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Abstract: Bis(phosphinoalkyne) complexes cis-CI.M(Ph,PC=CR), (M = Pd, Pt; R = CF3, Ph, z-Bu) undergo a facile I:1 re-
action with secondary phosphines HPR’'R” (R’'R” = Ph, C;H4CN; R’ = Et, R” = Ph) to give stereospecifically the c/s-1,2-di-
phosphinoalk-1-ene complexes cis-Cl;M(Ph,PCH=C(R)PR’R’’). The uncoordinated diphosphinoalk-1-enes may be ob-
tained by treatment of the corresponding Pt(II) complex with excess cyanide ion. Complexes cis-Cl;Ni(Ph,PCH=C(R)-
PR’R”) are obtained by reaction of cis-Ph,PCH==C(R)PR’R” with anhydrous nickel(II) chloride. The free diphosphinoalk-
l-enes and their Ni(1I), Pd(II), and Pt(II) complexes are characterized by elemental analysis, mass spectrometry, IR, 'H
NMR, and 31P NMR spectroscopy. Factors affecting 3!P chemical shifts, coordination chemical shifts, and P-P couplings in

these systems are discussed.

Introduction

Phosphinoalkynes are potentially bidentate ligands but
have been shown! to coordinate only through phosphorus in
the square planar Pd(II) and Pt(II) complexes cis-
XM (PhaPC=CR); (1) (R = alkyl, aryl; X = halogen). Al-
though uncoordinated, the alkyne function in these complexes
is activated toward such reactions as hydration,2 hydrogen
halide addition,? and acetylene coupling.* The prospect of an
analogous activation toward addition of the P-H moiety led
us to examine the reaction of complexes 1 with secondary
phosphines.

The base-catalyzed addition of diphenylphosphine to an
uncoordinated phosphinoalkyne (eq 1) has been reported? to

H PPh,
Ph,PC=CH + Ph,PH — >c=c< (1
Ph,P H
2

0002-7863/79/1501-5612$01.00/0

give stereospecifically the zrans-1,2-bis(phosphino)alk-1-ene
(2), a molecule which is unable to act as a chelating ligand by
virtue of the rigidity of the olefinic backbone.® In contrast, our
initial studies showed that the addition of secondary phosphines
to coordinated phosphinoalkynes in complexes 1 (eq 2) yielded

H R
\C=C/
Ph,P_ _PRR”
M
 x
3
+ Ph,PC=CR (2)

X,M(Ph,PCe=CR), + R'R"PH —
1

stereospecifically the cis-1,2-diphosphinoalk-1-ene complexes
(3). Unsaturated, unsymmetrical diphosphines of the type
present in complexes 3 are unlikely to be readily obtained by
any other route37 and, in view of intense current interest in
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rigid diphosphines as ligands,® we were prompted to prepare
a range of complexes of type 3.

The incorporation of an unsymmetrical diphosphine into a
transition-metal complex makes available additional infor-
mation concerning the nature of that complex since *'P NMR
spectra will generally show a separate resonance for each end
of the bidentate ligand and a phosphorus-phosphorus coupling
constant (2/pmp) Which may be measured directly. This ad-
vantage over symmetrical analogues has prompted the devel-
opment of a number of such ligands, primarily by Grim and
co-workers, who have described unsymmetrical bis(phospho-
rus) ligands of three basic types: (a) those which are unsym-
metrical by virtue of the terminal groups [Ph,P(CH,),PRR’,
n = 1,2, 3],9'2 (b) those in which the backbone is unsym-
metrical [Ph,P(CH,),OPPhy, n = 1, 2],!3 and (¢) those in
which the two phosphorus atoms are in different oxidation
states [Ph,P(L)CHRPR'R”, L = O, S].14-16 King and co-
workers!7-21 have also reported the diphosphines PhP(H)-
CH,CH,PR, (R = H, Me, Ph, neopentyl), RP(H)-
CH,CH,PH; (R = hexyl, neopentyl), and Me;PCH>CH,PR,
(R = H, Ph), although, with the exception of
Me,PCH,;CH>PPh,,22 the coordination chemistry of these
species has yet to be described in any detail. A few complexes
of related unsymmetrical diphosphines having a saturated
two-carbon backbone, for example, Me;PCH,CH,PR; (R =
Et, i-Pr) and PhoPCH,CH,P(CF;),, have been described by
other workers.?? To date, the application of these saturated
ligands to 3'P NMR studies has been mainly confined to the
series cis-(L-L")YM(CO)4 (M = Cr, Mo, W; L-L’ = an un-
symmetrical diphosphine), presumably reflecting the acces-
sibility of these complexes and the availability of an existing
body of 2/ppp data for analogous fluorophosphine species.24
A recent paper by Wreford and co-workers23® on dynamic
processes in C,, monocapped trigonal prismatic complexes
does, however, demonstrate the potential of 31P NMR studies
using unsymmetrical diphosphine derivatives as a probe of
stereochemical behavior.

Remarkably little is known of the variation of 2/ppp within
the series cis-X>ML; (M = Ni, Pd, Pt; L, = two monodentate
phosphines or a bidentate diphosphine) and in some cases even
the limited data which is to be found in the literature appears
contradictory. A study of the 3'P NMR spectra of complexes
3 was therefore undertaken as these species, by virtue of the
steric properties of the diphosphine,?5 remain isostructural and
monometallic throughout the wide range of combinations of
R, R’,R”, X, and M permitted by the synthetic method. They
thus seemed well suited to a systematic study of the factors
affecting 3'P NMR parameters in this group. Additional in-
terest arose from the chance to examine the effects of unsat-
uration on the abnormally large coordination chemical shifts
previously observed for all saturated five-miembered chelate
rings!3-26 and from the opportunity to investigate further the
relative importance of the ligand backbone vs. the metal center
in the transmission of P-P couplings within such
rings.12.13.22

This paper describes the synthesis and characterization of
Ni(II), Pd(II), and Pt(II) complexes (3) containing nine new
unsymmetrical ¢is-1,2-diphosphinoalk- [ -ene ligands, including
3'P NMR data for the complexes and for the free diphos-
phines.

Experimental Section

Substrates ClaM(PhyPC==CR); (M = Pd, Pt; R = CF;, Ph, 1-Bu)
were prepared as described elsewhere.!-2:27 Diphenylphosphine and
bis(2-cyanoethyl)phosphine were purchased from Strem Chemical
Co., Andover, Mass. Ethylphenylphosphine was prepared by the
method of Hayter and Humiec.?® All handling of secondary phos-
phines and of reaction mixtures containing them was carried out under
a nitrogen atmosphere. All solvents were dried and deoxygenated by
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refluxing over calcium hydride in a stream of nitrogen for several days
and were distilled under nitrogen from the desiccant immediately
before use.

IR spectra were recorded on a Perkin-Elmer 180 spectrophotometer
using Nujol mulls on CslI plates. FT !'H and 3!P NMR spectra were
obtained at 60 and 24.29 MHz, respectively, on a Bruker WP60
spectrometer, using the deuterium resonance of CDClj as an internal
lock. Selective proton decoupling experiments were performed on a
Bruker WH90 spectrometer. 'H chemical shifts are in parts per
million with respect to internal Me4Si while 3!P chemical shifts are
in parts per million relative to an external 85% H3POj standard, shifts
to low field of this resonance being shown as positive. 3'P NMR
spectra were normally recorded under conditions of broad band proton
noise decoupling. Mass spectra at 70 eV were run on an AE1-MS-30
spectrometer. Elemental analyses and osmometric molecular weight
determinations were performed by Galbraith Laboratories, Knoxville,
Tenn.

Secondary Phosphine Addition Reactions. Unless otherwise speci-
fied, the secondary phosphine addition reactions were carried out
under a nitrogen atmosphere up to the point at which the diphosphine
complex had formed, subsequent workup and recrystallization being
carried out in the air.

cis-Dichloro-cis-1,2-bis(dipheny!phosphino)-3,3,3-trifluoroprop-1-
enepalladiun(II), Cl,Pd(Ph,PCH=C(CF3)PPhj). A solution of Ph,PH
(0.51 g, 2.72 mmol) in benzene (10 mL) was added to a stirred solution
of cis-Cl;Pd(Ph,PC=CCF3); (1.0 g, 1.36 mmol) in benzene (100
mL), resulting in immediate precipitation of the crude product. After
stirring at room temperature for a further 2 h the crude product was
filtered off, dried, and recrystallized from hot acetonitrile to give the
pure product as a colorless, microcrystalline powder.

cis-Dichloro- cis-c,3-bis(diphenylphosphino)styrenepalladium(II),
Cl2Pd(Ph,PCH=C(Ph)PPh,). A solution of Ph,PH (0.19 g, 1.0 mmol)
in CH>Cl, (5 mL) was added to a stirred suspension of cis-Cl,Pd
(PhyPC==CPh), (0.73 g, 1.0 mmol) in CH,Cl, (50 mL) at =78 °C.
The mixture was stirred and allowed to warm slowly to room tem-
perature. On reaching room temperature only a trace of solid remained
undissolved. The reaction mixture was filtered and the pale yellow
filtrate was concentrated under vacuum to ca. |5 mL. The subsequent
addition of Et2O (20 mL) resulted in the rapid growth of colorless
crystals of the pure complex. These were filtered off, washed with Et;O
(2 X 5 mL), and dried under vacuum.

cis-Dichloro-cis-a-ethylphenylphosphino-S-diphenylphosphi-
nostyrenepalladium(II), Cl,Pd(Ph,PCH==C(Ph)PEtPh). A solution
of HPEtPh (0.14 g, 1.0 mmol) in CH>Cl> (5 mL) was added to a
stirred suspension of ¢is-Cl,Pd(Ph,PC==CPh), (0.73 g, 1.0 mmol)
in CH,Cl, (50 mL) at =78 °C. The resulting mixture was allowed
to warm to room temperature and after stirring at 25 °C for | h almost
all of the starting material had been taken into solution. The reaction
mixture was filtered and the filtrate concentrated under vacuum to
ca. 10 mL. The gradual addition of Et,O (50 mL) with vigorous
stirring gave an amorphous, pale yellow precipitate which was filtered
off, washed with Et;O (2 X 5 mL), and dried. This crude product was
then redissolved in CH>Cl, (5 mL) and filtered. The filtrate was di-
luted with Et,O until turbid (ca. 10 mL) and on standing at 25 °C for
2 days deposited the pure complex as clumps of very pale yellow
crystals. The mother liquor was decanted and the crystals dried at ca.
80 °C (0.1 Torr) for 24 h.

cis-Dichloro- cis-1-diphenylphosphino-2-bis(2-cyanoethyl)phos-
phino-3,3,3-trifluoroprop-1-enepalladium(Il), Cl,Pd[Ph,PCH=
C(CF4)P(C2H4CN)) A solution of HP(C2H4CN); (0.14 g, 1.0 mmol)
in CH,Cl; (5 mL) was added to a stirred solution of cis-
Cl,Pd(Ph,PC=CCF3), (0.73 g, 1.0 mmol) in CH,Cl; (50 mL) at
—78 °C. The reaction mixture was stirred and allowed to warm to 25
°C. Stirring under a brisk N flow was then continued until the volume
of the reaction mixture was reduced to ca. 10 mL, at which point the
crude complex began to precipitate. Precipitation was completed by
the addition of Et;O (40 mL) and the resulting granular white solid
was filtered off, washed with Et>O (5 mL), and dried under vacuum.
Recrystallization from a mixture of CH,Cl, (25 mL) and n-hexane
(10 mL) gave colorless, fiber-like crystals of the pure complex.

cis-Dichloro-cis-a-bis(2-cyanoethyl)phosphino-8-diphenyl-
phosphinostyrenepalladium(II), Cl,Pd[Ph, PCH=C(Ph)P(C2H4CN),].
A solution of HP(C,H4CN), (0.14 g, 1.0 mmol) in CH,Cl, (5 mL)
was added to a stirred suspension of ¢is-Cl,Pt(Ph,PC=CPh), (0.73
g, 1.0 mmol) in CH,Cl; (50 mL) at =78 °C. The reaction mixture
was stirred and allowed to warm to room temperature, giving a turbid,
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yellow solution which was filtered. The filtrate was evaporated to
dryness under vacuum and the residue redissolved in a 2:1 EtOH-
CH,Cl, mixture (15 mL). With vigorous stirring, Et,0 (20 mL) was
added to the resulting yellow solution precipitating the pure product
as an amorphous, pale yellow solid. This was filtered off, washed with
Et;0 (5 mL), and dried under vacuum.

cis-Dichloro-cis-1,2-bis(diphenylphosphino)-3,3,3-trifluoroprop-1-
eneplatinum(II), ClaPt{Ph,PCH=C(CF3)PPh2). A solution of HPPh,
(0.90 g, 4.86 mmol) in benzene (5 mL) was added to a stirred solution
of cis-Cl3Pt(Phy,PC=CCF3), (2.0 g, 2.43 mmol) in benzene (140
mL). Mixing of the two colorless solutions resulted in the immediate
formation of a white precipitate. After stirring at 25 °C for a further
2 h the precipitate was filtered off, washed with benzene, and dried.
Recrystallization from hot benzonitrile (20 mL) afforded the pure
complex in the form of a colorless, microcrystalline powder.

cis-Dichloro- cis-c,8-bis(diphenylphosphino)sty reneplatinum(II),
ChLPt(Ph,PCH=C(Ph)PPh,). A solution of HPPh; (0.19 g, 1.0 mmol)
in CH,Cl; (5 mL) was added to a stirred solution of cis-
Cl,Pt{(Ph,PC=CPh); (0.84 g, 1.0 mmol) in CH»Cl; (50 mL) at =78
°C. The resulting clear, colorless solution was allowed to warm to room
temperature, then was concentrated under vacuum to a volume of ca.
5 mL. The slow addition of Et;O (25 mL) initiated crystallization of
a colorless complex which, after standing overnight to complete
crystallization, was filtered off, washed with Et;O (2 X S mL), and
dried under vacuum to give the pure product.

cis-Dichloro- cis-1,2-bis(diphenylphosphino)-3,3-dimethylbut-1-
eneplatinum(II), Cl,Pt(Ph,PCH==C(¢-Bu)PPhy). A solution of HPPh;
(0.19 g, 1.0 mmol) in CH,Cl, (5 mL) was added to a stirred solution
of cis-Cl,Pt(Ph,PC==C-1-Bu), (0.80 g, 1.0 mmol) in CH,ClI, (50 mL)
at —78 °C. The solution was allowed to warm to room temperature,
then was concentrated under vacuum to ca. 10 mL. The addition of
hexane (15 mL) produced, on standing, well-formed, colorless, rod-like
crystals of the pure product which were filtered off, washed with
hexane (3 X 5 mL), and dried under vacuum.

cis-Dichloro-cis-1-diphenylphosphino-2-ethylphenylphosphino-
3,3,3-trifluor oprop-1-eneplatinunyIl), Cl,Pt(Ph,PCH=C(CF;)PEtPh).
A solution of HPEtPh (0.28 g, 2.0 mmol) in CH>Cl, (10 mL) was
added to a stirred solution of cis-Cl,Pt(PhaPC=CCF;), (1.63 g, 2.0
mmol) in CH,Cl; (100 mL) at =78 °C, The resulting straw-colored
solution was allowed to warm to room temperature and then was
stirred at room temperature for a further 2 h. Concentration under
vacuum to a volume of ca. 5 mL and the gradual addition of Et,O (80
mlL) precipitated the crude complex, which was filtered off, washed
with Et;0 (5 mL), and dried. Recrystallization from hot acetonitrile
(10 mL) afforded colorless crystals of the pure complex.

cis-Dichloro-cis-a-ethylphenylphosphino-3-diphenylphosphi-
nostyreneplatinum(Il), Cl2Pt(Ph,PCH==C(Ph)PEtPh). This complex
was prepared as colorless crystals from HPEtPh (0.14 g, 1.0 mmol)
in CH,Cl> (5 mL) and cis-Cl,Pt(Ph,PC=CPh), (0.84 g, 1.0 mmol)
in CH,Cl; (50 mL) as described above for
CLPt(Phy,PCH=C(CF;)PEtPh).

cis-Dichloro-cis-1-diphenylphosphino-2-ethylphenylphosphino-
3,3-dimethylbut-1-eneplatinum(Il), Cl,Pt(Ph,PCH==C(¢-Bu)PEtPh).
Colorless, prismatic crystals were obtained from HPEtPh (0.14 g, 1.0
mmol) in CH»Cl, (5 mL) and ¢is-ClyPt(Ph,PC=C-£-Bu);, (0.80 g,
1.0 mmol) in CH>Cly; (50 mL) in similar fashion to
Cl,Pt(Ph,PCH=C(CF;)PEtPh.

cis-Dichloro- cis-1-diphenylphosphino-2-bis(2-cyanoethy!)phos-
phino-3,3-dimethylbut-1-eneplatinum(Il), ClLPt{Ph,PCH==C(¢-
Bu)P(C;H4CN),]. A solution of HP(C2H4CN)> (0.14 g, 1.0 mmol)
in benzene (5 mL) was added to a stirred suspension of cis-
ClyPt(Ph,PC==C-1-Bu), (0.80 g, 1.0 mmol) in benzene (50 mL).
Stirring at room temperature under a brisk flow of nitrogen was
continued for 5 h, then the resulting white precipitate of the pure
complex was filtered off, washed with benzene (10 mL), and dried
under vacuum.

Metathetical Reactions. cis-Dibromo-cis-1,2-bis(diphenylphos-
phino)-3,3,3-trifluoroprop-1-enepalladium(II), Br,Pd(Ph,PCH=
C(CF3)PPhy). cis-Cl,Pd(Ph,PCH=C(CF3)PPh,) (0.5 g) and KBr
(2.5 g) were stirred together overnight in acetone (100 mL). The
solvent was removed under vacuum and the resulting residue extracted
with CH,Cl; (150 mL). The extract was filtered, dried over anhydrous
MgSOy, and evaporated to dryness to give the crude product as a pale
yellow solid. Recrystallization from hot benzonitrile (20 mL) gave
the pure complex in the form of a pale yellow, microcrystalline
powder.

Journal of the American Chemical Society | 101:19 | September 12, 1979

cis-Diiodo- cis-1,2-bis(diphenylphosphino)-3,3,3-trifluoroprop-
1-enepalladium(Il), I,Pd(Ph,PCH==C(CF3)PPhy). cis-Cl,Pd-
(PhoPCH==C(CF3)PPh;) (0.8 g) and KI (3 g) were stirred together
overnight in acetone (100 mL). The solvent was removed under vac-
uum and the residue extracted with CHCl; (150 mL). The extract was
filtered, dried over anhydrous MgSOy, and concentrated under vac-
uum to a volume of ca. 20 mL. On standing at —10 °C for 3 days this
solution deposited the pure complex in the form of a microcrystalline,
orange powder which was filtered off and dried at ca. 120 °C (0.1
Torr) for 24 h.

Ligand Displacement Reactions. Both reaction and workup were
carried out under a nitrogen atmosphere and all solvents were thor-
oughly deoxygenated before use by refluxing for several hours in a
stream of nitrogen.

cis-Pho,PCH=C(R)PPh; (R = CF3, Ph), cis-Ph, PCH=C(R)PEtPh
(R = CF3, Ph), and cis-Ph,PCH=C(R)P(C;H4CN)2 (R = CF3, Ph,
t-Bu). The platinum chloride complex (ca. | g) and KCN (12 g) were
refluxed together overnight in a mixture of benzene (250 mL) and
distilled, degassed water (120 mL). After cooling to room temperature,
the organic layer was separated, washed with water (3 X 100 mL),
and dried over anhydrous Na,SQOy. The desiccant was filtered off and
washed with benzene (20 mL); then the filtrate and washings were
evaporated to dryness under vacuum to give the free diphosphine. In
this way the following compounds were obtained: (1) cis-
PhyPCH=C(Ph)PPh;,  cis-Ph,PCH=C(CF3;)PEtPh, cis-
PhyPCH=C(CF3)P(C,H4CN)2, and cis-Ph,PCH=C(Ph)-
P(C;H4CN),, in the form of viscous, straw-colored oils which did not
crystallize during several weeks standing at 25 °C; (2) cis-
Ph,PCH=C(Ph)EtPh and cis-Ph,PCH=C(1-Bu) P(C;H4CN),, as
viscous, straw-colored oils which crystallized on prolonged standing
at 25 °C; (3) cis-Ph,PCH=C(CF;)PPh,, as an oil which crystallized
on standing for 3 days at 25 °C and was subsequently recrystallized
from hot EtOH (2 mL) to give well-formed, colorless crystals.

cis-Ph,PCH==C(¢-Bu)PPhR’ (R’ = Ph, Et). When the rcaction of
¢is-Cl,Pt(Ph,PCH==C(1-Bu)PEtPh) with KCN was carried out in
benzene-water as described above, larger amounts of a white solid
were present in the reaction mixture after overnight reflux. This
precipitate was filtered off and identified from its IR spectrum as
cis-(CN)2Pt(Ph,PCH==C(z-Bu)PEtPh). The cyanide complex (0.85
g) and KCN (8 g) were subsequently suspended in a mixture of water
(100 mL) and acetone (75 mL) and the suspension was stirred and
heated to reflux under nitrogen. Shortly after reaching reflux tem-
perature, all of the solids dissolved to give a clear, colorless solution.
Reflux was continued overnight and the nitrogen flow maintained at
a brisk rate so that much of the acetone was blown off. This resulted
in precipitation of the displaced diphosphine which, after cooling to
25 °C, was filtered off, washed with water (2 X 10 mL), and dried
under vacuum to give pure c¢is-PhyPCH==C(1-Bu) PEtPh.

cis-PhaPCH==C(1-Bu)PPh; was similarly obtained from the re-
action of ¢is-(CN),Pt(Ph,PCH=C(1-Bu)PPh,) (0.47 g) and KCN
(4 g) in acetone (40 mL) and water (60 mL).

Preparation of the Nickel(II) Complexes. cis-Dichloro-cis-
a,3-bis(diphenylphosphino)styrenenickel(Il), CI;Ni(Ph,PCH=
C(Ph)PPh;). A solution of cis-Ph,PCH==C(Ph)PPh; (0.47 g, 1.0
mmol) in EtOH (5 mL) was added to a stirred suspension of finely
ground anhydrous nickel(11) chloride (0.13 g, 1.0 mmol) in refluxing
EtOH (35 mL). The resulting red reaction mixture was stirred at
reflux for a further 2 h; then the orange-brown precipitate of the crude
complex which formed during this time was filtered off and dried.
Recrystallization from 1:1 CH>Cl>-EtOH gave red-brown crystals
of the pure complex.

cis-Dichloro-cis-1,2-bis(diphenylphosphino)-3,3-dimethylbut-1-
enenickel(Il), CIh)Ni(Ph,PCH=C(t-Bu)PPh;). A solution of cis-
Ph,PCH=C(:-Bu)PPh; (0.18 g, 0.4 mmol) in EtOH (10 mL) was
added to a stirred suspension of fine-ground anhydrous nickel(11)
chloride (0.052 g, 0.4 mmol) in refluxing EtOH (10 mL). The re-
sulting red-colored reaction mixture was stirred at reflux for 2 h, then
cooled and stirred at 25 °C for a further 1 h. The crude complex pre-
cipitated in the form of a golden yellow powder which was filtered off
and dried. Recrystallization from 2:1 EtOH-CH,Cl; afforded red-
brown crystals of the pure complex.

cis-Dichloro- cis-1-dipheny |phosphino-2-ethylpheny phosphino-
3,3,3-trifluoroprop-1-enenickel(Il), ClaNi(Ph,PCH=C(CF3)PEtPh).
This complex was prepared as for cis-Cl;Ni(Ph,PCH=C(:-Bu)-
PPh,), from cis-Ph,PCH=C(CF3;)PEtPh (0.20 g, 0.5 mmol) in
EtOH (5 mL) and nickel(11) chloride (0.065 g, 0.5 mmol) in EtOH
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(15 mL) and was recrystallized from 3:1 EtOH-CH,Cl, to give
red-brown rods.
cis-Dichloro- cis-a-bis(2-cyanoethyl)phosphino-8-diphenyl-

phosphinostyrenenickel(IT), CINif Ph, PCH=C(Ph)P(C,H4CN),}. A
solution of ¢/s-Ph,PCH=C(Ph)P(C>H4CN)» (0.18 g, 0.4 mmol) in
EtOH (5 mL) was added to a stirred suspension of finely ground an-
hydrous nickel(II) chloride (0.052 g, 0.4 mmol) in refluxing EtOH
(15 mL). After stirring at reflux for 2.5 h all of the nickel chloride had
dissolved to give a clear, orange-red solution which was concentrated
to ca. 10 mL by allowing EtOH to boil off. On cooling to room tem-
perature and subsequent storage at —10 °C for 3 days the complex
was deposited as an orange-brown precipitate which was filtered off
and dried under vacuum.

Results and Discussion

The 1:1 reaction of secondary phosphines HPPh,, HPEtPh,
and HP(C>H4CN)> with Pd(II) and Pt(II) complexes 1 (R =
CF;, Ph, ¢-Bu) proceeds readily in benzene at 25 °C or in
CH,Cl, at —78 °C to give the cis-1,2-diphosphinoalk-1-ene
complexes (3) plus 1 mol of the corresponding phosphinoalkyne
(eq 2). The diphosphine complexes exhibit a wide range of
solubilities and the only major synthetic difficulties encoun-
tered lay in separating the more soluble members of the series
from their reaction solutions, particularly in cases where the
displaced phosphinoalkyne began to polymerize once no longer
coordinated (e.g., PhoPC=CCF,). For the most part, however,
the diphosphine complexes could be readily isolated in good
yield, in contrast to analogous reactions employing dicyclo-
hexylphosphine, which are much less clean. The mechanisms
of these addition reactions, including those with dicyclohex-
ylphosphine, will be discussed in detail elsewhere.?® This
synthetic route to olefinic diphosphine complexes is a very
useful one, with potential applicability to many other systems
where phosphorus coordinated phosphinoalkyne complexes
are accessible. Few unsymmetrical olefinic diphosphine
complexes are known, principally because more conventional
routes to the free ligands are fraught with difficulty.’’

In order to calculate 3! P coordination chemical shifts for the
complexes it was necessary to measure 3!P NMR spectra of
the free diphosphines. Consequently, small amounts of the free
cis-1,2-diphosphinoalk-1-ene ligands were obtained for
characterization purposes by displacement from the corre-
sponding Pt(IT) complex using excess KCN (eq 3).

Cl,Pt(Ph,PCH=C(R)PR'R")

3
CN-
—— (CN),Pt(Ph,PCH=C(R)PR'R")
CN- 4
— Ph,PCH=C(R)PR'R” + [Pt(CN)4]>.... (3)

5

The reaction was normally carried out in a benzene-water
mixture and proceeded straightforwardly,30:3! with the ex-
ception of two cases (R = 1-Bu, R” = R” = Ph, and R = ¢-Bu,
R’ = Et, R” = Ph) in which the intermediate bis(cyano)
complex 4 was so insoluble in this medium that it precipitated
and did not react further. When transferred to an acetone-
water mixture however, the precipitated complexes 4 could be
reacted further with excess cyanide liberating the desired di-
phosphine. The free ligands were viscous, straw-colored oils
or low-melting solids which were mostly stable toward aerial
oxidation and/or polymerization for several weeks. As would
be expected, the most sensitive of the ligands were those
bearing terminal alkyl groups and having electron-withdrawing
substituents on the backbone and it proved impossible to obtain
samples of cis-Ph,PCH=C(R)P(C,H4CN); (R = Ph, CF3)
which were completely free from trace impurities. Mass spectra
of these two ligands, however, showed no peaks assignable to
phosphine oxide or bis(phosphine oxide) molecular ions,
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suggesting that the impurities present may have derived from
polymerization rather than oxidative decomposition.

The nickel(II) complexes reported here were all obtained
by direct reaction of the free diphosphine with anhydrous
nickel(II) chloride, rather than by a secondary phosphine
addition reaction of the type used to prepare the Pd(II) and
Pt(II) analogues. This was a result of our inability thus far to
obtain substrates CI,Ni(Ph,PC=CR),. The direct reactions
were carried out as described?? for the parent cis-
Ph,PCH=CHPPh,.

Infrared data (Table II) have been deposited as supple-
mentary information. For those complexes where R = CF; and
for some of the free diphosphines, a band of medium intensity
between 1580 and 1590 cm™! could be assigned to yc—c of the
diphosphinoalk-1-ene. In most of the complexes, however, and
in all of the free diphosphines having R” = R” = C;H4CN, the
ve—c vibration was too weak to be differentiated from the
other weak bands which occur in the region 1550-1600 cm™!
for all aryl phosphines. The position of the yc—c band was
insensitive both to coordination and to changes in M, X, R’,
and R”. The observation of two ¥p_¢; modes in far-IR spectra
of the complexes confirmed their cis configuration.

'H NMR spectra (Table III) are included as supplementary
data. Where R = ¢-Bu, Ph, spectra showed a doublet resonance
in the region 6.4-6.75 ppm which may be assigned to the
unique vinylic proton. In those complexes for which R = CF;
(except M = Ni) and in all of the free diphosphines this reso-
nance was obscured by the aromatic multiplet. Both the shift
and the coupling constant of the vinyl proton resonance appear
relatively invariant, except in the Ni(II) complexes, where the
shift occurs at slightly higher field and the doublet separation
is somewhat smaller than for Pd(II) and Pt(II). The doublet
separation presumably must be written as |2/p_pg + 3Jp_y|,
although the existence of a significant contribution from 3Jp_y
is open to question. Unfortunately, there is little 'H NMR data
available for comparable vinylic phosphines and their com-
plexes. In cis- and trans-Ph,PCH=CHR (R = Ph,33 PPh,3%),
the resonances due to the vinylic protons are partially obscured
by the aromatics, but it is noteworthy that the vinylic protons
in trans-Ph,PCH=CHPPh, give rise to a triplet, |J| = 15
Hz,3* suggesting a nonzero 3Jp_g in this case at least, Even less
information exists concerning analogues of complexes 3. Al-
though complexes of VPP with Ni(II)32 and Pd(II)35 are
known, their NMR spectra have not been reported. Other
resonances in the 'H NMR spectra of complexes 3 and ligands
5 are consistent with their formulation but otherwise unin-
formative. Ethyl and 2-cyanoethyl groups present in these
species gave second-order spectra in the form of broad, unre-
solved multiplets and no attempt was made to analyze
these.

3P NMR data appear in Table IV, Of the free diphosphines,
only those for which R = ¢-Bu give first-order AX spectra
whereas those where R = CF; and Ph exhibit AB spectra. In
two of the latter cases [cis-PhoPCH=C(CF;)PEtPh and
cis-Ph,PCH=C(Ph)P(C,;H4CN);] the intense inner two lines
of the AB pattern coalesce and the weak outer lines become
too weak to be observed, with the result that a deceptively
simple single-line spectrum is obtained (i.e., effectively A,
under the spectrometer conditions). No coupling constant in-
formation may be extracted from such spectra and the ob-
served chemical shift of the singlet is an average value of the
true shifts of the two phosphorus atoms. Such single-line
spectra are only obtained when the ratio of the chemical shift
difference between the two phosphorus atoms (6.) to the
coupling constant between them (|3Jp_p| in this case) becomes
very small (6r./J < ca. 1).3¢If it is assumed that |3Jp_p| in the
diphosphines having singlet spectra is of the same order of
magnitude as those of the other ligands with R = CF3 and Ph
(i.e.,ca. 150 Hz), then 6 is unlikely to exceed ca. 150 Hz (i.e.,
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Table I. Preparative Data for Diphosphines PhPCH==C(R)PR’R" and Their Complexes with Ni(II), Pd(II), and Pt(1I)

Yield,? % C % H % P % halogen % N mol?
% mp, °C  caled found caled found caled found caled found caled found wt
cis-Ph,PCH== 55 72-74 69.83 70.07 4.56 458 13.34 13.46 464 (61)
C(CF3)PPh;
cis-Ph,PCH== 88 oil 81.34 8123 555 575 13.11 13.04 473 (8)
C(Ph)PPh;
cis-Ph,PCH== 77 93-95 79.63 78.74 6.68 6.70 13.69 13.21 453 (9)
C(1-Bu)PPh,
cis-Ph,PCH== 70 oil 66.35 66.17 508 4.99 1488 1467 416 (20)
C(CF3)PEtPh
cis-Ph,PCH== 92 108-110 79.23  79.13 6.17 6.36 1459 1454 424 (31)
C(Ph)PEtPh
cis-Ph,PCH== 61 97-101 7721 77.05 748 7.47 1532 15.23 404 (50)
C(1-Bu)PEtPh
cis-Ph,PCH= 44 oil 60.29 5848 458 5.17 1481 15.76 6.70 10.11 418 (30)
C(CF3)P(C3H4CN),
cis-Ph,PCH== 83 oil 73.23 7420 5.67 5.84 14.53 1381 6.57 5.80 426 (16)
C(Ph)P(C,H4CN)»
cis-Ph,PCH== 90 77-82 7092 71.02 694 7.03 1524 1529 6.89  6.65 406 (1)
C(¢-Bu)P(C2H4CN)»
CI;Ni(Ph,PCH= 53 350-370 dec 63.83 63.70 4.35 4.17 1029 1040 11.78 12.05
C(Ph)PPh»)
CI)Ni(Ph,PCH= 49 335-350dec 61.90 61.87 5.19 530 10.64 10.77 1218 12.21
C(1-Bu)PPh»)
CI3Ni(Phy,PCH= 50 290-295dec 50.59 50.71 388 376 11.35 1147 1299 13.09
C(CF3)PEtPh)
CI:Ni[Ph;PCH= 18 260-265dec 56.16 54.62 435 4.44
C(Ph)P(C,H4CN),}
Cl;Pd(Ph,PCH== 61 dec >275 50.53 50.63 331 340 9.65 960 11.05 1125
C(CF3)PPhy)
Br,Pd(Ph,PCH= 40 dec >330 4439 4450 290 290 8.48 8.53 21.87 21.61
C(CF;)PPh,)
1,Pd(Ph,PCH= 32 350-360dec 39.33 39.16 2.57 2.63 7.51 7.54
C(CF3)PPh3)
Cl,Pd(Ph,PCH== 52 dec >300 39.15 59.35 4.03 415 953 9.67 1091 11.10
C(Ph)PPh,)
Cl1;Pd(Ph,PCH== 45 dec >225 5589 55,70 436 4.32 10.29 1037 11.78 11.99
C(Ph)PEtPh)
Cl,Pd{Ph;PCH= 27 245-255dec 42.32 42,30 3.21 3.35 1040 10.17 1193 12.03 4.70 4.44
C(CF3)P(CyH4CN)2]
Cl,Pd[Ph;PCH== 80 dec >120 51.73 5190 401 4.02 1026 1042 11.74 11.59 464 4.49 604 (615)
C(Ph)P(C2H4CN)4]
Cl,Pt(Ph,PCH== 69 >360 4439 44,16 290 3.04 848 820 9.70 9.78
C(CF3)PPh,)
Cl,Pt(Ph,PCH= 86 >360 52.04 5190 355 3.68 839 8.18 960 1147
C(Ph)PPh,)
C1;Pt{(Ph,PCH= 85 >360 50.15 49.97 4.21 4.21 862 868 9.87 10.02
C(t-Bu)PPhy)
Cl,Pt(Ph,PCH= 31 310-315dec 40.48 40.26 3.10 3.15 9.08 932 1039 10.38
C(CF3)PEtPh)
Cl,Pt(Ph,PCH= 68 325-330dec 48.71 4886 3.80 3.88 897 877 1027 1049 690 (677)
C(Ph)PEtPh)
Cl,Pt(Ph,PCH= 3] 328-332dec 46.58 46.48 451 443 924 937 10.38 10.60
C(1-Bu)PEtPh)
Cl,Pt{Ph,PCH= 82 220-230dec 42,87 42.68 420 426 9.21 9.50 10.55 1041 4.17 435

C(1-Bu)P(C;H4CN)5)

@ Yields of the diphosphines are based on ClI;Pt(Ph,PCH=C(R)PR’R”), those of the nickel complexes on PhPCH=C(R)PR’R", those
of the Pd(ll) and Pt(ll) chloride complexes on CI,M(Ph,PC==CR);, and those of the Pd(ll) bromide and iodide on
Cl;Pd(Ph,PCH==C(CF3)PPh). » m/e (rel intensity) for the molecular ions of the diphosphines and molecular weight calculated (found)

for the complexes in CHCl;.

ca. 6 ppm). Thus, although only the average chemical shift is
known for such ligands, the true shifts should lie within ca. 3
ppm of this value. This uncertainty in the true chemical shifts
for the free diphosphines is sufficiently small when compared
to the coordination chemical shifts observed (see Table IV and
the discussion below) that the error involved in calculating the
coordination chemical shift from the average ligand shift is
small in these cases.

The predominant factor affecting 3'P NMR spectra of the
uncoordinated diphosphines appears to be the nature of R

rather than that of the terminal groups R’ and R”. Chemical
shifts of the Ph,PCH=end of the ligands lie between ca. —23
and —36 ppm and have similar values for a given R. These
shifts are in good agreement with existing values for uncoor-
dinated Ph,PCH= in ¢is-1,2-diphosphinoalk-1-enes (Table
V). The assignment of resonances was also confirmed by se-
lective 'H decoupling® of the 3'P NMR spectrum for cis-
Ph,PCH=C(¢-Bu)P(C;H4CN),. Irradiation only in the
frequency range for aliphatic protons gave a spectrum in which
the resonance at —35.5 ppm was broadened while that at —25.0
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Table IV. 3P NMR Data for Diphosphines cis-Ph,PCH=C(R)PR’R” and Their Complexes with Ni(11), Pd(11), and Pt(11)¢
PPh; PR’R”
0 Agpsd Ar TJ1s5py_31p ] Aopsd AR Wisspsip | Jp-pl

cis-Ph,PCH=C(CF;)PPh; -26.3 -18.0 131
cis-Ph,PCH==C(Ph)PPh, -28.1 -7.0 146
cis-PhyPCH=C(z-Bu)PPh, -322 -148 37
cis-Ph,PCH==C(CF3)PEtPh —25.84 —25.84 a
cis-Ph,PCH==C(Ph)PEtPh -27.8 =211 146
cis-Ph,PCH==C(¢-Bu)PEtPh -32.5 —15.8 45
cis-Ph;PCH=C(CF3)P(C>H4CN); -23.0 =329 131
¢is-PhyPCH=C(Ph)P(C5H4CN)> —28.24 —28.2¢ a
cis-PhyPCH=C{(¢-Bu)P(C;H,CN); -355 -25.0 18
CI,Ni(Ph,PCH=C(Ph)PPh,) 460 741 43.4 69.3 763 532 69
CI,Ni(PhyPCH==C(z-Bu)PPh,) 438 760 440 72.1 869  60.6 71
CI3Ni(Ph,PCH=C(CF;3)PEtPh) 480 738 439 69.9 957 658 66
CI3Ni[PhyPCH=C(Ph)P(C,H4CN)3] 481 764 456 743 1025 718 63
Cl,Pd(PhaPCH==C(CF3)PPh,) 56.6 82.9 36.5 73.6 91.6 47.8 21
Br,Pd(Ph,PCH==C(CF3)PPh,) 560 823 d 73.5 91.5 d 27
1;Pd(Phy PCH=C(CF;)PPh,) 47.6 73.9 d 67.6 85.6 d 22
Cl,Pd(Ph;PCH==C(Ph)PPh,) S51.1 79.2 32.2 75.6 82.6 42.3 15
Cl,Pd(Ph,PCH==C(Ph)PEtPh) 51.4 79.2 323 80.4 102.2 57.4 17
ClyPd[Ph,PCH=C(CF3)P(C,H4CN),] 54.6 77.6 323 77.1 110.0 61.5 20
Cl,Pd[PhsPCH=C(Ph)P(C>H4CN),] 536  81.85 34.8% 81.7  109.96  62.9% 13
ClyPt(Ph,PCH=C(CF;)PPh,) 3.8 581 307 ¢ 48.3 66.3 416 ¢ <
ClyPt{(PhsPCH=C(Ph)PPh,) 30.5 58.6 30.6 3552 53.1 60.1 39.0 3640 <2
Cl;Pt(Ph,PCH==C(1-Bu)PPh,) 259 58.1 28.8 3425 53.2 68.0 44.3 3613 <2
Cl,Pt(Ph,PCH=C(CF3)PEtPh) 31.9 57.76 305 3648 54.3 80.16 52,96 3652 <2
Cl,Pt(Ph,PCH==C(Ph)PEtPh) 30.4 58.2 30.3 3640 55.5 76.6 50.9 3554 <2
Cl,Pt(PhsPCH=C(1-Bu)PEtPh) 26.7 59.2 29.8 3606 60.9 76.7 52.7 3531 <2
Cl;Pt[Ph,PCH=C(t-Bu)P(C3H4CN),] 26.4 61.9 31.5 3530 64.5 89.5 62.5 3474 <2

2 A, spectrum d is an average value and no Jp_p observed. ¢ Calculated from the average shift observed in the A spectrum of the free ligand.
¢ The complex was too insoluble and the solution too weak to observe the 'Jisspy_31p satellites. 4 In CDCl;.

Table V. Literature 3!P NMR Data for
cis-1,2-Diphosphinoalk-1-enes3?

BPAm BPsa PJPA—PaIb
Ph,P, P3Ph,BzBr™
>c=c< —24.75  +13.81 18.7
#
CONW <= PyPh P,Ph
N
C==C, —28.68 +4.90 37.2
v \H
(CONRW pB@._, P Ph,Mel™
C=C +10.43 +11.69 11.2
e \H

@ |n parts per million with respect to 85% H3POs. Positive shifts
are to low field. # In hertz.

ppm remained sharp and well resolved. Irradiation of only
aromatic protons had the reverse effect, broadening the signal
at —25.0 ppm whereas the high-field resonance reverted to a
well-resolved doublet.

For R = -Bu, |3/p_p| values fall within the range 18-45 Hz,
somewhat larger than the couplings of 25-30 Hz observed in
saturated analogues Ph,PCH,CH,PPhR (R alkyl),?
Ph,PCH,CH,P-n-Bu,,'? and PhPCH,CH;PMe»?? and in
reasonable agreement with the limited data available for such
couplings within cis-1,2-diphosphinoalk-1-ene systems (Table
V). For R = CF; and Ph, however, |3Jp_p| values, where
measurable, become surprisingly large, although still depen-
dent upon R (R = CF3, |3Jpp| = 131 Hz; R = Ph, |3Jpp| =
146 Hz). Presumably the larger values reflect the greater
electron-withdrawing power of these substituents compared
to the £-Bu group, but the observation of larger couplings for
R = Ph than for R = CF; would also suggest that electroneg-
ativity is not the only pertinent factor. Conjugation of the
phenyl substituent with the alkene double bond and the re-

Table VL. Literature Values of |2/pmp]? in Complexes cis-X,; ML

Ni Pd Pt ref
CI:M(PMes), 8.0 18.9 38
BroM(PMe;)» 1.0 16.2 38
CI,M(HP-1-Buy); 2 2 0 40
BroM(HP-z-Bu;); 5 5 0 40
CI,M(P(OMe)3), 77.9 17.8 38
Cl,;M(Me,PCH,CH;PPh;) 76 10 <2 22

2 |n hertz.

sulting coplanarity of the entire ligand skeleton are factors
which may be of importance. However, the range of systems
examined to date, further limited by the A spectra sometimes
obtained, remains too small to confirm such hypotheses.

In contrast to P-P couplings within the free diphosphines,
the couplings observed in their complexes 3 are relatively un-
affected by changes in R, but rather are determined by the
nature of M. Although there has been considerable attention
devoted in recent years2438 to the measurement and elucidation
of P-P couplings transmitted through a metal center (2/pnp),
the variation of 2Jppmp within complexes of the type cis-X;ML;
(M = Ni, Pd, Pt) is by no means clearly established. Most
couplings obtained to date have been measured indirectly from
the '°F or 'H NMR spectra of complexes where L is a fluo-
rophosphine or a phosphine bearing methyl or methoxy sub-
stituents. Such measurements have established that 2/p_p is
generally much larger in trans complexes than in their cis
isomers and that 2/ppp for cis complexes is almost invariably
negative.37-38 The series of related Pd(II) and Pt(II) complexes
used in these measurements has, however, rarely been extended
to include Ni(IT) (in part a result of synthetic difficulties) and
the results obtained for Pd(II) and Pt(II) are often conflicting
as to the effect on 2/pyp of varying the metal atom (Table VI).
Our results agree well with the single set of values previously
reported for the analogous saturated complexes cis-
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Table VII. Variation of Ar? within Saturated and Unsaturated Five-Membered Rings

AN N NS
/C=C\ /O=C\ /C=C\ HZ/C_C\H" )
Ph,P, P’Ph, Ph.P, PEtPh Ph,P P(C,H,CN). Ph,P PMe.
\M/ \N/ \M/ ;M<
(71/ \c1 c1/ \c1 Ci/ \Ci a «a
PPh, P’Ph; PPh, PEtPh PPh, P(C,H4CN)» PPh, PMe>
Ni 43.4 53.2 4396 65.8% 45.6¢ 71.8¢ 46.1 59.6
Pd 322 423 32.3¢ 57.4¢ 34.8¢ 62.9¢ 35.6 53.8
Pt 30.6 39.0 30.56 529 31.54 62.54 32.5 44.6
30.3¢ 50.9¢

a In parts per million. A positive Ag is a deshielding contribution.

CILM(Ph,PCH,CH3PMe;) (Table VI) and are also consistent
with the order which is now well established!-22:24 for the series
cis-LoM(CO)4 (M = Cr, Mo, W), i.e., the magnitude of 2/ppp
decreases going down the group. Otherwise, P-P couplings for
the complexes 3 remain relatively constant for a given metal
atom, variations due to changes in X, R, R’, and R” being
relatively small and conforming to no obvious pattern.

In chelate rings of the type present in 3, the observed P-P
coupling constant |Jpp°®d| might be expected to include
contributions due to transmission both through the ligand
backbone (Jpp®) and through the metal atom (2/pmp), i.e.,
|Jpp°Pd| = | JppB + 2/pmp|. Such an effect was first described
for the series cis-[EtN(PF;)2]M(CO)4 (M = Cr, Mo, W)24
and it was observed that JppB was positive whereas 2Jpyp had
a negative sign. Similarly, this effect was more recently invoked
to explain the coupling constants observed for complexes cis-
(L-L)YM(CO)4 (M = Cr, Mo, W; L-L’ = Ph,P(CH)),-
OPPhy, n = 1, 2;13 Ph,P(CH,),PR’'R”, n = 1, 2, 3;!2
Ph,PCH,CH,PMe,22), Jpp® being assumed to have the same
magnitude as |3Jpp| in the free diphosphine or in a bimetallic
diphosphine-bridged analogue and the signs of 2/pyp and JppB
again being assumed opposite.

An analysis of our data for the range of complexes of type
3 brings out the following points: (a) Values of |Jpp°sd| for
a given metal are closely similar and show no marked variation
with group R on the ligand backbone. Thus for cis-
CLNi(Ph,PCH=C(R)PPh,) |Jpp°b5d| differs by only 2 Hz
for R = Phand R = ¢-Bu. This is in sharp contrast to the dif-
ference of 109 Hz in 3Jpp for the free ligands. (b) The absolute
magnitudes of Jpp©sd for the nickel, palladium, and platinum
complexes of type 3 with the ligand skeleton >PCH=C(R)-
P< closely resemble values for the diphosphine series cis-
Cl,M(Ph,PCH,CH;PMe,) having a saturated ligand back-
bone.?2 (¢) The values of |Jpp°®d| (0-27 Hz) for the palladium
and platinum derivatives are in the range normally found
(Table VI) for Jpp in cis phosphine complexes2*-38 where the
two phosphorus atoms are not connected by a ligand backbone.
[t is not impossible that observation (a) could be accounted for
by a combination of coupling constants of different signs and
magnitudes. Thus hypothetically a Jppot®d of =71 Hz in
C1,Ni(Ph,PCH=C(¢-Bu)PPh,) could result from a 2/pnjp
of =34 Hz and a JppB of —37 Hz identical with that in the li-
gand while Jpp°?d of =69 Hz in CI3Ni(Ph,PCH=C(Ph)-
PPh») could result from 2Jpn;p of +77 Hz and JppB of —146
Hz (as in Ph,PCH=C(Ph)PPh,). It would be remarkable,
however, if a group R on the ligand backbone, remote from the
metal, could effect sign and magnitude changes for Jppp in
this way. A more likely explanation is that any contributions
of JppB to the observed couplings, if they exist at all, are much
smaller than |3Jpp| in the free diphosphines. Further evidence
to support this argument comes from the platinum series
where, in order to account for |Jpp®®d| values of <2 Hz, 2Jpmp
values well outside the normal range of cis P-P couplings in

6 R = CF3. <R = Ph. 4 R = ;-Bu. ¢ Values calculated from ref 21.

Pd(II) and Pt(II) complexes?*38 would need to be postulated
if backbone contributions to |Jpp°sd| were of the same mag-
nitude as in the free ligands. Observation (b) is significant,
since, if taken at its face value, it implies that neither a change
in the degree of unsaturation in the ligand skeleton nor a
change in substituents on the backbone has much effect on
|Jppobsd|_

The simplest rationale for all of the facts alluded to above
and one which we favor is that it is unnecessary to assume
major contributions from backbone coupling to |Jpp?sd| in
complexes of type 3. This hypothesis thus suggests that a
fundamental change in coupling through the metal atom is
responsible for the observed decrease in |Jpp°®d| down the
series Ni > Pd > Pt. Furthermore, in view of the close simi-
larities between |Jppo®®d| for complexes 3 and the corre-
sponding Ph,PCH,CH;,PMe;-containing derivatives,22 we
doubt that JppB contributions can be responsible for the de-
crease in |Jpp°®d| down the nickel group series cis-
CILbM(Ph,PCH,CH,PPh,) (M = Ni, Pd, Pt).

It is interesting to speculate why the strong |Jpp| couplings
present in the free diphosphines 5§ when R = CF; and Ph might
be greatly reduced in their complexes 3. Since it has been noted
in the past that such couplings are highly dependent on dihe-
dral angles,? the most likely explanation would seem to be that
distortions of the ligand skeleton and ring strain, perhaps with
loss of planarity, on complexation greatly reduce the effec-
tiveness of transmission through the olefinic linkage. A sin-
gle-crystal X-ray analysis of cis-Cl;Ni(Ph,PCH=C(Ph)-
PPh;) has revealed that the olefinic carbon atom bearing the
phenyl substituent lies ~0.1 A out of the plane defined by the
nickel, two chlorine, two phosphorus, and second olefinic
carbon atom.*? Moreover, the phenyl substituent is tilted
markedly out of this plane owing to unfavorable steric inter-
actions with the diphenylphosphido group.

It has been noted recently!3.22.26 that phosphorus atoms
present in five-membered chelate rings exhibit anomalously
large coordination chemical shifts (A). Such values are
“anomalous” in the sense that they are much larger than the
coordination shifts in nonchelated analogues and cannot be
predicted from the linear relationship between the chemical
shift of the free phosphine (6¢) and the coordination chemical
shift (i.e., A = 46F + B) which has been shown?? to hold for
a variety of transition-metal complexes. To facilitate discussion
of this effect it is thus convenient to regard the observed
coordination chemical shift in such rings (Agpsq) as being made
up of a “normal’’ coordination shift An (predicted from the
A = A6f + B relationship or measured for a nonchelated an-
alogue) and a “ring contribution” Ag,2% i.e., Agosd = An + Ag.
It must be stressed that the accuracy and reliability of the Ag
values discussed here must of necessity reflect the accuracy
with which Ay may be determined. Also, an additional inac-
curacy in the determination of Aypgq itself is introduced for
those cases in which the free diphosphines give A spectra (vide
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supra). The Ag data appearing in Tables IV and VII were in
all cases based on Ay values derived from the A = A6 + B
relationship. Values of 4 and B have been published*? for
tertiary phosphine complexes cis-Cl;ML; where M = Pd (A
= —0.315,B=—38.11)and Pt (4 = —0.326, B = —18,83) but
not for M = Ni. Employing the literature values** for ten
complexes of the type cis-CI;Ni(PR3); (R = alkyl) we have
derived values of 4 = —0.330 and B = —21.43 for this series.
In view of the inaccuracies involved in predicting Ay values
on this basis (particularly in the nickel series) no great sig-
nificance should be attached to any one individual Ag value
presented here. Taken as a whole, however, we feel that the
observed differences in AR illustrated in Table VII are both
too large and too consistent to be purely the spurious result of
inaccuracies in the determination of Aypeg and Ax.

Values of the chemical shift, Agpsa, and Ag appear in Table
IV and correlations of Ag with changes in molecular structure
appear in Table VII. The assignment of resonances in the
complexes was confirmed by selective 'H decoupling of the 3P
NMR spectra of cis-Cl,Pd[PhoPCH=C(Ph)P(C,;H4CN),]
and cis-ClPt[Ph,PCH=C(z-Bu) P(C;H4CN),], as described
earlier for free Ph,PCH=C(¢-Bu)P(C,H4CN),. The
Ph,PCH= ends of the coordinated diphosphines have very
similar chemical shifts for a given metal atom and give Agpsd
and Ag values which vary within a remarkably narrow range
given the uncertainties in their determination which were
discussed earlier (Table IV). Furthermore, this similarity in
Ap values for the PPh; position in five-membered rings extends
to the saturated analogues cis-Cl,M(Ph,PCH,CH,PMes)
(Table VII), suggesting that Ag is unaffected by any of the
steric and electronic differences involved in the formation of
saturated rings as opposed to unsaturated rings. Ag values for
the PR’R” position in complexes 3 consistently increase as the
number of alkyl substituents increases. Typical increases in
Agr amount to ca. 40-50% on going from R’ = R” = Ph to R’
= R” = C;H4CN and are observed for all metals. Similarly
Ag for the PMe, position is in all cases greater than that for
the PPh; position in the saturated rings (Table VII). For both
ends of the diphosphines and for both saturated and unsatu-
rated five-membered chelates, Agr increases in the order Pt <
Pd « Ni.

Although these correlations of Ag with structure may prove
empirically useful, they unfortunately contribute little toward
an understanding of the origin of such ring contributions. It
is known that deshielding ring contributions occur in a wide
range of five-membered chelate complexes and for a variety
of transition-metal ions and oxidation states, including not only
diphosphines but also rings formed by ortho metalation and
the “5.5-membered” rings present in 4-phosphinoalk-1-ene
complexes.2® The limited data available for 14N coordination
chemical shifts in  complexes [Co(NHj)s]3*,*3
[Co(HaNCH>CH;NH»)3]3*,% and [Co(bpy)s]3t 43 suggests
that a similar deshielding ring contribution may even occur in
five-membered diamine rings. And yet, since it has been es-
tablished that the effect is not directly related to bond-angle
distortions arising from ring strain,'? the origin of this wide-
spread phenomenon presently remains obscure.
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