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Preparation, Structures, and Reactions of some Difluorothiophosphonate
and Difluoroselenophosphonate Complexes of Platinum(n)

By J. Andrew S. Duncan, E. A. V. Ebsworth,” Robert O. Gould, C. Lynn Jones, David W. H. Rankin, and
John D. Whitelock, Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh
EH9 3JJ

The complexes [Pt(PEt;),(PF,Y)X] (X = CI, Br,or |I; Y = S or Se) have been prepared by the reaction of trans-
[PtH(PEt;),X] with PF,H(Y). The reactions have been studied at low temperatures using P and °F n.m.r.
spectroscopy; the formation of [Pt"VH,(PEt;),(PF,Y)X] and [Pt"™H (PEt,),(PF,Y)] as intermediates was observed,
and a mechanism has been proposed. The complexes [Pt(PEt;),(PF,Y)X] (X = H, Cl, Br, orl) were also prepared
by reaction of [Pt(PEt;);X][BPh,] with PF,H(Y): the hydride complexes were stable at room temperature. The
X-ray crystal structure was obtained for trans- [PtCI(PEt,),(PF,S)]. The crystals are orthorhombic, space group
Pben, with a = 1.1597(2), b = 1.3355(2), and ¢ = 1.3632(3) nm. The structure has been solved with 934
diffractometer data and refined with 876 data to R = 0.034. The molecules are packed with a two-fold disorder

about the Pt—Cl bond, but the two positions of the PF,S moiety are clearly resolved.

ALTHOUGH many transition-metal complexes are known
where PF,0 is bound to the metal,! relatively little is
known about analogous PF,S and PF,Se complexes. A
series of PF,Y complexes 2 was proposed as the products
from the reaction of [Ir(CO)Cl(PPh,),] with PF,(Y)X
(Y = S or Se, X = Cl or Br) to give [Ir(CO)CIX(PF,Y)-
(PPhy),]. These complexes werc very insoluble and no
n.m.r. data were obtained. The structure was assigned
on the basis of vibrational spectra and analyses.

In this paper we report the formation of a series of
complexes [Pt(PEt,;),(PF,Y)X] (X =Cl, Br, or I;
Y =S or Se) which were formed in the reaction of
[PtH(PEt,),X] with PF,H(Y). The same complexes
were formed in the reactions of [Pt(PEt,),X][BPh,] with
PF,H(Y), with the complexes [PtH(PEt,)(PF,Y)] iso-
lated as well.

RESULTS AND DISCUSSION

At room temperature the reactions of [PtH(PEt,;),X]
with equimolar amounts of PF,H(Y) gave clear colour-
less solutions with the evolution of one mole of H, for
each mole of platinum starting material. These solutions
were studied using 3'P and °F n.m.r. spectroscopy. By
removing the solvent and recrystallising from benzene,
the products were obtained as air-stable crystalline
solids. Carbon and hydrogen analyses were obtained.

The n.m.r. spectra were all first order and showed
similar patterns for all the products isolated. In a
typical 3P spectrum there were two distinct groups of
resonances. To low frequency, where resonances due to
PEt, groups are found, a doublet of triplets was observed,
and at high frequency, the PF, region, there was a triplet
of triplets. The larger triplet coupling was ca. 1 100 Hz
and is assigned to 1J(PF), confirming the presence of a
PF, group. The magnitude of the smaller triplet
coupling is the same as that of the doublet coupling in the
PEt, resonance. Both low- and high-frequency reson-
ances showed platinum satellites confirming the presence
of a platinum complex containing a PF,Y and two PEt,
groups. Analyses indicate that S or Se is retained in the
complexes, and, in the 1%F spectra of species formed from

PF;H(Se), selenium satellites were detected close to the
main resonance.

The presence of halogen bound to Pt in the products
was confirmed by analyses, by the sensitivity of the n.m.r.
parameters of the products to the halogen in the starting
material, and by the absence of any couplings that could
be associated with a possible hydride ligand. It follows
that the species we have obtained are complexes (1)—(6).

PEL

X—Fl’t—PFzY

PE1,
(1) X = ClL,Y =58 (4) X =Cl,Y = Se
(2) X =Br,Y =5 (5)X =Br,Y = Se
(3) X =1,Y =58 (6) X = 1,Y = Se

Nuclear magnetic resonance parameters for these com-
plexes are given in Table 1.

At low temperature, 3P and ®F n.m.r. spectra showed
that unstable intermediates were formed. The species
present depended on the molar ratios of the reactants
taken.

(z) Pt : PF,H(Y) = 1:1.—For these systems the S and
Se behaved similarly, the sulphur reactions being
cleaner. No reaction took place until —50 °C; at this
temperature three complexes were detected in the 3P
spectra. The first, giving a singlet 3'P-{1H} resonance,
was identified as [PtHy(PEt;),X,].> The other two
complexes, one of which was only present in small
amounts, each showed a doublet pattern with Pt satel-
lites in the PEt; region. In the PF, region only one
resonance was detected, as a triplet of triplets with Pt
satellites. The smaller triplet splitting corresponded
with the doublet coupling in the stronger of the two
observed at low frequency. When proton coupling was
retained the peaks in the PF, region showed a large
additional doublet splitting, which suggested that a frans
hydride was present. The 1°F-{1H} spectra showed a
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doublet of triplets with Pt satellites; each line was
further split into a doublet when proton coupling was
retained.

The same parameters were obtained no matter which
platinum starting material was used, the only difference
being observed when Se replaced S in the PF, group.
We propose that the species are of the form (7) and (8).

PEt,

H—Pt—PF,Y

PEl,
(MY =5
(8) Y = Se

It appears that 3 J(PF) is too small to be detected at low
temperatures.

We suggest that the weak doublet resonances observed
at low frequency are due to the PEt, resonance of the
platinum(1v) six-co-ordinate complexes (9)—(14) formed
by oxidative addition of PF,H(Y) to the platinum
starting material. The high-frequency parts of the
spectra of these complexes were not observed but in view
of the weakness of the PEt; resonances this is not sur-
prising.

As the systems were warmed from —50 °C the
amount of [PtH(PEt,),(PF,Y)] present fell and the final
products appeared. Loss of HX from complexes (9)—
(14) would give the four-co-ordinate platinum(11) com-
plexes (7) and (8) which were observed as the major

PEts

H X

\Plt/

WL e,y

PEL,
(9) X = CL,Y = S (12) X = CL,Y = Se
(10) X =Br,Y =S (13) X = Br,Y = Se
(1MM) X =1,Y =S (14) X =1, Y = Se
intermediates. This HX could then add to unreacted

starting material to give the other observed inter-
mediates c¢is, cis, trans-|[PtHy(PEt;),X,]. Ultimately
loss of Hy from complexes (9)—(14) would give the final
products, complexes (1)-—(6). [Further evidence will be
mentioned to confirm the existence of complexes (9)-—
(14).]

Thus the first step involves oxidative addition of
PF,H(Y) to [PtH(PEt,),X] to give the platinum(iv)
complexes (9)—(14). These complexes can then undergo
reductive elimination in two ways: they can lose HX
(step A, which is fast and reversible at low temperature),
or they can lose H, (step B, which is slower and ir-
reversible and gives the final products).

(17) Pt:PF,H(Y) = 1:4.—The course of reactions
with excess of PF,H(Y) depended on the nature of Y.
For reactions with PF,H(S) the stable intermediates at
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low temperature were the platinum(iv) complexes
[PtH,(PEt,),(PF,S)X] with very little else present in
solution. However for the PF,Se systems the stable
intermediate at low temperature was observed to be a
six-co-ordinate complex of PtV whose n.m.r. parameters
were the same no matter which platinum starting material
was used. The 3!P spectrum of this species in the PEt,
region showed a peak with triplet coupling due to 2J(PP),
which suggests that the intermediate observed here was
[PtH,(PEt,),(PF,Se),]: addition of a second PF,H(Se)
molecule must have occurred. No evidence was ob-
tained for the formation of such a species in the PF,S
system. Moreover, the room-temperature spectra of
solutions containing [Pt(PEt,),(PF,Y)X] and excess of
PF,H(Y) did not contain any peaks due to platinum(1v)
species, showing that the complexes [Pt(PEt,),(PF,Y)X]
exist in solution in the presence of excess of PF,H(Y).
Therefore further addition does not occur to the halogen-
containing species at room temperature.

Reactions with [Pt(PEtg);X][BPh,].—When the reac-
tions of PF,H(Y) with [Pt(PEt,;);X1[BPh,] (X = H, C],
or I) were studied it was found that the products were
again [Pt(PEt,),(PF,Y)X] with 1 mole of [PHEt,]-
[BPhL,], identified by 3'P n.m.r. parameters and by
analysis, as a by-product. Separation of these two
compounds proved difficult and analytically pure
samples of the PF,Y complexes were not obtained.
However, reaction of PIF,H(Y) with [PtH(PEt,),]-
(BPh,] gave [PtH(PEt,),(PF,Y)] as stable complexes at
room temperature. The instability of these species in
the reactions with [PtH(PEt;),X] must therefore have
been due to the presence of some other reagent, which we
believe to have been HX.

Some reactions of the complexes (1)—(6) have also
been studied. These reactions involved exchange of the
halogen for other types of ligands. Two types of
ligands were used: the pseudo-halides NCO-, NCS-,
NCSe~, and CN~, and some potentially bidentate ligands,
CH,CO,~, PhCOS~, Et,NCS~, and Me,PS,".

In the reactions with alkali-metal salts of the pseudo-
halides MZ, the products obtained showed the expected
pattern in the PEt, region of the 3!'P spectrum for
[Pt(PEt,),(PF,Y)Z], but there were no peaks in the
P¥, region. 1If the ligands NCO~, NCS-, NCSe~, and
CN~ were bonding to the Pt through N [complexes
(16)-—(19)], quadrupolar relaxation of “N might cause
the PF, signal to be lost. The reaction was carried out
with Ag[®NCO] and the spectra all showed sharp PF,
signals with the additional doublet splitting expected
when 15N is trans to the PI,Y group.

For the reactions with bidentate ligands, no reaction
took place with sodium acetate. For sodium monothio-
benzoate the spectra showed that the halogen had been
replaced by PhCOS and that this group was bound
through sulphur [complex (20)]. In the reaction with
Et,NCS,~ two products were obtained. In one, the
dithio-ligand had replaced Cl and one PEt; group (21),
and in the other the PF,S had been replaced (22). Com-
plex (21) was the major product. For the reactions with
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Me,PS,~ the products depended on the amount of the
ligand added. The results were not clear, but it ap-
peared that with a large excess of Me,PS,~ the product
obtained contained one PF,S group, one PEt; group,
and one Me,PS,™ group.

S PEt S PEt
N OO\ s
Et;NC Pt EtNC Pt
N N/
S PF,S ] PEt3
(21) (22)

Crystal Data and Structure Determination of (1).—
CoHyoClI,P,PtS, M = 568, Orthorhombic, a =
1.1597(2), b = 1.3355(2), ¢ = 1.3632(3) nm, U = 2.111
nm3, D, =175, Z =4, D,= 1786 Mg m? MoK,
radiation, » = 71.069 pm, p(Mo-K,) = 7.44 mm7,
space group Pben (no. 60) (conditions for reflection:
Okl B = 2un; hOl, 1l = 2n; hkO, h + k = 2n).

Cell dimensions and X-ray intensity data were ob-
tained with a Nonius CAD4 diffractomer, using graphite-
monochromatised Mo-K, radiation. The cell dimensions
are based on 20 reflections with 8 = 20°. Intensity data
were collected for one asymmetric unit, 1 300 reflections
with 6 < 22°. The structure was solved and refined
using the 876 reflections with I > 3s(I). The data were
corrected for absorption. The platinum atoms were
shown by the Patterson function to occupy a set of
special positions 4c: 0,33, with v ca. 0.15. A dif-
ference-Fourier synthesis gave the positions of the other
non-hydrogen atoms except for the PF,S group, which is
disordered about the two-fold axis. The disorder does
appear to be strictly two-fold, and it was possible to
refine the structure with these atoms given a site
occupancy of 4 on a set of general positions. The
structure was refined with hydrogen atoms in fixed,
idealised positions (C-H = 110 pm). All atoms were
constrained to be isotropic except the platinum and
chlorine atoms and the phosphorus atoms of the phos-
phines. In the last few cycles of full-matrix least-
squares refinement, a weighting scheme of the form
w = 120/|F,| for |F,| > 120 and w = 1.0 otherwise was
used. At convergence, R = 0.03¢ and R’ = 0.043.
Positional parameters for the refined atoms are given in
Table 2. The structure factor table, thermal parameters,
and the positional parameters for the hydrogen atoms are
deposited as Supplementary Publication No. SUP 22998
(9 pp.).* The ‘X-Ray’ 76’ computer program system }
was used for all crystallographic calculations.

The molecular structure is shown in Figure 1, along
with the numbering scheme used for the atoms. Only
one of the alternative sites for the PF,S group is shown.
Bond lengths, bond angles, and torsion angles are given
in Table 3. There was no difficulty in identifying the

* For details see Notices to Authors No. 7, J. Chem. Soc.,
Dalton Trans., 1979, Index issue.

t‘The X-Ray System-—Version of March, 1976, Technical

Report TR446, Computer Science Center, University of Mary-
land, U.S.A.
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TABLE 2

Fractional co-ordinates ( x 10%) with standard deviations
in parentheses for (1)

Atom x y z

Pt 0 1 541(1) 2 500

Cl 0 —232(3) 2 500
S —52(10) 3 931(7) 1 435(7)
P(l) 1 904(3) 1 392(2) 1 954(3)
P(2) * 151(7) 3 185(4) 2 852(5)
F(l) * 1 292(15) 3501(12) 3 167(13)
F(2)* —641(18) 3 680(15) 3 460(14)
C(1) 1961(13) 594(11) 867(10)
C(2) 1275(16) 1 046(14) 26(13)
C(3) 2 746(12) 741(10) 2 869(10)
C4) 2 860(186) 1 264(14) 3 825(14)
C(5) 2 747(12) 2 490(10) 1 648(10)
C(6) 3 956(16) 2 314(14) 1211(14)

These atoms have a site occupancy of 0.5.

atoms making up one PF,S group on the basis of inter-
atomic distances: the bond lengths for P(2) to the sym-
metry-related sulphur and fluorine atoms are: P(2)-%,
160; P(2)-F(1)’,206; and P(2)-F(2)’, 175 pm. The main
limitations to the refinement were two close approaches of
atoms in the different possible sites: P(2)-P(2)’, 55;

FiGURE 1 View of (1) projected into the co-ordination plane

S-F(2)’, 88 pm. There does not appear to be any
further significant departure from an ordered structure,
although the relatively high temperature factors for the
carbon atoms (U = 900 pm? for the methyl carbons and
600 pm? for the methylene) suggest a slight further
disorder. The co-ordination of the platinum is almost
planar, the platinum atom being 7.2 pm out of the plane
defined by the ligand atoms. Deviations of c¢is bond
angles at platinum from 90° are substantial, as might be
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TABLE 3

Bond lengths (pm), bond angles and torsion angles (°) for
(1). Primed atoms are related to unprimed ones by the
operation (—x, ¥, $ — 2)

Pt—P(1) 233.8(3) P(1)-C(1)  182.6(15)
Pt-P(2) 221.3(5) P(1)-C(3)  180.7(14)
Pt—Cl 236.8(4) P(1)-C(5)  181.1(14)
P(2)-S 195.0(11) C(1-C(2)  152(2)
P(2~F(1)  155.5(12) C(3)-C(4)  148(2)
P(2)~F(2)  157.9(18) C(5-C(6)  154(2)
CI-Pt-P(1) 85.1(1) F(1)-P(2)-F(2) 93.8(10)
Cl-Pt-P(2) 172.9(2) Pt-P(1)-C(1) 110.0(5)
P(1)~Pt—P(2) 92.3(2) Pt-P(1)~C(3) 109.3(5)
P(I)~Pt—P(1)  170.3(1) Pt—P(1)-C(5) 120.9(5)
P(2)-Pt—P(1)’ 97.4(2) P(1)-C()-C(2)  111.2(11)
Pt-P(2)-S 114.7(4) P(1)-C(3)-C{4)  115.3(11)
Pt—P(2)-F(1) 112.3(7) P(I)-C(5—C(6)  117.2(11)
Pt—P(2)-F(2) 115.8(8) C()-P(1)~C(3)  105.0(7)
S~P(2)-F(1) 110.4(8) C(1)~-P(1)~C(5)  105.4(7)
S-P(2)~F(2) 108.0(8) C(3)-P(1)—C(5)  104.9(7)
Cl-Pt—P(1)-C(1) 53.7(5)
ClI-Pt—P(1)-C(3) —61.2(5)
Cl-Pt—P(1)—C(5) 176.9(5)
P(2)-Pt—P(1)~C(1) —132.9(5)
P(2)-Pt—P{1)-C(3) 112.3(5)
P(2)~Pt—P(1)~C(5) —9.6(6)
P(2)-Pt~P(1)’~C(1)’ —119.7(5)
P(2)~Pt—P(1)’~C(3)’ 125.4(5)
P(2)-Pt—P(1)’~C(5)’ 3.5(6)
P(1)—Pt—P(1)~C(1) 52.2(9)
P(1)—Pt—P(1)—C(3) —62.6(9)
P(1)—Pt—P{1)~C(5) 175.5(8)
CI-Pt—P(2)-S 149.8(13)
CI-Pt—P(2)-F(1) 22.8(20)
Cl-Pt—P{2)~F(2) —83.4(19)
P(1)~Pt-P(2)-S 81.8(5)
P(1)~-Pt—P(2)-F(1 —45.3(8)
P(1)-Pt—P(2)-F(2) —151.4(9)
P(1)~Pt—P(2)~S —99.1(5)
P(1)~Pt—P(2)-F(1) 133.9(8)
P(1)—Pt—P(2)~F(2) 27.7(9)
Pt—P(1)-C(1)-C(2) 62.0(12)
Pt—P(1)-C(3)-C(4) —63.7(12)
Pt—P(1)-C(5)—C(6) —175.0(10)
C(1)-P(1)~C(3)—C(4) 178.3(12)
C(1)—P(1)—C(5)—C(8) —49.5(13)
C(3)-P(1)—C(1)-C(2) 179.6(9)
C(3)-P(1)-C(5)—C(6) 61.1(13)
C(5)-P(1)-C(1)-C(2) —69.9(12)
C(5)—P(1)-C(3)—C(4) 87.4(13)

expected from the difference in size of the PF,S and Cl
ligands. The much greater size of P(2)-Pt-P(1)” than
P(2)-Pt-P(1) (5.2°) is related to the fact that at least one
of the fluorine atoms must make a close contact with one
of the substituents of the phosphines. Even with the
obvious distortions of bond angles and torsion angles,
especially the very large Pt—P(1)-C(5) and the very small
F(1)-P(2)-F(2), there are two very short intramolecular
contacts: F(1) - - - C(5), 299 pm, and F(2) - - - C(5)’, 292
pm. The estimated F --- H contacts are 225 and 221
pm respectively.

The packing of the molecules is shown in Figure 2,
where an arbitrary choice has been made for the orient-
ation of the PF,S groups. As may be seen, rotating
these through 180° about the pseudo-two-fold axis will
not alter the contact pattern. There are no inter-
molecular contacts between non-hydrogen atoms less
than 320 pm. It is unlikely that packing considerations
will significantly affect the molecular geometry.

Hitchcock ef al.% in reporting the structure of cis-

J.C.S. Dalton

[PtCL,(PFy)(PEty)] (23), discuss the correlation of Pt-
Clbond lengths with those for Pt-P for various phosphine
ligands in the #rans position. Their predicted value of
234 pm for a Pt-Cl bond #rans to a Pt—P bond of 221 pm
is approximately equal to that found here. The Pt-P
bond for the PF,S group is roughly the mean of the
values for Pt-PF, (214 pm) and Pt-PEt, (227 pm) found
in (23),% indicating an intermediate n-acceptor ability for
the PF,S group.

Two possible formulations of the PF,S ligand are [
and II (shown below). A distinction between these two

S s -
'-P</—F :p/_F
F \F
! T

formulations might be made in terms of the length of the
P-S bond. Extreme examples are S=PF,Br, S=P, 188.1
pm?® and GeH;(SPF,), S-P, 211.5 pm.®! The value
obtained here suggests that there is substantial double-
bond character in the P-S bond, which is in the range
common for dithiophosphinate complexes. Similar
arguments could be applied to the PF,0 ligand in
[PtCI{(PF,0)(PEt,Ph),].” In this structure, Grosse et al.
assume a P—O single bond, although its length, 147 pm,
is much closer to that found in O=PF,?® (144 pm) than to
the normal P-O single-bond length of ca. 160 pm.®
Similarly, 1J(PSe) in (4) is at the low end of the range
associated with P=Se and is a good deal larger than in
P-Se systems.?

EXPERIMENTAL

Nuclear magnetic resonance measurements were made on
JEOL FX-60Q (3*P) and Varian Associates XL-100 spectro-
meters, or [for compound (4) in the ??Se region and the high-
frequency part of the 3'P spectra] a Bruker WH-360 instru-
ment. All manipulations were carried out under vacuum
or in a dry nitrogen atmosphere. Platinum-containing
starting materials were prepared by standard methods.
Solvents were dried and freshly distilled before use.

PF,HS.—This was prepared by treating S(PF,), with
H,S. The S(PF,), was prepared by treating PF,Br with
S(SnBu,),. The $(SnBu,), (10 mmol) was weighed out in a
500-cm® flask fitted with a cold finger. This was then
attached to the vacuum line and pumped out in order to de-
gas the tin compound. The PF,Br (20 mmol) was then
condensed into the flask and the system allowed to warm to
room temperature. The best vields were obtained if the
two reactants were mixed in the liquid phase. The product
was collected by pumping off all the volatile species left in
the flask and collecting them at —196 °C. The pure product
was collected at —96 °C and any PF,Br passed into the
—196 °C bath.

The S(PF,), (8 mmol) was then measured into a 500-cm?
flask and the H,S (16 mmol) condensed in. Allowing the
mixture to warm to room temperature yielded PF,HS.
The pure product was collected at —120 °C the mixture
having passed through the —96 °C bath to remove any
S(PF,), remaining. Any H,S would carry on into the
—196 °C bath.
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FicUure 2 Packing diagram for (1) viewed along the a axis.

PF,HSe.—The PF,HSe was prepared by treating PI?,Br
with H,Se in the presence of Hg. Mercury (0.6 cm?) was
placed in a 250-cm® flask and PF,Br (3.6 mmol) and H,Se

TABLE 4

Analytical and melting point data

Analysis (%) *
f_—r\

Complex C H M.p. (8, C)

0)) 23.3 5.3 122 124
(25.5) (5.4)

(2) 23.4 4.9 122-—-124
(23.3) (4.8)

(3) 22.0 4.6 128—-130
(21.8) (4.5)

(4) 23.2 4.8 140---141
(23.4) (4.9)

(5) 22.1 4.6 135 136
(21.9) (4.5)

(6) 20.6 4.4 128--130
(20.6) (4.2)

* Calculated values are given in parentheses.

(3.75 mmol) were added. The system was allowed to warm
to room temperature and shaken for 2 h and then left for
24 1 The product was collected and purified by passing it
through —78 °C and —120 °C baths. The PF,HSe stopped
in the —120 °C bath. :

Complexes (1)—(6).—These complexes were prepared by
treating trans-[PtH(PEt,),X] (X = Cl, Br, or I) with
PF,H(Y) (Y =S or Se). The platinum complex was

Only one of the possible molecular orientations is shown

weighed into a Schlenk tube and the vessel pumped out.
The complex was dissolved in CH,Cl, then kept at —196 °C
when an equimolar amount of PF,H(Y) was condensed in.
The system was allowed to warm up and H, gas was evolved.
Removing the solvent gave the product as a white powder.
The recrystallisation was carried out from benzene. The C
and H analysis figures, melting points, and i.r. spectra were
obtained (Table 4¢).
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