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Aps < Aps. Moreover, such a crystallographic phase transition
can be inferred from the lattice dynamical behavior of spin-
crossover compounds, as extracted from temperature-dependent
57Fe Méssbauer experiments, as will be reported elsewhere.® Such
lattice dynamical data are consistent with the observation that
the metal-ligand bond lengths decrease in going from the HS to
the LS form of Fe(II) spin-crossover complexes.

The present study affords for the first time a self-consistent
data set for comparison of the characteristic temperature for HS
= LS conversion of Fe(II) spin-crossover complexes (7), and
the temperature at which the (trapped) HS form—produced by
visible light irradiation of the LS form at low temperatures—is
reannealed to the LS form (T,). Such a comparison can be
effected for complexes I, IV, and V, the three (isothiocyanato)-

(28) Yousif, A.; Herber, R. H., unpublished results.

iron(IT) compounds examined in detail in the VTFTIR experi-
ments discussed above. The present data suggest that a lower T,
is associated with a lower T, for a given complex, suggesting that
the lower thermal excitation required to “freeze-in” the LS form
of a given complex is also required to “freeze-in” the (trapped)
HS form produced by optical excitation of the LS form matrix.
Clearly, the present data can only be considered as suggestive of
such a relationship between T, and T, and further experiments
to explore this behavior are currently under way.
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The hexadentate ligands a,a’-bis(bis(2-(diphenylphosphino)ethyl)amino)-p-xylene (PXBDPA) and «,a’-bis(bis(2-(diphenyl-
arsino)ethyl)amino)-p-xylene (PXBDAA) were synthesized and characterized on the basis of their 'H, *'P, and '*C NMR spectra.
Binuclear metal complexes of these ligands with Ru(II), Ru(III), Rh(I), Ir(I), Pd(II), and Pt(II) are reported. Reaction of
RuCl,(PPh;); with PXBDPA or PXBDAA in benzene in a 2:1 ratio gave neutral, binuclear Ru(II) complexes of the type
[Ru,Cl(PPh3)5(L)] (L = PXBDPA, PXBDAA). The salt [Ru,Cl;(Me,SO),(PXBDPA)](PF¢), was obtained by the reaction
of RuCl,(Me,SO),, PXBDPA, and NHPF; in an ethanol-benzene mixture. Neutral, binuclear, and octahedral complexes of
the type [Ru,Clg(L)] (L = PXBDPA, PXBDAA) were obtained by the reaction of L with RuCl;(AsPh,),MeOH in benzene.
Reaction of RuBry(AsPh;);MeOH with PXBDPA or PXBDAA yielded Ru(III) complexes of the composition [Ru,Br,-
(AsPh;),(L)]Br, (L = PXBDPA, PXBDAA). The reaction of [Rh(COD)CI], or [Ir(COD)Cl}, with PXBDPA or PXBDAA
in an ethanol-benzene mixture yielded neutral, binuclear, and square-planar complexes of the type [M,Cl,(L)] (M = Rh, Ir; L
= PXBDPA, PXBDAA). Binuclear, square-planar cationic complexes of the composition [Rh,(S)5(L)](PFg), (S = PPh,;, CH,CN;
L = PXBDPA, PXBDAA) were obtained by the reaction of [Rh(COD)Cl],, L, and PPh, or acetonitrile in boiling ethanol.
Binuclear, cationic, and square-planar complexes of Pd(II) and Pt(II) of the composition [M,X,(L)]Y (X = Cl, Br, SCN; L =
PXBDPA, PXBDAA; Y = Cl, BPh,, PF;) were obtained by the reaction of L with MX,(PhCN), (M = Pd, Pt; X = C], Br) in
ethanol. The thiocyanato complex [Pd,(SCN)(PXBDPA)](BPh,), was obtained by stirring the reaction mixture of PACl,(PhCN),,
NH,SCN, and PXBDPA in ethanol. All the complexes were characterized on the basis of their elemental analyses, molar
conductance data, magnetic susceptibilities, infrared spectral measurements, and 'H, *'P, and '*C NMR spectral data.

Introduction (CgHg) 2ETHCHC CHy=CHy=E(CgHs)y

Recently we have been interested in the synthesis and chemistry N- HZC—©—CHZ— N

of transition-metal complexes of polydentate ligands containing (CgHg)E-H)C—H,C CH)~CH,-EiCgHs),

mixed donor atoms like N, P, As, and O due to their increasing

importance in the field of catalysis® and also in the construction

of bi- and polynuclear transition-metal complexes. In our earlier

communications,’* we have reported the synthesis and charac-

terization of two novel terdentate ligands containing N and P or

As as donor atoms; bis(2-(diphenylphosphino)ethyl)benzylamine I

E =P (PXBDPA)
E = As (PXBDAA)

and bis(2-(diphenylarsino)ethyl)benzylamine, and their transi-
tion-metal complexes. We have also reported'?5 the platinum
group metal complexes of bis(2-(diphenylphosphino)ethyl)amine,
bis(2-(diphenylarsino)ethyl)amine, and (diphenylphosphino)acetic
acid.

In this paper we report the synthesis of two novel potential
hexadentate ligands, a,a’-bis(bis(2-(diphenylphosphino)ethyl)-
amino)-p-xylene (PXBDPA) and a,a’-bis(bis(2-(diphenyl-
arsino)ethyl)amino)-p-xylene (PXBDAA) (I), which contain N
and P or As as donor atoms. These ligands contain two terdentate
moieties (PNP or AsNAs) separated by a rigid p-xylyl bridge
capable of forming binuclear complexes in which the metal ions

* Department of Chemistry, Kakatiya University, Warangal, India

0020-1669/87/1326-0178%01.50/0

are held apart at a sufficient distance such that the two groups
of donor atoms cannot coordinate to the same metal ion. Synthesis
of binuclear complexes of d*, %, and d® metal ions of the platinum

(1) Taqui Khan, M. M.; Khan, B. T.; Safia; Nazeeruddin, Md. K. J. Mol.
Cat. 1984, 26, 207. |
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Trans. 1988, 2603.

(3) Taqui Khan, M. M; Vijay Sen Reddy, V. Inorg. Chem. 1986, 25, 208.

(4) Taqui Khan, M. M.; Vijay Sen Reddy, V.; Bajaj, H. C. Polyhedron,
in press.

(5) Taqui Khan, M. M.; Nazeeruddin, Md. K,; Bajaj, H. C. J. Chem. Soc.,
Dalton Trans., in press.

(6) Roundhill, D. M.; Bechtold, R. A.; Roundhill, S. G. N. Inorg. Chem.
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Table . NMR Spectral Data of the Ligands PXBDPA and PXBDAA
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13C{1H]£
ligand S(*H)? SC3IP{IH})® 8 J(C-P), Hz
p-C¢H4[CH,N(CH,CH,PPh,),], 7.1, 7.3 (Ph) -19.1 57.5 (s) (-CH;-)
2.6 (m), 2.2 (m) (-CH,CH,-) 49.3 (d) (-CH,PPh,) 26.7
3.5 (s) (-CHy) 25.0 (d) (-NCH,) 13.0

p-C¢H,[CH,N(CH,CH,AsPh,),]; 7.1, 7.3 (Ph)

2.6 (m), 2.2 (m) (-CH,CH,-)

3.5 (s) (-CH;,-)

139.0-128.9 (Ph)
57.5 (s) (-CH;-)
49.5 (s) (-CH,AsPh,)
25.2 (s) (-NCH,-)
140.7-128.2 (Ph)

¢ Chemical shifts are relative to internal Me,Si; m = multiplet, s = singlet. #Chemical shifts are relative to external 85% H,PO,, positive shifts

representing deshielding. ¢Chemical shifts are relative to external Me,Si.

group with these ligands are reported.

Experimental Section

The hydrated trichlorides of ruthenium, rhodium, and iridium, PdCl,,
and K,PtCl, were purchased from Alfa Inorganics and Johnson Matthey.
Triphenylphosphine and triphenylarsine were obtained from Aldrich
Chemical Co.; NH,PF; and NaBPh, were obtained from Ventron Corp.
1,5-Cyclooctadiene (COD) obtained from Fluka was used as supplied.
The complexes RuCl;(PPh,);,” RuX;(AsPh;),MeOH (X = Cl, Br),’
RuCl;(Me,S0),,2 [Rh(COD)CI],,’ [Ir(COD)CI],,'"? and [M-
(PhCN),Cl,] (M = Pd, Pt)!!'? were prepared by standard procedures.
Diethanolamine and thionyl chloride were of AnalaR reagent grade and
were used without further purification. Potassium metal was obtained
from Robert-Johnson. «a,o’-Dibromo-p-xylene was prepared by a pub-
lished procedure.!® All organic solvents used in this work were of reagent
grade and were purified and dried before use. All the preparations were
carried out in an atmosphere of dry nitrogen, and the compounds ob-
tained were dried under vacuum.

Microanalyses, melting points, and conductivity and magnetic sus-
ceptibility measurements were done as reported.'* Infrared, far-infrared,
and electronic spectra and molecular weight measurements were done as
reported.>® The proton NMR spectra were recorded at 100 MHz on a
JEOL FX100 spectrometer using tetramethylsilane as reference. The
JIP{'H} NMR spectra were taken in indicated solvents (Table III) by
using a JEOL FX100 spectrometer operating at 40.3 MHz in the Fourier
transform mode. The samples were placed in 10-mm NMR tubes, and
a capillary of deuterium oxide was used for the lock. H;PO, (85%) was
used as an exteneral standard. ’C{!H} NMR spectra of the ligands were
taken in CDCl; by using a2 JEOL FX100 operating at 24.99 MHz.
Tetramethylsilane was used as an external reference.

The NMR spectral data of the ligands PXBDPA and PXBDAA are
presented in Table I. Microanalytical, conductivity, and magnetic su-
scpetibility data are presented in Table II. The *'P NMR data are
presented in Table III.

Synthesis of Ligands PXBDPA and PXBDAA. The new hexadentate
mixed donor (N, P or N, As) binucleating ligands PXBDPA and
PXBDA were synthesized as shown in Scheme I.

The compound a,o’-bis(diethanolamine)-p-xylene, p-CsH,[CH,;N-
(CH,CH,0H),], was prepared by the reaction of «,o/-dibromo-p-xylene
(19.8 g, 0.075 mol) with diethanolamine (15.77 g, 0.15 mol) and po-
tassium carbonate (10.42 g, 0.075 mol) in 150 mL of absolute alcohol.
The organic halide p-CgH,[CH,N(CH,CH,Cl),], was obtained!® by the
reaction of the above corresponding alcohol with an excess of thionyl
chloride (1:4 ratio). The product p-C¢H,[CH,N(CH,CH,Cl),},-2HC1
on treatment with a stoichiometric amount of 10% NaOH gave the free
amine p-C¢H,[CH,N(CH,CH,Cl),], as an insoluble oil, which was dried
before use. The free amine was dissolved in 15 mL of anhydrous THF
and added dropwise with stirring to an orange-red solution of KEPh, (E
= P or As; Ph = C4Hs)'%!7 taken in 150 mL of anhydrous THF, under

(7) Stephenson, T. A.; Wilkinson, G. J. Inorg. Nucl. Chem. 1966, 28, 945.
(8) Evans, L. P,; Spencer, A.; Wilkinson, G. J. Chem. Soc., Dalton Trans.
1973, 204. )
(9) Chatt, J.; Venanzi, L. M. J. Chem. Soc. A 1957, 4735.
(10) Herde, J. L.; Lambert, J.; Senott, C. V. Inorg. Synth. 1974, [5, 18.
(11) Kharasch, M. S.; Seyler, R. C.; Mayo, F. R. J. Am. Chem. Soc. 1938,
60, 882,
(12) Doyle, J. R,; Slade, P. E.; Jonassen, H. B. Inorg. Synth. 1960, 6, 218.
(13) Sampey, J. R.; Fawcett, F. S.; Moreheard, B. A. J. Am. Chem. Soc.
1940, 62, 1839.
(14) Taqui Khan, M. M.; Mohiuddin, R. Polyhedron 1983, 2, 1243.
(15) Mason, J. P; Gosch, D. J. J. Am. Chem. Soc. 1938, 60, 2816.
(16) Isslieb, K.; Tzschach, A. Chem. Ber. 1959, 92, 1118.
(17) Tzschach, A.; Lange, W. Chem. Ber. 1962, 95, 1360.

Scheme I
K2CO
2HN(CH2CH20H)2 + p-CgHa(CHzBr)p T«zo'u"3

£ - CgHaLCH,NICH,CHaOHY, 1, + 2KBr + COp + Hy0

480Cl2 l

P -CgH4LCHaN(CH2CH2CI)p1,0 2HCH + 4SO, + 2HCI
‘10% Na OH
£ -CgHaLCHZN(CH,CH 2ClN, 1,
4KEPhy 1THF
£ - CgHaLCHoN(CHaCHoEPR,),1, + 4KCI

E=P or As; Ph= CgHg

cold conditions (15-20 °C) until a sharp decoloration occurred. The
solution was then heated to reflux for 30 min and after cooling was
poured into three times its volume of ice-cold water when a pale yellow
oil separated. The mixture was ice-cooled until the oil crystallized com-
pletely. The ligands PXBDPA and PXBDAA, when recrystallized from
a chloroform-ethanol mixture, gave white crystalline products with an
yield of about 82% in the case of PXBDPA and 70% in the case of
PXBDAA. PXBDPA: mp 165 °C; mol wt 985 (calculated), 980 (ex-
perimental, osmometric in chloroform). Anal. Calcd for CgHgsN,Py:
C, 78.03; H, 6.55; N, 2.84. Found: C, 78.31; H, 6.48; N, 2.80.
PXBDAA: mp 145 °C; mol wt 1160 (calculated), 1150 (experimental).
Anal. Calcd for CgyHgyN,As,: C, 66.22; H, 5.50; N, 2.41. Found: C,
66.06; H, 5.58; N, 2.38.

Preparation of Metal Complexes. Tetrachlorobis(triphenyl-
phosphine) (x-bis(bis(2-(diphenylphosphino)ethyl)amino)-p -xylene)di-
ruthenium(II), [Ru,Cl,(PPh;),(PXBDPA)] (1). The complex RuCl,-
(PPh;), (0.384 g, 0.4 mmol) and ligand PXBDPA (0.197 g, 0.2 mmol),
were dissolved in 30 mL of dry benzene and stirred at room temperature
for 3 h under a nitrogen atmosphere. The red-orange precipitate that
separated out was filtered and washed with benzene and diethyl ether.
The complex was recrystallized from a chloroform-ethanol mixture and
dried in vacuo: yield, 0.29 g (80%); mp 214-218 °C.

Tetrachlorobis (triphenylphosphine) (u-bis(bis(2-(diphenylarsino)-
ethyl)amino)-p-xylene)diruthenium(II), [Ru,Cl,(PPh;),(PXBDAA)] (2).
This complex was prepared as for 1 except that PXBDPA was replaced
by an equimolar quantity of PXBDAA (0.232 g, 0.2 mmol). The re-
sulting pink complex was recrystallized from a chloroform—ethanol
mixture and dried in vacuo: yield, 0.28 g (71%); mp 250-254 °C.

Dichlorotetrakis(dimethyl sulfoxide)(u-bis(bis(2-(diphenyl-
phosphino)ethyl)amino)-p-xylene)diruthenium(II) Hexafluorophosphate,
[Ru,Cl,(Me,SO),(PXBDPA)}(PF), (3). To a refluxing ethanolic solu-
tion of RuCl,(Me,;SO), (0.194 g, 0.4 mmol) was added the ligand
PXBDPA (0.197 g, 0.2 mmol) dissolved in 30 mL of benzene. After the
solution was refluxed for 4 h, the orange solution was filtered and con-
centrated to 25 mL. Addition of NH,PF, (0.069 g, 0.42 mmol) in 10
mL of ethanol to the above solution yielded a yellow crystalline complex.
The complex was filtered, washed with hot ethanol-benzene and diethyl
ether, and recrystallized from a chloroform-ethanol mixture: yield, 0.27
g (70%); mp 240-245 °C.

Hexachloro(u-bis(bis(2-(diphenylphosphino)ethyl)amino)-p-xylene)-
diruthenium(III), [Ru,Cl,(PXBDPA)] (4). To a refluxing solution of the
ligand PXBDPA (0.197 g, 0.2 mmol) in 30 mL of benzene was added
RuCl;(AsPh;);MeOH (0.341 g, 0.4 mmol) and the contents refluxed for
3 h. The precipitated yellow-brown complex was filtered and washed
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Table II. Analytical and Other Data for Ru(II), Ru(III), Rh(I), Ir(I), Pd(II), and Pt(1I) Complexes

elemental anal.? xc gl
complex Metrr” MB % C % H %N % Cl/Br cm? mol!
Ru,Cl,(PPh,),(PXBDPA) (1) d 64.20 512 1.46 7.58 2
(64.79) (5.11) (1.51) (1.65)
Ru,Cl,(PPh;),(PXBDAA) (2) d 58.87 4.57 1.32 7.01 20
(59.18) (4.66) (1.38) (6.98)
[Ru;Cl,(Me,SO)(PXBDPA)](PF,), (3) d 46.32 4.69 1.43 3.74 102
(46.47) (4.76) (1.50) (3.81)
Ru,Cls(PXBDPA) (4) 1.96 54.48 4.56 1.96 15.07 24
(54.90) (4.60) (2.00) (15.19)
Ru,Clg(PXBDAA) (5) 1.99 48.35 4.01 1.73 13.33 21
(48.78) (4.09) (1.78) (13.50)
[Ru,Br4(AsPh;),(PXBDPA)]Br, (6) 2.08 5271 4.14 1.20 20.13 105
(52.69) (4.15) (1.22) (21.03)
[Ru,Bry(AsPh,),(PXBDAA)]Br, (7) 2.10 48.93 3.73 1.08 18.79 101
(49.12) (3.87) (1.14) (19.10)
Rh,Cl,(PXBDPA) (8) d 60.59 5.17 2.18 5.65 26
(60.91) .11 (2.22) (5.61)
Rh,CL(PXBDAA) (9) d 52.92 4.40 1.88 4.87 22
(53.46) (4.48) (1.94) (4.93)
[Rh,(PPh,),(PXBDPA)](PF), (10) d 59.69 470 1.33 130
(59.88) (4.72) (1.39)
[Rhy(PPhs),(PXBDAA)](PE), (11) d 54.62) 4.38 115 132
(55.06) (4.34) (1.28)
[Rhy(CH,CN),(PXBDPA)](PFy), (12) d 52.01 4.43 3.39 128
(52.25) (4.51) (3.58)
[Rh,(CH;CN),(PXBDAA)] (PEy), (13) d 46.77 410 3.15 125
(46.97) (4.19) (3.22)
Ir,CLL(PXBDPA) (14) d 53.19 4.44 1.80 5.00 23
(53.36) (4.47) (1.94) (4.90)
Ir,Cl,(PXBDAA) (15) d 47.39 4.00 1.71 21
(47.55) (3.99) - (1.73)
[Pd,Cl,(PXBDPA)]Cl, (16) d 57.15 4.76 2.01 10.07 129
(57.37) (4.81) (2.09) (10.58)
[Pd,ClL,(PXBDAA)ICI, (17) d 50.60 421 1.79 9.31 123
(50.71) (4.25) (1.85) (9.35)
[Pd,Br,(PXBDPA)](BPh,), (18) d 64.61 5.09 133 3.35 105
(64.57) (5.03) (1.34) (3.40)
[Pd;(SCN),(PXBDPA)](BPh,), (19) d 66.82 5.35 1.28 117
(67.38) (5.25) (1.33)
[Pt,Cl,(PXBDPA)](PFy), (20) d 44.20 3.76 1.58 3.98 126
(44.27) G371 (1.61) (4.08)
[Pt,CL,(PXBDAA)](PF), (21) d 39.92 332 1.40 3.28 101
(40.20) (3.37) (1.46) (3.37)

4 Magnetic susceptibility measured on a Faraday balance at room temperature. ®Calculated values in parentheses. Molar conductance in DMF
at 30 °C. Values reported for infinite dilution. ¢Diamagnetic.

Table III. *'P{'H} NMR Data for Ru(II), Ru(III), Rh(I), Ir(I), Pd(II), and Pt(II) Complexes”

chem shifts, & J(M-P), J(Ps—Pp),

complex PXBDPA PPh, Hz Hz
Ru,Cl,(PPh;),(PXBDPA) (1) 24.9 (d) 47.5 (t) 26.9
Ru,Cl,(PPh;),(PXBDAA) (2) 51.3 (s)
{Ru,Cl1,(Me,SO)4(PXBDPA)](PFg), (3) 30.3 (Pg) .

59.4 (P,)
Ru,Cl4(PXBDPA)® (4) 29.2 (s)
[Ru,Br,(AsPh;),(PXBDPA)]Br,® (6) 28.9 (s)
Rh,CL,(PXBDPA) (8) 35.5 (bs)*
{Rh,(PPh3),(PXBDPA)](PFs), (10) 37.7 (d, d) 359 (t, t) 136.7 (J(Rh-P,)) 26.9
124.3 (J(Rh-Py)) 26.9

[Rhy(PPh,),(PXBDAA)](PF,), (11) 33.5 (d) 1172
[Rh(CH;CN),(PXBDPA)}(PF¢), 36.7 (d) 144.60
Ir,Cl,(PXBDPA) (14) 16.7 (s)
[Pd,Cl,(PXBDPA)]Cl, (16) 33.0 (s)
[Pd,Br,(PXBDPA)](BPh,),* (18) 34.6
[Pd,(SCN),(PXBDPA)](BPh,),* (19) 40.3 (s)
[Pt,C1,(PXBDPA)](PF),? (20) 28.6 2744.0

a31p{'H} chemical shifts relative to external 85% H;PO, in CD,Cl; unless specified. Key: s = singlet; d = doublet; t = triplet; bs = broad singlet.
®In Me,SO. °See text.

with warm benzene and diethyl ether. The complex was recrystallized g, 0.4 mmol) and PXBDAA (0.232 g, 0.2 mmol) used instead of

from a DMF-ethanol mixture and dried in vacuo: yield, 0.22 g (81%); PXBDPA. The red complex obtained was recrystallized from a DMF-

mp 231-235 °C. ethanol mixture and dried in vacuo: yield, 0.24 g (76%); mp 280-285
Hexachloro(u-bis(bis(2-(diphenylarsino)ethyl)amino)-p -xylene)di- °C.

ruthenium(III), [Ru,Cl,(PXBDAA)] (5). The complex was prepared in Tetrabromobis(triphenylarsine)(u-bis(bis(2-(diphenylphosphino)-

a manner similar to that used for 4, with RuCl,(AsPh;),MeOH (0.341 ethyl)amino)-p-xylene)diruthenium(III) Bromide, [Ru,Br;(AsPh;),-
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(PXBDPA)]Br, (6), and Tetrabromobis(triphenylarsine) (u-bis(bis(2-
(diphenylarsino)ethyl)amino)-p -xylene)diruthenium(III) Bromide,
{Ru,Br,(AsPh;),(PXBDAA)]Br, (7). Complexes 6 and 7 were prepared
in a manner similar to that used for complex 4, except that the ligands
PXBDPA (0.197 g, 0.2 mmol) and PXBDAA (0.232 g, 0.2 mmol) were
respectively reacted with RuBr;(AsPh,),MeOH (0.394 g, 0.4 mmol). An
yellow-brown compound was obtained in the case of 6 and a dark-green
complex obtained in the case of 7. For 6: yield, 0.33 g (73%); mp
230-233 °C. For 7: yield 0.33 g (69%); mp 240-245 °C.

Dichloro(u-bis(bis(2-(diphenylphosphino)ethyl)amino)-p-xylene)di-
rhodium(I), [Rh,Cl,(PXBDPA)] (8), and Dichloro(u-bis(bis(2-(di-
phenylarsino)ethyl)amino)-p-xylene)dirhodium(I), [Rh,Cl,(PXBDAA)]
(9). To a boiling suspension of [Rh(COD)CI], (0.0986 g, 0.2 mmol) in
30 mL of ethanol was added the PXBDPA (0.197 g, 0.2 mmol) or
PXBDAA (0.232 g, 0.2 mmol) in 5 mL of benzene, and an orange
solution was obtained in both cases. The solutions for the synthesis of
8 and 9 after being refluxed for 3 h were concentrated to a small volume.
Addition of petroleum ether (40-60 °C) precipitated an orange crys-
talline complex in each case. The complexes 8 and 9 were filtered,
washed with petroleum ether and diethy! ether, recrystallized from an
ethanol-ether mixture, and dried in vacuo. For 8: yield, 0.21 g (84%);
mp 205-208 °C. For 9: yield, 0.22 g (78%); mp 195-198 °C.

Bis(triphenylphosphine) (u-bis(bis(2-(diphenylphosphino)ethyl)-
amino)-p-xylene)dirhodium(I) Hexafluorophosphate, [Rh,(PPh,),-
(PXBDPA)](PF¢), (10), and Bis(triphenylphosphine) (u-bis(bis(2-(di-
phenylarsino)ethyl)amino)-p -xylene)dirhodium(I) Hexafluorophosphate,
[Rh,(PPh;),(PXBDAA)(PF;), (11). To a suspension of [RhCI(COD)],
(0.074 g, 0.15 mmol) in 30 mL of ethanol was added triphenylphosphine
(0.786 g, 0.3 mmol). On addition of PPh,;, [RhCI(COD)], dissolved
quickly to give a homogeneous yellow solution. To this refluxing solution
was added PXBDPA (0.147 g, 0.15 mmol) or PXBDAA (0.174 g, 0.15
mmol) in 5 mL of benzene. After the solutions were refluxed for 3 h,
an equimolar amount of NH,PF; in ethanol was added giving an orange
crystalline complex [Rh,(PPh;),(PXBDPA)](PF), (10) or a red-orange
complex [Rh,(PPh,),(PXBDAA)](PFs), (11), respectively. The com-
plexes were filtered, washed with hot ethanol and diethyl ehter, recrys-
tallized from a dichloromethane—ethanol mixture, and dried in vacuo.
For 10: yield, 0.25 g (83%); mp 200-205 °C. For 11: yield, 0.25 g
(77%); mp 224-228 °C.

Bis(acetonitrile) (u-bis(bis(2-(diphenylphosphino)ethyl)amino)-p -xyl-
ene)dirhodium(I) Hexafluorophosphate, [Rh,(CH,CN),(PXBDPA)]-
(PFs), (12), and Bis(acetonitrile)(u-bis(bis(2-(diphenylarsino)ethyl)-
amino)-p -xylene)dirhodium(I) Hexafluorophosphate, [Rh,(CH,CN),-
(PXBDAA)](PF), (13). To a refluxing ethanolic solution of [Rh(CO-
D)Cl], (0.074 g, 0.15 mmol) and 2 mL of acetonitrile was added the
PXBDPA (0.147 g, 0.15 mmot) or PXBDAA (0.174 g, 0.15 mmol) in
equimolar quantities in two different reactions, and the mixture was
further refluxed for 3 h. Then NH,PF, was added in 1:2 ratio to the
above solutions to give the yellow-orange complex [Rh,(CH,CN),-
(PXBDPA)](PFs), (12) or the orange complex [Rh,(CH,CN),-
(PXBDAA)](PFg), (13), respectively. The complexes were filtered and
washed with hot ethanol-benzene and diethyl ether. The complexes were
recrystallized from a dichloromethane—ethanol mixture and dried in va-
cuo. For 12: yield, 0.17 g (73%); mp 215-220 °C. for 13: yield, 0.18
g (70%); mp 218-221 °C.

Dichloro(u-bis(bis(2-(diphenylphosphino)ethyl)amino)-p -xylene)di-
iridium(I), [Ir,Cl,(PXBDPA)] (14), and Dichloro(u-bis(bis(2-(di-
phenylarsino)ethyl)amino)-p -xylene)diiridium(I), [Ir,Cl,(PXBDAA)|
(15). To a refluxing ethanolic suspension of [IrCI{COD)], (0.099 g, 0.15
mmol) was added PXBDPA (0.147 g, 0.15 mmol) or PXBDAA (0.174
g, 0.15 mmol) in benzene, and the resulting yellow solution in both cases
was refluxed for 3 h. The solutions were then filtered and concentrated
to a small volume and the complexes were precipitated by the addition
of petroleum ether (40-60 °C) as yellow products [Ir,CLLL] (L =
PXBDPA (14), PXBDAA (15) in both cases. The complexes were
filtered, washed with petroleum ether (40-60 °C) and diethyl ether,
recrystallized from ethanol-ether, and dried in vacuo. For 14: yield,
0.160 g (74%), mp 256-260 °C. For 15: yield, 0.168 g (69%), mp
180-185 °C.

Dichloro(u-bis(bis(2-(diphenylphosphino)ethyl)amino)-p -xylene)di-
palladium(II) Chloride, [Pd,Cl,(PXBDPA)ICI, (16), and Dichloro(u-
bis(bis(2- (diphenylarsino)ethyl)amino)-p-xylene)dipalladium(IT) Chlo-
ride, [Pd,CL(PXBDAA)ICI, (17). To an ethanolic solution of PdCl,-
(PhCN); (0.115 g, 0.3 mmol) was added PXBDPA (0.147 g, 0.15 mmol)
or PXBDAA (0.174 g, 0.15 mmol) taken in 5 mL of benzene, and the
resulting solution was further stirred for an additional hour. Each so-
lution was filtered and concentrated to a small volume by a vacuum
rotary evaporator and petroleum ether (40-60 °C) was added to get a
either lemon yellow precipitate [Pd,CL,(PXBDPA)]Cl, (16) or a yellow
complex [Pd,Cl;(PXBDAA)]CI, (17). The complexes were filtered,
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washed with petroleum ether and diethyl ether, and recrystallized from
an ethanol-ether mixture. For 16: yield, 0.17 g (85%); mp 178-186 °C.
For 17: yield, 0.18 g (78%); mp 230-235 °C.

Dibromo(u-bis(bis(2-(diphenylphosphino) ethyl)amino)-p -xylene)di-
palladium(II) Tetraphenylborate, [PdBr,(PXBDPA)](BPh,), (18). A
mixture of PdC1,(PhCN), (0.115 g, 0.3 mmol) and LiBr (0.312 g, 3.6
mmol in 30 mL of ethanol was stirred for 3-4 h. To the resulting dark
orange sotution was added PXBDPA (0.147 g, 0.15 mmol) in 5 mL of
benzene to give a yellow solution. The solution was then warmed (60 °C)
for 30 min, and NaBPh, (0.11 g, 0.32 mmol) in ethanol was added to
get a lemon yellow crystalline complex. The complex was filtered,
washed with hot ethanol, benzene, and diethyl ether, recrystallized from
DMF-ethanol, and dried in vacuo: yield, 0.23 g (78%); mp 225-230 °C.

Bis(thiocyanato)(u-bis(bis(2-(diphenylphosphino)ethyl)amino)-p -
xylene)dipalladium(II) Tetraphenylborate, [Pd,(SCN),(PXBDPA)}-
(BPh,), (19). This complex was prepared as for 18, except that
PdCL,(PhCN), (0.115 g, 0.3 mmol) was stirred with NH,SCN (0.274
g, 3.6 mmol) in ethanol for 2 h before addition of the ligand PXBDPA
(0.147 g, 0.15 mmol). The yield of the yellow complex was 0.23 g (80%);
mp 210-215 °C,

Dichloro(u-bis(bis(2-(diphenylphosphino)ethyl)amino)-p -xylene)di-
platinum(IT) Hexafluorophosphate, [Pt,Cl,(PXBDPA)](PF;), (20), and
Dichloro(u-bis(bis(2-(diphenylarsino)ethyl)amino)-p -xylene)diplatinum-
(IT) Hexafluorophosphate, [Pt,Cl,(PXBDAA)](PF¢), (21). To a yellow
ethanolic solution of PtCl,(PhCN), (0.142 g, 0.3 mmol) was added
PXBDPA (0.147 g, 0.15 mmol) or PXBDAA (0.174 g, 0.15 mmol) in
5 mL of benzene, and the solution was stirred for an hour, yielding
colorless solution. An equimolar amount of NH,PF; in ethanol was
added to the resulting solution to get the colorless complex [PtCl,L}(P-
F¢), (L = PXBDPA (20), PXBDAA (21)). The complexes were filtered,
washed with hot ethanol, benzene, and diethyl ether, and recrystallized
from a DMF—ethanol mixture. For 20: yield, 0.21 g (82%); mp 243-248
°C. For 21: yield, 0.198 g (72); mp 240-242 °C.

Results and Discussion

The hexadentate ligands PXBDPA and PXBDAA, containing
mixed donor atoms NP, and NAs,, were characterized fully by
elemental analysis, infrared and 'H, *'P, and !C NMR spectra
and molecular weight measurements in chloroform. Although
the infrared spectral data is not of much use, the NMR data is
quite useful to support the proposed composition of the ligands
as p'C6H4[CHzN(CHchzEth)zl2 (E = P, AS; Ph = C6H5).

The proton NMR spectrum of PXBDPA exhibits resonance
signals due to aromatic protons around & 7.2 corresponding to the
phenyl protons of the xylyl group and diphenylphosphino groups.
The resonance of the protons of the CH,CH, bridges are observed
at § 2.2 (-CH, protons attached to an amine center) and § 2.6
(—CH,; protons attached to the diphenylphosphino group) as
multiplets due to the interaction with the neighboring methylene
protons followed by the coupling of 3'P nuclear spin. A singlet
at 8 3.5 is assigned to the CH,, proton resonance of the xylyl group.
The ligand PXBDAA also exhibits resonances of the phenyl and
methylene protons of the CH,CH, bridges and xylyl group at 8
7.2 and 2.2 and § 2.6 and 3.5, respectively.

The *'P{'"H} NMR spectrum of the ligand PXBDPA in CH,Cl,
exhibits a single peak at § ~19.1, indicating the magnetic equiv-
alence of all the phosphorus donor atoms. The *C{'H} NMR
spectra of the ligands PXBDPA and PXBDAA exhibit signals
in the range 5 128.2-140.5 due to the phenyl carbon atoms of
diphenylphosphino or -arsino moieties and the phenyls of the xylyl
group. The '*C NMR spectra of the ligands also exhibit well-
defined doublets due to coupling to >'P (in PXBDPA), singlets
(in PXBDAA) (Table I) due to the CH,CH, bridges, and singlets
in both cases due to the CH, of the xylyl group.

The above spectral data are consistent with the proposed
structure of the ligands (I).

Platinum Group Metal Complexes. The ligands PXBDPA and
PXBDAA have two terdentate moieties (NP, or NAs,) separated
by a p-xylyl bridge, and form binuclear complexes with Ru(II),
Ru(III), Rh(1), Ir(I), Pd(11), and Pt(Il) (Scheme II).

The reaction of RuCl;(PPh,); and PXBDPA or PXBDAA at
room temperature in benzene solution gives diamagnetic Ru(II)
complexes of composition [Ru,Cl,(PPh,),(L)], where L =
PXBDPA (1) and PXBDAA (2). When the above reaction was
conducted in refluxing benzene, polymeric products are formed.
Complexes 1 and 2 are nonelectrolytes!® in DMF solvent (Table
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Scheme II
2RUCI(PPhg); + L —= RuzClatPPha,(L) th
L=PXBDPA (1), PXBDAA (2)

NH4 PFg
2RUCIp(Me2S0), + PXBDPA ————=

[Ru2Cl(Me2SON(PXBDPAYI(PFg)p (2)

3

-ﬁl— RuzCl2(L)

2RuXg(AsPhz,MeOH + L — L= PXBDPA (4) PXBDAA (8}

3)

[Ru2Brg(AsPh3)a(L);18r2
L=PXBDPA (8) PXBDAA (7)

MaClgl

M=Rh; L=PXBDPA(8),
PXBDAA (9) M=Ir; L= PXBDPA (14),
PXBDAA (15

CRha(L")a(L)I(PFg) (4)

L'= PPha; L=PXBDPA (10),
PXBDAA(11) L'=CHaCN;

L =PXBDPA (12), PXBDAA (13)

2IMCICODY,; + L S

PPha or CHaCN
NH4PFg

[MaC1o(L)ICI,

M=Pd; L= PXBDPA (16},
PXBDAA (17)

[Ma(L"p(L)Y1(BPh4);
M=Pd; L'=Br, L=PXBDPA (18),
L'= SCN; L=PXBDPA (19)
[M2Cl12(L)I(PFg)

M=Pt; L= PXBDPA (20),
PXBDAA (21

IMCIPRCN), + L —]LiBr or NH¢SCN

(5)

IT). The presence of two bands in the »(Ru~Cl) region at 266
and 311 em™ in complex 1 and 321 and 350 cm™ in complex 2
indicate a cis diposition of the two chlorides in the complexes.!

The complexes with cis chlorides and one triphenylphosphine
group can have a meridional or a facial disposition of the ligands
PXBDPA and PXBDAA. However, the *'P{{H} NMR spectrum
of 1 supports a meridional disposition of the ligands (II). The

E:=P/As
X:=Cl/Br

II

3Ip{!H} NMR spectrum of 1 displays an AB, spectrum with a
doublet centered at § 24.9 and a triplet centered at § 47.5, with
an intensity ratio of 2:1, respectively, indicating the magnetic
equivalence of the two phosphorus ends of the ligand PXBDPA
(doublet at § 24.9) and also the presence of a triphenylphosphine
group (triplet at § 47.5). The resonance signal due to P, atoms
is split by the Py atom of the PPh, to give a doublet, and the
resonance signal due to Py is split into a triplet by the two
equivalent P, toms of the ligand PXBDPA. A J(P,—Pg) value
of 26.9 Hz is also typical for the coupling constant of nonequivalent

(18) Geary, W. J. Coord. Chem. Rev. 1971, 7, 81.
(19) Nakamoto, K. Infrared and Raman Spectra of Inorganic and Coor-
dination Compounds, 3rd ed.; Wiley: New York, 1978.
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phosphorus nuclei cis to one another in ruthenium(II)—tertiary
phosphine complexes.?*?? The *'P{H} NMR spectrum of complex
2 exhibits a singlet at a more downfield value é 51.3, indicating
the presence of a PPh; group and its trans disposition to an
electronegative chloride group. The structures of complexes 1
and 2 are proposed to be binuclear octahedral, with each terdentate
moiety of PXBDPA or PXBDAA coordinating meridionally (II).

The displacement reaction of a coordinated Me,SO in the
complex RuCl,(Me,SO), with PXBDPA and NH,PFj in a re-
fluxing 1:1 ethanol-benzene mixture gives a complex of the
composition [Ru,Cl,(Me,SO),(PXBDPA)](PF¢), (3). In the
reaction of RuCl,(Me,SO), with PXBDPA the weakly coordi-
nated O-bonded Me,SO groups are displaced first, leaving the
S-bonded Me,SO groups coordinated to the metal ion. The
conductivity of complex 3 (Table IT) in DMF solvent is in accord
with a 2:1 electrolyte.”® The infrared spectrum of 3 shows a strong
band at 1096 cm™! due to »(S=0) of the S-bonded Me,SO3142324
but no band around 900 cm™ due to O-bonded Me,SO. We find
»(Ru-Cl) in 3 at 345 cm™ and »(P-F)'® at 840 cm™. A peak at
5 2.9 in the 'H NMR spectrum of 3 was assigned to a methyl
resonance, which further corroborates the coordination of Me,SO
through S.8

The 3'P{!H} NMR spectrum of 3 shows two resonance signals
at § 30.3 and 59.4 for two magnetically inequivalent phosphorus
nuclei of PXBDPA. This inequivalence of the two phosphorus
atoms of the chelated ligand PXBDPA is due to the trans dis-
position of one of the phosphorus atoms (P,) to chloride (5 59.4)
and other (Pg) to a Me,SO group (& 30.3). The absence of
J(PA—Pg) coupling might be due to the fast intramolecular ex-
change of the phosphorus donor atoms of the ligand with con-
comitant loss of J(P-P),*2 and this exchange process could not
be stopped even after the sample was cooled to 200 K. On the
basis of the above spectral data, a binuclear, octahedral structure
(II1) with facial disposition of the ligand PXBDPA is proposed
for complex 3.

cly

]
Y
D

N e
R Pt :
( LN (PFg)2

I

Reaction of PXBDPA or PXBDAA with RuCl;(AsPh;),MeOH
in refluxing benzene results in displacement of the triphenylarsine
groups o give paramagnetic, neutral complexes of the composition
[Ru,Clg(L)], where L = PXBDPA (4) and PXBDAA (5). The
teir Of these complexes (Table IT) calculated from the magnetic
susceptibility data is 1.96 up for 4 and 1.99 up for 5, corresponding
to one unpaired electron per metal center, as expected for low-spin,
ruthenium(I1I) complexes.

Complexes 4 and 3 can exist either as facial or meridional
isomers. The far-infrared spectra of complexes 4 and 5 exhibit
two »(Ru—Cl) stretching bands at 298 and 333 cm™! and 302 and
335 em™, respectively, in close agreement with Ru—Cl frequencies
reported earlier,'*?’ in accordance with a facial isomer (three

(20) Letts, J. B.; Mazanec, T. J.; Meek, D. W. .|] Am. Chem. Soc. 1982, 104,

3898.

(21) Briggs, J. C.; McAuliffe, C. A.; Dyer, G. J. Chem. Soc., Dalton Trans.
1984, 423,

(22) Gill, D. F.; Mann, B. E.; Shaw, B. L. J. Chem. Soc., Dalton Trans.
1973, 311.

(23) Drago, R. S.; Meek, D. W. J. Phys. Chem. 1961, 65, 1446.

(24) Horrocks, W. D.; Cotton, F. A. Spectrochim Acta 1961, 17, 134.

(25) Anderson, G. K.; Ravi Kumar Inorg. Chim. Acta 1985, 97, L.21.

(26) Chatt, J.; Hitchcock, P. B.; Pidcock, A.; Warrens, C. P,; Dixon, K. R.
J. Chem. Soc., Dalton Trans. 1984, 2237.

(27) Taqui Khan, M. M.; Veera Reddy, K. J. Coord. Chem. 1982, 12,71,
and references therein.



Binuclear Metal Complexes of Hexadentate Ligands

absorption bands are observed for a meridional isomer). The
3IP{!H} NMR spectrum of 4 shows a singlet at § 29.2. The 3'P
NMR results can be explained on the basis of either a meridional
or facial coordination of each of the terdentate moiety (NP,) of
the ligand PXBDPA. On the basis of the far-infrared spectral
data, however, a facial coordination of each of the terdentate
moieties of PXBDPA and PXBDAA is suggested for 4 and 5 (IV).

|
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Interaction of RuBr;(AsPh;);MeOH and PXBDPA or
PXBDAA in refluxing benzene results in the displacement of one
AsPh; and a Br™ group to give a Ru(I1I), cationic species of the
composition [Ru,Br,(AsPh;),(L)]Br, (L = PXBDPA (6),
PXBDAA (7)). The conductivity of complexes 6 and 7 in DMF
solvent corresponds to a 2:1 electrolyte (Table II). The u.4 values
of 2.08 up for 6 and 2.10 uj for 7 indicate that these complexes
are paramagnetic to the extent of one unpaired electron. Weak
v(Ru-Br) bands at 254 and 281 cm™ in 6 and 242 and 263 cm™!
in 7 suggest a cis disposition of the bromides in both the complexes.

The *'P{'H} NMR spectrum of complex 6 displays a singlet
at 6 28.8. On the basis of the chemical shift, a meridional con-
figuration in which the two phosphorus atoms of the ligands are
trans to each other is proposed. A more downfield shift of 3P
resonance is expected in a facial isomer if the phosphorus atom
is trans to a bromide group as reported earlier.>%%® A binuclear
octahedral geometry, in which each terdentate moiety of PXBDPA
or PXBDAA coordinates meridionally to the metal ion, is proposed
for complexes 6 and 7 (II).

It is thus observed that the presence of a bulky triphenyl-
phosphine or -arsine group inside the coordination sphere of the
metal ion makes the ligands PXBDPA or PXBDAA coordinate
meridionally, whereas a facial configuration results with the
presence of only chlorides and Me,SO groups inside the coor-
dination sphere of the metal ion.

Binuclear rhodium(I) complexes of the type [Rh,CL,L] (L =
PXBDPA (8), PXBDAA (9)) have been prepared by halogen
bridge splitting and the displacement of 1,5-cyclooctadiene from
[Rh(COD)Cl], by the ligands PXBDPA or PXBDAA in boiling
ethanol. Complexes 8 and 9 are nonelectrolytes in DMF solvent
(Table II). Weak bands in the far-infrared spectra at 286 cm™!
in 8 and 277 cm™ in 9 confirm the presence of a coordinated
chloride.

The 3'P{!H} NMR spectrum of complex 8 recorded at 300 K
consists of a broad resonance signal centered at § 35.5 (Table III).
The broad peak is attributed to intramolecular rearrangement of
the ligand. The 3!'P{'"H} NMR spectrum when recorded at 200
K gives a doublet at § 35.0 with !J(Rh-P) v 70.0 Hz. The
structure of complexes 8 and 9 is consistent with a square-planar
geometry about Rh(]) with PXBDPA or PXBDAA acting as a
sexadentate, bimetallic donor (V).

Four-coordinate, square-planar, cationic complexes of the
composition [Rhy(PPh;),L](PF¢), (L = PXBDPA (10), PXBDAA
(11) were synthesized by the reaction of [Rh(COD)Cl], with PPh,
and PXBDPA or PXBDAA in boiling ethanol. Complexes 10
and 11 are 2:1 electrolytes in DMF solvent (Table II). The
complexes show no peaks due to »(Rh—Cl).
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Mz=Rh,Ir,Pd,Pt
S=Cl,Br,SCN, PPh3(F’B). CH3CN
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The 3'P{'H} NMR spectrum of complex 10 displays a AM,X
pattern? of doublet of triplets and a doublet of doublets, which
is expected for a cation with the above formulation. The doublet
of triplets is centered at 4 35.9 and the doublet of doublets at §
37.7 (Table 11I). This splitting pattern can be explained by
assuming that in each cation [Rh,(PPh,),(PXBDPA)]** the Rh(1)
ions have square-planar geometries with the ligand acting as a
sexadentate, binucleate donor binding to three coordination sites
on each metal ion and a PPh, bound trans to nitrogen of PXBDPA
(V). The phosphorus atom P, of the ligand is split by the rhodium
nucleus into a doublet (\J(Rh~P,) = 136.7 Hz) and then in turn
this doublet is split by Py of the PPh, group into two doublets
(¥J(P,—Pp) = 26.9 Hz). Similarly the phosphorus atom Py is split
by the rhodium nucleus into a doublet (\J(Rh-Pg) = 124.3 Hz)
and in turn by the two equivalent phosphorus atoms P4 to give
a doublet of triplets. The low value of J(P,—Pg) indicates the
presence of P, and Py in the cis position, and all the coupling
values are in accordance with the earlier reports.’®

The 3P{!H} NMR spectrum of complex 11 displays a doublet
centered at & 33.5 with }J(Rh~P) = 117.2 Hz, indicating the
presence of a PPh; group. The proposed structures of 10 and 11
are shown in V.

Complexes of the composition [Rh,(CH;CN),(L)](PF), (L
= PXBDPA (12), PXBDAA (13)) were prepared by the reaction
of [RhCI(COD)], with CH;CN and the ligands PXBDPA and
PXBDAA in boiling ethanol. The cations so formed were isolated
as PF¢ salts. The conductivity data of these complexes supports
a 2:1 electrolytic nature of the complexes (Table IT). The infrared
spectra of 12 and 13 show two weak broad bands at 2318 and
2282 cm™!, respectively, characteristic of y(C=N) of a coordinated
acetonitrile group.!®?! The presence of acetonitrile group in the
coordination sphere was further supported by the observation of
a methyl proton resonance at § 2.3 in the 'H NMR spectrum of
12'and at 6 2.3 in 13.

The 3P{{H} NMR spectrum of 12 consists of a doublet centered
at § 39.6 with 'JJ(Rh-P) = 144.6 Hz, confirming a trans coor-
dination of the two phosphorus ends of the ligand PXBDPA. On
the basis of the above spectral data, a dinuclear structure with
square-planar Rh(I) in which acetonitrile groups are bound trans
to nitrogen atoms of PXBDPA and PXBDAA is proposed for 12
and 13 (V).

Complexes of the type [Ir,CLLL] (L = PXBDPA (14),
PXBDAA (15)) were prepared in a manner similar to that of
rhodium analogues by the displacement of COD from [Ir(CO-
D)Cl}], with PXBDPA or PXBDAA in boiling ethanol. The
conductivity data (Table II) of 14 and 15 indicate that the com-
plexes are neutral. The presence of coordinated chlorides is
supported by the observation of a weak band in the far-IR
spectrum, at 319 cm™ in 14 and 325 cm™! in 15.

The 3P{*H} NMR spectrum of 14 displays only a singlet at &
16.7. A binuclear geometry similar to that of the rhodium ana-
logue as in structure V is proposed for complexes 14 and 15.

Square-planar Pd(II) complexes of the composition [Pd,Cl,-
L]Cl, (L = PXBDPA (16), PXBDAA (17)) were prepared from
the benzonitrile complex PdCl,(PhCN), and the ligand PXBDPA
or PXBDAA in ethanol at room temperature. The conductivity

(28) Meek, D. W; Mazanec, T. J. Acc. Chem. Res. 1981, 14, 266.

(29) King, R. B,, Ed. Inorganic Compounds with Unusual Properties; Ad-
vances in Chemistry 150; American Chemical Society: Washington,
DC, 1976; p 335. .

(30) Tau, K. D.; Meek, D. W.; Sorrel, T.; Ibers, J. A. Inorg. Chem. 1978,
17, 3454,

(31) Nappier, T. E., Jr.; Meek, D. W,; Krishner, R. M.; Ibers, J. A. J. Am.
Chem. Soc. 1973, 95, 4194,
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of complexes 16 and 17 (Table IT) are in accord with 2:1 elec-
trolytes in DMF solvent.!®* The far-IR spectra of 16 and 17
displayed bands at 332 and 346 cm™, respectively, corresponding
to »(Pd-Cl).1932

The 3P{!H} NMR spectrum of 16 consists of a singlet at & 33.0.
Pd(II) forms square-planar complexes in a majority of the cases
as five-coordination could not be achieved in most of the nitro-
gen—phosphorus or nitrogen—arsenic ligands.3* A binuclear,
square-planar geometry (V) for 16 and 17 is proposed, analogous
to other known [(L);.,MX}* (M = Pd(II), Pt(II), Ni(Il); L =
terdentate tris(tertiary phosphine), R;P; n = 0, 3) complexes.’*

The complexes [Pd,Br,(PXBDPA)}(BPh,), 18 and [Pd,-
(SCN),(PXBDPA)}(BPh,), 19 were prepared by the interaction
of PdBr,(PhCN), or Pd(SCN),(PhCN), in ethanol with
PXBDPA, and the cations so formed were best isolated as tet-
raphenylborate salts. Both complexes show conductance values
(Table II) indicating their formulations as 2:1 electrolytes. The
far-IR spectrum of complex 18 shows a weak band at 230 cm™,
which may be assigned to »(Pd-Br).!** The presence of coor-
dinated SCN~ group in complex 19 is supported by a strong band
in the IR spectrum at 2050 cm™, characteristic of an N-bonded
thiocyanate group.’¢3’ The 3P{!H} NMR spectra of 18 and 19
exhibit singlets at § 34.6 and 40.3, respectively, confirming the
square-planar geometry of the complexes (V).

" The P chemical shifts of complexes 16, 18, and 19 (Table IIT)
increase as the halogen changes from chloride to bromide and to
a pseudohalogen (SCN) in the coordination sphere of the metal
ion. The 3P chemical shifts move more downfield as the halogen
changes from CI™ to Br~ to SCN™ (order of increasing polarizability
of the ligand) as was observed earlier.* As the w-acidic character
of the halide increases in passing through Cl to I, the o-basicity
of the coordinated phosphorus increases due to a synergic effect
causing an increase in the downfield shift with an increase in the
m-acidity of the halogen.

Reaction of PtCl,(PhCN), and PXBDPA or PXBDAA in
ethanol yielded square-planar cationic complexes of the compo-
sition [Pt,CL,L}?* (L = PXBDPA (20), PXBDAA (21)) best
isolated as PF4~ salts. Conductivity data indicate that both
complexes are 2:1 electrolytes in DMF solvent. The far-IR spectra
of 20 and 21 show weak absorption bands at 332 and 324 cm™,
respectively, corresponding to »(Pt—Cl).38

The 3P{!H} NMR spectrum of 20 displays a singlet at 5 28.6
with %Pt satellites. The 'J(Pt~P) coupling constant calculated

(32) Hill, W. E.; Minahan, D. M. A; McAuliffe, C. A. Inorg. Chem. 1983,
22, 3382,

(33) Morris, T. L.; Taylor, R. C. J. Chem. Soc., Dalton Trans. 1973, 175.

(34) King, R. B.f Kapoor, P. N.; Kapoor, R. N. Inorg. Chem. 1971, 10, 1841.

(35) Clark, H. C; Dixon, K. R. J. Am. Chem. Soc. 1969, 91, 596.

(36) Burmeister, J. L. Coord. Chem. Rev. 1966, !, 205.

(37) Levason, W.; McAuliffe, C. A. J. Chem. Soc., Dalton Trans. 1974, 2238
and references therein.

(38) Clark, H. C.; Dixon, K. R.; Jacob, W. J. J. Am. Chem. Soc. 1968, 90,
2259.
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from its %Pt satellites is 2744 Hz, which is appreciably higher
when compared to those of earlier reports for similar phosphorus
atoms trans to one another in monodentate, square-planar Pt(II)
complexes,® of the type trans-L,PtCl, and [L,PtCl}* (L = R,
(C¢Hs);-,P, where n = 1-3 and R = alkyl). This was also reported
earlier? for the cationic complex [PtCI(DPBA)]*, where DPBA
= bis(2-(diphenylphosphino)ethyl)benzylamine and can be as-
cribed to the increased d,~d, bonding between P and Pt due to
the presence of phenyl groups on the two phosphorus atoms. A
binuclear, square-planar geometry similar to V is proposed for
20 and 21.

In the complexes of Rh(I), Ir(I), Pd(II), and Pt(II) with the
ligand PXBDPA, the 3!P resonance is shifted to a high-field side
(Table III) as one descends in a given group, i.e. from Rh to Ir
and Pd to Pt, which is consistent with the earlier reports.®41 A
large downfield chemical shift upon coordination of PXBDPA
to form five-membered chelate rings has been observed in *'P
NMR as was evidenced earlier.*

The metal-phosphorus and metal-arsenic stretching frequencies
of the coordinated P or As of the ligands PXBDPA, PXBDAA,
PPh;, and AsPh, in the far-IR spectra of the complexes are
observed in the regions 504-540 cm™ and 470-480 cm™!, re-
spectively. The metal-nitrogen stretching frequencies in all the
complexes could not be assigned decisively, since the critical region
of »(M-N) in each case was complicated by the presence of bands
due to the other ligand vibrations.

The 'H NMR spectra of all the complexes displayed broadened
resonance signals due to phenyl and methylene protons and were
of not much help in assigning the geometries. There is a con-
siderable downfield shift in the resonances of various protons, when
compared to those of free ligand. In the complexes, the phenyl
resonances occur in the range 6 7.4-6.6, the benzylic protons occur
in the range 6§ 4.8-4.2, the methylene protons attached to phos-
phorus and arsenic donor atoms occur in the range § 3.4-2.8, and
methylene protons attached toward a nitrogen donor atom occur
between 6 2.8 and 2.1.
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