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Abstract

Pt(CH ;X CF;XNBD) was found to react with neutral ligands L to give cis-Pt(CH;XCF;)L, (L, = 1,2-bis(diphenylphosphino)ethane
(dppe); 2,2'-dipyridyl (bipy); N,N,N’ N’-tetramethylethylenediamine (tmen); and L = pyridine (py); dimethylsulfoxide-S (DMSO).
These reactions occurred less readily than with Pt(CF;),(NBD). With CH;CN, cis-Pt{CH,XCF;XNBD) gave cis-Pt(CH;)-
(CF3;XCH;CN), in equilibrium with starting materials. N,N-dimethylformamide (DMF) did not react. Pt(CH ;X(CF,XNBD) reacted
with iodide to give a mixture of P{(CH ;)I(NBD), PYCF)I(NBD), and Pt(-CF,CH ;)I(INBD), the product of a formal insertion of a
difluorocarbene moiety into a Pt—-CH, bond. The products were characterized by multinuclear NMR spectroscopy then converted

into dppe derivatives, which were separated and isolated.

1. Introduction

Displacement of 1,5-cyclooctadiene (COD) from di-
alkyl compounds PtR,(COD) by ligands L has long
been used to prepare compounds cis-PtR,L, [1-3].
We have more recently shown [4-6] that norbornadi-
ene (NBD), with its smaller “bite” angle, is more
readily displaced from PtR,(NBD) (R=CH,, CF;)
than is COD from PtR,(COD). While Pt(CH,),(NBD)
(2) undergoes diolefin displacement reactions with
neutral ligands L = N /donor ligands and dimethylsul-
foxide (DMSO) [4,5], Pt(CF,),(NBD) (3) reacts with an
even wider range of ligands, L = N-donors, DMSO,
R'CN, and N,N-dimethylformamide (DMF) to give cis-
P#(CF,),L, [4,6]. With halide ions, X~, 3 reacted as
shown in Scheme 1. Neither the bis(trifluoromethyl)
anionic complex 5 nor the presumed difluorocarbene
complex 6 was detected, both being extremely sensitive
to traces of moisture.
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X=CHy Y=CF, ‘l
X=CFy Y=1 14
X=CHy Y=1 15
Xz CFLH; Y=116

We have recently described [7] the isolation of
Pt(CH ;(CF,XINBD) (1) as a minor product from the
reaction of Pt(CH;),(NBD) (2) with CF;I (the major
product being Pt(CF;),(NBD) [7,8)). Since there are
significant differences between the reactions of 2 and 3
toward added ligands, we set out to examine the reac-
tions of the mixed alkyl compound 1 with the same
ligands.
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2. Experimental details

2.1. Instrumentation and general methods

The 100 MHz 'H, 94.2 MHz '"F. 40.3 MHz “'P. 25.1
MHz C, and 21.4 MHz Pt NMR spectra werc
recorded on a JEOL JNM FX-100 spectrometer with a
10 mm broadband tunable probe. 400 MHz 'H and
100.4 MHz “C spectra were obtained with a JEOL
JINM GX-400 spectrometer having a 5 mm 'H/"“C
dual probe. Chemical shifts (positive to lower shield-
ing) arc relative to internal tetramethylsilane (TMS)
for 'H and “*C, to internal CFCI, for "F. 1o 85%
H,PO, in a coaxial capillary for TP and to a separate
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Scheme 1.

sample of Na,PtCl, in H,O for "Pt. All “C, *'P. and
P3Pt spectra were ' H-decoupled.

IR spectra were recorded as Nujol mulls on a
Perkin-Elmer 2838 spectrometer.

C, H, and N analyses were carried out by the micro-
analytical service in this Department, or by the Na-
tional Analvtical Laboratory. Melbourne. who also car-
ried out the F analvses.

2.2 Starting materials

Trifluoromethyvl iodide was provided by Fluorochem
Ltd. Published methods were used to prepare
PtCLL(NBD) [9]. PUL(NBD) [10]. PtCCH ).(NBD) (2)
[5]. PUCEF,3(NBD1 (3} [8]. and PUCFY(NBD) (14) [6].
PUCH  XCEXNBID (1) was isolated from the reaction
of 2 with CE,1[7]. Attempts to prepare 1 by reaction of
PHCEIUNBD Y with methvl-lithium were unsuccesstul.

2.3, Preparation of PtUCH JHNBD) (15)

This complex was previously prepared by a different
route {111,

First Pt{CH )CIINBD) was prepared by an adapta-
tion of the mcthod originally used to prepare
PH{CH )CICOD) [2] In this P(CH;).(NBD) (1) (0.50
g, 1.6 mmol) was dissolved in a mixture of 5 ml of
dichloromethance and 4 ml of methanol, acctvl chloride
(0.13 mi, 1.3 mmol) was added dropwise, and the
solution stirred for 15 min. The volume was then
decreascd under reduced pressure to 1 ml. A white
solid separated. The mixture was kept at 5°C for 2 h,
and the solid then filtered off, washed with diethyl
ether (2> | mi), and dried under vacuum., The yield of
PHCH DCHNBD) was 0.27 g (509).

To a solution of PUCH DCUNBD) (0.27 g. 0.78 mmobD
in 5 ml acctone was added a solution of sodium 10dide
{0.12 g, 0.80 mmol) in 2 ml of acctone. A precipitate of
NaCl formed. The mixture was heated under reflux for
i h to ensure complete reaction. The solid NaCl was
then filtered off, and the filtrate concentrated under
reduced pressure to I mi. n-Hexanc (10 ml) was then
added to precipitate PHCH JHNBD) as a white solid,
which was filtered off, washed with hexane. and dried
under vacuum. Yield was 0.08 g (24%),

2.4 Isolation of solids  from reactions of PHCH,)-
(CFJNBD) (1) with neutral ligands

2.4.1. 1. 2-bistdiphenylphosphino Jethane (dppe)

Solid dppe (6.040 g, 0.10 mmol) was slowly added to
a solution ot 1{0.037 ¢, 0.10 mmol) in I ml of acetone,
and the mixture stirred for 30 min. The dppc dissolved,
and another white solid. PUCH X CF, Xdppe) (8) sepa-
rated out. The acctone was removed under reduced
pressure. The residual solid was washed with 0.25 ml of
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acetone and dried under vacuum. Yield was 0.052 g
(78%).
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Xz 1 Y=CH; 18
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2.4.2. 2,2'-dipyridyl (bipy)

To a solution of 1 (0.050 g, 0.14 mmol) in 2 mi of
acetone was added a solution of bipy (0.023 g, 0.15
mmol) in 1 ml of acetone. The solution was kept at
room temperature for 1 h, during which yellow crystals
deposited. The solid was filtered off, and washed with
diethyl ether (3 X 1 ml). A second crop was obtained by
evaporating the filtrate to dryness under reduced pres-
sure and washing the resultant solid with diethy! ether
(3 x 1 ml). Total yield of Pt(CH ;(CF;)bipy) (9) was
0.047 g (81%).

2.4.3. Pyridine (py)

Pyridine (75 w1, 0.93 mmol) was added to a solution
of 1 (0.140 g, 0.38 mmol) in 3 ml of acetone, and the
solution was stirred for 30 min. The solvent was re-
moved under reduced pressure, and the white solid
residue washed with diethyl ether (2 X 2 ml) and dried
under vacuum. Yield of cis-Pt{CH;XCF;)py, (10) was
0.158 g (96%). This solid decomposed over the course
of several days if left exposed to the atmosphere. It was
stable if stored in a sealed vial in the dark.

H
Dl
TN (CqH3)5
Chy N—Q CFy N
AN H NN
Pt\ ¢ Pt EDH?
H
CH3/ NI,_{kH CHJ/ \N/’s 2
He ‘E’;H {C.H4)
H 1
10

2.4.4. NN,N',N'-Tetramethylethylenediamine (tmen)

To a solution of 1 (0.020 g, 0.05 mmol) in 3 ml of
acetone was added tmen (45 ul, 0.30 mmol). The
solution was warmed to 45°C for 10 min, then concen-
trated to 1 ml with a rotary evaporator. n-Hexane (5
ml) was then added, to precipitate Pt(CH ; (CF,)(tmen)
(11) as a white solid, which was filtered off, washed
with diethyl ether (2 X 1 ml), and dried under vacuum,
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Scheme 2.

to give 0.015 g (70% yield). This solid also decomposed
unless stored in a sealed vial in the absence of light.

2.5. Reaction of 1 with iodide

A solution of 1 (0.208 g, 0.56 mmol) in 1 ml of
acetone was added to solid sodium iodide (0.087 g, 0.58
mmol). The solution immediately became warm, and
turned bright orange. Examination of the solution by
multinuclear NMR spectroscopy (see Results section)
showed that, in addition to some unchanged 1, the
solution contained Pt(-CF,CH)IINBD) (16), Pt
(CH;I(NBD) (14), and Pt(CF;)I(NBD) (15). Some Pt
(CFDI(NBD) crystallized out after several minutes’
standing. This solid was filtered off, and the filtrate
added to solid dppe (0.227 g, 0.57 mmol). At this point,
a small quantity of Pt(—-CF,CH3)I(dppe) (19) sepa-
rated, and was immediately filtered off. The filtrate
was allowed to stand at 5°C for 16 h, during which a
white solid containing 19 and Pt(CF;)I(dppe) (18) was
deposited. After this solid was filtered off, the filtrate
was concentrated to half its original volume, and kept
at 5°C for 16 h. The combined solid containing 19 and
18 was washed with diethyl ether (2 X 0.5 ml) and dried
under vacuum. The solid was then extracted four times,
each with 5 ml of benzene (more benzene than this
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caused the final product to be contaminated with 18).
The combined benzene extracts were concentrated with
a rotary evaporator to .5 ml. and cyclohcexane (3 ml)
was added to precipitate 19. Yicld of pure product was
0.012 g (3% based on 1).

2.6. Preparation of Pt(CF ;) (dppe) (18)

A solution of PU{CF)I(NBD) (18) (0.050 g. 0.10
mmol) in 3 ml of acetone was added to solid dppe
(0.041 g, 0.10 mmol), and the mixture was stirred for 15
min. The acetone was then removed under reduced
pressure to give a pale vellow solid, which was washed
with benzene (2 X 0.5 ml) and dried under vacuum.
Yicld of 18 was 0.048 g (594;).

3. Results

Microanalytical data ar~ given in Table 1, '"H and
C NMR data in Table 2, and NMR data for other
nuclei in Table 3. Atom labelling is as shown in the
structural drawings.

3.1. Reactions of PH{CH J(CF )(NBD) (1) with neutral
ligands, 1.

3.1 1 1.2-bis(diphenylphosphinoJethane (dppe)

The chelating diphosphine dppe readily displaces
COD from PtR,(COD) (R = CH,, CF; [2]). su it is not
surprising that it reacts rcadily with I at ambient
temperature to give Pt(CH  ¥CF;Xdppc) (8). The "F
NMR signals from the trifluoromethyl group, and the
'H signals from the methyl group, cach showed the
expected doublet of doublets (from coupling with two
non-cquivalent *'P nuclei) with “satellites” from cou-
pling to '"Pt (1 =1, 34% abundance). The Pt-CH,
coupling constant (68.1 Hz) corresponded to that ex-
pected for methyl rrans to dppe phosphorus (¢f. 71.0
Hz in P«(CH,),(dppe) [12]. The Pt-CF; coupling con-
stant (684.8 Hz) is relatively low, as expected for tritlu-
oromethyl frans to a phosphine ligand [13). The YC
NMR spectrum of the methyl group showed, in addi-
tion to coupling to two non-equivalent *'P nuclei and
to 'Pt, a small quartet coupling (6.4 Hz) to "F. The
two *'P=Pt-"*C coupling constants to the methyl car-
bon were quite different (84.2 and 6.4 Hz). Since
two-bond coupling constants between *'P and another
nucleus bound to a metal are usually largest when the
nuclei are mutually rrans [14]. the larger coupling con-
stant is assigned to the *'P nucleus trans to methyl, P,
The YC spectrum of the trifluoromethyl carbon showed
a doublet of doublets of quartets (coupling to two
non-equivalent *'P nuclei. and to three "F nauclei).
Satellite peaks from coupling with '“Pt were too weak
to be observed. The larger *'P-Pt—"*C coupling con-

TABLE 1. Analytical data

Compound Colour Apalysis (found /(cale) <)
¢ H NSOOED
PUCTT NCF Xdppe)  White 19.0 4.1 8.3
(8) (10,6} (4.61) (8.4)
PHCH HCOE D(bipy) Yetlow R 2A 6.2
9) (33 Q2o (oD
Cis-PUCHEXCE Dpy. White RARY RN 0.3 13.4
(10) LM G o) (1A
PUCH NCE tmen)  White 244 4.7 70
(1) (243 sy 0D
PUCH DUNBI White 223 23
(15) (224 (e
PtLLNBD) Dark 152 i
Yeliow (1533 (1%
PHCE Mdppe) Palc 410 RN
(17 Yellow (4100 (34
PH{CE.CH )l(dppe) White 428 R RN
(19 (42.8) 35 (4.8}

* For nitrogen-containing complexes, ' Where measured.

stant is again assigned as the coupling with the *'P
nucleus srans. P, (Table 2). The “'P NMR spectrum
showed two quartets {(from coupling with three "F).
cach with satellites from coupling with ""*Pt (' J(P{-P)
1787. 2060 Hz). Comparison of the Pt-P coupling
constants with those for PUCH ;) {dppe) (1794 Hz [12D)
and PUCE;).(dppe) (1984 Hz [12]) allowed the signal
from 8 with the smaller Pt—-P coupling constant to be
assigned (o a P, frans to methyl, and the other quarter
to P, rrans to trifluoromethyl. With this assignment,
the trans F,C-Pt=P  coupling constant (549 Hz) is
larger in magnitude than the ciy F;C-Pt-P, coupling
constant (159 Hz). as expected [15],

S0.20 2, 27-Dipyridvl (bipy)

NBD was displaced rapidly from 1 at ambicent tem-
perature by bipy to give PUCH XCF Xbipy) (9). 'H
and “C NMR spectra cach displayed two sets of reso-
nances (a total of ten PC resonances and cight 'H
multiplets were observed—data for some selected res-
onances are given in Table 2). The "C resonance for
C,, appeared as a quartet owing to “through space™
coupling with the ™I nuclei of the trifluoromethyl
group. as previously observed for PUCF,),(bpy) and a
number of platinum(IV) complexes PUCE ), XY(bpy)
[8].

3.1.3. Pyridine (py)

Pyridine readily displaced NBD from 1 at ambient
temperature. The ois geometry of the product 10, was
assigned on the basis of the observation of two sets of
pyridine peaks in "C and 'H spectra (i.e. six "'C peaks
and six "H multiplets; data for selected resonances are
given in Table 2). This geometry is also consistent with
the similarity of Pt—~CH. and Pt-CF, coupling con-
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Compound *

Solvent

Pt-CH, or C-CH;
5 (MJ(Pt-CH;)

8 (J(Pt-C))

Pt-CF; or Pt-CF,
5 JJH(C-F)]

Other parameters

Pt(CH ;X CF;Xdppe)
8

Pt(CH 4 XCF;)(bipy)
9

Cis-P(CH ;XCF3)py,
(10)

s T N Y
roun;aLrAimen)

Cis-Pt(CH ,XCF,)-
(DMSO-S),
12)

P(CF,)NBD)
(14)

Pt(CH ,)NBD) ©
(15)

Ptl,(NBD)
22)

CD,Cl,

(CD;),CO

CD,Cl,

(CD5),CO

(CD;),CO

(CD-),CO

0.62(68.1) —3.24(573.1)

0.99(86.8) b

0.66(86.1) —20.57(797.6)

1.41(78.4) d

0.83(85.2) 3.44(680.5)

143.67[349.1]

118.28[331.1]

SHP,CH;) 6.7
3(P,CH,) 6.7
2J(P,CH ) 84.2
2J(P,CH;) 6.4
2J(P,CF,) 1923
2J(P,CF;) 9.8
3J(F;C-Pt-CH,) 6.4

C, 151.45 ©
C, 148.49
J(Pt-Cqy) 35.6

4J(F4C-Pt-CH,) 0.6
*J(F,C-Pt-CH,) 4.3
LJ(Pt-CFs) 1956.2
H,8.72

J(Pt-H,) 18.6

H, 8.56

J(Pt-H,) 244

C, 151.56

J(Pt-C,) 12.8

C, 15137

J(Pt-C,) 17.1

N-CH,:
H, 2.78
31(Pt-H,) 19.8
H, 2.62
31(Pt-H ) 25.6
5. 50.16, 49.20

S—CH,:
H, 2.62
3J(Pt-H,) 14.6
H, 2.66
3J(Pt—-H,) 18.2

H,6.13
J(Pt-H,) 372
H, 5.68
J(Pt-H_) 73.8

H, 5.61
J(Pt-H,) 34.2
H, 5.06
J(Pt-H_) 76.6
C, 10037
J(Pt-C,) 273
C,7495
J(Pt—C,) 166.0
Cp 50.00
J(Pt-Cj) 488
C, 72.69
J(Pt-C,) 93.8

H, 5.73
J(Pt-H,) 66.8
C,77.94
J(Pt-C,) 85.9
Cp 50.02
J(Pt-Cp) 79.1
C,72.32
J(Pt-C,) 108.4
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TABLE 2 (continued)

Compound Solvent Pt—-CH , or C-CH;, Pt-CF; or Pt-CF, Other parameters
~ 1 &l b
5, (J(PL-CH ) 3. T(PE-CN RO
PHCF,CH J(NBD) (CDZ).CO 1862040 33.16(81.3} [TR.SS0284.00 :,/(1[3(‘—(7’3) 215
(16) JOFELCACHLY 232
P, 398
HPE-1 ) 220
M, 543
JEPt- ) 800
0.0

JPEC ) 1760
¢, 508
[P-C 471
73
JEPE-C 1002

PHCF,CH (dppe) CD,Cl, 167017 4) 33.66(65.0) b JHC-CF) 237
(19) HKEC-CH)Y 27
P -CH 3T
P -CU T

* Atoms labelled as in structural drawings. Chemical shifts in ppm, coupling constants in Hz. " Peaks not detected. © Peak broadencd by coupling
with F. ¢ *C NMR spectrum not recorded. © 'H NMR spectrum in CDCl, has heen previously reported {H .

TABLE 3. 'F, *'P, and " Pt NMR data ®

Compound P Solvent 3y 2J(Pt-F) 5p (PL-P) (PF Sp "
Pt(CH ;X(CF; Xdppe) (CD),CO = 20.56 (dd) 634.8 P 4723 () 17871 15.9
(8) P,43.57(q) 20605 <49
CD,C1, ~ 4819 (ddg)
Pt(CH X CF,Xbipy) (CD,),CO -21.62 808.7
9
Cis-PtCH ;XCF;)py» (CD4)-.CO - 2224 K61.2 =371 )
(10
PH{CH ;XCF;Xtmen) (CD)-CO —21.32 840.5
(an
Cis-Pt(CH ;J(CF - C,.Dy 22.50 806.9
(DMSO-S), (CD4),80 - 21.86 807.5
(12)
Cis-Pt{CH ;X CF)- CHLCN - 2253 905.8
(NCCH ,),
(13
PHCF,CH )INBD) (CD,),C0O ~56.80 (q) 166.9
(16)
Pt(CF;)Kdppe) (CD ,CO —14.64 (dd) 589.6 P, 38.09 (q) 17854 3 574
an P 4210 (q) 37639 14
CD, (1, — 4950 (ddg)
P1(CH ,)ldppe) CD.Cl, - 4967 (dd)
(18)
PH(CF,CH ;)(dppe) (CD,CO - 46.92 (ddq) 4334 P, 36.89 (1) 14722 127
) P, 41.81 (1) 41419 37
CD,Cl, -~ 47.98 433.4 4833 (ddv)

* Chemical shifts in ppm. coupling constants in Hz; d = doublet. ( = triplet, q = quartet. " Atoms labelled as in structural diagrams. © Where
measured.
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stants to those observed for Pt(CH;)(CF,)bipy) (9)
(Tables 2 and 3).

3.1.4. NN N',N'-Tetramethylethylenediamine (tmen)

Slight warming only was necessary for tmen to dis-
place NBD from 1 in acetone, to give Pt(CHj)-
(CF;Xtmen) (11). Two N-methyl peaks were observed
in 'H and *C NMR spectra.

3.1.5. Dimethylsulfoxide (DMSO)

Addition of two mole equivalents of DMSO to a
benzene solution of 1 caused only slight reaction, but
with 20 mole equivalents of DMSO in benzene, or in
neat DMSO, NMR spectra showed that there was
complete conversion into a new compound. Attempts
to isolate a solid by removal of DMSQ, or by chro-
matography on Florisil caused decomposition. We
showed previously that cis-Pt(CH ;),(DMSO), (*J(Pt-
CH ;) 78 Hz) exists only as the isomer with both DMSO
ligands S-bound [5], while cis-Pt(CF;),(DMSO), exists
predominantly as cis-Pt(CF;),(DMSO-S XDMSO-
O)(*J(Pt-CF;) 788.6 Hz trans to DMSO-S; 881.4 Hz
trans to DMSO-0) in equilibrium with a small amount
of cis-Pt(CF;),(DMSO-S),(°J(Pt-CF;) 710.5 Hz) [6].
For Pt(CH ;XCF;XDMSO0),, *J(Pt-CH;)=784 Hz,
and 2J(Pt—-CF,) = 807.5 Hz. These values indicate that
the complex is cis, since mutually trans methyl and
trifluoromethyl groups would be expected to give low
Pt-CH, and Pt-CF; coupling constants [16], and are
consistent with both DMSO ligands being S-bound, as
in 12. This formulation is also consistent with the
observation of two singlets with satellites from Pt—S—
CH, coupling in the 'H NMR spectrum run in C¢Dg
(Table 2) [17] *.

CHa
CF. g(c H,) CF, N///
3\ / 073’2 3\Pr/
Pt
CH3/ \§(CO(H3)Z CHs/ \N\
© %CCH
12 3
13

3.1.6. Other potential ligands

When 1 was dissolved in neat acetonitrile, and the
solution was kept at room temperature for one week,
the '?F NMR spectrum showed, as well as the peaks

We previously reported [6] platinum coupling for the methyl
protons of both DMSO ligands of cis-Pt(CF;),(DMSO-S XDMSO-
0), but, on re-examination of the spectra, have concluded that
only the S-bound ligand shows such coupling.

CFCl3

b

. ] PPM
10 0 -10 -20 -30 -40 -50 -60 -70

Fig. 1. 'H-coupled "*F NMR spectrum of the solution obtained by
addition of Nal (one mole equivalent) to a solution of
Pt(CH ;}(CF3XNBD) (1) in (CD3),CO. Peaks are labelled as follows:
Aa Pt{CF)I(NBD) (14); Bb Pt«(CH;}CF)(NBD) (1); Cc
Pt(CF,CH ;))I(NBD) (16).

from 1, a new singlet with satellites, corresponding to
approximately 15% of the total intensity. The Pt—-CF;
coupling constant, 905.8 Hz, was large in magnitude,
corresponding to the presence of a ligand of low trans
influence frans to the trifluoromethyl group. The new
complex was therefore formulated as cis-Pt(CH 5)-
(CF;)X(NCCH,), (13). No attempt was made to isolate
this complex.

There was no observable reaction of 1 with N,N-di-
methylformamide (DMF) on prolonged standing in
DMF. Heating a solution under reflux caused decom-
position.

3.2. Reaction of Pt(CH;)(CF;)(NBD) (1) with iodide
The addition of an equimolar quantity of sodium
iodide to an acetone solution of 1, in contrast with the
corresponding reaction of cis-Pt(CF;),(NBD) (3)
(Scheme 1), did not give a single product. The “F
NMR spectrum of the reaction mixture recorded im-
mediately after mixing is shown in Fig. 1. Peaks due to
some unchanged 1 were still present (peaks labelled
B,b). One singlet with satellites (A,a) (6 —24.6, 2J(Pt—
CF,) 709.2 Hz) corresponded to Pt(CF;)I(NBD) (14),
which we previously characterized [6]. The remaining
peaks in the spectrum (C,c) were a quartet with satel-
lites at —56.8 ppm. 2J(Pt—-CF,) 466.9 Hz. This shift is
larger than that for any signals ever previously ob-
served for trifluoromethyl groups bound to platinum,
and is closer to that characteristic of the a-fluorine
atoms of a bound pentafluoroethyl group [18-21].
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When the reaction was carried out in (CD).CO,
the '"H NMR spectrum of the solution showed. in
addition to peaks from 1 and 14, a sct of peaks corre-
sponding to PUCH DINBD) (15), assigned by compari-
son with the spectrum of an authentic sample prepared
independently. There was also an additional set of
resonances {rom coordinated NBD (olefinic protons:
398 ppm. J(Pt—H)Y 32,1 Hz; 543 ppmi. JiPr-H) 800
Hz), and a triplet with satellites (1.86 ppm., J(Pt-H)
26.4 Hz, triplet coupling 21.5 Hz). This triplet coupling
matched the quartet splitting observed for resonance C
in the "F NMR spectrum. These data allowed formu-
lation of the new compound as P CEF.CHOIINBD)Y
(16). The “C NMR spectrum (Table 2) was also consis-
tent with this formulation. There remained, however, a
small possibility that the observed spectrum was due
a mixture of ’cquim()lur quantitics of Pt-CF.CH ;).
(NBD) and PU(NBD), rather than to 16 The ]H
NMR spectrum of an duthcmic sample of Pt1,INBD)
was thercfore ohmincd (Table 2). The peaks did not
correspond to any of those mentioned above.

Addition of sodium iodide in proportions greater
than equimolar caused a larger proportion of 1 o be
converted into 14, 15, and 16. With a 1.75,'1 propor-
tion of Nal to L, all of the starting complex, L. was
consumed. When larger proportions of Nal were added,
some Ptl ANBD) was also formed, along with small
amounts of another, unidentificd, complex.

Pt(—CF,CH D)UNBD) (16) was unstable at ambient
temperature in acctone solution, decomposing within
24 h. Attempts to obtain 16 as a pure solid were
unsuccessful. In the expectation that the bistdiphenyl-
phosphinolethane (dppe)  derivative, PU-~-CF,CH )
Wdppe) (19) would possess enhanced stability, dppe
was added to the reaction mixture. A sample of Pt-
(CF M{dppc) (17} was prepared separately, to allow
peaks tfrom 17 o be assigned. and NMR data had been
reported previously for PHCH ) (dppe) (18) [12]. P
CF,CH l{dppe) (19) gave characteristic P and Pt
sputrd. In the 'P spectrum. each signal appeared as a
1:2:1 triplet, from coupling with the two "I nuclet.
with satcllites from coupling with "™ Pt. The smaller
Pt—-P coupling constant (1472 Hz) was assigned to the
phosphorus atom trans to -CF,CH ., and the larger to
the phosphorus atom trans to iodide. The '"Pt NMR

spectrum in CD,CY, showed a doublet of doublets of

triplets, from coupling to two non- qull\dlLE]l TP nu-
clei, and two cquivalent "F nuclei. The " Pt shift,
—4833 ppm. was comparable to those of other com-
plexes PtRI(dppe) (Table 2). The "F NMR spectrum
showed a doublct of doublets of quartets (from cou-
pling with two non-equivalent ' P nuclei and three 'H
nuclei) with satellites from coupling to " Pt. In the 'H
NMR speetrum, the methyl group of 19 showed a

C Displacement of NBD from the nived aikvl compound

doublet of triplets {coupling to two "F nuclei, and
coupling resolved o only one P nucleus) with satel-
lites,

It was possible to isolate small gquantities of pure 19
from the reaction mixture. as described in the Experi-
mental section,

Other complexes ¢iv-PUCH XCF )L . did not react
with odide. For example - PUCH DCE, ){hlp\) am re-
mained unchanged when treated i acctone with one
mole equivalent of sodium jodide for ten davs.

4. Discussion

4.1 The reactions of PUCH , HCEF JINBD) (1) with neu-
tral ligands

The ligand displacement reactions described above
show that 1 is intermediate between PUCH ),(NBD)
(2) and PHOF-INBDY €3) in its reactivity toward dis-
placement of NBI,) by other neutral Higands, L. Thus, 1
reacts readily with CHLONL which also readily dis-
places NBD from 3 {6] but does not react with 2 {5]. On
the other hand. T does not react with DMF, which
casily displaces NBD from 3 to give cis-PUCF D (DMF-
IO

The only isomer of as-PUCH  HCF XDMSO). which
could be detected was that in which both of the DMSO
figands are coordinated through sulfur, 12, In this
respect, the behaviour is similar 1o that of  cis-
PUCH ). (DMSO-5). [5.22.23]1 and  ¢s-PUC HO .-
(DMSO-5), {23.24]. ‘but contrasts with that of cis-
PUCE 3 ADMSO) .. for which small amounts of cis-
PUCE ). (DMSO-5). exist in cquilihrium with a much
larger proportion of ¢is-PUCE S LIDMSO-SXDMSO-O)
(6] The presence of wao Lm\d} bulky  trifluo-
romethyl groups in this mmpic,\’ probably causcs one of
the DMSO ligands 1o adopt the sterically less demand-
ing coordination through oxygen. In 12, the clectroni-
cally-preferred contiguration with both DMSO ligands
S-hound is stable.

4.2, Reaction of PUCH JCF JINBD) (1) with iodide
The products from reaction of 1 with jodide were
quite unexpected. Cis-PHCH L)L (INBD) (2) underwent
only a slow decomposition reaction when iodide was
added [3] With cis- PUCE)L(NBD), the initial reaction
was displacement of NBID to give {{I’I((’F;):(,ufl)}:}:
(4) (Scheme 1) [6L With more iodide, ¢is-PUCE,)-
(COML 70 was formed, presumably cig reaction of a
highly reactive difluorocarbene intermediate. 6. with
traces of moisture. The trifluoromethyl group in the
intermediate complex cis-PHCF .13 . which was ne.
observed. must be highly activated toward loss of
This s probably associated with the high negative
chuarge on this complex. in the reaction of 1 with
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iodide, all of the products detected still contained
coordinated norbornadiene. The first stage in the reac-
tion of 1 with iodide is probably the formation of a
five-coordinate complex 20. The negative charge on
this species may activate the trifluoromethyl group
toward loss of F~ (possibly assisted by traces of H™) to
give a difluorocarbene intermediate, 21. Insertion of
the difluorocarbene moiety into the Pt—CH, bond (or,
perhaps more correctly, migration of the methyl carbon
to the difluorocarbene group) would then give the
product 16.

1 _ 1
cF . /{{ FQC\ 1 =
\P?// P P?\ S
Cry -
CHg/ ?

20 21

Apart from the example shown in Scheme 1, many
reports have previously appeared of difluorocarbene
complexes formed from trifluoromethyl precursors
[25-31], or of products formed by reaction of a difluo-
rocarbene intermediate with other reagents [30,32].
Burrell et al. [33] described the reaction of trans-
Rh(CF; XCO)PPh,), with dry HCl gas to produce
Rh(CHF,)Cl,(PPh,),, which may be considered as
arising from hydride migration to difluorocarbene in an
intermediate RW(IID-CF, complex. Difluoromethyl
complexes of ruthenium(II) [26] and iridium(III) [31]
also probably arise from analogous reactions.

The details of reactions which would lead to
PtRI(NBD) (R = CH, (15), CF; (14)) are not obvious.
Perhaps a complex sequence of redox reactions is
involved.

4.3. NMR spectra

The complex P(CH;XCF;)Xdppe) (8) provides an
additional compound in the extensive series Pt
(CH ;)X(dppe) for which *P NMR data are available
[12]. The Pt-P coupling constants provide a direct

TABLE 4. Comparative coupling constant data *

confirmation that the NMR trans influence of trifluo-
romethyl is slightly less than that of methyl, as previ-
ously proposed [7,12,13]. NMR data are now also avail-
able for a number of complexes Pt(R)I(dppe). From
the value of 'J(Pt-P) trans to —-CF,CH, in 19 (1472
Hz) compared with that frans to methyl in 18 (1726 Hz
[11]) and trans to trifluoromethyl in 17 (1784 Hz), the
NMR trans influence of the difluoroethyl group is
significantly greater than that of the other alkyl groups.

Table 4 shows some comparative data for coupling
constants between '"Pt and nuclei in methyl and tri-
fluoromethyl groups. It is evident that %J(Pt~CHj)
values differ only slightly (<3 Hz) between cis-
Pt(CH,),L, and cis-Pt(CH,XCF,)L,. Differences be-
tween 'J(Pt-C) (methyl) values tend to be larger. The
greater susceptibility of 'J(Pt—C) {(methyl) to cis influ-
ences compared with 2/(Pt—CH ;) has been previously
noted [34-36]. The Pt—CF; coupling constants in com-
plexes cis-Pt(CF,),L, are consistently smaller in mag-
nitude than for corresponding complexes in the series
cis-Pt(CH;XCF;)L,. We have previously noted [8] that
2J(Pt-CF;) in trifluoromethylplatinum(IV) complexes
is much more sensitive to the influence of cis-ligands
than 2J(Pt—-CH,) in corresponding methyl complexes.

From the limited '*Pt chemical shift data available,
it appears that replacing a methyl group in a
platinum(II) complex by a trifluoromethyl group usu-
ally causes a shift to higher field. For example, &, for
Pt(CH,),(dppe) is —4685 [37] and for Pt(CH,)-
(CF;)(dppe) (8) —4819; for Pt(CH,),(NBD) (2) &, is
- 3618, for P{CH;XCF;)(NBD) (1) — 3869, and for
Pt(CF;),(NBD) (3) —3971 [6]; for cis-Pt(CH ;)(CF;)py,
(10), —3711 and for cis-Pt(CF;),py, —3827 [6]. This
trend contrasts with that observed for platinum(IV)
complexes, for which replacement of a methyl group by
a trifluoromethyl group causes a shift to lower field [8].
An exception to this general trend for platinum(II)
complexes is the pair of compounds PtRI(dppe), with
R = CH; (8p, —4967) and R = CF, (85, —4950).

L, Cis-PHCH ), L, Cis-Pt{CH, XCF3)L, Cis-Pt(CF3),L,
2J(Pt-CH;) J(Pt-CH3) 2J(Pt-CH,) Y(Pt-CH3) 2J(Pt-CF5) 2J(Pt-CF5)

dppe 71.4[12] 610[37] 68.1 573 685 627 P [2]
(DMSO0-$), 78 [23] 79.4 807 711 6]

bipy 85.0 [38] 86.8 809 741 (2]

(py), 86.1 (5] 689 [5] 87.6 798 861 794 6]

tmen 86.0 [2] 826 5] 88.2 841 841 752(2]

NBD 89.8[5] 815[5] 89.1 788 894 811 [6]
(CH,;CN), 906 864 [6]

2 Coupling constants in Hz. Where values are not from this work, references are given in parentheses. ® Value for cis-Pt(CF;),(PMe,Ph),.
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