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A series of dinuclear complexes containing MezPpy (=2-(dimethylphosphino)pyridine) as a bridging ligand,
[MM'Xa(u-MezPpy)2] (M, M'=Pd(I), Pt(I); X=Cl, Br, and I), have been prepared by reactions between

[MXa(Mez2Ppy-P)z] and [M’2(dba)s] (dba=1,5-diphenyl-1,4-pentadien-3-one).

In these reactions it has been found

by 31P{1H} NMR studies that a dimeric head-to-head isomer was formed in the first place and then isomerized to a

head-to-tail isomer.
also examined in the same manner.

corresponding Pt(II) complexes in these dimerization and isomerization reactions.

The reactions for analogous PhoPpy (=2-(diphenylphosphino)pyridine) complexes have been
The monomeric Pd(II) complexes reacted more rapidly than did the

For each halogeno series of the

MezPpy and PhsPpy complexes, it seems that the dimerization occurs faster in the order of CI<Br<I, while the

order is reversed in the isomerization, CI>Br>1.

The MezPpy complexes isomerized to a head-to-tail isomer more

rapidly than did the PhaPpy complexes, indicating a larger trans effect of MesPpy than PhaPpy.

A large number of Pd(I) and Pt(I) complexes involv-
ing a metal-metal bond and a bridging bidentate ligand
have been prepared by a conproportionation reaction
between appropriate complexes of M(II) and M(O)
(M=Pd, Pt).1-® When the bidentate ligand is unsym-
metrical, the dinuclear complex has two possible geo-
metrical isomers, head-to-head (HH) and head-to-
tail (HT) (Fig. 1). For [Ptolo(u-PhaPpy)2] (PhePpy=2-
(diphenylphosphino)pyridine), these two isomers were
obtained by Farr, Wood, and Balch.” In a previous
paper,? we have reported the preparation and character-
ization of mononuclear Pd(Il) and Pt(II) complexes
containing unidentate phosphorus donating or chelat-
ing 2-(dimethylphosphino)pyridine (=MezPpy). The
MePpy ligand is less bulky and more basic than
PhyPpy, and hence would have a stronger affinity to a
metal ion. However, [AuX(Me;Ppy-P)] and [Aua(u-
Me:2Ppy)2]2*, in which no metal-metal bond is involved,
are only known Me2Ppy complexes to our knowledge.1?)
This paper deals with the preparation and characteriza-
tion of dinuclear Pd(I) and Pt(I) complexes containing
Me:Ppy as a bridging ligand. Comparisons of reaction
profiles in dimeric complex formation between the
Me;Ppy and PhaPpy complexes are also described.

Experimental

MezPpy, [PdX:(MezPpy-P)], [PtXo(Me:Ppy-P)], and
[PdXao(PhePpy-P)2] (X=Cl, Br, and I) were prepared as
described previously.? [PtXa(Ph2Ppy-P)] (X=CI, Br,!V) and
I7) and [Maz(dba)s]-CHCls (M=Pd'? and Pt13; dba=1,5-
diphenyl-1,4-pentadien-3-one) were obtained according to the
literature methods.

Preparation of Dinuclear Complexes. HT-[Pd:Cly(u-
Me:Ppy):l: A mixture of [PdClz(MezPpy-P)2] (456 mg, 1.00
mmol) and [Pdz(dba)s] - CHCls (514 mg, 0.50 mmol) in dichlo-
romethane (50 cm3) was refluxed at 40 °C under a nitrogen
atmosphere with stirring for 10 h. The mixture was then
filtered in air to remove a trace amount of a black precipitate,
and the filtrate was evaporated to ca. 5 cm3 under reduced

pressure. Diethyl ether (ca. 100 cm?) was added with vigor-
ous stirring, and the resulting precipitate was collected by
filtration, washed with diethyl ether (ca. 30 cm3), and dried in
air.

The crude product was dissolved in hot ethanol (60—70 °C),
and the solution was filtered while in hot. The filtrate was
slowly cooled to 0°C to yield fine-shaped crystals, which were
collected by filtration and dried in air.

The yields, crystal colors and habits, and analytical data for
the complexes prepared in this study are given in Table 1.

HT-[Pd;Bry(u-Me,Ppy):] and HT-[Pd:l(u-Me;Ppy):]-
1/2CH;Cl:  The crude products of these complexes were
obtained similarly by heating [PdBra(MeoPpy-P)2] or [Pdl.-
(Me2Ppy-P)2] with [Pda(dba)s] - CHCls in dichloromethane for
4 h.

The red precipitate of the bromo complex was dissolved in
hot methanol (50—60 °C), and the solution was filtered while
in hot. The filtrate was cooled slowly to room temperature,
and then stored in a refrigerator over night to yield fine-shaped
crystals, which were collected by filtration and dried in air.

The red precipitate of the iodo complex was recrystallized
from a mixture of dichloromethane and methanol (2:1).
Slow evaporation of the solvent in a desiccator yielded fine-
shaped crystals, which were collected by filtration and dried in
air.

HT-[Pt;,Cly(u-Me2Ppy):] and HT-{Pt;Bra(u-Me,Ppy)]:
These complexes were prepared by a method similar to that
for the dipalladium complex, from [PtXz(Me2Ppy- P)2] (X=CIl
and Br, 1.00 mmol) and [Ptx(dba)s]- CHClzs (0.50 mmol).
Heating was continued for 5 d for the chloro complex, and 3 d
for the bromo complex. The crude products of the chloro
and bromo complexes were recrystallized from hot ethanol
and hot methanol, respectively.

HT-[Pt;l(u-MeyPpy)2] - 1/2CH;Cl: - A red brown precipi-
tate was obtained similarly by reaction of [Ptlz(MeoPpy-P)2]
with [Pta(dba)s]- CHCls for 3 d, and by addition of diethyl
ether. The precipitate was shown by the 31P{H} NMR spec-
trum to be a 2: 1 mixture of the HT- and HH-isomers. The
HT-isomer was obtained by repeated recrystallization from a
mixture of dichloromethane and methanol (2: 1) according to
the same method as for HT-{Pdzlz(u-MezPpy)z], but isolation
of the pure HH-isomer was unsuccessful.
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HT-[PdPtCly(u-MesPpy)]: A dichloromethane solution
containing [PtCla(MezPpy-P)2] (1.00 mmol) and [Pdz(dba)s] -
CHCI3 (0.50 mmol) was heated for 24 h under a nitrogen
atmosphere. The mixture was filtered in air, and the filtrate
was evaporated to ca. 5 cm3 under reduced pressure. On
addition of diethyl ether the solution gave an orange precipi-
tate. It was dissolved in hot ethanol, and the solution was
cooled slowly to yield red prismatic crystals of the desired
complex together with yellow thin plate crystals of unreacted
cis-[PtCla(MeaPpy-P)2]. These crystals were separated by
hand-picking under a microscope, and the red crystals were
recrystallized again from hot ethanol.

HT-[PdPtBry(u-Me;Ppy)2]: A mixture of this complex
and the unreacted Pt(II) complex was obtained from
[PtBra(Mez2Ppy-P)2] and [Pde(dba)s]- CHCls by the same
method as the above, except that the reaction time was 10 h.
Recrystallization from hot methanol, separation of two kinds
of crystals by hand-picking, and further recrystallization from
hot methanol gave red crystals of the complex.

HT-[PdPtly(p-Me;Ppy)2]-1/2CH2Cl: The complex was
prepared similarly by reaction of [Ptlo(Me2Ppy-P)2] and
[Pda(dba)s]- CHCIs for 10 h. The crude product was recrys-
tallized by dissolving in a mixture of dichloromethane and
methanol (2: 1) and by evaporating the solvent slowly at 0°C,
yielding red-brown crystals of the complex.

HT-[Pd;X(p-PhyPpy)]-1/2CH,Cl; (X=Cl, Br, and I):
These complexes were prepared by a similar method for HT-
[Pd2Cla(u-PhaPpy)2].1¥  The reaction time for the chloro
complex was 24 h, and those for the bromo and iodo com-
plexes were 16 h. The crude products obtained by addition of
diethyl ether were recrystallized from a mixture of dichlorome-
thane and methanol (2: 1) by a method similar to that for H7-
[Pdala(u-MezPpy)2].

HT-[Pt;Cla(p-PhyPpy)2]-1/2CH,Cly:  This complex was
prepared by a literature method.” The crude product was
recrystallized from a mixture of dichloromethane and
methanol (2: 1) to form fine-shaped crystals.

HH-[Pt;Bry)(u-Ph,Ppy):] and HT-[Pt;Bry(u-Ph,Ppy):]:
1/2CH;Cly:  The reaction of [PtBra(PhePpy-P)2] (881 mg,
1.00 mmol) with [Pta(dba)s]- CHCls (616 mg, 0.50 mmol) in
dichloromethane for 3 d, followed by addition of diethyl ether
yielded an orange precipitate. It was collected by filtration,
dried in air, mixed with ca. 5 cm3 of dichloromethane at
ambient temperature, and an undissolved yellow precipitate
was removed by immediate filtration.

On the red filtrate methanol (ca. 20 cm3) was layered, and
the mixture was allowed to stand to form red crystals of HT-
[PteBra(u-PhePpy)z], which were collected by filtration and
recrystallized repeatedly from dichloromethane and methanol.

The yellow precipitate which had remained undissolved was
dissolved in ca. 30 cm3 of dichloromethane, and filtered. On
the filtrate ca. 50 cm?® of methanol was layered, and the
mixture was allowed to stand. Orange-yellow crystals of
HH-[Pt;Bra(u-PhoPpy)s] formed were collected by filtration
and dried in air.

HT-[Pt:1;(u-PhyPpy):]-1/2CH,Cl;: The literature method”
was modified for the preparation of this complex. To
a dichloromethane solution (10 cm3) of HT-[Pt2Cla(u-
PhoPpy)2] - 1/2CHClz (100 mg, 0.097 mmol) was added a
methanol solution (25 cm3) of KI (100 mg, 0.60 mmol). After
stirring over night the mixture was evaporated to dryness
under reduced pressure, and the residue was extracted with
dichloromethane (ca. 30 cm3). The volume of the extract was
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reduced to ca. 5 cm3 by evaporation, and methanol (10 cm3)
was added. The mixture was allowed to stand in a refrigera-
tor over night to form purple-red crystals, which were col-
lected by filtration and dried in air. Yield 70 mg (58%).

HH-[Pt;Iy(u-Ph,Ppy):]: The complex was prepared by the
literature method.” The fine-shaped crystals were obtained
by layering methanol on a dichloromethane solution of the
complex in a similar manner to that for HH-Pt:Bra(u-
PhzPpy)2].

HT-[PdPtXy(u-PhyPpy),]-1/2CH2Cly (X=Cl, Br, and I):
These complexes were prepared by the literature methods.”
The pure and fine-shaped crystals were obtained by recrystalli-
zation from a mixture of dichloromethane and methanol
(1:1).

Measurements. Infrared spectra in the range 700—200
cm~! were obtained with a Hitachi EPI-L spectrometer by the
Nujol mull method using polyethylene films. !H, BC{'H},
31IP{IH} NMR spectra of CDCls solutions were recorded at
90.02, 22.66, and 36.46 MHz, respectively, on a Hitachi R-
90HS spectrometer at 33°C. Tetramethylsilane was used as
an internal reference for 'H and BC{!H}NMR spectra,
and 859% Hs3POs; was used as an external reference for
3IPIH}NMR spectra. UV-visible spectra of dichlorome-
thane solutions were measured at 24 °C on a Hitachi U-3410
spectrophotometer.

Results and Discussion

Preparation and Characterization of Dinuclear Com-
plexes. The dinuclear Pd(I) and Pt(I) complexes
bridged by MesPpy were prepared by a conproportiona-
tion reaction (1) reported for the PhaPpy complexes.&7)

[MX2(R2Ppy-P)z}+ 1/2 [M2(dba)s] —» [MM'Xa(u-R2Ppy)e]
(M, M’=Pd, Pt; X=Cl, Br, I; R=Me, and Ph) (1)

All of the Me2Ppy complexes obtained by reaction (1)
have the composition of [MM’'Xz(R2Ppy)z], and are a
non-electrolyte as shown by elemental analyses and
conductivity measurements, respectively (Table 1). In
the infrared spectra, the complexes show a band due to
the in-plane ring deformation of pyridyl moiety around
645—650 cm~!, indicating the nitrogen atom being
bound to the metal ion.?) The unidentate phosphorus
donating RoPpy in Pd(1I) and Pt(II) complexes exhibits
the band around 615—620 cm~1.9 Thus the complexes
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Fig. 1. Geometrical isomers of [MM'Xa(u-R2Ppy)z];
head-to-tail (HT) and head-to-head (HH).
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will have the same dinuclear structure as that of the = HH(PPd) and HH(PPt) (Fig. 1).

PhePpy complexes, and can exist in the head-to-head Farr, Wood, and Balch? assigned geometrical struc-
(HH) and the head-to-tail (HT) isomers. For a hetero-  tures of the dinuclear Pt(I)-Pt(I) and Pd(I)-Pt(I) com-
dinuclear complex, there are two possible HH-isomers,  plexes of PhoPpy on the basis of characteristic 3 P{1H}

Table 1. Yields, Crystal Colors and Habits, and Analytical Data of the Dinuclear Complexes

Yield Crystal Found (Calcd)
Complex
% Color Habit C/% H/% N/%
HT{Pd2Clx(u-Me2Ppy)z] 87.4 Dark red Prism 30.06(29.92)  3.70(3.59) 5.02(4.98)
HT{Pd2Bry(u-Me:zPpy):] 86.2 Red Needle  25.97(25.83) 2.97(3.10) 4.37(4.30)
HTPdals(u-MezPpy)e] - 1/ 2CH:Clp 80.8 Dark red Prism  25.57(22.12) 2.78(2.69)  3.53(3.56)
HT{Pt:Cla(u-MezPpy)2] 67.5 Yellow-orange  Prism 22.57(22.74)  2.98(2.73) 3.71(3.79)
HT{PtsBra(u-Me2Ppy)2] 65.1 Red-orange Needle  20.76(20.30) 2.52(2.43)  3.15(3.38)
HT{Ptolo(u-MegPpy)e] - 1/2CH2Cle 259 Red-brown Prism 18.57(18.05)  1.96(2.19) 2.75(2.90)
HT{PdPtCly(u-Me2Ppy):] 37.5 Red Prism 26.06(25.84)  3.19(3.10) 4.27(4.31)
HT-[PdPtBrz(u-MezPpy)2] 62.4 Red Needle 22.75(22.74) 2.77(2.73)  3.79(3.79)
HT{PdPtlsy(u-MezPpy)z] - 1/2CH:Cle 54.8 Red-brown Prism 19.33(19.88)  2.15(2.42) 2.91(3.20)
HT{PdzCla(u-PhsPpy)2] - 1/2CH:Clz” 66.2 Dark red Prism  47.67(48.59) 3.07(3.43) 3.15(3.29)
HT{PdsBra(u-PhaPpy)2] - 1/2CH2Cl2 90.0 Dark red Needle  43.68(44.00) 2.94(3.10)  2.99(2.97)
HT{Pdzlz(u-PhePpy)z] - 1/ 2CH:Cl2 85.3 Dark purple Needle  38.28(40.01) 2.52(2.82) 2.67(2.70)
HT{PtsCly(u-PhoPpy)z] - 1/2CH2CL" 19.5 Red Prism  40.66(40.23) 2.64(2.84) 2.72(2.72)
HT{PtsBra(u-PhoPpy)2] - 1/2CH2Cl2 11.9 Red Prism 37.40(37.03) 2.42(2.61) 2.35(2.50)
HH—[PtzBrz(u—thPpy)zg 10.0 Orange Prism 38.09(37.93)  2.43(2.61) 2.44(2.60)
HH{PtsI3(u-PhePpy)2]° 34.8 Orange Prism 35.05(34.89) 2.17(2.41) 2.28(2.39)
HT{Ptolo(u-PhePpy)2] - 1/ 2CHzCly” 58 Red-purple Needle 34.31(34.16) 2.25(2.41) 2.28(2.31)
HT{PdPtCly(u-PhaPpy)z] - 1/2CH:Cl5" 68.2 Red Prism  44.08(44.02) 2.94(3.10) 2.87(2.98)
HT{PdPtBra(u-PhaPpy)z] - 1/2CH2Cl2 62.6 Red Prism 39.51(40.22) 2.61(2.84) 2.61(2.72)
HT{PdPtIy(u-PhePpy)] - 1/2CH2Cls" 65.3  Dark red Prism  36.65(36.86) 2.38(2.60)  2.36(2.49)

a) Ref. 14. b) Ref. 7.

Table 2. 3 P{IH}NMR Data of the Dinuclear Complexes®

Complex 8(P-Pd)  &(P-Pt) Up.py 2Jppt 3Jpp
HT{PdClz(u-Me2Ppy)2] —23.56
HT-[szBrg(p-Meszy)z] —25.83
HT{Pdala(u-Me2Ppy)2] —30.17
HH{Pd;Cly(u-Me:zPpy)2]” —33.17
HH-[szBrz(p.—Meszy)sz) —36.29
HH-{Pdslo(u-Me2Ppy)e]’ —41.73
HT-[PtsClo(u-Me2Ppy)z] —31.78 3985 213.5 18.9
HT{Pt;Bry(u-MezPpy)z] —34.13 3919 212.4 18.9
HT{Ptsl3(u-Me:Ppy)a] —38.00 3827 199.1 18.9
HH{Ptslo(u-MezPpy)2]” —16.84 2957 131.2
HT-[PdPtCly(u-MezPpy)q] —2098  —37.16 3910 90.1 14.5
HT{PdPtBra(u-MezPpy)s] —22.88  —39.34 3849 712 15.6
HT{PdPtly(u-MezPpy):] —26.79  —42.96 3764 37.8 16.7
HH{PdPtlo(u-MezPpy)2]” —27.08 2912
HT-[Pd>Cla(u-PhePpy)e] 3.72
HT{Pd2>Bra(u-PhaPpy)2] 2.31
HT-[Pdala(u-PhePpy)2] 0.37
HH{PdzCly(u-PhzPpy)2]” —12.38
HH—[szBrz(u—thPpy)fsz) —14.31
HH{Pdsl5(u-PhePpy)s]” —-16.6
HT{Pt;Clzo(u-Ph2Ppy)s] —2.29 4128 215.7 17.8
HT[PtsBra(u-PhePpy)2] —3.75 4048 213.5 17.8
HT{PtsIz(u-PhePpy)s] —6.25 3965 204.6 20.0
HH{Pt:Cly(u-Ph2Ppy)s]” 14.64
HH-{PtBra(uu-PhaPpy)s] 12.17 3589 160.1
HH-[Pts]o(u-PhePpy)2] 9.34 3263 153.5
HT{PdPtCly(u-PhsPpy):] 7.06 —17.52 4049 105.7 14.5
HT{PdPtBra(u-PhaPpy).] 5.89 —8.89 3978 91.2 15.6
HT{PdPtly(u-PhePpy)2] 346  —10.93 3894 64.5 16.1

a) Chemical shifts are relative to 85% HsPOys in the 8-scale, and coupling constants are in Hz.
b) These complexes are only detected spectroscopically.
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and 195Pt{tH} NMR spectra arising from the one- and
two-bond Pt-P, and 3Jpp coupling constants. The
structures of dinuclear Pt(I) complexes of Me2Ppy and
new dibromo Pt(I) complexes of PhoPpy were assigned
similarly from studies of the 3'P{H} NMR spectra.
The results are given in Table 2 along with the spectral
data, and Fig. 2 shows the 31P{{H} NMR spectra of HT-
[Pt2Cla(u-MezPpy)e], HT-[PdPtCly(u-MeoPpy)2], and
HH-[Pt2Bra(u-PhePpy)2]. For the structure assign-
ment of Pd-Pd complexes, 3!P{'H} NMR spectroscopy
is not effective. The spectra exhibit only one singlet
peak. However, the structures of MeoPpy complexes
can be assigned on the basis of the spectral pattern of P-
CHs in BC{'H} and 'HNMR (Table 3). Figure 3
shows 1H and BC{tH} NMR spectra of the P-CHs in
HT{Pd:Bra(u-Me2Ppy)z]. These spectral patterns can
only be understood by considering the phosphorus-
phosphorus coupling as well as the phosphorus-proton
or phosphorus—carbon one. The Jpp) values evaluated
from spectral simulation is small, ca. 15 Hz. This small
value would correspond to the one for a three-bond P-P
coupling, 3Jpp in the HT structure. Similar 3Jpp

o il
P't—PIt Plt'— Plt P't'—— Plt'
N__Pa N _-Ps N__Pc

(a)

(b)

o)
| . | |, I, 1.
Plt—PIt Pt=—Pt Pll—Plt Plt—r-'lt
PA\/N Ps \/N Ps___N Pc N
8 8|8 8
(c) (o] [o]
\JULL, N i e s A
1 1 I 1 1 1 1 | 1 1 1 L l 1 1 1 1 l 1
J 50 o -50 -100
Fig. 2. 3P{IH}NMR spectra of HT{Pt2Cla(u-

MezPpy)2] (a), HT{PdPtCly(u-Me2Ppy)s] (b), and
HH-{PtsBra(u-PhePpy)s2] (c). A, A’, B, B, and C
correspond to the marked phosphorus atoms, and
Pt* denotes 195Pt.
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values are obtained directly from the 31P{H}NMR
spectra of HT-isomers of the Pt(I) complexes (Table 2).
A HH-isomer would have a much larger 2Jpp) value as
reported for [Pd2Cly(u-dppm)(u-Medppm)] (ca. 440
Hz), where dppm and Medppm denote (CsHs)z-
PCHzP(CﬁH5)2 and (CeHs)zPCH(CHa)P(CeHs)z, respec-

(b) (a)

J

Mt ianu s
. ! . 1 . 5 N N
20 10 2.5 2.0 15
Fig. 3. 'H (a) and BC{1H} (b) NMR spectra of the

P-CHs in HT{PdzBro(u-Mez2Ppy)z].

t /min

10-20

30-40

70-85

6 0 -50

Fig. 4. 3'P{IH}NMR spectral changes in the reaction
between [PdBra(MezPpy-P)q] and [Pda(dba)s]. A, B,
C, and D correspond to cis-[PdBra(Me:Ppy-P)q],
trans{PdBra(MezPpy-P):], HH-{PdsBra(u-MezPpy):l,
and HT{Pd:Brz(u-MezPpy):], respectively.
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Table 3. 'H and ¥C{tH}NMR Data of HT{M:Xz(u-MezPpy):] (Ms=Pdz, Pts, and PdPt)”

H 13C{1H}
Complex
Pd-P-CHs Pt-P-CH: P-CHs; py-3 py-5 py-4 py-6 py-2
(MezPpy) 1.26 13.10 125.36 121.44 13493 149.66 167.91
(d: 2.6) (d: 13.1) (d: 24.2)  (s) (d:4.8) (d:6.2) (d:4.1)
HT{Pd2Clo(u-MezPpy)e] 2.09 1749 12476 125.77 13791 152.51 170.48
(vt: ca. 10.6) v5) (t:5.5) (s) (t:2.8) (t:6.2) (v4)
HT{Pd2Bra(u-MezPpy)e] 2.16 1893 124.89 125.86 137.66 153.73 170.50
(vt: ca. 10.3) w5 (t:5.5) (s) (t:2.8) (t:6.2) (v4)
HT{Pd2I2(u-Me2Ppy)s] 2.28 21.60 125.14 125.88 137.16 155.88 170.86
(vt: ca. 10.1) w5 (t:5.2) (s) t:2.1) (t:6.2) (v4)
HT{Pt2Clo(u-Me2Ppy)2] 2.15 16.14 125.78 126.33 137.64 152.31
(vt:ca. 11.2) (m) (t:7.3) (s) (t:2.8) (t:4.8)
[44.4]
HTH{Pt:Bra(u-Me2Ppy)s] 2.21 17.58 12594 126.58 137.37 154.02
(vt:ca. 11.0)  (m) (m) (s) (m) (t: 4.8)
[44.6]
HTH{Ptolz(u-MeaPpy)2] 2.36 20.03 126.29 126.62 136.81 156.29
(vt: ca. 10.8)  (m) (m) (s) (t:2.8) (t:4.8)
[45.5]
HT{PdPtClx(u-Mea2Ppy)z] 2.10 2.15
(vt: ca. 10.5) (vt: ca. 11.0)
[7.0] [43.5]
HT{PdPtBra(u-MezPpy)2] 2.17 2.22
(vt: ca. 10.5) (vt: ca. 11.0)
[7.0] [44.0]
HT-{PdPtla(u-MezPpy):] 2.27 2.34
(vt: ca. 10.1) (vt: ca. 10.8)
[—] [45.4]

a)s, d, t, m, vt, v4, and v5 denote singlet, doublet, triplet, multiplet, virtual triplet, virtual quartet, and
virtual quintet, respectively. Coupling constants to 3P and %Pt are written in () and [ ],

respectively, in Hz.

tively.8) Thus [PdzBre(u-Mez2Ppy)z] can be assigned to
the HT-isomer. The corresponding dichloro and di-
iodo complexes were similarly assigned as the HT-
isomer. For [Pd2Xz(u-PhePpy)2], NMR spectra pro-
vide no useful information for assigning the structure.
However, the 31P signals of these complexes are
observed in the region expected from the 3P chemical
shifts of the HT-isomers of Pt(I)-Pt(I) and Pd(I)-Pt(I)
complexes of PhePpy (Table 2). Furthermore, the
patterns of absorption spectra are similar to those
of HT-[Pd:Xo(u-Mez2Ppy)2] (vide infra). Thus all of
[Pd2Xa(u-PhePpy)e] (X=CI, Br, and I) were assigned
to the HT-isomer. The structures of HT-[Pd2Cla(u-
MezPpy)z], HT{Pt2Cla(u-MezPpy)z], HT{PdPtCla(u-
Me2Ppy)2], and HT-[Pd2Cla(u-PhePpy)2] have been con-
firmed by X-ray analyses.15

Except HH-[Ptaolao(u-PhePpy)e] and HH-[Pt:Bra(u-
PhsPpy)2], all the dinuclear complexes obtained by reac-
tion (1) have the HT structure. Farr, Wood, and
Balch” reported that the reaction between [Ptlo-
(Ph2Ppy-P)2] and [Ptz(dba)s] afforded only HH-isomer,
and the HT-isomer was obtained by axial-ligand substi-
tution of HT-[Pt2Clo(u-PhoPpy)2] with KI. However,
both HH- and HT-isomers of [ PtzBra(u-PhePpy)s] were
formed in similar amounts by the reaction of [PtBrs-
(Ph2Ppy-P)2] with [Pta(dba)s]. The isomers could be
separated by solubility difference in dichloromethane.

All of the dinuclear complexes obtained in this study
are stable in the solid state, but the bromo and iodo
complexes of Pd(I)-Pd(I) and Pd(I)-Pt(I) in solution
decompose slowly to give a black precipitate. The
Pd(I) and Me:Ppy complexes seem to be less stable than
the Pt(I) and PhoPpy complexes, respectively.

Conproportionation Reactions. To examine reac-
tion (1) in more detail, reactions between [ MXz(R2Ppy-
P)2] (0.05—0.1 mmol) and a stoichiometric amount of
[Mg(dba)s] in CDCls (ca. 1.5 cm3) were followed by
31P{1H} NMR spectra at 33 °C.

Figure 4 shows the spectral changes in the reaction
between [PdBra(Mez:Ppy-P)2] with [Pdz(dba)s]. The
spectra exhibit peaks for the reactant (6=10.98; cis and
0.73; trans), the final product (6=—25.83; HT-isomer),
and an intermidiate (6=—36.29) which can be assigned
as the HH-isomer on the basis of spectral changes in the
reactions of the Ph:Ppy complexes described later.
Similar spectral changes were observed in the reactions
of the corresponding iodo and chloro complexes (Table
2). Rates of the reactions were larger in the order of
the iodo>bromo>>chloro complexes, and the reactions
were completed in 30, 70, and 90 min, respectively.
The reactions of [PtXa(MezPpy-P)2] (X=Cl and Br) and
[Ptz(dba)s] proceeded much slower than those of the
palladium complexes. After 3 d, 20 and 65% of the
chloro and bromo complexes reacted, respectively, with
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[Pta(dba)s]. The spectra showed only peaks for the
reactant and the final product (HT-isomer), no peak
due to the HH-isomer being detected. The reaction
between [Ptlo(MesPpy-P)2] and [Pta(dba)s] showed
spectral changes different from those of the above reac-
tions as shown in Fig. 5. The starting [Ptlo(MeoPpy-
P)2] complex disappeared within 1 h, and HH-[Ptola(u-
MezPpy)2], which was assigned on the basis of the
spectral pattern and coupling constants, was formed.
This HH-isomer isomerized slowly to the HT7-isomer.
After 5 d, the formation ratio of the HH- to the HT-
isomers was evaluated as ca. 1:2 from the peak height.
Isolation of the crystalline HH-isomer was unsuccessful
because of isomerization to the HT-isomer during the
crystallization.

The reactions of [PdXa(PhePpy-P)s] (X=CI, Br, and
I) with [Pdz(dba)s] were similar to the above [PdaXa(u-
MezPpy)2] (Fig. 6). A resonance assignable to the
unstable H H-isomer was observed at §=—12.44 (X=Cl),
—14.31 (X=Br), and —16.66 (X=I). The reactant dimin-
ished rapidly, while the isomerization of the HH- to the
HT-isomer was rather slow compared to the Me;Ppy
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Fig. 5. 3'P{tH}NMR spectral changes in the reaction

between [Ptlo(MezPpy-P)z] and [Pta(dba)s]. A, B,
C, and D correspond to cis{Ptlo(MezPpy-P)2], trans-
[Ptl2(Me2Ppy-P)2], HH-{Pt2lo(u-Me2Ppy)z], and HT-
[Ptolo(u-MezPpy)2], respectively.
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complexes. However, the isomerization was not so
slow as to be isolable the HH-isomer. The reactions of
[PtXo(PhePpy-P)] (X=CI and Br) with [Ptz(dba)s] were
similar to those of the corresponding Pd(I) complexes,
but proceeded more slowly to yield the HH-isomer
which slowly isomerized to the HT-isomer. The iso-
merization of the chloro complex was completed in 2 d,
while the bromo complex was a 1 : 1 mixture of the HH-
and HT-isomers even after 3 d. Thus HH-{Pt:Bro(u-
PhoPpy)2] was isolated as crystals.” The reaction
between [Ptlo(PhePpy-P)2] and [Pta(dba)s] produced
only HH-[Ptsla2(u-PhePpy)2] as reported by Farr, Wood,
and Balch.” No isomerization of the HH-isomer was
observed under the experimental conditions. The sta-
bility of HH-[PtoX2(u-PhePpy)2] depends largely on the
kind of X.

The starting Pd(1I) and Pt(II) complexes in CDCls at
33°C exist as a cis-isomer ([PtXa(R2Ppy-P)2] (X=CI,
Br; R=Me, and Ph), a trans-isomer ([PdI2(Me2Ppy-P)2]
and [PdXa(PhoPpy-P)2] (X=Br and 1)), or a cis-trans
equilibrium mixture ([PdXz(MezPpy-P)2] (X=Cl and
Br), [PdCly(PhePpy- P)2], and [Ptlo(R2Ppy-P)2] (R=Me
and Ph)).7%14)  From 3!P{H} NMR studies, however,
the reactions of these complexes with [ Mz(dba)s] seem
to proceed by a similar pathway; dimerization yielding

l 265-29
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Fig. 6. 3'P{IH}NMR spectral changes in the reaction

between [PdCla(Ph2Ppy-P)z] and [Pda(dba)s]. A, B,
C, and D correspond to cis-[PdCly(PhePpy-P)],
trans-[PdCla(Ph2Ppy- P)2], HH{Pd2Cla(u-PhePpy)2],
and HT{Pd:Cla(u-PhePpy):], respectively.



1022

the HH-isomer and then its isomerization to the HT-
isomer, although signals due to the HH-isomer were not
detected for [PtoXa(u-MeoPpy)2] (X=CI and Br). The
absence of signals for HH{Pt2Xo(u-Me2Ppy)2] (X=CI
and Br) might be attributable to slow dimerization and
rapid isomerization to the HT-isomer. The MesPpy
ligand is more basic than PhoPpy and might exert a
strong trans effect on a metal ion, so that the HH-
isomer, where two phosphorous donor atoms are at the
trans coordination positions of one metal ion, will be
unstable and isomerize rapidly to the stable H7-isomer.
For the formation of the HH-isomer by dimerization,
the trans-isomer of starting [MX2(R2Ppy-P)2] would be
more favorable than the cis-isomer, since two phosphine
ligands can retain their coordination positions. How-
ever, it is unknown which isomer is more reactive. The
complex which exists as a cis-trans equilibrium mixture
did not change the equilibrium ratio of the isomers
during the reaction.

The Pd(II) complexes react more rapidly than do the
corresponding Pt(II) complexes in both dimerization
and isomerization. Rates of these reactions are
changed by the kind of X, although the changes are not
so clear. For each halogeno series of the complexes, it
seems that the dimerization occurs faster in the order of
CI<Br<lI, while the order in the isomerization is re-
versed, CI>Br>1. We have no appropriate explana-
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tion for these reactivity differences at present.
For the heteronuclear Pd(I)-Pt(I) complexes, there
are two preparative methods;

(a) [Pt"Xz(RePpy-P] +1/2 [Pd°2(dba)3]]_‘

(b) [Pd"X2(R2Ppy-P)2]+1/2 [Pto(dba)s]
[PdPtX2(u-R2Ppy)2].

In this study both (a) and (b) reactions for [PdPtla(u-
MezPpy)2] were followed similarly by 3'P{H} NMR
spectra (Fig. 7). In reaction (a), HH(PPt)-{PdPtlx(u-
Me;Ppy)z] was formed soon after the reaction had
started, and then slowly isomerized to the H7-isomer.
After several hours, the spectrum showed only peaks for
the HT-isomer and the unreacted starting Pt(II) com-
plex. The Pt(II) complex also remained in reaction (a)
using a slight excess of [Pda(dba)s]. In the presence of
[Ptlo(MePpy-P)2], [Pda(dba)s] seems to decompose eas-
ily. After the reaction, a black material, probably
metallic Pd adhered to the reaction vessel. A certain
reaction would take place between [Ptlo(Mez2Ppy-P)2]
and [Pdz(dba)s] to yield inactive Pd species, and
the Pt(II) complex remains unreacted. HT-[PdPtla(u-
Me;Ppy)2] was isolated as crystals from the product of
reaction (a) by recrystallization.

In reaction (b), HT-{PdPtls(u-Me2Ppy)2] and HT-
[Pdalz(u-MezPpy)z] were slowly formed in similar rates,

B
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Fig. 7.

31P{IH} NMR spectral changes in the reactions between [Ptlo(MezPpy-P)2] and [Pdz(dba)s] (a) and

between [PdI(Me;Ppy-P);] and [Pty(dba)s] (b). A, B, C, D, E, and X correspond to cisYM"Iz(MezPpy- P)z],
trans{M"I3(MezPpy-P)z] (M=Pt for (a) and Pd for (b)), HH(PPt)}{PdPtlx(u-Me:Ppy)s], HT{PdPtlz(u-
Me:2Ppy)2], HT-[Pd:l2(u-Me2Ppy)2], and unassignable species, respectively.
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but formation of HH-[PdPtls(u-Me2Ppy)2] was not
observed. The spectra showed several unassignable
species. These by-products were not removed from
HT{PdPtl2(u-Me2Ppy)2] by chromatograpy or recrys-
tallization. The starting Pd(II) complex will be less
stable than the Pt(II) complex, and might decompose
partly in the process of dimerization by a redox reaction
with [Pta(dba)s]. Thus reaction (a) is more advantage-
ous than reaction (b) for the preparation of heterodinu-
clear complexes.

Electronic Spectra. Table 4 lists absorption spectral
data of the dinuclear complexes prepared in this study,
together with those reported for the related complexes.
In Fig. 8 are shown the spectra of two series, HT-
[PtoXo(u-Me2Ppy)e] (a) and HT-{Pd2Xo(u-Me2Ppy):2]
(b) (X=Cl, Br, and I). For each series, the spectral
patterns are similar to one another, and each band is
shifted to lower energy as X proceeds from Cl through
Brto I. The band intensities increase also in the same
order except the bands around 30000 cm—! in HT-
[Pd2X2(u-MeoPpy)2].  Similar spectral patterns and
features have been observed for the analogous dinuclear
Pd(I) and Pt(I) series complexes bridged by diphos-
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phine ligands as listed in Table 4.281617 For these
dinuclear complexes with a fairly strong metal-metal
bond as revealed by X-ray analysis,151%.18) no plausible
band assignment can be given at present. Alves,
Vitorge, and Sourisseau'® reported the spectra of [(Pd
or Pt)sXo(u-dppm)z], the patterns of which are similar to
those of the MesPpy complexes, and attributed three
major bands around 24000, 29000, and 33000 cm™! to
three d-d transitions arising from the (0)%(7)*(6)*-
(6%)4n*)*(c*)° configuration of 18e transition metal
dimers. In their assignment, the Pd complex has all the
bands at higher energies than those of the corresponding
bands of the Pt complex. From a comparison of the -
spectra of Pd and Pt complexes in Fig. 8, however, the
three bands around 20000, 26000, and 32000 cm™! of the
Pt complex seem to correspond to a shoulder around
18000 cm™!, and two strong bands around 21000 and
29000 cm! of the Pd complex, respectively. Figure
9(a) compares the spectra of HT-[(Pdz, PdPt, or Ptg)Cle-
(u-MezPpy)2].  The PdPt complex shows a nearly aver-
age spectrum between those of the Pdz and Ptz com-
plexes in the two lower energy transition region,
although the spectrum in the higher energy region is not

Table 4. Absorption Spectral Data of the Dinuclear Complexes®”

Complex

Omax/ 103 cn~! (log (¢/ mol~! dm3 cm™1))

18.5"(ca. 2.3)
18.2"(ca. 2.5)
17.6"(ca. 3.4)
20.8"(ca. 2.5)
20.5"(ca. 2.7)
20.1"(ca. 3.2)

HTH{Pd2Cla(u-MeoPpy)s]
H T—[szBrz(u-M62Ppy)2]
HT—[szIz(/J-MCszy)z]
HT{PdPtCly(u-Me2Ppy)2]
HT[PdPtBra(u-MezPpy)2]
HT-{PdPtly(u-MezPpy)2]

HT{Pt:Cly(u-Me2Ppy)e] 21.17(2.38)
HT{Pt:Bra(u-MesPpy)s] 20.76(2.50)
HT{Ptzl2(u-Me2Ppy)2] 19.93(2.82)
HT{Pd:Cly(u-PhaPpy)s] ca. 18%(ca. 2.5)
HT{PdsBra(u-Ph2Ppy)s] ca. 17"(ca. 2.8)
HT{PdzIz(u-PhaPpy)2] ca. 16™(ca. 3.2)
HT-{PdPtCly(u-PhePpy)2] 20.0"(2.60)
HT-[PdPtBra(u-PhePpy)q] 19.4°(2.80)
HT{PdPtly(u-PhaPpy)s] 17.9"(3.10)
HT{Pt:Cly(u-PhePpy)2] 20.35(2.38)
HT{Pt:Bra(u-PhaPpy)e] 20.14(2.54)
HT{Ptelo(u-PhePpy)s] 18.6"(2.86)
HH{PtsBra(u-PhaPpy):] 21.1(2.43)
HH-{Ptz12(u-PhePpy):] 19.93(2.66)
[Pd2Cly(-dmpm).]”

[PdsBrz(u-dmpm)z]”

[Pd2Cly(u-dppm)s]”

[PdBra(u-d Ppm)ZI)

[Pd2lz(u-dppm)z]®

[Pt2Cla(u-dppm)z]” 23.64(2.30)
[Pd2Cla(u-Medppm)s]?

[PdzBra(u-Med ppm)zI)

[Pdalz(u-Medppm)s]° 17.70(3.61)

[PdzClo(u-Medppm)(u-PhzPpy)]”
[Pd2Cla(u-Medppm)(u-dppm)]”

22.42(3.74) 31.41(4.09)  38.5"(4.28)
21.81(3.87) 29.85(4.15)  38.8%(4.30)
20.28(4.02) 27.13(4.09)

24.68(3.49)  30.8"(3.83)  34.8"(4.15)  39.2"(4.38)
24.15(3.61) 33.57(4.20)  38.8%(4.34)
22.73(3.81)  30.5"(4.15)  31.63(4.17)  38.8™(4.35)
26.82(3.50)  32.22(3.83) 40.96(4.53)
26.44(3.57)  32.1M(3.90)  37.6™(4.45)  39.56(4.53)
25.81(3.78)  32.1"(4.38)  34.53(4.43)  38.82(4.43)
21.42(3.83) 29.93(4.10)  37.2"(4.43)
20.58(3.94)  26.1"(3.69)  28.57(4.15)  36.0"(4.34)
18.48(3.97)  23.8%(3.80)  26.33(4.06)  35.6"(4.35)
24.00(3.61) 33.60(4.22)

23.18(3.78) 32.02(4.28)

21.12(3.94) 29.15(4.22)  37.8(4.58)
26.11(3.51)  31.1"'(3.92) 38.0"(4.50)
25.85(3.64)  30.3"(3.96)  32.8"4.21)  37.1"(4.48)
24.92(3.80) 31.0(4.34) 37.9™(4.58)
25.7"(3.50)  29.3"(4.00)  34.0"(4.36)  38.8"(4.67)
23.7%(3.59) 31.5%(4.39)
25.97(3.76)  31.25(4.12)  35.97(4.34)

25.38(3.98)  30.03(4.34)  35.84(4.33)
24.04(3.88)  28.82(4.23)  34.13(4.41)

23.36(4.03)  27.47(4.24)  33.22(4.36)

20.49(4.11)

23.31(4.08)  25.38(4.08)  31.95(4.30)

28.01(3.41)  31.25(3.89)

24.88(3.97)  29.24(4.32)  34.25(4.48)

24.10(4.08)  27.78(4.30)  33.33(4.38)

20.75(4.13)

23.15(4.17)  25.32(4.18)  31.95(4.36)

23.26(3.80)  29.07(4.08)  36.1™(4.37)
2439(3.91)  29.24(4.25)  34.36(4.44)

a) sh denotes shoulder absorption.
respectively.

b), c), d), and e) are data taken from references 17, 2, 16, and 8,
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Fig. 8. Electronic spectra of HT-{PtoXo(u-MezPpy)2] Fig. 9. Electronic spectra of HT-[MzCla(u-Mez2Ppy):]
(a) and HT-[Pd2X2(u-MeoPpy)2] (b) (X=CIl (—), Br (a) and HT-[M:Cly(u-PhePpy)2] (b) (Me=Pd2 (—),
(—-—), and I (——-)) in dichloromethane. PdPt (—.—), and Ptz (----)) in dichloromethane.

clear. This spectral relation among the Pds, PdPt, and

Pty complexes may support the conclusion that the 5
shoulder absorption around 18000 cm=! of HT-
[Pd2Xa(u-MezPpy)z] corresponds to the lowest energy
band of the corresponding Pt complex.

Figure 9(b) and Table 4 show that the PhaPpy com-
plexes exhibit very similar spectra to those of the
Me2Ppy complexes, but all the bands of the PhoPpy
complexes are observed at lower energy by 1000—1500
cm™! than the corresponding bands of the MesPpy
complexes. The energy differences in band maxima
between the analogous dppm? and dmpm ((CHs)e-
PCH3P(CHs)2)!” complexes are 2000—2500 cm™1, the
bands of dppm complexes being at lower energy.
Including the spectral data of [Pd2Xa(u-Medppm)z],8)
the bands of [PdeXa(u-L)2] are shifted to higher
energy in the order of L=PhyPpy<MePpy<dppm<
Medppm<dmpm. This sequence is the one expected
from the spectrochemical series.

Figure 10 compares the spectra of HT- and HH-
[PtzBra(u-PhoPpy)2]. The HH-isomer shows the lowest \ | ! 1 | 1
energy band at higher energy, the second band at nearly 20 30 40
the same energy, and the third band at lower energy o/10%cm™
compared, respectively, with the corresponding bands of Fig. 10. Electronic spectra of ~ HH{PtzBra(u-
the HT-isomer. A similar spectral relation is seen PhoPpy)s] (——) and HT{Pt:Bra(u-PhaPpy)s] (-——-)
between the HT- and HH-isomers of the diiodo com- in dichloromethane.
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plex. Such a spectral difference arising from the differ-
ent configuration of donor groups would provide useful
information to elucidate electronic states of dinuclear
complexes. However, we have no explanation for this
difference at present.

This work was supported by a Grant-in-Aid for Scien-
tific Research No. 03453047 from the Ministry of Edu-
cation, Science and Culture.
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