkyl-substituted olefins,
values of 1Jsp_i3c of ca. 150~160 Hz and upfield shifts Adc
of ca. 30-37 ppm are observed for the olefinic carbons. The
only noticeable difference between complexes of the cis-1,2-
and trans-1,2-disubstituted olefins is to be found in the
platinum-195 coupling to the « and 8 carbons of the alkyl side
chains. For example, for the cis-1,2-disubstituted olefins
2Jpi-ce is ca. 15-22 Hz; for the complexes of the corresponding
trans olefins 2Jpi-c« is larger, ca. 26-35 Hz. The different
magnitudes of 2Jpi—c= for complexes of cis or trans olefins
probably reflect either a distortion about the Pt—olefin bond
which is only possible for the trans olefins (i.¢., a preferred
orientation of the olefin away from one that i$ perpendicular
to the coordination plane) or a distortion about the C=C axis
of the double bond which may occur with complexes of the
cis olefins (rotation of substituents away from the metal). Such
distortions have been previously postulated to account for
2Jpi-c-n data for complexes of this type31:34:35 and receive
some corroborative support in the solid state from x-ray
structural studies.36-37 Distortions of this type, if present, are
not reflected by the 1Jpi—c values for the coordinated olefinic
carbons. This is consistent with the current view that !Jp—c
coupling constants are dominated by the Fermi contact
term?8-9 and, while sensitive to changes in trans ligands and
rehybridization at carbon, are probably not very sensitive to
distortions of the type mentioned.

Platinum coupling to the 3 carbon of an alkyl side chain
varies.from ca. 0 for coordinated cyclopentene and cyclohexene
through values of 30—40 Hz (linear alkenes) to ca. 40 Hz for
coordinated cycloheptene and cyclooctene. This wide variation
clearly indicates a marked conformational dependence with
respect to the magnitude of 3Jpi_c? with 3Jp._c# being ca. 0
when C# is oriented close to the coordinate plane. While a
detailed explanation is not readily apparent, conformational
dependence for three-bond platinum coupling constants has
been previously observed for 3Jpi-p-c-y in [(Me,;PhP)PtI-
(02CR)12.%¢ Platinum coupling to C¥ or subsequent carbons
in alkyl side chains has not been observed for any of the simple
alkenes.

For a series of cyclic olefin complexes of type 1 the Adc and
17p._c values for the olefinic carbons are noticeably less for
cyclopentene (29.8 ppm and 150 Hz) and cyclohexene (32.0
ppm and 146 Hz) relative to those of the cycloheptene (36.6
ppm and 162.7 Hz) and cyclooctene (36.1 ppm and 161.8 Hz)
complexes. The lower values of Adc and LJp,c may well reflect
a weaker olefin-Pt bond. X-ray structural studies of
[Pt2Cla(olefin),] (olefin = cyclopentene or cycloheptene) have
shown the Pt—C(olefin) distances in the cyclopentene complex
to be 2.20 (1) A—a value 0.08 A (30¢) greater than the mean
value of the Pt-C(olefin) distance (2.12 A) reported for the
cycloheptene complex.*! The type 1 complexes of terminal
alkenes of general formula trans-[(RCH2C?H=C!H,)-
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PtCl,(NCsHsMe)] (R = alkyl) have very similar 13C NMR
parameters, typically 'Jp-ct =~ 160 Hz, 'Jpi-c? = 157 Hz,
2pi-ce ~ 21-24 Hz, 3Jpi-c? = 30-35 Hz, Adc! =~ 44.5 ppm,
and Adc? =~ 35.5 ppm.

. The data of the tert-butylethylene complex trans-
[(MesCCH=CH,)PtCl;(NCsHsMe)] deviate considerably
from this general pattern of behavior. The lower 3Jpicf (20.4
Hz) for this complex probably reflects the expected confor-
mational dependence, i.e., at least one of three C's must be
oriented close to the coordination plane for which a much
smaller coupling constant is expected (cf. 3Jpyc = O for the
analogous cyclopentene complex). A particularly odd feature
is that LJp;c for the rert-butyl-substituted olefinic carbon C2
(152.5 Hz) is slightly'greater than that observed for C! (147
Hz) although the observed coordination shifts Adc* = 44.7 ppm
and Adc? = 33.0 ppm are reasonably consistent with the
general pattern. The data for the propene complex trans-
[(CH3CH=CH;)PtCl(NCsHsMe)] are also slightly out of
line relative to the general trends in that !Jp.c2 is 151 Hz
which is ca. 6 Hz less than that observed for the 1-butene,
1-hexene, 5-methylhex-1-ene, 4-methylpent-1-ene, and 4,4-
dimethylpent-1-ene analogues. In fact, a comparison of
complexes with methyl olefinic substituents with the analogous
complexes with ethyl olefinic substituents indicates that a
slightly lower 1Jp.c value for the methyl-substituted olefinic
carbon (~ 151 Hz) relative to its “‘ethyl analogue” (~ 158 Hz)
may be a general observation (see Table I). While a ra-
tionalization of this observation is not readily available, it
should be noted that replacement of a methyl substituent with
an ethyl substituent frequently increases the stability of the
olefin—metal bond.#243 Correlations of this type are not
apparent in the corresponding Adc data. Brown et al.!! have
previously commented on the possible significance of the
coordination chemical shifts of coordinated propene. It was
suggested that larger mean upfield coordination chemical shifts
and smaller values of (6c? — d¢c!) would be indicative of in-
creased m back-bonding. A smaller value for (5¢? — é¢?) for
increased 7 back-bonding is anticipated on the basis that the
chemical shifts of saturated “sp? C atoms” are less sensitive
to methyl substitution of H relative to an olefinic “sp? atom”.
Furthermore, on going from ethylene to propene in [(ole-
fin)aRh(acac)] complexes (acac = acetylacetonate) the value
of Aédc of the double-bond carbons decreases from 85.8 ppm
to a mean value of 57.6 ppm, respectively. This reduction has
been ascribed to an expected relative decrease in = back-
bonding for the propene complex.?!

A similar consideration of trans-[(olefin) PtClo(NCsHyMe)]
complexes shows that the mean values of Adc for the propene
complex (39.8 ppm) and for the hex-1-ene complex (40.20
ppm) are closer to that of the ethylene complex (47.3 ppm).
A comparison of the Adc values and (8c? — é¢') for the propene
complex of type 1 with the values reported by Brown et al.!!
is given in Table V. In view of the similarity of the Adc values
of the ethylene and propene type 1 complexes and the large
value of (8¢c2— d¢') (cf. data for [Ag(propene);]* with those
of trans-[(CH3;CH=CH,)PtCl,(NCsHsMe)]) one would have
to conclude on the basis of Brown’s criteria that either (i) 7
back-bonding is not a major parameter in the bonding of
alkenes to “PtCly(NCsH4Me)” or (ii) m back-bonding in
olefin—platinum(II) compounds is not reflected very strongly
by trends in the !3C data or (iii) both (i) and (ii).

Previous studies®> lend considerable support to conclusion
(iii) with respect to the 13C NMR data for platinum(II)-olefin
complexes. Previous observations of parallel trends in the
shielding of the o-bonded carbons C! and the olefinic carbons
C2and C3 in complexes of type 4° and the two analogous series
of complexes 5 (trans-[CH3Pt(As(CH3)3);L]*) and 62
strongly suggest that a major and possibly predominant
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component of the observed changes in the '3C NMR pa-
rameters of these closely related series of platinum(II)
complexes may be accounted for in terms of nonbonding
paramagnetic and/or diamagnetic neighbor anisotropy effects
associated with platinum. Such correlations are under-
standable if the major component in alkene—platinum(II)
bonding is filled olefin 7 to empty metal ¢ donation.

Para-Substituted Styrene Complexes.** The 13C NMR data
for the series of complexes trans-[(p-YCsH4CH==CH,)-
PtCl2(NCsHsMe-p)] (7) {Y = NMe,, OEt, OPh, Me, H, Cl,
COMe, NO3}, K[(p-YCsH4sCH=CH,)PtCl;] (8), and
trans-[(p-Y CsH4CH=CH,)PtCI(NH3),1BF4 (9) {Y = OEt,
OPh, Me, H, Cl, NOy} are tabulated in Table II. Plots of
1Jpt—c and 8¢ (the chemical shift of the coordinated olefinic
carbons) for C! and C? of 7-9 vs. Brown’s ap™ constants for
Y gave reasonably linear correlations (e.g., see Figure 1).
Figure 2 illustrates the linear o,* correlations obtained for
Alpc/Jmean(Y=N0,) (the difference between 1Jpict and Lpic2
for a given Y divided by the mean !Jpc value of the p-
nitrosytrene analogue). Values of !Jc-g for a representative
selection of olefinic C—H bonds in complexes of type 7 is given
in Table II. !Jc_y values of the coordinated styrenes are rather
insensitive to changes in the nature of the para substituent Y.
They are also slightly larger than the values found for the
uncoordinated styrene.

By comparison with the previously reported !H NMR data
for the series of compounds of structure 8,32 it is apparent that
the 13C NMR spectra of coordinated styrenes are far more
sensitive to changes in Y than the corresponding !H NMR
spectra. The following trends are clearly apparent in the data
(see Figure 1): (i) for each styrene in the three series of
complexes 1Jp-c' > Upc?, ¢t < 8¢2 (i.e., C! is more shielded)
and Adct > Aédcz (ii) the differences in the NMR parameters
of Cl and C? are greatest for electron donor Y groups and least
for electron acceptor Y groups; (iii) !Jpi—c and ¢ of C2 are
more sensitive to changes in Y than are the C! values; (iv)
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Figure 2. Plot of [('J195pg_13g1) — 1J19spy_13G2)]/ [average
Wiosp 136 (for Y = NOQ,)] vs. op' for complexes 7 (o), 8 (&), and
9 (») (A=N(CH,),,B=0CH,,C=0CH,,D=CH,,E=H,F =
Q, G =COCH,, H =NO,).
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Figure 3. Valence bond representations of the styrene-
platinum(II) bonding.

electron donor Y groups decrease markedly both the shielding

of C2 and 1/pi-c2 while increasing both the shielding of C! and
LJp—¢'; (v) AlJpi—c for a given styrene decreases in the order
complex 9 > 7 > 8; (vi) the slopes of the plots of AJ/
Jmean(Y=NOy) vs. opT (Figure 2) also decrease in the order 9
> 7 > 8. Polarization of the olefin 7 electrons by Y, as
represented by the VB (valence-bond) representations A, B,
and C (Figure 3) provides a reasonable rationalization of
(i)—(vi). Electron donor Y groups would increase the percent
contribution of B and/or C to the overall styrene—platinum
bonding. It is a reasonable assumption that for B and C,
Uptc' » Upc? and Adct > Adc2. Thus as the -donor ability
of Y increases, the equilibrium position of Pt relative to the
styrene C==C bond will lie closer to C!. This will result in
an increase in the shielding of C! and will also increase !Jpict
owing to an increase in Fermi contact (s-orbital overlap).
Concomitantly the shielding of C2 and !Jp-c? will decrease.

Previously Ray et al.*® have reported a good linear cor-
relation between the d¢' values for the trityl carbonium ions
[(p-YCsH3)3C']* and the op* constants of Y. The three series
of styrene complexes studied provide data for complexation
to cationic platinum(II) 9, neutral platinum(II) 7, and anionic
platinum(II) 8. While the absolute magnitude of 'Jpic! and
1Jp—c2 will be a function of several factors and will be par-
ticularly sensitive to the nature of the trans ligand, it is a
reasonable assumption that the ratio AJ/Jmean(y=No0,) Will be
more indicative of the extent of polarization (ionic contrib-
utions) within the three series of compounds. For a given
styrene decreasing the electron density on the platinum should
result in increased ionic contributions to the styrene—platinum
bond and hence a larger AJ/Jmean ratio. This rationalization
is consistent with the magnitude of the observed values (see
Figure 2) which decrease in the order 9 (cationic) > 7 (neutral)
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Table IV. '*C NMR Data for Complexes of Types 2 and 3 in Acetone-d®

=CH, =CHR c“ ch
, C7, etc., &
Olefin gt Wespgisgr 8gz  Wiespy_ 1302 Spa Viespy_13ca §f 3J195py_ 1300
2, K*[(olefin)PtCl, |

Ethylene 66.89 195.2

5-Methylhex-l1-ene  65.05 190.9  91.54 192.3 3893  36.1 32.21 28.34;23.01,% 22.41%
Allyl phenyl ether 65.16 184.9 80.30 212.2 68.41 159.53;130.24;121.57;

115.64
3, trans-[(olefin)Pt(NH,),C1}*BF,~

5-Methylhex-1-ene 67.75 177.6 95.72 174.2 39.06 40.4 32.66 24.5 28.39:22.83,% 22.40%
Allyl phenyl ether 64.93 170.6 87.16 188.7 68.29 27.4 158.42;130.43;122.59;

@ See Table I, footnote a. P See Table I, footnote f.

Table V. Values of 6 g2(gcH,) ~ 8 ¢! (cH,) and A6 for Free and
Coordinated Propene in Several Transition Metal Complexes

E, (SCZ—(SCl,

Complex ppm ppm
Propene 18.2¢
[Ag(propene), I'BF,~ 3.3 29.1¢
[Fe(CH)(CO),(propene)|*CF,CO,~ 45.2 30.8¢
Rh(acac)(propene), 57.6 11.4¢
(p-CH ;-C H,N)Pt(C]), (propene) 39.8 27.6

¢ Fromref 11.

> 8 (anionic) and with the observation that the sensitivity of
LJpi_¢ to changes in Y also decreases in the same order.

For the series of styrene complexes 7 3Jpi-n—c? values of the
coordinated picoline increase from 37.5 Hz (Y = NMe,) to
40 Hz (Y = NO;). While this change is a small one, it is
consistent with a greater styrene trans influence and a weaker
Pt-N bond for the case where Y = NMe; which is compatible
with the bonding description (Figure 3) and ir data for
complexes of type 8 (see below).

Support for the above rationalization of the observed 13C
NMR data together with an indication of the structural and
electronic significance of the changes induced in the styr-
enc—platinum bond by changes in the para substituent is to
be found in the following observations:

(i) Infrared Spectroscopic Studies. Table VI contains the
frequencies assigned to the more important vibrational modes.
Assignment of the vpi-c| modes of 8 has been confirmed by
comparison with the ir spectra of the corresponding bromide
analogues. The two “vpic,-ring” modes, which are expected
in the region 400—-500 cm™!,%% were assigned on the basis of
comparisons within a series of complexes and with the spectra
of the uncomplexed styrenes. Owing to the lack of a solvent
suitable for the study of the ionic complexes at wavelengths
below 500 cm™! the ir spectra of all the complexes were run
as Nujol mulls. ‘

Plotting the data for vp._c) and symmetric and asymmetric
“vpic,-ring” modes against o,* gave reasonably linear cor-
relations. As Y becomes more electron donating, vpi-ci (trans
to styrene) for the complexes K[PtCla(p-Y-sty)] (sty =
styrene) decreases from 314 cm™! (Y = NO2) to 297 em™ (Y
= NMey). The increasing ionic nature of the styrene—platinum
bond (see Figure 3), as Y becomes a better = donor, places
more electron density on the metal. This results in a weakening
of the trans Pt—Cl bond thereby decreasing vpi-cj; i.€., the
styrenes exhibit an increased trans influence as Y becomes
more electron donating. Increasing ionic contributions to the
overall sty-Pt bond as Y becomes a better donor would imply
an increase in the Pt—sty bond strength. Consistent with this
is the observed increase in the vpic, modes as Y becomes a
better donor. Again the change in vpic, on going from Y =
NO; to Y = NMe; is considerable (Avprc, is ca. 80-100 cm™).
Vibrational modes reflective of vc=c (coordinated olefin) are

115.77

Table VI. Selected Ir Data for Conplexes of Types 7 and 82

7, (p-Y-sty)-
PtCl,(p-CH,- 8, K*[(p-Y-sty)-
C.H,N) PtCL T
C CH
/ /
v{Pt v{Pt
\
€ v(Pt-

Y Sym Asym Sym Asym CDP op*
N(CH,), 480 531 507 297 -1.7
OCH,CH, 506 425 510 441 303 -0.78
OC H; 509 426 301 0.5
CH, 482 495 400 311 -0.311
H 481 417 492 392 310 0
Cl 465 415 467 367 312 0.114
C(O)CH, 458 392 0.57
NO, 449 388 463 314 0.790

@ Nujol mulls; data reported in cm™!. ? Platinum-chloride

bond trans to sytrene.

difficult to identify positively in the series of complexes 7-9.

(ii) pK. Measurements. Gel'fman et al.33 have published
pK, data for the coordinated H>O in the series of complexes
trans-[Pt(NH3)2(H20){(p-Y-sty) | (BF4)2 (Y = Cl, H, OMe),
i.e., for

[Pt(NH,), (H,0)(p-Y-sty)] ** = [Pt(NH,),(OH)(p-Y-sty)]*
+ H'(aq)

the pKy's are 3.18, 3.28, and 3.42 for Y = C|, H, and OMe.
The acidity of the complexes decreases in the order Y = Cl
> H > OMe; i.e., as the styrene places more electron density
onto the platinum, the acidity of the trans water molecule
becomes less.

(iii) Equilibrium Studies of the Relative Thermodynamic
Stabilities of Styrene—Palladium(II) Bonds. The assumption
that increased ionic character should strengthen the sty-Pt(II)
bond is supported by previously reported equilibrium studies
of the complexation of styrene to norbornenylpalladium(II)

hexafluoroacetylacetonate derivatives,*3 viz.
TOgi,
CAc

OAc Kl
A + T( Pe—
— Py
i aN (htacac)

YCéHZ
N

Pd
(htccac)
AG® for the reaction was found to vary linearly with op™ of
Y. Good donor Y groups favor complexation of the styrene,
coordination being enthalpy favored but entropy unfavored.
(iv) X-Ray Structural Studies. In 1955 Baenziger and
Holder?! reported the structural details of [Pd2Cla(sty)2] as
determined by x-ray crystallography (see Figure 4). The
structure as reported has considerable asymmetry in the sty-Pd
bond with the olefinic CH; carbon atom being considerably
closer to the Pd than the PhCH carbon atom. While this
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Figure 4, Pertinent crystallographic data for the dimer [(sty)-
PdClL, 1,5t

NleHg),
NO,
Q7.
Ce% Aws
)374\'-:: . Pt—N cl
¢/

Cl

Figure 5. Pertinent bond length data for [(p-NMe,sty)PtCl,-
(p-Me(py))], {(sty)PtCL, (p-Me(py))], and [(p-NO,sty)PtCl, (p-
Clipy)].

structure has frequently been cited as an example of steric
effects on olefin—metal bonds, it is clear from the above
discussion that such a structure could at least in part be
symptomatic of an ionic contribution to the sty-Pd bond.

The longer u-PdCl bond trans to styrene relative to u-PdCl
trans to Cl implies a considerable trans influence associated
with the coordinated styrene. X-ray structural studies of
complexes 7 (Y = NMe; and H) and the complex trans-
[(p-NO>C¢H4CH=CH,)PtCl,(NCsH4C1)],*2 10, have been
carried out by Nyburg and co-workers.>® Some of the more
pertinent bond length data are given in Figure 5. As expected
the bond length data for the Pt—C2 (2.262 A) and Pt—C! (2.137
A) distances in 7 (Y = NMey) are considerably different
(>75) with Pt-C! being relatively short and Pt—-C?2 being
considerably larger than the average olefin—Pt(II) bond length
{ca.2.15-2.16 A). In contrast, the corresponding bond length
data for Pt—C! and Pt—-C? in trans-[p-NO,C¢H4sCH=
CH3)PtCly(NCsH4Cl)], 10, are more symmetrical, being
2.174 (13) and 2.216 (11) A, respectively. On going from Y
= NMez to Y = H to Y = NOj, Pt—-C2 becomes shorter,
Pt—C! becomes longer, and, with the notable exception of 7
(Y = H), C!-C2 becomes shorter. For all three complexes
the position at which the PtCI,N coordination plane bisects
the styrene C=C bond is displaced from the midpoint toward
the CH, group by 0.2113 A [7 (Y = NMey)], 0.1165 A [7
(Y = H)], and 0.0852 A (10). These distortions within the
sty—Pt bond are in the main consistent with the valence bond
description of the bonding given in Figure 3.55

(v) Optical Inversion and Substitution of Coordinated
Styrenes in trans (N)-Chloro-L-prolinatostyreneplatinum(II)
Complexes.>® The rate of inversion of coordinated styrenes
in the complexes trans(N)-[(p-Y CsH4CH=CH2)PtCl(L-pro)]
(pro = prolinate) has been found to be quite sensitive to the
nature of the para Y substituent increasing in the order Y =
MeO < Me < H < Cl < NO;. While the details of the
mechanism of this inversion reaction are still unknown, it has

Inorganic Chemistry, Vol. 15, No. 8, 1976 1965
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Figure 6. Valence bond representation of vinyl alcohol- or vinyl
ether-platinum(II) bonding.

been suggested that the reaction proceeds via a solvolytic
displacement of the coordinated styrene. The observed de-
pendence of the rate on Y is consistent with a stronger Pt-sty
bond for Y = OMe, consistent with the data above and the
bonding scheme in Figure 3.

(vi) Stability Constant Studies of Some Styrene—Platinum
Compounds. In 1959 Roy and Orchin’? reported details of
a spectroscopic study of the system [(1-dodecene)PtCls]2 +
2HCI + styrene in ethanol. It was suggested that the pre-
dominant solution equilibrium could be written

K
YC H,CH=CH, + [(C,,H,.,)PtCL,]" = C,,H,,
+ [(YC,H,CH=CH,)PtCl,] a

It was found that the values of K so obtained did not give a
linear correlation with Hammett o or o constants. Instead,
Ky=0Me ~ Ky=N0, > Ky=n In view of the consistency of the
13C NMR data and the data in (i)~(v) above, the observed
trends in K (eq 1) as a function of Y are surprising. It may
be that the solution equilibria are more complex than that
represented in eq 1. A reasonable possibility may be solvolysis
of the Cl trans to the styrene (particularly for Y = OMe). This
added solution equilibrium could easily account for the ap-
parent anomalous behavior of this system.

trans-[(trans-B-Me-sty) PtClo(NCsH4Me)). This complex
has 13C NMR parameters that are reasonably similar to the
corresponding styrene complex, e.g., lJpi-c? = 135 and 137
Hz, Jpc' = 158 and 166 Hz, respectively. The lower value
of LJp—c! for the 8-methylstyrene derivative is consistent with
the effect of methyl substitution on simple alkenes, cf. 1 (olefin
= ethylene and propene).

trans-[(CH,=CHOMe)PtCl,(NCsHsMe)]. X-ray struc-
tural studies of [(CH;=~CHOH)PtCl(acac)]* and cis-di-
chloro[(R)-a-methylbenzylamine] [(S)-1,2,2-trimethylpropyl
(R)-vinyl ether]platinum(IT)® have shown a marked difference
in the two olefinic carbon—platinum bonds in both cases, with
the oxygen-substituted carbon being further away from the
platinum. A valence bond model for the bonding invokes a
considerable contribution from the ionic resonance structure
E (Figure 6), thereby accounting for the large differences in
the Pt—C bond lengths and the distortion in the olefin—platinum
bonding. !3C NMR data for the complex trans-[(CHy=
CHOMEe)PtCly(NCsHsMe)] (see Table IIT) shows LJp_¢2 (88
Hz) « Jp-c' (193 Hz) which is clearly consistent with a
comparable asymmetry in the vinyl methyl ether—platinum(II)
bond. In contrast, the corresponding vinyl acetate does not
reflect any appreciable asymmetry in the olefin—platinum bond
(1Jpt-ct = 164.5; 1Jpc2 = 171.0 Hz). This is probably due
to the fact that the “lone pair of electrons” on the acetate
oxygen attached to the vinyl group are effectively delocalized
in the = orbitals of the carboxylate group and hence are less
available to contribute significantly to structural represent-
ations such as E.

An 7%-Coordinated 1,3-Diene. A comparison of the !3C data
for the olefinic carbons of n2-coordinated 4-methyl-1,3-pen-
tadiene in the complex trans-[(Me,C=CHCH==CH))-
PtCl2(NCsHsMe)] with those of the closest alkene analogue
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Table VII. '*C NMR Data for Complexes (acetylene)PtCl, (p-CH,-CH,N) in CDC1,2

=CR e s P of p-
CY, CH,C,H,N
Acetylene R 5 A8t Uespy 13 8 19spg _13¢ 5 3Jiospy_13¢  ete, 5 AJiospilisg
C,H,C=CC,H, C.H, 72.69 16.62 165 122.07 26.8 132.05 233 130.05, 40.5
128.97
C,H,C=CCH, C.H, 72.90 12.69 132 122.10 131.94 22.6 129.19, 391
128.49
CH, 65.79 14.84 9.05 24.6
CH,C=CC(CH,), CH, 65.83 3.92 1411 8.41 27.8 38.2
C(CH,), 75.37 12.55 30.08 30.75 18.2
(CH,),CC=CC(CH,), C(CH,), 76.34 10.91 183.4 29.38 16.6 30.70 17.0 37.8
2 See Table I, footnote a. P See Table 1, footnote b.
M e ‘V{e\ Me . e, /Me Mo Ye
CcH |C " A ol Me —C 36.9(-16.1)
: Lt Me—=L . N .
L A O A 1.36\\ 2,0\%2_332 \C‘_?_W.s(u;.s/
€7 157 (35.8) H c” 120 (27.9) H c C.c-07 R
f—————pt || ——— Pt ! - 1.37 l ',','Pt/‘:”cL f t
C . 160 45 C. 172 (52.8) C——Pt S 2 P
W g W Ny 5 ,C\:-Q:ﬁ +, S mai6.8)
Me Me Cit— H H
F
Figure 7. **C NMR parameters for C* and C* of C'H,=C*HCH= a b

CMe, and C'H,=C*HCH,~CHMe, coordinated to platinum.
WJisspy_13¢ is in Hz with A8 in ppm in parentheses.

4-methylpent-1-ene (see Figure 7) suggest considerable
asymmetry in the #2-1,3~diene—platinum(II) bond on the basis
of the considerably lower values of ASC? and 1J/pi—c? and higher
Adc' and Lpi—c' values relative to the 4-methylpent-1-ene
case.’® A significant contribution to overall 52-1,3-diene-
platinum bonding by the ionic valence bond representation F
(Figure 7) provides a reasonable and consistent rationalization
of these observations. It is interesting to note that an x-ray
structural determination of the complex [(Me,C==
CHCH==CH;);RhCl]; has shown the coordinated olefinic
CH; carbon to be closer to the Rh atom than the coordinated
RCH carbon.®%- Although previously ascribed to steric effects,
it appears more than likely that this distortion in the ole-
fin—rhodium bond is in fact electronic in origin.

An n2-Coordinated 1,2-Diene. Several x-ray structural
studies of platinum,®!62 palladium,%? and rhodium®! complexes
containing a coordinated n2-allene moiety have shown that the
central allenic carbon atom has a noticeably shorter metal-
carbon distance relative to that of the coordinated terminal
carbon. This asymmetry in the allene—platinum(II) bond is
reflected quite markedly in the 13C NMR parameters of the
complex trans-[(MeC—=C=CH;)PtCl,(NCsHsMe)] (Figure
8b). The nonequivalence of the methyl carbons indicates that
the coordinated 3-methyl-1,2-butadiene is nonfluxional and
that the “CH,=C” segment bonds to the Pt, consistent with
previous TH NMR studies. It has been suggested that the
geometry and binding of coordinated allenes may be accounted
for in terms of the Chatt-Dewar bonding model by the in-
corporation of an additional =-back-bonding overlap between
the filled metal dyy orbital and the empty orthogonal =* orbital
of the uncoordinated olefin.®! However, it should be noted
that coordinated allenes exhibit a noticeable trans influence
(cf. u-Pt-Cl data in Figure 8a%!) which suggests a strong allene
7 — metal donor interaction. It has also been noted that the
ability of the allene to coordinate to certain palladium(II)
compounds is increased by methyl substitution on the allene
(e.g., MeC=C=CH; > MeHC=C=CHMe >
MeHC=C=CH; > H;C=C=CH,).%* Crandall and
Sojka,%’ on the basis of MO calculations and 13C NMR
studies, have shown that the w-electron density at the central
carbon atom increases with increasing methyl substitution.

Also, of possible relevance to the nature of n2-allene—
platinum(II) bonds, it is interesting to note that addition of

Figure 8. (a) Pertinent bond length data for the complex [(Me,-
C=C=CMe,)PtCl,],.* (b) '*C NMR parameters given as

1J19spy 13 in Hz with A8 in ppm in parentheses for the complex
trans-{(Me,C=C=CH,)PtCl,(NC,H,Me)].

J J /
—CL —_— _
\\c——y N ¢ \c——Pcclz(Nc,H4Me)
| l|— | °
C + C, C +
i i i
G H 1

Figure 9. Possible significant valence bond representations of the
n*-allene-platinum(II) bond.

|

FILLED
C 5 dxz
R
\
l\\ r/ CI\-

Figure 10. Possible through-space stabilization of the ionic
valence representation 1 (Figure 9) by the filled 5d,., of
platinum.

“soft” electrophiles (Y) such as Brt, I*, RS*, and RSe* to
allenes occurs at the central carbon atom to give a postulated
carbonium ion intermediate of structure G (nonallylic),66-68

In view of the above observations and the reasonable success
of a simple qualitative VB approach in rationalizing the
structural and spectroscopic properties of coordinated styrenes
and vinyl ethers (alcohols) it is tempting to suggest that an
ionic representation I, similar to G, may make a considerable
contribution to the #%-allene—platinum(II) bond (see Figure
9). The stability of carbonium ion resonance structures such
as G and I may be enhanced by a “through-space interaction”
between the carbonium ion center and filled d orbitals on either
Y or Pt as illustrated schematically in Figure 10. A similar
through-space stabilization has been previously postulated to
account for the stability of [(w-CsHs)Fe(CsH4CH2)%)].68

Coordinated Allylic Derivatives (CH=CHCHX). Table
III contains 13C NMR data for a series of terminal alkene
complexes containing substituents of varying electronegativity
on a side chain carbon atom of the coordinated olefin. The
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X—&—(CH) |

TNC (] A\
' // l Polarization of r-electrons
2
1 / towards C
/ C\
H H

Figure 11. Schematic representation of a through-bond polari-
zation of olefin n-electron density by an electronegative side-
chain substituent.

presence of a methoxy group on the olefin (e.g., the vinyl
methyl ether complex, see above) causes l/pic! 3> Upica
Removal of the methoxy group to an «-C-position as in the
allyl methyl ether complex trans-[(MeOCH,CH==CH,)-
PtCl,(NCsH4Me)] results in a reversal such that {Jpyc2 (175.2
Hz) > YJpct (157.8 Hz). This is true for all the platinum
complexes in Table III containing olefins of the type
CH;=CHCH:X, where X is an electronegative substituent.
This is demonstrated by the following list of X (A’J), where
A’J is the difference lJpic2 ~ Wpict: X = Cl1(29.5) 2 OAc
(26.8) 2 OPh (25.4) > OMe (17.4) > OH (3.8)% > Ph (3.5)
> CHj3 (-2.1) 2 CH=CMe; (-2.4) 2 CH,CH,CH3; (-2.9)
> H (-7.6). '

A reasonable explanation of the relative order of the ob-
served 1Jpc and ¢ values of the complexes containing a
coordinated CH,==CH(CH3),X (n = 1-4) is an induced,
ground-state, through-bond polarization of the olefin =
electrons by the electronegative substituent X, as illustrated
schematically in Figure 11. Such an effect should be greatest
for n = 1 and should also be apparent in the free olefin. ¢
values of the free olefinic carbons as a function of »n show
similar trends to those exhibited by the dc and 'Jpic values
of the series of coordinated olefins (n = 1-4). For the complex
trans-[{CH,=CH(CH;) ,X}PtClo(NCsH4Me)] the effect of
X on the relative magnitudes of the olefinic d¢c and 1Jpi—¢c
values rapidly diminishes as » increases and is insignificant
forn=4, For X =0Me A'J(Hz) =174,n=1;30,n=
2;-0.7,n=13;-1.6,n=4. For X = OAc A'J (Hz) = 26.8,
n=1,61,n=2;,19,n=3;0.1,n = 4. Polarization of 7
electrons as illustrated in Figure 11 has also been postulated
to rationalize the 13C NMR data of the ketonic carbon in
molecules of the type X,CH3_,C(=0)Y (Y = Me, OH)™ and
the 13C and 1N NMR data of organic nitriles.”!

This effect of electronegative substituents on the 13C NMR
parameters of the coordinated olefin is also observed for
compounds of types 2 (anionic) and 3 (cationic). Table IV
contains data for the olefin CHy=CH—CH,—0—C¢Hj
coordinated to platinum showing that 1Jpic? > LJpyc! for both
types of complex. When the olefin has an alkyl substituent
(i.e., CH,=CH(-CH,-),CH(CH3),), the difference between
17pec2 and Wpec is negligible (<2 Hz; Table IV).

Coordinated Acetylenes. A limited amount of 13C NMR
data for coordinated acetylenes in complexes of the type
trans-[RIC=CR2?)PtCl,(NCsH4Me)] are presented in Table
VIL. lJpc data are difficult to obtain owing to (i) the long
relaxation times associated with acetylenic carbon nuclei and
(ii) the marked tendency for complexes not containing tert-
butyl-substituted acetylenes to undergo decomposition.#2 Upon
coordination, there is an upfield shift of the acetylenic carbon
resonances of 12-17 ppm. Jpc values for the acetylenic
carbon atoms are in the range 132-183 Hz, the largest
coupling constant being observed for the di-zerz-butylacetylene
complex which is the most stable with respect to decomposition
in solution. The range of 1Jp,c values is very similar to those
observed for the complexes trans-[(olefin)PtCl2(NCsHgMe)].
This contrasts with previously reported data for the complexes
trans-[PtMeL(PMe;Ph);]PFs and [PtL(PPh3),] (L = C;H4
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or MeC=CMe) where !Jpic values for the coordinated
acetylene were 60—70% less than the corresponding values for
the ethylene analogues.?
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K*[(p-NOy-sty)PtCl3]-, 33042-14-7; [trans-(p-OCH,CHj3-sty)Pt-
(NH3),CI]*BFs~, 59367-88-3; [trans-(p-OCgHs-sty)Pt-
(NH3),Cl]*BF4, 59367-94-1; [trans-(p-H-sty)Pt(NH;3),C1]tBF 4,
59433-24-8; [trans-(p-Cl-sty)Pt(NH;3),Cl]*BF,~, 59433-23-7;
[trans-(p-NO;-sty)Pt(NH3)2Cl]¥BF4~, 59350-00-4; trans-[(vinyl
methyl ether) PtClao(p-CH3-CsHaN)], 59349-98-3; trans-[(allyl methyl
ether)PtCla(p-CH3-CsH4N)], 59350-42-4; trans-[(but-3-enyl methyl
ether)PtCly(p-CH3-CsH4N)], 59350-32-2; trans-([(pent-4-enyl methyl
ether)PtCly(p-CH3-CsHyN)], 59367-92-9; trans-[ (hex-5-enyl methyl
ether)PtCly(p-CH3-CsH4N)], 59367-91-8; trans-[(vinyl acetate)-
PtCly(p-CH3-CsH4N)], 59350-14-0; trans-[(allyl acetate) PtCla(p-
CHj3-CsH4N)], 59350-18-4; trans-[(but-3-enyl acetate)PtCly(p-
CH;3-CsH4N)], 59350-43-5; trans-[(pent-4-enyl acetate)PtCla(p-
CH;3-CsH4N)], 59350-41-3; rrans-[(hex-5-enyl acetate)PtCly(p-
CH3-CsH4N)], 59350-09-3; trans-[(allyl alcohol)PtCly(p-CHs-
CsH4N)], 59367-90-7; trans-[(1-buten-4-ol)PtCly(p-CH3-CsH4N)],
59350-13-9; trans-[(1-penten-5-ol) PtCla(p-CH3-CsH4N)], 59350-12-8;
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References and Notes

(1) B. E. Mann, Adv. Organomet. Chem., 12, 135 (1974), and references
therein.

(2) M. H. Chisholm, H. C. Clark, L. E. Manzer, J. B. Stothers, and J. E.
Ward, J. Am. Chem. Soc., 97, 721 (1975).

(3) M. H. Chisholm, H. C. Clark, L. E. Manzer, and J. B, Stothers, J. Am.
Chem. Soc., 94, 5087 (1972).

(4) D.G. Cooper, G. K. Hamer, J. Powell, and W. F. Reynolds, J. Chem.
Soc., Chem. Commun., 449 (1973).

(5) D.G. Cooper, R. P. Hughes, and J. Powell, J. Am. Chem. Soc., 94, 9244
(1972).

(6) R. P. Hughes and J. Powell, J. Organomet. Chem., 60, 427 (1973).



1968 Inorganic Chemistry, Vol. 15, No. 8, 1976

(7y C. Masters, J. Chem. Soc., Chem. Commun., 1258 (1972).
(8) R. G. Parker and J. D. Roberts, J. Am. Chem. Soc., 92, 743 (1970).
(9) C. D. M. Beverwijk and J. P. C. M. Van Dongen, Tetrahedron Lett.,
4291 (1972).
(10) J.P.C. M. Van Dongen and C. D. M. Beverwijk, J. Organomet. Chem.,
51, C36 (1973).
(11) K. R. Aris, V. Aris, and J. M. Brown, J. Organomet. Chem., 42, C67
(1972).
(12) G. Rigatti, G. Boccalon, A. Ceccon, and G. Giacometti, J. Chem. Soc.,
Chem. Commun., 1165 (1972).
(13) H. G. Preston, Jr., and J. C. Davis, Jr., J. Am. Chem. Soc., 88, 1585
(1966).
(14) H. L. Retcofsky, E. N. Frankel, and H. S. Gutowsky, J. Am. Chem.
Soc., 88, 2710 (1966).
(15) B.F. G. Johnson and J. A. Segal, J. Chem. Soc., Chem. Commun., 1312
(1972).
(16) G. M. Bodner, B. N. Storhoff, D. Doddrell, and L. J. Todd, Chem.
Commun., 1530 (1970).
(17) D. E. Axelson, C. E. Holloway, and A. J. Oliver, Inorg. Nucl. Chem.
Lert., 9, 855 (1973).
(18) C. G. Kreiter and M. Lang, J. Organomet. Chem., 58, 627 (1973).
(19) E. W. Randall, E. Rosenberg, and L. Milone, J. Chem. Soc., Dalton
Trans., 1672 (1973).
(20) R.G. Salomon and J. K. Kochi, J. Organomet. Chem., 64, 135 (1974).
(21) C. A.Tolman, A. D. English, and L. E. Manzer, Inorg. Chem., 14, 2353
(1975).
(22) J. Evans and J. R. Norton, /norg. Chem., 13, 3042 (1974).
(23) L. Garcia, S. I. Shupack, and M. Orchin, Inorg. Chem., 1, 893 (1962).
(24) P. Schmidt and M. Orchin, Inorg. Chem., 6, 1260 (1967).
(25) P. D. Kaplan and M. Orchin, Inorg. Chem., 6, 1096 (1967).
(26) A.R. Brause, F. Kaplan, and M. Orchin, J. Am. Chem. Soc., 89, 2661
(1967).
(27) P. D. Kaplan, P. Schmidt, and M. Orchin, J. Am. Chem. Soc., 90, 4175
(1968).
(28) F. Pesa and M. Orchin, J. Organomet. Chem., 78, C26 (1974).
(29) D.G. Cooper and J. Powell, J. Chem. Soc., Chem. Commun., 486 (1973).
(30) D. Mansuy, J. F. Bartoli, and J. C. Chottard, J. Organomet. Chem., 73,
C39 (1974).
(31) R. Lazzaroni and C Veracini, J. Organomet. Chem., 33, 131 (1971).
(32) T.Kinugasa, M. Nakamura, H. Yamada, and A. Saika, Inorg. Chem.,
7, 2649 (1968).
(33) M. I Gel'fman, N. M. Karpinskaya, and V. V. Razumouskii, Russ. J.
Inorg. Chem. (Engl. Transl.), 15, 1438 (1970).
(34) J. Ashley-Smith, I. Douek, B. F. G. Johnson, and J. Lewis J. Chem. Soc.,
Dalton Trans., 1776 (1972).
(35) C.E. Holloway, G. Hulley, B. F. G. Johnson, and J. Lewis, J. Chem.
Soc. A, 1653 (1970).
(36) R. Mason and G. B. Robertson, J. Chem. Soc. A, 492 (1969).
(37) E. Benedetti, P. Corradini, and C. Pedone, J. Organomet. Chem., 18,
203 (1969).
(38) W. McFarlane, Q. Rev., Chem. Soc., 23, 187 (1969).
(39) M. H. Chisholm, H. C. Clark, L. E. Manzer, and J. B. Stothers, Chem.
Commun., 1627 (1971),
(40) T. R. Jack and J. Powell, Inorg. Chem., 11, 1039 (1972).

David M. Adams and William R. Trumble

(41) J. Bordner and D, W. Wertz, Inorg. Chem., 13, 1639 (1974).

(42) F.R. Hartley, Chem. Rev., 73, 163 (1973).

(43) E.Ban, R.P. Hughes, and J. Powell, J. Organomet. Chem., 69, 455 (1974).

(44) A preliminary communication concerning these results has already
appeared.*

(45) Although up to this point in this paper we have considered Adc in analyzing
the effect of olefin coordination, we have found in the case of the styrene
complexes that é¢ of the olefinic carbons gave better op* correlations*$
than does Adc (see ref 4 for Adc vs. ot plots) The reason for this can
be found in the fact that the mechanisms of interaction between the olefinic
carbons and the para Y substituent for the coordinated and free styrenes*’
are considerably different.

(46) H. C. Brown and Y. Okamoto, J. Am. Chem. Soc., 80, 4328 (1958).

(47) G. K. Hamer, L. R. Peat, and W. F. Reynolds, Can. J. Chem., 51, 897
(1973).

(48) All the 13C NMR and infrared data for complexes 7-9 gave considerably
better linear correlations when plotted against Brown’s op* parameters
as compared to those using Hammett op, values.

(49) G.J. Ray, R.J Kurland, and A. K. Colter, Tetrahedron, 27,735 (1971).

(50) J. Hiraishi, Spectrochim. Acta, Part A, 25, 749 (1969).

(51) J.R. Holder and N. C. Baenziger, J. Am. Chem. Soc., 77, 4987 (1955).
(52) Crystals of the complex trans-[(p-NO;C¢H4CH=CH;)PtCl;-
(NCsH4Me)] proved to be unsatisfactory for x-ray analysis.>?

(53) S. C. Nyburg, K. Simpson, and W, Wong-Ng, J. Chem. Soc., Dalton
Trans., in press.

(54) F. A. Cotton, J. N, Francis, B. A. Frenz, and M. Tsutsui, J. Am. Chem.
Soc., 95, 2483 (1973).

(55) For a more complete discussion of the x-ray structural studies of these
styrene—platinum complexes see ref 53.

(56) K. Konya, T. Fujita, H. Kido, and K. Saito, Bull. Chem. Soc. Jpn., 45,
2161 (1972).

(57) J. R, Roy and M. Orchin, J. Am. Chem. Soc., 81, 305 (1959).

(58) F. Sartori, L. Leoni, R. Lazzaroni, and P. Salvadori, J. Chem. Soc., Chem.
Commun., 322 (1974).

(59) Attempts to prepare the complexes [(n2-1,3-diene)PtClo(NCsHsMe)]
(1,3-diene = butadiene, isoprene, c¢is- and trans-1,3-pentadiene, and
trans,trans-2,4-hexadiene) vyield the dinuclear complexes (n4-1,3-di-
ene) [PtCIy(NCsHyMe)]s as insoluble products.

(60) M.G. B. Drew, S. M. Nelson, and M. Sloan, J. Chem. Soc., Dalton Trans.,
1484 (1973).

(61) T.G. Hewitt and J. J. DeBoer, J. Chem. Soc., 4, 817 (1971).

(62) M. Kadonaga, N. Yasuoka, and N. Kasai, Chem. Commun., 1597 (1971).

(63) K.Okamoto, Y. Kai, N. Yasuoka, and N. Kasai, J. Organomet. Chem.,
65, 427 (1974).

(64) R. P. Hughes and J. Powell, J. Organomet. Chem., 60, 409 (1973).

(65) J. K. Crandall and S. A. Sojka, J. Am. Chem. Soc., 94, 5084 (1972).

(66) M. C. Caserio, Sel. Org. Transform., 1, 259 (1970).

(67) T.L.Jacobs and R. C. Kammerer, J. Am. Chem. Soc., 96, 6213 (1974).

(68) D. Garrett and G. Schmidt, private communication.

(69) We have no explanation for the apparently anomalous behavior of
CH,==CHCH,O0H.

(70) G.C.Levyand G, L. Nelson, “Carbon-13 Nuclear Magnetic Resonance
for Organic Chémists”, Wiley-Interscience, New York, N.Y., 1972.

(71) T. Yonemoto, J. Magn. Reson., 12, 93 (1973).

Contribution from the Department of Chemistry,
The University, Leicester LE1 7RH, England

Single-Crystal Vibrational Spectrum of Bis(dimethyl sulfoxnde)dlchlorocopper(II)
and Infrared Spectra of Some Hexakis(dimethyl sulfoxide) Complexes

DAVID M. ADAMS* and WILLIAM R. TRUMBLE

Received February 3, 1976

AIC60080P

All of the skeletal internal modes of CuCly(DMSO); have been assigned from the evidence of single-crystal ir and Raman
spectra at liquid nitrogen temperature. »(Cu-0)s, »(Cu—0),, »(Cu—Cl)s, and »(Cu—Cl), are at 481, 496, 229, and 286
cm™, respectively. An outline assignment is given for ir (powder) data for [M(DMSO)e]2* types.

Introduction

Most studies of the vibrational spectra of inorganic coor-
dination complexes are of dissolved or polycrystalline samples.
Data are usually incomplete and, where complex polyatomic
ligands are involved, assignments are chiefly restricted to
metal-ligand stretching modes. The spectra of powder samples

(usually obtained at ambient temperature only) also generally
show substantially fewer than the number of bands predicted
by factor group analysis (fga) thereby inviting oversimple
assignments.

In this paper we report a single-crystal ir and Raman study
at liquid nitrogen temperature of CuCl,(DMSO); and its





