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Complexes of Copper(I) and Silver(I)

Complexes of the potentially chelate ligands o-allylphenyldimethylarsine, Ci;Hi;As (AA), o-allylphenyldiphenylphosphine,
CuHiyP (AP), and o-(2-methallyl)phenyldiphenylphosphine, CeoHoy P (MP) with copper(1) halides and silver nitrate have been
prepared and studied by infrared and nmr spectroscopy, in order to establish whether the olefinic double bond is coordinated.
The infrared spectra of the complexes [CuX AP, (X = Cl, Br, or I), [Cul -MP]l,, and AgNOs-AA suggest that the ligands
behave as bidentate chelate groups, whereas in the complexes Cul(AA);, AgX(AP): (X = Cl, Br, or I), AgI(AP), and AgNO;s-

(AP), the group V atom only is attached to the metal.

Possible structures for the complexes are discussed.

The preparative

and spectroscopic results support the idea that olefins coordinate more strongly to copper(I) than to silver(I).

Introduction

Owing to their instability at room temperature, com-
plexes of straight-chain monoolefins with copper(I)
halides and silver nitrate have been characterized
mainly by distribution studies in solution and, in the
case of gaseous olefins, by measurements of the pres-
sure of olefin in equilibrium with the solid complex.?
Only recently have solid complexes of silver nitrate
with ethylene® and butadiene® been isolated; in the
latter case, the double bonds are probably bound to
different silver ions. Both compounds decompose
above about —30° The ligand 2-allylpyridine is
reported to form chelate complexes with copper(I)
chloride, silver nitrate, and platinum(II) chloride,®
although the insolubility of the copper and silver com-
pounds precluded extensive measurements. Diphenyl-
vinylphosphine also forms stable 1:1 and 2:1 adducts
with silver nitrate in which both the phosphorus and the
double bond are thought to be coordinated to silver.®

In other papers of this series, we have shown that
certain olefinic tertiary phosphines and arsines form
stable, chelate, monoolefin complexes with platinum-
(I1),7-1 palladium(II),® and the zerovalent group VI
metal carbonyls,!' and we have now extended this
work to include copper(I) and silver(I). The ligands
used in this investigation are o-allylphenyldimethyl-
arsine, 0-CHy—=CHCH,CsH,As(CHj): (AA), o-allylphen-
yldiphenylphosphine, 0-CH;=CHCH,C;H,P(CsHj;)»
(AP), and o-(2-methallyl)phenyldiphenylphosphine
(MP).

(1) Part V: M. A. Bennett, R, S. Nyholm, and J. D. Saxby, J. Organo-
metal. Chem. (Amsterdam), in press.

(2) For a summary of references through early 1062, see M. A. Bennett,
Chem. Rev., 62, 611 (1962).

(3) K. Tarama, M. Sano, and K. Tatsuoka, Bull. Chem. Soc. Japan, 36,
1366 (1963).

(4) J. W. Kraus and E. W. Stern, J. Am. Chem. Soc., 84, 2893 (1662).

(5) R. E. Yingst and R. E, Douglas, Inorg, Chem., 8, 1177 (1964).

(6) C. Wuand F. J. Welch, J. Org. Chem., 30, 1229 (1965).

(7) M. A. Bennett, H. W, Kouwenhoven, J. Lewis, and R. 8. Nyholm,
J. Chem. Soc., 4570 (1964).

(8) M. A. Bennett, J. Chatt, G. J. Erskine, J. Lewis, R. F. Long, and R. S.
Nyholm, tbid., Sect. A, 301 (1967).

(9) M. A. Bennett, W. R. Kneen, and R. S. Nyholm, Inorg. Chem., T,
556 (1968).

(10) L. V. Interrante, M. A. Bennett, and R, S, Nyholm, ibid., 6, 2212
(1966).
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Experimental Section

Measurements.—Infrared spectra in the rangc 4000-400 cm !
were recorded on a Grubb-Parsons double-beam grating spcc-
trophotometer, Type G.8. 24, and on a Perkin-Elmer 337 double-
beam grating spectrophotometer. The samples were examined
either as thin films (liquids) or as mulls in Nujol and hexachloro-
butadiene (solids), using potassium bromide plates coated with
polystyrene if necessary to prevent exchange reactions with the
complexes. The spectra were calibrated with polystyrene and
are accurate to within =3 cm ~!in the range 1500-1700 cm —.

Proton magnetic resonance spectra were recorded on a Varian
HA 100-Mec instrument using deuteriochloroform solutions comn-
taining ca. 19, tetramethylsilane as the internal standard.

Melting points (uncorrected) were determined on a Gallen-
kamp electrically heated hot-stage apparatus. Molecular
weights were determined at 25° using a Mechrolab vapor pres-
sure osmometer, Model 301A. Conductance measurements were
carried out at 25° on ca. 1078 A solutions in Analar acetone or
nitrobenzene using a Wayne—Kerr universal bridge, Type B 221,
and conventional dip-type bright platinum electrodes. The cell
was calibrated using 1 N aqueous potassium chloride.

X-Ray powder photographs were recorded on a Nonius—Guinier
camera using nickel-filtered copper Kea radiation.

Microanalyses were carried out by the microanalytical labora-
tory of this department, by Messrs. Weiler and Strauss, Oxford,
and by Alfred Bernhardt, Max Planck Institut fiir Kohlen-
forschung, Miilheim, Germany.

Analytical, molecular weight, and melting point data are sum-
marized in Table I.

Preparation of Compounds.—o-Allylphenyldimethylarsine and
o-allylphenyldiphenylphosphine were prepared as previously
described.»  Copper(l) chloride and copper(l) bromide were
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TaBLE I

AnavLvTIicAL DATA, MOLECULAR WEIGHTS, AND MELTING POINTS

—% C —  ——% H—— ——9% halogen——
Compound Caled Found Caled Found Caled Found
MP 83.5 83.0 6.8 6.4
Cul(AA), 41.7 41.7 4.8 5.0 20.0 19.8
[CuCl-AP], 62.8 62.8 4.8 4.8 8.8 9.0
[CuBr-AP]: 56.6 56.7 4.3 4.4 17.9 17.7
[Cul-AP], 51.2 51.2 3.9 3.8 25.8 25.7
[Cul-MP], 52.1 51.8 4.2 4.7 25.1 25.6
AgNOAA 33.7 33.4 3.9 4.0 3.6 3.6¢
AgNOJAP) 53.4 53.2 4.0 3.9 3.0 2.8¢

AgCI(AP), 67.5 67.5 5.1 5.1 4.7 5.2

AgBr(AP), 63.6 63.9 4.8 5.1 10.1 9.7
AgI(AP) 60.0 59.7 4.6 4.3 151  14.6
AgI(AP) 46.9 47.0 3.5 3.5 23.6 24.6

o Nitrogen analysis.

prepared by the literature method,! and the silver halides were
freshly prepared from silver nitrate solution and the appropriate
halogen acids. All other chemicals were commercially available
reagent grade quality.

0-(2-Methallyl )phenyldiphenylphosphine.—This was prepared
similarly to o-allylphenyldiphenylphosphine.’® The mono-Gri-
gnard reagent of o-bromochlorobezene was treated with 2-methallyl
chloride to give 0-(2-methallyl)chlorobenzene. The Grignard re-
agent of this compound, prepared in dry tetrahydrofuran, was
treated with chlorodiphenylphosphine in the same solvent. The
reaction was worked up® to give a 459, yield of the required li-
gand, which was a white solid melting just below room tempera-
ture.

Di-u-chloro-bis(o-allylphenyldiphenylphosphine )dicopper(1),

[CuCl. AP]..—A solution of o-allylphenyldiphenylphosphine (1.53
g, 5.0 mmoles) in 20 ml of ethanol was added slowly (30 min) to a
stirred solution of copper(I) chloride (0.5 g, 5 mmoles) in 20 ml of
a saturated aqueous solution of potassium chloride at room tem-
perature. After stirring for 1 hr more, the white precipitate was
filtered and washed successively with potassium chloride solution,
water, and alcohol. The solid (1.55 g, 75%) was recrystallized
from ethanol to give colorless plates of the complex [CuCl-AP]s.

The complexes [CuBr-AP]s, [Cul-AP]s, [Cul -MP];, and Cul-
(AA), were prepared similarly from the appropriate copper(I)
halide dissolved in potassium halide solution and the ligand.

Iodo{o-allylphenyldiphenylphosphine )silver(I), Agl(AP).—A

solution of o-allylphenyldiphenylphosphine (1.2 g, 4 mmoles)
in 40 ml of ethanol was added slowly (1 hr) to a stirred solution
of silver iodide (1.0 g, 4.3 mmoles) in 40 ml of saturated aqueous
potassium iodide at room temperature. After stirring for 1 hr
more, the white precipitate was filtered and washed successively
with potassium iodide solution, water, alcohol, and ether. Itwas
then reprecipitated from acetone solution at about 10° by addi-
tion of ether; yield, 1.3 g (60%).

Iodobis(o-allylphenyldiphenylphosphine)silver(I), AgI(AP),.—
The complex Agl:AP (1.3 g, 2.4 mmoles) was recrystallized from
200 ml of ethanol containing oe-allylphenyldiphenylphosphine
(0.85 g, 2.8 mmoles) to give white crystals of the complex Agl-
(AP), (0.83 g, 50%).

(11) R. N. Keller and H. D, Wycoff, Inorg. Syn., 2, 1 (1946).

—% P (As)-— Mol wt:
Caled Found Mp, °C Caled Found  (Molarity) Solvent
23.6 23.7 98-99 635 528 (0.0108) CHCI;
600 (0.0406) CHCI,
630 (0.104) CHCl;
693 (0.0396) Acetone
831 (0.0942)  Acetone
7.7 7.9 257-258 803 676 (0.0205) CHCI
7.0 7.2 214-216 892 695 (0.0211) CHCl
807 (0.0439) CHClL;
6.3 6.1 175-176 086 845 (0.0050) CHCI;
910 (0.0200) CHCl,
965 (0.0434) CHCI;
183-185
19.1 19.0 70~71 392 580 (0.0468) CHCI;
618 (0.166) CHCl,
439 (0.0312) Acetone
495 (0.0898) Acetone
6.6 6.7 166-168 472 552 (0.0220) CHCl;
768 (0.0589) CHCI;
8.3 7.7 155-156 748 581 (0.0102) CHCl;
658 (0.0401) CHCl,
7.8 7.6 130~131 793 630 (0.0106) CHCl,
690 (0.0437) CHCl;
03-94 840 672 (0.0105) CHCI;
5.8 5.5 96-97

The complexes AgCI(AP); and AgBr(AP), were prepared simi-
larly by reaction between the silver halide and the ligand in
eithera 1:1 or a 1:2 mole ratio.

Nitrato(o-allylphenyldimethylarsine)silver(I), AgNO;-AA.—
A solution of o-allylphenyldimethylarsine (0.75 g, 3.4 mmoles)
in 15 ml of acetone was added slowly (30 min) to a stirred solu-
tion of silver nitrate (1.7 g, 10 mmoles) in 40 ml of 1:1 aqueous
acetone at room temperature. Slow evaporation of the filtered
solution gave colorless crystals of the complex AgNO;- AA (0.95¢g,

70%).
The complex AgNOy(AP) was prepared similarly (509 yield).

Results

Copper(I) Complexes.—Copper(I) iodide reacts with
o-allylphenyldimethylarsine (AA) to give a diamag-
netic complex of empirical formula Cul{CyHisAs)s,
which is nonconducting in nitrobenzene and monomeric
in chloroform; the complex seems to be slightly associ-
ated in acetone. The infrared spectrum shows a band
at ca. 1640 cm~* due to an uncoordinated C==C stretch-
ing vibration (Table II), and the 'H nmr spectrum is
very similar to that of the ligand (Table ITI). It seems
likely that only the arsenic atom of the ligand is at-
tached to the metal, and that the complex contains
three-coordinate copper(I) (structure I) both in the
solid state and in solution. A similar structure has
been proposed for complexes of formula CuX(ligand):
formed by 2-phenylisophosphindoline, which, by con-
trast with our compound, are associated in dichloro-
methane.!? Attempts to prepare the chloro and bromo
analogs of CuX(AA); have been unsuccessful.

o-Allylphenyldiphenylphosphine (AP) reacts with
copper(I) halides to give a series of isomorphous com-
plexes of empirical formula CuXCoHi P (X = Cl, Br, or

(12) J. W. Collier, A, R. Fox, I. G, Hinton, and F. G. Mann, J. Chem,.
Soc., 1819 (1964).
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TaBLE 11
INFRARED SPECTRA (1700-650 cx~!) oF AA, AP, MP, axp THEIR CoMPLEXES wWITH Cu(l) anDp Ag(l)e
Assignment AA Cul(AA): AgNOz' AA AP [CuBr-AP]: AgI(AD) AgI(AP): AgNO3(AP) MP fCul*MP].
C==C str 1640 w 1642 w 1590 m? 1639 w 1562 w* 1640 w 1640 w 1631 w 1653 w 1575 w?
{ 1590 w 1590 w 1585 w 1587 w 1587 w 1587 w 1585 w 1587 w 1587 w
Arom 1570 vw 1562 vw 1481 w, sh 1562 vw 1562 vw 1560 vw 1560 vw 1570 vw
ring 1481 w, sh 1471 m 1471 w, sh 1493 vw, sh 1484 w 1493 vw, sh 1490 vw, sh 1493 vw, sh 1484 w 1484 w
c—C { [1a73 w 1479 w 1471 w 1479 w 1479 w 1477 w 1471 w 1466 w
str t [ 1447 m, sh 1445 m, sh 1447 m, sh 1466 w 1468 w 1466 w 1466 w
Aliph 4‘ 1437 m 1437 m 1437 m 1437 m 1435 m 1435 m 1433 m 1437 m 1437 m
C—H def {[ 1429 m, sh 1429 m 1414 m, sh® 1429 w, sh 1425 w, sh 1429 w, sh 1429 w, sh
] 1383 1410 vw, sh 1406 vw, sh 1376 & 1377 w
Arom and i 1302 vw 1312 vw 1351 ¢ 1323 vw 1330 vw 1332 vw 1330 vw 1339 & 1330 vw 1333 vw
olef C—H def 1341 ¢ 1307 vw 1309 w 1311 w 1309 w 1307 ¢ 1309 vw 1311 vw
{ 1266 m, sh®
1997 m 996 w 1008 w 993 m 997 w 996 m 997 m 1007 m 1000 vw 998 vw
}917 s 922 m 950 w 980 w 1000 m
Olef 3
C—H out of [891 m 912 m 936 w 911 m, sh 914 m 915 m 916 m 933 m, sh
plane def | 893 m 922 w 908 m 909 m, sh 908 w, sh 907 w, sh 920 m 911 vw, sh
’{ 890 w 899 w, sh 901 w, sh 893 m 891 m
(848 m 855 m 884 w 871 w 877 w
870 w 851 w
Aront 821 w' 819 w 814 mb
C—H out i 816 wb 762 s
of plane def {752 s 752 s 746 m 746 s 745 s 745 s 746 s 752 s 746 s 752 s
734 m 738 w 718 m 719 m 719 w 723 w 741 m, sh 721 m T42 s
722 w 729 w
704 m, sh
696 s 692 s 602 s 693 s 696 s 696 s 690 s

673 m,sh 671 w,sh 675 w, sh
¢ Band due to C==C stretch probably overlaps aromatic absorption. * Absorption due to NOz~. ¢ Abbreviations: vs, very strong;
s, strong; m, medium; w, weak; vw, very weak; sh, shoulder,

TasLe 111
ProroN NMR DATA FOR THE LicanDps AA, AP, MP, axp THEIR ComPLEXES WITH CoPPER(I) AND SILVER(I)
Chemical shifts,” ppm- Spin—spin coupling constants, cps-——-——-—

Compound H? H, H; Hy H; Ji2 J1s J1 Jas
AA 4.11 5.05 5.11 6.41 8.98 10.2 16.9 6.25 1.7
Cul(AA) 3.89 4.85° 4. 85¢ 6.24 8.60 10.7 17.2 6.4
AgNO;- AA 3.85 4.81 5.11 6.31 8.40 10.5 17.5 5.3 1.7
AP 4.15 5.07¢ 5.05¢ 6.20 9.0 18.0 6.7 2.0
[CuBr-AP], 4.34 5.20¢ 5.20° 6.50 10.7 16.6 6.25
AgNO;3;(AP) 3.90 4.72 5.03 6.59 10.5 17.0 5.0 2.0
MP 8.4¢ 5.25 5.44 6.42
[Cul-MP], 8.4¢ 5.08 5.24 6.53

@ Chemical shift values (7) relative to TMS as the internal standard in CDCl;.  » Protons are numbered as shown in the Introduction.
Each spectrum shows absorption in the region 2.5-3.0 ppm due to aromatic protous. ¢ Small splitting insufficiently resolved to justify
analysis. ¢ The reverse assignment is also possible. ¢ CH; group.

I) which are dimeric in chloroform and nonconducting Q\(CHW (CHy, /@
in nitrobenzene. The H nmr spectra (Table II1) are
very similar to that of the ligand, showing that no
isomerization has occurred. The infrared spectra of

the complexes show no band at ca. 1640 em~! assign- CH CH

able to a free C=C stretching frequency, but a very (IB‘HZ (!Hz

weak band at 1560 cm—! which appears in the spectrum I

of the ligand is consider‘ably more intens.e in the spec- (CHL), HC

tra of the complexes, which suggests that it may be due P\C /X\ A &

to the coordinated C==C stretching frequency. The ©( oY \l Nx” \CP:©
band at 1640 cm—! in the spectrum of o-(2-methallyl)- cH, CHQ
phenyldiphenylphosphine(MP) is more intense than (CeHs).

that in the ligand (AP), presumably owing to the re- I,X=CLBr,; Y=H

duced symmetry about the double bond, but this band I, X =Br; Y = CH,

is completely absent from the spectrum of the complex (CHy), B

[CuBr(MP) ], which also shows enhanced intensity in a AS\A g /N—O (CHY

band at 1360 cm~!. The copper(I) complexes are there- @ CH\f 0 v e

fore formulated as tetrahedrally coordinated dimers, CH> CH, SNAge—0
both in the solid state and in solution, the ligands be- v CH, N .
having as bidentate chelate groups (structures II and CH O_N\O"
III). The shift of the C==C frequency on coordina- gHz

tion (80 em™1) is of the same order as that observed in \%
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copper(I) complexes of unsaturated nitriles,'® cyclic
olefins, 31 and 2-allylpyridine.®

Silver(I) Complexes.—All attempts to prepare silver
halide complexes of o-allylphenyldimethylarsine (AA)
have been unsuccessful. However, the corresponding
phosphine (AP) reacts with silver iodide to give a color-
less compound of empirical formula AgICyH;sP whose
solutions in organic solvents are nonconducting and
readily deposit silveriodide. On recrystallization from
solvents containing an equimolar quantity of free ligand,
a 2:1 adduct AgI(CyH,4P)s is obtained. Silver chlo-
ride and bromide react directly with the ligand to give
similar 2:1 adducts which are isomorphous with each
other, but not with the iodide. In chloroform solu-
tion, the 2:1 adducts are essentially monomeric, though
slightly dissociated. The infrared spectra of all of the
complexes show a band at ca. 1640 cm~! due to the
free C=C stretching frequency so that only the phos-
phorus atom is coordinated. Therefore, the 2:1 ad-
ducts probably contain three-coordinate silver and are
analogous to other tertiary phosphine complexes of
formula AgX(ligand),,® but the structure of the 1:1
adduct with silver iodide is unknown; it may be tetra-
meric in the solid state like the corresponding com-
plexes with trialkylphosphines and trialkylarsines.

o-Allylphenyldimethylarsine (AA) reacts with silver
nitrate to give a compound of empirical formula AgNOs-
CuHisAs which is essentially monomeric in chloroform,
though at higher concentration the compound is ob-
viously associated; in acetone virtually no association
is evident. The complex is nonconducting in acetone
and nitrobenzene.

The 'H nmr spectrum clearly shows the presence of
the allyl group, although some of the signals are shifted
compared with those of the free ligand (Table III).
The infrared spectrum of the complex shows no band at
1640 cm—, and a very weak band at 1590 cm™! in the
spectrum of the free ligand shows enhanced intensity
in the spectrum of the complex; this is tentatively as-
signed to the C=C frequency modified by coordination.
Similar frequency shifts have been observed in other
silver—olefin complexes.5:18.19

The corresponding phosphine (AP) also forms a
monomeric, nonconducting, 1:1 adduct with silver
nitrate, whose 'H nmr spectrum resembles that of the
complex AgNO;-AA. Surprisingly, however, the infra-
red spectrum of the phosphine complex AgNO;(AP)
shows a band at 1640 c¢cm™!, showing that the double
bond is not coordinated. The infrared spectra of both
AgNO;-AA and AgNO;(AP) are too complicated for
any firm conclusions to be drawn about the type of

(13) G. N. Schrauzer and 8. Eichler, Chem. Ber., 95, 260 (1962),

(14) N. C. Baenziger, H. L. Haight, and J. R. Doyle, Inorg. Chem., 8, 1535
(1964).

(15) S. E. Manahan, tbid., §, 2063 (1968).

(18) R. C. Cass, G. E. Coates, and R, G. Hayter, J. Chem. Soc., 4007
(1955).

(17) F. G. Mann, D. Purdie, and A, F. Wells, ¢bid., 1503 (1936); F. G.
Mann, A. F. Wells, and D. Purdie, bid., 1828 (1937).

(18) H. Hosoya and S. Nagakura, Bull. Chem. Soc. Japan, 87, 249 (1964).

(19) H. W. Quinn, J. S. MclIntyre, and D, J. Peterson, Can, J. Chem., 43,
2896 (1965).
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bonding of the nitrate group. Since the compounds
are nonconducting in solution, however, it is unlikely
that they are ionic in the solid state. Also, the number
of bands assigned to nitrate absorption, and their fre-
quency range, may indicate the presence of monoden-
tate and/or bidentate nitrate groups.® By analogy
with the structure of the complexes (cyclooctatetraene)-
AgNO;?! and (norbornadiene) -2AgNQ,,22 it is likely
that, in the solid state, AgNO;-AA and AgNO;(AP) con-
tain chains of silver ions connected by bridging nitrate
groups. Presumably, each silver ion in AgNO;-AA
is tetrahedrally coordinated via an arsenic atom and a
double bond of the ligand and two oxygen atoms from
different nitrate groups, while AgNO;(AP) contains
three-coordinate silver, the double bond being unco-
ordinated. In solution, AgNO;-AA may retain tetra-
hedrally coordinated silver, if the nitrate group acts
as a bidentate chelate group (structure IV), and simi-
larly, in solution, AgNO3(AP) may contain three-co-
ordinate silver, with a bidentate chelate nitrate group
(structure V). An alternative possibility, which re-
ceives a small measure of support from the similarity
of the 'H nmr spectra of AgNO;-AA and AgNO;(AP),
is that in solution the double bond of AP coordinates to
silver to complete the tetrahedral coordination.

Proton Magnetic Resonance Spectra.—The chemical
shifts and coupling constants of the ligands and com-
plexes are given in Table ITII, the protons being
numbered as shown in the Introduction. The hope
that these data would provide an additional criterion
for coordination of the olefinic double bond in the com-
plexes was not fulfilled. In general, the nmr spectra of
ligands and complexes are very similar, and there are
no systematic changes on coordination. For example,
in both Cul(AA), and AgNO;-AA, the vinyl proton
resonances due to H; and H; appear at lower field than
in the free ligand, even though the ligand is monodentate
in the first case and bidentate in the second. In the
case of the chelate complex [CuBr-AP],, all the olefinic
proton resonances are shifted slightly upfield compared
with those of the ligand, whereas in the case of the che-
late complex [Cul-MP],, the reverse occurs. It may be
noted that there is a downfield shift of olefinic proton
resonance on coordination in complexes of the type
AgBF,-2(olefin),’® but in most other olefin complexes,
an upfield shift is observed.2?

Discussion

The preparative and infrared spectroscopic results
support the conclusions drawn by previous workers?:5
that copper(I)-olefin complexes are more stable than
silver (I)-olefin complexes. Thus, neither o-allylphenyl-
dimethylarsine (AA) nor o-allylphenyldiphenylphos-
phine (AP) forms chelate complexes with silver halides,

(20) N.F. Curtis and V. M. Curtis, Inorg. Chem., 4, 804 (1965), and refer-
ences cited therein.

(21) F.S.Mathewsand W. N. Lipscomb, J. Phys. Chem., 68, 845 (1959).

(22) N. C. Baenziger, H. L. Haight, R. Alexander, and J. R. Doyle, Inorg.
Chem., B, 1399 (1968).

(23) M. L. Maddox, S. L. Stafford, and H. D. Kaesz, Advan. Organometal.
Chem., 8, 47 (1965), and references cited therein,
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whereas AP forms chelate complexes with copper(I)
halides. The shift in C==C stretching frequency on
complexing, Ay(C=C), which provides a rough measure
of metal-olefin bond strength, is approximately 50
em~! for AgNO;-AA and approximately 80 ecm—! for
[CuX-APJ].. Previous results?? 151819 jndicate, as
would be expected, that olefin complexes of copper(I)
and silver(I) are formed more readily if poorly co-
ordinating anions, such as BF,—, ClO,—, or NO;—, are
present in place of halide ions. It is surprising, there-
fore, that AA, but not AP, forms a chelate complex
with silver nitrate, since in the case of the copper halides

Inorganic Chemistry

discussed above, and in the case of palladium(II),* AP
is clearly the better chelate ligand. Preliminary at-
temps to prepare chelate complexes of AP with AgBF,
have also been unsuccessful. Experiments using a
range of related olefinic tertiary phosphines and ar-
sines will be required to provide an answer to this prob-
lem.
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The ligands o-allylphenyldimethylarsine (AA), 0-CHy=CHCH;CsH:As(CHs):, and o-allylphenyldiphenylphosphine (AP),
0-CHy=CHCH,CsH,P{CsH;)s, form chelate complexes of formula MX;,(ligand) (M = Pt, Pd; X = Cl, Br), in which both

the group V atom and the double bond are coordinated to the metal.

The reactions of these compounds with iodide ion

and with thiocyanate ion lead to a variety of compounds in which the double bond may or may not be coordinated to the

metal.

These studies, together with the infrared spectra of the complexes, suggest that metal-olefin bonding is stronger

for platinum(I1) than for palladium(1II), in agreement with previous work. The phosphine AP forms chelate complexes more

readily than does the arsine AA.

Introduction

Olefinic tertiary phosphines and arsines containing
the 4-pentenyl group, of general formula CHy==CH-
(CHy)3P(As)R; (R = CHjor C¢Hy), form chelate, mono-
meric monoolefin complexes with platinum(II) of for-
mula PtX,(ligand) (X = Cl, Br, or I), but with pal-
ladium(II) dimeric complexes exemplified by [PdCls-
(ligand) ]; are formed, in which the double bond is not
coordinated to the metal.? We have previously briefly
reported the preparation of chelate derivatives of
formula PtBry(ligand) with o-allylphenyldimethylarsine
(AA)? and o-allylphenyldiphenylphosphine (AP),* and
now we compare the chelating tendencies of these two
ligands with platinum(II) and palladium(IT).

CH,; CH; CeHs CoHy
AN
©f“‘/s g4
CH,CH=CH, CH,CH=CH,
AA AP

(1) Part VI: M. A. Bennett, W. R. Kneen, and R. S. Nyholm, Inorg.
Chem., T, 552 (1968).

(2) M. A. Bennett, H. W. Kouwenhoven, J. Lewis, and R. 8. Nyholm,
J. Chem. Soc., 4570 (1964).

(8) M. A. Bennett, J. Chatt, G. J. Erskine, J. Lewis, R. F. Long, and R. S.
Nyholm, 1b¢d., Sect. 4, 501 (1967).

(4) L. V. Interrante, M, A. Bennett, and R. 8. Nyholm, Inorg. Chem., B,
2212 (1966).

Experimental Section

Starting Materials.—Tetrahydrofuran was distilled from
sodium-benzophenone and stored over sodium. All other sol-
vents and chemicals were of reagent grade quality and were used
without purification.

o-Allylphenyldimethylarsine (AA) and o-allylphenyldiphenyl-
phosphine (AP) were prepared as described previously.®* They
are referred to as “‘the arsine’’ and ‘‘the phosphine’’ throughout
the Experimental Section.

Measurements,—Infrared spectra, proton nmr spectra, melting
points, molecular weights, conductances, and X-ray powder
data were measured as described previously.! Magnetic sus-
ceptibilities were measured at room temperature on powdered
samples using the Gouy method, following the procedure of
Figgis.® TUltraviolet and visible spectra were recorded on a Uni-
cam SP 800 spectrophotometer using 1-cm silica cells.

Microanalyses were carried out by the microanalytical labora-
tory of this department, by Messrs Weiler and Strauss, Oxford,
and by Alfred Bernhardt, Max Planck Institut fiir Kohlen-
forschung, Miilheim, Germany. Platinum and palladium in
the tertiary arsine complexes were determined by ignition to the
metal after moistening with a few drops of concentrated sulfuric
acid.

Dichloro(o-allylphenyldiphenylphosphine )platinum (I1), Pt-
CLAP.—A solution of the phosphine (2.5 g, 8.3 mmoles) in 40
ml of chloroform was added slowly (1 hr) to a stirred suspension
of anhydrous platinum(II) chloride (2.2 g, 8.3 mmoles) in 30 ml
of chloroform at room temperature. The mixture was refluxed
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