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palladium phosphidoxo complex [Pd,(u-I),{(PPh,0),H},]

Stephen B. Colbran*, Don C. Craig and Seri Bima Sembiring
Department of Inorganic and Nuclear Chemistry, University of New South Wales, P.O. Box 1, Kensington, NSW 2033

(Australia)

(Received April 23, 1990)

Abstract

The compounds [MI(ppgMe,),] (5: M=Pd; 6: M=Pt) have been synthesised and their thermolyses
and reactions with strong acids investigated. Thermolysis of 5 in the presence of excess iodide ion
caused complete decomposition of the complex whereas the corresponding reaction of 6 gave the P~O
chelated complex [Pt(ppgMe),] (7) in good yield. Treatment of 5§ with CF,SO,H/I™ facilitated the loss
of the 2,5-dimethoxyphenyl substituent from each phosphine ligand and gave the iodo-bridged pal-
ladium(II) phosphidoxo complex [Pd,(u-1),{(PPh,0),H},] (8). An X-ray single crystal structural analysis

of 8 is reported.

Introduction

We have initiated a general investigation of tran-
sition metal complexes with redox-active ligands ha-
ving paraquinonyl-, parasemiquinonyl- or parahy-
droquinonyl substituents. Free phosphines with
parabenzoquinonyl substituents, for example the di-
phenylphosphino- substituted quinone ppq, cannot
be isolated because of the facile addition of phos-
phines to parabenzoquinones; i.e. parabenzoquinones
and phosphines are mutually incompatible moieties
[1, 2]. One synthetic approach that overcomes the
incompatibility of the centres in ppq is to ‘protect’
the quinone as its bis-methylether until complexes
are formed. After coordination the reactive phos-
phorus lone pair is ‘tied-up’ and the quinonyl moiety
can be released to give the targeted quinonylphos-
phine complexes. We have reported this approach
to platinum and palladium complexes of ppq using
1,4-dimethoxy-2-diphenylphosphino-benzene,
ppqMe,, as the ‘protected’ precursor ligand [1]. The
complexes trans-[MCl(ppqMe,),] (1: M=Pd; 2:
M=Pt) were prepared and the methoxy groups clea-
ved using BBr; to give after workup the chelated
hydroquinonyl complexes cis-[M(ppqH):] (3: M=Pd;
4: M=Pt) [1].
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There are several reports of methyliodide elimi-
nation from platinum complexes with both iodo and
ortho-anisole-substituted phosphine ligands to give
chelated phenoxyphosphine complexes [3]. Also,
strong acids (for example, concentrated HBr and
HI) are well known to cleave arylmethyl ethers such
as the methoxy groups in ppgMe, and its complexes
[4]. Therefore, in our initial attempts to cleave the
methoxy groups in 1 and 2, we first prepared their
iodo derivatives [ML,(ppgqMe,),] (5: M=Pd; 6: M=Pt)
and then investigated the reactions of 5 and 6 with
strong acid (CFsSO;H) and with heating. This paper
describes our findings from these studies.

Experimental

Ali reactions were carried out under an atmosphere
of dry dinitrogen using standard Schlenk and cannula
techniques. Solvents were dried by the usual methods
and were distilled immediately prior to use from the
appropriate drying agent under an atmosphere of
dinitrogen. The complexes [MCl(ppqMe,),] (M=Pd,
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Pt) were prepared as detailed elsewhere [1]. Other
chemicals were procured from commercial sources
and were used as obtained.

'H NMR spectra were recorded on Varian EM360
(60 MHz) or Bruker AMS00 (500 MHz) NMR
spectrometers. *'P{"H} NMR spectra were recorded
on a Bruker CXP300 spectrometer (operating at
121.46 MHz) and are referenced relative to external
0.5% KH,PO, in D,0 (high frequency positive) which
was also used for the lock. Infrared spectra were
recorded on Perkin-Elmer 500B or Hitachi 260-10
infrared spectrometers. Elemental analyses were de-
termined by the University of NSW microanalytical
service.

Preparation of trans-{PdI,(ppgMe,),]

A mixture of [PdCl,(ppgMe,),] (0.1 g, 0.12 mmol)
and KI (0.50 g, 3 mmol) was stirred in dry distilled
acetone (25 ml) for 2 h. The colour of the solution
changed from yellow to red-brown immediately after
the addition of KI. The solvent was removed under
vacuum and the resulting solid residue extracted
with CH,Cl,. Red-brown crystals of the product
(0.085 g, 71%) were obtained by adding ether to
the extract solution. 'H NMR (CDCl,): § 7.79-7.76
(m, 8H, Ph). 7.36-7.31 (m, 12H, Ph), 6.88 (dd: 8.9,
3.0 Hz, 2H, Ce¢H3), 6,79 (dd: 5.3, 2.9 Hz, 2H, C:H,),
6.77 (dd: 5.5, 3.0 Hz, 2H, C¢Hs), 3.81 (s, 6H, OMe),
3.80 (s, 6H, OMe) ppm. *'P{'"H} NMR (CDCl,): §
5.66 (s) ppm. IR (KBr disk; cm™!): 3077m, 3057m,
3004m, 2956m, 1607m, 1587m, 1490vs, 1467s, 1439vs,
1409m, 1277vs, 1228vs, 1185m, 1144w, 1098m, 1071w,
1046s, 1023s, 878w, 812m, 750s, 697vs, 573m, 545w,
510vs, 434w. Anal. Found: C, 47.72; H, 3.77. Calc.
for (C,H30,1,P,Pd): C, 47.80; H, 3.77%.

Preparation of cis/trans-[Ptl,(ppgMe,),]

Stirring [PtCl,(ppgMe;),] (0.1 g, 0.11 mmol) and
KI (0.50 g, 3 mmol) in dry distilled acetone (25 ml)
for 20 h gave, after workup, the product (100 mg,
87%) as a mixture of cis and frans isomers. 'H NMR
(CDCl,): 6 7.81-7.77 (m, 8H, Ph), 7.35-7.24 (m, 12H,
Ph), 6.96 (1d: 11.1, 3.0 Hz, 2H, C4H;, trans isomer),
6.88 (dd: 8.9, 3.1 Hz, 2H, C¢H;, trans isomer), 6.77
(dt: 8.9, 2.7 Hz, 2H, CeH;, trans isomer), 6.63 (m,
broad, 2H, C¢Hs, cis isomer), 6.36 (m, broad, 4H,
Cel13, cis isomer), 3.64 (s, 6H, OMe, trans isomer),
3.57 (s, 6H, OMe, trans isomer), 3.52 (s, OMe, cis
isomer), 3.23 (s, broad, OMe, cis isomer) ppm. *'P{*"H}
NMR (CDCl;): & 6.82 (s, Pt satellites: d, J
(*'P-'*Pt) 2570 Hz, frans isomer), & 5.74 (s, *’Pt
satellites: d, 'J (*"P~'"*Pt) 3651 Hz, cis isomer) ppm.
IR (paraffin mull; cm™'): 2731w, 2674w, 1606w,
1584w, 1492vs, 1441vs, 1398m, 1297w, 1275m, 1233vs,
1185m, 1141m, 1099m, 1071w, 1042vs, 1020m, 873w,

817m, 749m, 739m, 724m, 699s, 691s, 603m, 520vs,
503s, 471w, 439w, 400w. Anal. Found: C, 43.82; H,
3.37. Calc. for (CsoH33041,P,Pt): C, 43.92; H, 3.48%.

Thermolysis of cis-[PdI,(ppgMe,),]

Heating cis-[Pdl,(ppgMe;,),] (60 mg) and KI (0.25
g) in 2-methoxyethanol at reflux caused rapid de-
composition of the complex. Only Pd metal and some
intractable solids were isolated from this reaction.

Preparation of cis-[Pt(ppqgMe),]

A solution of [PtCl,(ppgMe,),] (0.10 g, 0.11 mmol)
and KI (0.5 g, 3 mmol) in 2-methoxyethanol was
heated at reflux for 18 h. Removal of the solvent
and recrystallisation from CH,Cl,/MeOH gave the
product as an off-white powder (50 mg, 56%). 'H
NMR (CDCl,): 8 7.31-7.26 (m, 12H, Ph), 7.08-7.05
(m, 8H, Ph), 7.02 (dd: 9.2, 5.4 Hz, 2H, C¢H,), 6.88
(dd: 9.2, 2.9 Hz, 2H, C¢H5), 6.30 (dd: 11.4, 3.0 Hz,
2H, C¢H,), 3.57 (s, 6H, OMe) ppm. *'P{'"H} NMR
(CDCLs): & 18.72 (s) ppm. IR (KBr disk; cm™!):
3060w, 2937w, 2836w, 1554w, 1479vs, 1441vs, 1409s,
1267vs, 1215vs, 1184m, 1128w, 1106s, 1058m, 1037m,
1002w, 892w, 823m, 798m, 786s, 747m, 729m, 712s,
695vs, 620w, 557m, 534m, 508vs, 496s, 464w, 430w.
Anal. Found: C, 53.11; H, 3.76. Calc. for
(C3gH;,0,1,P,Pd): C, 52.35; H, 3.80%.

Preparation of [Pd,(u-I){(PPh,0),H},]

To a stirred solution of [PdI,(ppgMe;),] (100 mg,
0.1 mmol) in CH,Cl, at room temperature was added
Et,NI (300 mg, 1.17 mmol) followed by CF;SO;H
(0.2 ml). The colour turned from yellow—orange to
an intense brown. The reaction mixture was heated
at reflux for 30 min, cooled and stirred for 18 h.
Distilled water was then added. The CH,Cl, phase
was collected, dried with anhydrous MgSQ,, filtered
and evaporated under vacuum to give a dark
red-brown powder. Deep-red crystals of the product
(20-75 mg, ~20-86%) were obtained by recrystal-
lisation from CH,Cl—ether mixtures. 'H NMR
(CDCl;): & 7.82-7.21 (m, 20H, Ph) ppm; *'P{'H}
NMR (CDCl;): 6 80.60 (s) ppm. IR (paraffin mull,
cm™?): 2729w, 2681w, 1590w, 1577w, 1381vs, 1310m,
1265m, 1229m, 1185m, 1163w, 1110vs, 1101s, 1034vs,
1021vs, 1001m, 806m, 772m, 752s, 720vs, 694vs, 589w,
545w, 514s, 495s, 454w, 398w, 329w.

Reaction of cis/trans-[Ptl,(ppgMe,),] with
CF3SO-H/I™

[PtI,(ppqMe.).] (70 mg, 0.06 mmol) was treated
with CF3SO;H/Et,NI in an exactly analogous fashion
to the palladium analogue, [Pdl.(ppgMe,),] (des-
cribed immediately above). 'H and *'P{*"H} NMR



spectra of the powder (65 mg) obtained from the
reaction showed it to contain several products. These
were not separated or characterised.

X-ray crystallography

Crystal data

[Pd(C24H21P,02).1]2, M 1273.4, monoclinic, space
group P2,/c, a=8.512(4), b=19.788(3), c = 14.841(6)
A, B=105.45(2)°, V=2409(1) A3, D.=1.75 g cm~3,
Z=2, uMo0)=21.76 cm~'. Crystal size
0.12x0.18 X 0.14 mm, 26,,,, 50°, max. and min. trans-
mission factors 0.66 and 0.80. The number of re-
flections was 3341 considered observed out of 4223
unique data, with Ry,r. 0.011 for 147 pairs of equi-
valent hk0 reflections. Final residuals R and R, were
0.027 and 0.039.

Structure determination

Refection data were measured with an Enraf-
Nonius CAD-4 diffractometer in 6/20 scan mode
using graphite monochromatised molybdenum ra-
diation (A 0.7107 A). Data were corrected for ab-
sorption. Reflections with 7> 30(I) were considered
observed. The structure was determined by direct
phasing and Fourier methods. Phenyl hydrogen atoms
were included in calculated positions, the remainder
located in a difference Fourier, and were assigned
thermal parameters equal to those of the atom to
which bonded. Positional and anisotropic thermal
parameters for the non-hydrogen atoms were refined
using full matrix least-squares. Reflection weights
used were 1/0%(F,), with o(F,) being derived from
o(I,) =[*(I,) + (0.041,)*]2. The weighted residual is
defined as R,=(SwAYEwF, )2 Atomic scattering
factors and anomalous dispersion parameters were
from International Tables for X-ray Crystallography
[5]. Structure solution was by MULTANS80 [6] and
refinement used BLOCKLS, a local version of
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ORFLS [7]. ORTEP-II [8] running on a Macintosh
Ilex was used for the structural diagram, and an
IBM 3090 computer was used for calculations.

Results and discussion

Simple metathesis reactions of 1 and 2 with KI
in acetone gave near quantitative yields of the cor-
responding iodo compounds, 5 and 6, after ~16 h
(Scheme 1). These were isolated as stable orange
and red-orange crystalline solids, respectively. The
'H NMR spectrum of 5 showed multiplets for the
phenyl substituents, three distinct multiplets for each
proton of the 2,5-dimethoxyphenyl rings, and a singlet
for each of the two inequivalent methoxy groups
(the full data for all new complexes are listed in
‘Experimental’). In the *'P{"H} NMR spectrum of
5 a singlet was observed at & 5.70 ppm. This data
clearly indicates that only a single isomer of 5 was
present in solution. Analogous [Pd(PR,).X,] (X=ha-
logen or pseudohalogen) complexes usually exist as
an equilibrium mixture of cis and trans isomers in
solution [9, 10]. The trans isomer is predominant in
solutions of complexes with bulkier phosphine ligands
and is more likely as the halogen ligands are ex-
changed Cl-Br—1 (e.g. [Pd(PPh;Me),Cl;] gives
solutions containing both cis and trans isomers whe-
reas [Pd(PPh,Me),l,] dissolves as the trans isomer
only [10]). That the geometry of 5§ is #rans follows
from consideration of these precedents and the fol-
lowing points: (i) ppgMe; is a relatively large phos-
phine, (ii) 5 is an iodo complex, (iii) 1, the chloro
analogue of 5, is frans both in the solid and in
solution [1]. In contrast to 5, the platinum analogue
6 was isolated as a mixture of cis and trans isomers.
This is most clearly revealed by the ¥P{'"H} NMR
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Fig. 1. >*P{"H} NMR spectrum of a mixture of cis- and
trans-[Ptl,(ppgMe;);] (6) in deuterochloroform. Peak la-
belling: I=cis isomer, II=trans isomer.
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spectrum of 6 (Fig. 1). Two singlets with satellite
doublets arising from the '**Pt isotopomers (***Pt:
I=1/2, 33.8% natural abundance) are observed. The
lower field peak (8 6.82 ppm; J (*'P-'°Pt) 2570
Hz) can be attributed to the trans isomer and the
higher field peak to the cis isomer (5 5.74 ppm; J
(®*P-'"Pt) 3651 Hz) on the basis of the magnitudes
of the J (**P-"**Pt) coupling constants which are
unambiguous for cis or trans phosphine coordination
(7 ('P-1°Pt) for cis complexes is typically greater
than 3500 Hz whereas J (**P-'*Pt) in trans complexes
is usually less than 2800 Hz [11]). From the intensities
of the peaks it may be deduced that the ratio cis:trans
is ~1:3. Peaks attributable to both cis and trans
isomers are also observed in the "H NMR spectrum
of 6. These were assigned by assuming that the
relative abundances of cis and trans isomers were
constant and thus that the corresponding peak in-
tensities were the same in both the *'P{*H} and 'H
NMR spectra.

Thermolyses of 5 and 6 were investigated by heating
these complexes in 2-methoxyethanol, a solvent in
which methyliodide elimination had been observed
on heating platinum complexes containing ortho-

anisole substituted phosphines and iodo ligands (eqn.

@) 3, 12].
[PtL,{P(0-MeOC,H,)Ph,},] ——
[Pt{P(0-OCsH,)Ph,},] +2Mel (1)

On heating 5 only the slow thermal degradation to
palladium metal and other intractable solids was
observed. In contrast, 6 cleanly eliminated Mel in
refluxing 2-methoxyethanol to give good yields of
cis-[Pt(ppgMe),] (7) which contains two P~ O che-
lated ppgMe ligands (Scheme 1). Again, the NMR
data found for 7 are diagnostic of its structure. Thus,
the '"H NMR spectrum reveals multiplets for the
protons of the phenyl groups and for the three
inequivalent protons of each substituted phenyl ring
(at 8 7.02, 6.88, 6.30 ppm), and a singlet for the
remaining methoxy groups (at § 3.57 ppm). A singlet
and associated satellite doublet (from the **Pt iso-
topomer) was observed at § 18.72 ppm in the *'P{'H}
NMR spectrum. The magnitude of the ' (**P-'°Pt)
coupling constant (3515 Hz) is conclusive for cis
coordination of the ligands in 7 [11].

In an attempt to cleave both methoxy groups of
each phosphine ligand in 5 and 6, reactions with

Fig. 2. Molecular structure and labelling scheme for [Pd,(u-I){(PPh,O);H},] (8). A crystallographic inversion centre is

located at the centre of the Pd,I, rhombus.



TABLE 1. Non-hydrogen atomic parameters for 8 with
e.s.d.s. in parentheses
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TABLE 2. Interatomic distances (A) for 8 with e.s.d.s. in
parentheses®

x y z B.* Atoms Distance Atoms Distance
I 0.39527(4) 0.58084(1) 0.46269(2) 3.54(1) Pd-1 2.709(1) Pd-T' 2.700(1)
Pd 0.35222(4) 0.45397(2) 0.39169(2) 2.21(1) Pd-P(1) 2.273(1) Pd-P(2) 2.272(1)
P(1) 0.3210(1)  0.3460(1) 0.3376(1)  2.58(3) P(1)-O(1) 1.553(3) P(2)-0(2) 1.549(3)
P(2) 0.1583(1)  0.4906(1) 0.2643(1)  2.58(3) P(1)-C(1) 1.816(5) P(2)-C(13) 1.807(4)
o) 0.1768(4)  0.3323(2) 0.2503(2) 3.42(9) P(1)-C(7) 1.808(5) P(2)-C(19) 1.811(5)
0(2) 0.0423(4)  0.4371(2) 0.2056(2)  3.50(9) C(1)-C(2) 1.387(8) C(13)-C(14)  1.379(7)
c(1) 0.2829(6)  0.2860(2) 0.4220(3)  3.46(13) C(2)-C(3) 1.386(9) C(14)-C(15)  1.388(7)
CQ) 0.1204(8)  0.2745(3)  0.4178(4)  5.46(20) C(3)-C(4) 1360(12)  C(15-C(16)  1.373(8)
Cc(3) 0.0780(11) 0.2265(4)  0.4753(6)  7.92(30) C(4)-C(5) 1343(11)  C(16)-C(17)  1.362(9)
C(4) 0.1973(13) 0.1913(4)  0.5365(5)  7.40(30) C(5)-C(6) 1.388(8) C(1T)-C(18)  1.372(8)
C(5) 0.3550(10) 0.2034(3)  0.5425(4)  5.87(23) C(6)-C(1) 1.359(7) C(18)-C(13)  1.399(6)
C(6) 0.3994(7)  0.2513(3)  0.4855(4)  4.36(16) C(7)-C(8) 1.394(7) C(19)-C(20)  1.369(7)
c(7) 0.5018(6)  0.3193(2) 0.3054(3)  3.10(12) C(8)-C(9) 1.368(7) C(20)-C(21)  1.388(8)
C(8) 0.5248(6)  0.2512(3)  0.2886(4)  4.06(15) C(9)-C(10) 1.396(9) C1)-C(22)  1.346(10)
C(9) 0.6469(7)  0.2307(3)  0.2508(5)  5.54(20) C(10)-C(11)  1.374(9) C(22)-C(23)  1.365(11)
C(10)  0.7489(7)  0.2790(3)  0.2273(5) 5.94(22) C(11)-C(12)  1.397(7) C(23)-C(24)  1.371(9)
C(11)  0.7298(7)  0.3463(3)  0.2443(5)  5.57(21) C(12)-C(7) 1.377(7) C(24)-C(19)  1.394(7)
C(12)  0.6058(6) 0.3664(3) 0.2841(4) 3.87(15) -
C(13) 0.0241(5)  0.5497(2)  0.2996(3)  2.85(12) *Primes refer to the symmetry transformation 1—x, 1—y,
C(14) —0.0010(6) 0.6153(3) 0.2677(4)  3.73(14) 1-z
C(15) —0.1081(7) 0.6565(3) 0.2985(5)  5.13(19)
C(16) —0.1903(7) 0.6324(3) 0.3598(4)  4.96(18) many products. These have not, as yet, been cha-
C(17) -—0.1687(7) 05671(3)  0.3896(4)  5.06(19) racterised. Complex 8 was identified by comparison
gggg ‘gggigggg gggfggg gigiggg giggg of its spectroscopic data with that of the known
C(20) 04183(7) 0.5446(3) 02038(d)  4.06(15) chlor.o and bromo analogues [1?, 15]. Only phenyl
c(21) 0.4893(8)  0.5683(3) 0.1358(5)  5.47(21) multiplets are observed in the "H NMR spectrum
C(22)  0.3955(10) 0.5791(4)  0.0485(5)  7.07(28) of 8. The absence of the three multiplets that are
C(23) 0.2318(11) 0.5668(4)  0.0263(5)  7.73(28) characteristic of the methoxy- and hydroxy-substi-
C(24) 0.1604(7)  0.5438(4)  0.0930(4) 5.65(21) tuted phenyl rings in 1-7 provides clear evidence

*Beq (A? is the isotropic equivalent of the anisotropic
temperature factor.

excess CF,SO3H and Et,NI in dicloromethane were
carried out. The reasoning that lead to this combi-
nation of reagents was based on the facts: (i) HI
or other strong acids can effect ether cleavages as
can iodide ion, and (ii) the combination of I~ and
CF3SO;H should lead to an equilibrium concentra-
tion of anhydrous HI in solution. Surprisingly, the
phosphidoxo complex [Pd,(u-I){(PPh,0),H},] (8)
was isolated in variable yield (~20-86%; the latter
is the best yield obtained; no attempt was made to
optimise the reaction conditions) from the reaction
of 5 with these reagents (Scheme 1). The reaction
parallels that reported by Carty and coworkers who
observed that hydrolysis of cis-[ PdCl,(Ph,PC= CCFs;),]
in refluxing aqueous ethanol-dichloromethane mix-
ture gave [Pdy(u-Cl),{(PPh,O),H},] as a major pro-
duct [13]. More recently, Pringle and coworkers have
demonstrated that base-promoted cleavage of a P—C
bond under mild conditions can also give phosphidoxo
complexes [14]. Attempted cleavage of 6 with
CF;SO;H/I™ was not as clean and always yielded

for the loss of these groups in 8. Failure to find a
'H NMR resonance for the hydroxylic protons is
likely due to exchange broadening and has been
noted before in other phosphidoxo systems of pal-
ladium and platinum [13-16]. The formulation of 8
is substantiated by the downfield shift observed in
the 3'P{'H} NMR spectrum. A singlet was observed
at § 80.60 ppm. Similar downfield shifts were reported
for the chloro analogues [M,(u-Cl){(PPh,0),H},]
M=Pd, Pt) [13, 15].

Compound 8 was further characterised by X-ray
crystallography. Dark red crystals of 8 were obtained
from dichloromethane—ether. The X-ray analysis re-
vealed 8 crystallised in the space group P2,/c with
two molecules in the unit cell. Each molecule of 8
has a crystallographic centre of inversion. A view
of the molecule with the atom labelling for the
unique atoms in the asymmetric unit, as used in this
study, is shown in Fig. 2. Atomic coordinates and
thermal parameters are listed in Table 1. No unusually
short intermolecular contacts were observed. Re-
levant bond length and bond angle data are given
in Tables 2 and 3. The overall geometry of 8 is
similar to that observed for [Pdy(m%ue-
SCN),{(PPh,0),H]},] [13]. Each palladium atom dis-
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TABLE 3. Interatomic angles (°) for 8 with e.s.d.s. in parentheses®

Atoms Angle Atoms Angle
I-Pd-I’ 85.9(1) Pd-I-Pd’ 94.1(1)
I-Pd-P(1) 177.8(1) I'-Pd-P(2) 174.0(1)
I-Pd-P(2) 91.2(1) I'-Pd-P(1) 92.1(1)
P(1)-Pd-P(2) 90.9(1)

Pd-P(1)-0(1) 116.8(1) Pd-P(2)-0(2) 117.6(1)
Pd-P(1)-C(1) 113.3(1) Pd-P(2)-C(13) 109.9(1)
Pd-P(1)-C(7) 109.9(1) Pd-P(2)-C(19) 109.6(2)
O(1)-P(1)-C(1) 102.4(2) 0(2)-P(2)-C(13) 104.4(2)
O(1)-P(1)~-C(7) 105.5(2) O(2)-P(2)-C(19) 105.7(2)
C(1)-P(1)-C(7) 108.2(2) C(13)-P(2)-C(19) 109.3(2)
P(1)-C(1)-C(2) 115.9(4) P(2)-C(13)-C(14) 124.3(4)
P(1)-C(1)-C(6) 125.3(4) P(2)-C(13)-C(18) 116.8(3)
C(2)-C(1)-C(6) 118.8(5) C(14)-C(13)-C(18) 119.0(4)
C(1)-C(2)-C(3) 120.4(7) C(13)-C(14)-C(15) 119.8(5)
C(2)-C(3)-C(4) 119.4(7) C(14)-C(15)-C(16) 120.6(5)
C(3)-C(4)-C(5) 120.5(6) C(15)-C(16)-C(17) 119.8(5)
C(4)-C(5)-C(6) 120.7(7) C(16)-C(17)-C(18) 120.8(5)
C(1)-C(6)-C(5) 120.1(6) C(13)-C(18)-C(17) 120.1(5)
P(1)-C(7)-C(8) 120.0(4) P(2)-C(19)-C(20) 123.7(4)
P(1)-C(7)-C(12) 120.5(3) P(2)-C(19)-C(24) 118.0(4)
C(8)-C(7)-C(12) 118.9(4) C(20)-C(19)-C(24) 117.8(5)
C(7)-C(8)-C(9) 121.2(5) C(19)-C(20)-C(21) 121.4(5)
C(8)-C(9)-C(10) 119.4(5) C(20)~-C(21)-C(22) 119.5(6)
C(9)-C(10)-C(11) 120.4(5) C(21)-C(22)-C(23) 120.6(6)
C(10)-C(11)-C(12) 119.5(5) C(22)-C(23)-C(24) 120.4(7)
C(7)-C(12)-C(11) 120.6(5) C(19)-C(24)-C(23) 120.3(6)

*Primes refer to the symmetry transformation 1—-x, 1—-y, 1-z.

plays square planar coordination with two cis-coor-
dinated phosphidoxo ligands and two bridging iodo
ligands. The Pd—P distances (2.273(1) and 2.272(1)
A) are typical of those observed in other square
planar palladium(II) complexes* and the Pd—T dis-
tances of 2.709(1) and 2.700(1) A (both trans to P)
compare with 2.662(1) (trans to P) and 2.723(1) (trans
to C) A in [{Pd(u-T)P(0-MeCsH,),-0-CsH CH,},] [17]
and 2.592(1) A (trans to 1) in [Pd,Is]>~ [18] the two
other compounds with iodo ligands bridging two non-
bonded palladium atoms that have been structurally
characterised. The angles around the Pd,I, rhombus
are similar to those in [{Pd(u-I)P(o-MeCgH,),-0-
CsH,CH,},] [17]. Strong, symmetrical O—H—O hy-
drogen bonding between the phosphidoxo groups is
suggested by the following evidence. (i) The bridging
hydrogen atom of the Ph,PO—-H—OPPh, units was
found to be symmetrically disposed between the two
phosphidoxo oxygen atoms. (ii) The short O-O
distance (2.375(5) A) in 8 compares favourably with
that found in [Pdy(n%u,-SCN){(PPh,0),H},]
(2.421(7) A) [13]. These distances are both in the
range typical for strong, symmetrical O—H—O hy-
drogen bonding [19, 13a]. (iii) The independent pair

*For example see discussion of Pd—P distances in refs.
3, 13-15.

of P—O bond distances, P(1)—0(1) 1.553(3) A and
P(2)—O(2) 1.549(3) A, are equivalent within the
error of the determination. This clearly demonstrates
the lack of any asymmetry in 8. (iv) There are no
bands in the (O —H) region of the infrared spectrum
(in symmetric O—H—O hydrogen bound systems
the O—H~—O bands typically occur lower than 1800
cm™! [13a]).

Supplementary materials

Tables of fractional coordinates, isotropic thermal
parameters for hydrogen atoms, anisotropic thermal
parameters for non-hydrogen atoms, bond angles,
bond distances, torsional angles, and observed and
calculated structure factors for [Pd(u-I);-
{(PPh,0O),H},] (8) are available on request from
author D.C.C.
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