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Synthesis and Spectroscopic Studies of Silver and Rhodium Mono- and Poly-
nuclear Complexes with Multidentate Phosphines (Ph,P),CHR (R = H, Me, PPh,)
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Trinuclear [{{Ph,P);CH}Ag3(0,CR")3], dinuclear
[{{Ph,P); CHR}Ag(0,CR'),],  [{{Ph,P),CHR},-
Agzl(BFq)z and [ha(a)(CO)g{(thP}zCHME}g]'
[RRCl,(CO),], and mononuclear [Rh{{Ph,P),-
CHR},](BF,), [Rh{{Ph,P),CHR },HCI](BF,),
[Rh{(Ph,P), CHR},Cl(HgCl)] (BF,) and [Rh{(Ph,-
P),CHR},0,](BF,;) (R = H, Me) were synthesized
from the phosphines tris(diphenylphosphino Jmethane
{(Ph,P)3sCH), bis{diphenylphosphino)methane ((Ph,-
P),CH,) and 1,1-bis(diphenylphosphino Jethane
((PhyP), CHMe). The 'H, *3C and 3'P NMR spectra
were investigated and for the mononuclear rhodium
compounds compared with their 1,2-bis(diphenyl-
phosphino Jethane and 1,3-bis(diphenylphosphino )-
propane analogues. The 3 P NMR spectra of the silver
complexes revealed besides normal values for
J(**74g—3P) (640 and 500 Hz for the AgP and AgP,
systems, respectively) a small 3J(1°"Ag—31P) of about
—4 Hz and an exceptionally large J{*P-3'P) of 170
Hz. A large positive charge on the P-atoms in [{(Ph,-
P), CH, }Ag;(O; CR)2] and /{(thpfz CH,}Ag, |-
(BF4), was calculated from the chemical shifts of
the methylene protons.

On the basis of 3P NMR data methyl substitution
in (PhyP), CHR resulted in formation of only one of
the possible isomers for [{({Ph,P),CHMe},Ag,]-
(BF,),, [hafco)z(Cl){(thPhCHMe}z][RhClz'
(CO),] and [Rh{(Ph,P),CHMe},0,](BF,), but two
isomers for [Rh{{Ph,P),CHMe},](BF4) and [Rh-
{{Ph,P),CHMe}HCI] (BF,). These results are inter-
preted in terms of metal—chelate ring puckering.

Introduction

Bis(diphenylphosphino)methane  ((Ph,P), CH;)
has been extensively used as a ligand, its importance
being related to its versatile coordination behaviour.
On the one hand it can function as a bridging ligand
and as such it can either stabilize unstable or

* Author to whom correspondence should be addressed.

unfavourable metal—metal interactions such as the
donative metal-metal bond in [Pt Mes{(Ph;P),-
CH,},](BF,) [1] or hold together two metal centers
which can cooperate in reactions with small mole-
cules as in [haClg(}l-CO)(}l-DMA){(PhgP)zCH;}2]
(DMA = dimethylacetylenedicarboxylate) [2]. On
the other hand it can function as a chelating ligand
and as such it has a dramatic influence on the cata-
lytic properties of its complexes, an effect which has
been attributed to the resulting small chelate ring
size [3].

In a previous paper we reported the effect of
ligand geometry on the structure of silver complexes
[4]. We found that tetranuclear silver complexes
were obtained from reaction of 1,8-naphthalene-
dicarboxylatodisilver with PPh,, whereas dinuclear
complexes were obtained from reactions of Ag(O,-
CMe) with the diphosphines (Ph,P),CH, and Ph,-
PCH, CH, PPh,.

In order to study the effect of substituents at the
methylene C-atom of (Ph,P), CH, on the molecular
geometry and metal-metal interactions of the com-
plexes formed, we carried out the reactions of silver
and rhodium complexes with the phosphine ligands
bis(diphenylphosphino)methane (Ph,P),CH,, 1,1-
bis(diphenylphosphino)ethane (Ph,P),CHMe, and
tris(diphenylphosphino)methane (Ph, P);CH.

With rhodium as the centre metal atom bidentate
phosphines can act as chelate or bridging ligands, thus
the effect of substituents on the molecular geometry
can be studied for both mononuclear and binuclear
complexes.

In this paper we report i) the synthesis and char-
acterization of di- and tri-nuclear silver carboxylates
bridged by one, and dinuclear silver tetrafluoro-
borates bridged by two phosphines; ii) the synthesis
and characterization of mono- and dinuclear rhodium
complexes with two bridging or chelating phosphines
(Ph,P),CHR; iii) detailed analyses of the 'H, '3C
and 3!P NMR data in order to obtain more informa-
tion about the effect of substituents at the methylene
C-atom on the structure of the complexes as well as
about the metal—phosphine interaction.
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Experimental

All reactions were carried out under a nitrogen
atmosphere. Solvents were dried by standard tech-
niques prior to use. '"H NMR spectra were recorded
on a Varian T-60, '*C NMR spectra on a Bruker WP-
80 and *'P NMR spectra on a Varian XL-100 spectro-
meter. Spectral simulations and calculations were
performed with the program ITRCAL, version 51200
[5]. Elemental analyses were carried out at the Insti-
tute for Organic Chemistry TNO, Utrecht. Analytical
data for the silver complexes are given in Table II.
The rhodium complexes did not give optimal analy-
tical results, but were characterised with 3P NMR
data and IR spectra.

1,1-bis(diphenylphosphino)ethane ((Ph,P),CHMe)
was prepared from bis(diphenylphosphino)methane
((Ph,P)CH,) and methyl iodide in a procedure similar
to that used for bis(diphenylphosphino)(trimethyl-
silyl)methane ((Ph,P),CHSiMe;) [6]. The synthetic
procedures for the phosphines bis(diphenylphos-
phino)methane [7], tris(diphenylphosphino)methane
((Ph,P);CH) [8] and bis(diphenylphosphino)(tri-
methylsilyl)methane [6] and the metal complexes
[RhC(CO),)z,  [RKCKCO)(Ph;P),CHy}z]  [9]
[RhCI(COT),]. [10] (COT = cyclooctene), [Rh(Ph,-
PCH, CH,PPh,),] CI [11], [Rh(Ph,PCH,CH,PPh,),-
02](PF¢), [Rh{Ph,P(CH,)3PPh,},]Cl, [Rh{Ph,-
P(CHz)aPPhg}gOz]Cl and [Rh{Ph2 P(CH2 )3 PPhg}z-
HCI] Cl [12] are described in the literature.

Synthesis of the Silver Carboxylato Complexes
[UPh,P),CH, }Ag5(05CR )], [{{PhyP);, CHMe)-
Ag2(0,CR),] and [{{Ph,P)3CH}Ag3(0,CR)3], R =
Me, Et, i-Pr, CsHs

To a solution of the phosphine ligand (Ph,P),-
CH;, (Ph,P),CHMe and (Ph,P);CH (0.5 mmol)
in CH,Cl, (10 ml) AgO,CR (2,2 and 3 equivalents,
respectively) was added. The mixture was stirred
for 4 h with exclusion of light. The reaction mixture
was filtered and a layer of hexane was superposed
on the filtrate. Slow diffusion of the solvents at
—20°C resulted in the formation of a crystalline
or microcrystalline precipitate. The white product
was filtered off, washed with hexane and dried
in vacuo. The yield ranged from 40 to60%. A second
fraction, although less pure, could be isolated from
the filtrate. Purification by recrystallization was
inadvisably owing to partial decomposition which
occurred if a solution of the complexes was left
standing for more than 24 h.

Synthesis of the Silvertetrafluoroborato Complexes
[{(PhoP),CH; }Ag, |(BF 1), [{(Ph,P), CHMe},-
Ag2](BF4), and [{{PhyP)3;CH}, Agy ] (BF 4 )3

AgBF, (1 equivalent for (Ph,P), CH, and (Ph,P),-
(CHMe and 1.5 equivalent for (Ph, P);CH) was added
to a solution of the phosphine (0.5 mmol) in CH,-
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Cl, (10 ml). After stirring for 6 h with exclusion of
light, a white suspension was obtained. Filtration
gave a small yield of the complexes with (Ph, P),CH,
and (Ph,P),CHMe. A second fraction could be
obtained by addition of hexane to the filtrate.

The yield of the (Ph;P);CH product was almost
quantitative, but the isolated product did not give
good elemental analysis. Purification by recrystalliza-
tion was hampered by insolubility.

[RthY(CO}g{(thszCHMe}gj[Rhag(CO}gl

(Ph, P),CHMe (395 mg, 1.0 mmol) was added to
a solution of [RhCICO);]}, (195 mg, 0.05 mmol)
in acetone (5 ml). An orange precipitate was formed
with gas evolution. The product was washed with
hexane and dried in vacuo. Yield 530 mg, 90%.

Reactions of (Ph, P)y CH with Rhodium Complexes

Attempted reactions of [RhCI(COT),], and
[RhCI(CO);], with (Ph,P);CH did not lead to the
isolation of well-defined products.

[RhL,](BF,), L = (Ph,P);CH,, (Ph,P),CHMe,
Ph, P(CH, ), PPh,

[RhCI(COT),], (90 mg, 0.25 mmol) was sus-
pended in methanol (10 ml). The phosphine (1.0
mmol) and NaBF,; (55 mg, 0.5 mmol) were added
and the mixture stirred for 1 h. The orange suspen-
sion was filtered off and the solid [RhL,](BF,)
washed with hexane and dried in vacuo. Yield 90%.

Reaction of [RhCI(COT), | , with Phy P(CH, )3 PPh,

[RhCI(COT);], (90 mg, 0.25 mmol) was suspend-
ed in methanol (10 ml). The phosphine (410 mg,
1.0 mmol) and NaBF; (55 mg, 0.5 mmol) were
added and the mixture stirred for 1 h. The clear
solution thus obtained was left standing overnight.
Large red cubic crystals were formed, which were
filtered off, washed with hexane and dried in vacuo.
Yield 200 mg. Anal. Caled. for [Rh{Ph,P(CH,),-
PPh,},](BF,)-%RhCI(COT),:C, 62.38; H, 5.53; P,
10.36; Found: C, 62.6; H, 5.4; P, 10.2. The P
NMR spectrum evidenced the presence of only one
phosphorus containing compound.

[RhRL,HCIJ(BF,), L = (Ph,P),CH,, (Ph,P),CHMe,
PhyP(CH, },PPhy, Ph,P(CH, ), PPh,

A suspension of [RhL,](BF;) (0.5 mmol) in
methanol (10 ml) was freshly prepared by the above
procedure. Gaseous HCl was bubbled through for
15 min. The suspension, which was cream coloured,
was filtered off, washed with hexane and dried in
vacuo, leading to the isolation of solid [RhL,HCI]-
(BF,). Yield 80%.

Reaction of [Rh{(Ph, P}, CH, }HCl] (BF , ) with Et;N
[Rh{(Ph, P),CH; }, HCI](BF,) (50 mg, 0.05
mmol) was dissolved in CDCl; (0.5 ml). A small
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TABLE L. 'H, 3P and '3C NMR Data of the Phosphines (Ph,P);CHR (R = H, Me, PPh,, SiMe3).2

R 4 NMR? 31p NMR !3C NMR

Haryi Hepx  Hme b Aryl group® CHRY rY

(1) c C(3) ) () )

H 7.5 2.9(1.4) 2195 138.8(72)  132.7(21.6)  28.2(6.2) 128.5 27.9(32.2)

Me 74 32 0.97(10.4) —6.34  137.1(72) 134.3(22.0) 128.1— 1288 27.1(23.7) 13.6(8.5)
136.2(9.8)  133.0(20.8) 127.9(74) 128.2

PPh, 74 42 ~9.49  136.4(12.0) 134.4(25.1) 127.6(1.6) 1284 25.6(46.4)

(-11.0) (-1.7) (0)

SiMe; 7.3 3.0 ~0.17 —12.39  138.0(13.4) 134.1(22.0) 128.0¢7.4) 128.5 18.1(45.8)  0.5(5.5)

136.0(8.8)  133.9(23.2) 127.4(8.6) 128.1

8Recorded in CDCl3; 6§ (in ppm) relative to TMS, H;;PO and TMS, respectively.

®Numbers between parentheses indicate IxJ(alP—alC) +2

13C) for R = PPh,. dJ (31P—13C) between parentheses.

excess of Et3N was added and the P NMR spectrum
was recorded. The product formed was identified
as [Rh{(Ph,P),CH,},]BF,; by comparison with the
3P NMR data of the (Ph,P),CH, product obtained
via the procedure starting from [RhCI(COT),]..

[RhL,0,](BF,), L = (Ph,P),CH,, (Ph,P),CHMe,
Ph,P(CH, )sPPh,

Oxygen gas was bubbled for 15 min through a
freshly prepared suspension of [RhL,](BFs) (0.5
mmol) in methanol (10 ml). The off-white preci-
pitate formed was isolated by filtration, washed
with hexane and dried in vacuo. Yield 80%.

[RthCl(Hga}]BF4, L = (thP}gCHg, (thP}g'
CHMe, Ph,P(CH, ).PPh, (x =2, 3)

HgCl, (130 mg, 0.5 mmol) was added to a freshly
prepared suspension of [RhL,](BF,;) (0.5 mmol)
in methanol (10 ml). The mixture was stirred for 1 h,
and a yellow precipitate was formed. The product
was filtered off, washed with hexane and recrystal-
lized from CH,Cl,/hexane. Yield 60%.

For L = Ph,P(CH;)3PPh,, no colour change was
observed and the P NMR spectrum, recorded after
work-up, did not show the presence of a Rh—Hg com-
pound.

Analysis of the 3P NMR Spectra of the Silver Com-
plexes

The 3'P NMR spectra of the binuclear complexes
[{(Ph,P),CH; }Ag,(0,CR),] and [{(Ph,P),CHMe}-
Ag2(0,CR);] (R = Me, Et, i-Pr, C4Hs) were inter-
preted as the sum of the A parts of different AAXX'
patterns resulting from each combination of the silver
isotopes 1°7Ag and !°°Ag, which have a natural
abundance of 48 and 52%, respectively.

Calculation of the coupling constants was carried
out with the following equations [13]:

bJ(:'”P—IH) between parentheses.

*J'P-130)1 for R = H, Me, SiMes; and *J(X'P-'3C) with 2**53p-

Vi(a—f)(c - d) = I"J(Ag-P) - *J(Ag-P)! 1)

Ib —el =|'J(Ag—P) + 3J(Ag—P)I Q)
and
la—cl =1d-fl=1JP-P)I 3)

The different symbols are indicated in Fig. 4a.
A simulation of one of the spectra with the values
thus calculated is shown in Fig. 4b. The results are
summarized in Table IV,

The P NMR spectra of the complexes [{(Ph,-
P);CH}Ag3(0,CR)a] (R = Et, i-Pr) were considered
to be the A part of the sum of various AA'A"’XX'X"
spin systems arising from the coupling of the phos-
phorous atoms to the silver atoms, which, as their
isotopes, will be present in different combinations.
With the assumption that J(Ag—Ag) = O, the A part
of each AA'A"XX'X" pattern in tumn was considered
to be a combination of a large number of ab sub
patterns [14], where a and b stand for P atoms
coordinated to silver atoms with spins in opposite
direction. In Fig. 4c the spectrum of [{(Ph,P);CH}-
Ag3(0,C4-Pr)s] is shown. In view of the fact that
J(¥7Ag—3P) < 'J(%Ag-3'P), the inner lines
(b and c) originate from the P3(*°?Ag)s system, while
the outer lines (a and d) came from the P3(*°°Ag);
system.

Examination of AB, patterns, reported in the
literature [13, 15] conceming line positions and
intensities, and comparison of these with the spectra
of the silver phosphine compounds lead to the fol-
lowing equations:

Ib — ¢l =2(—3/4A ++/9/4A% — AB + B?) 4
and

la — d| =2(+3/4A +/9/4A% + AC + C?) (5)
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Fig. 1. Schematic view of the phosphine ligands (PhyP),-
CHR (R = H, Me, SiMej, PPhj).

with A = [IC'P-2'P)I; B = [J(*°"Ag—3'P)| and
C = [J(*°°Ag—>3'P)l. Bearing in mind that J(**°Ag—
31P) = 1.149 J(*°7Ag—3'P) and calculating (a — d)
and (b — ¢) from the spectra equations (4) and (5)
are reduced to two equations with two unknowns:
JC'P—'P) and J(*°7Ag—>'P). The values thus calcu-
lated are indicated in Table V.

These values were used to simulate the spectra
by adding together the different spin systems Pj-
("°7Ag)s, P3(*°"Ag),(**°Ag), P3(*°" Ag)('*’Ag), and
P;(1°9Ag); with their statistical weight factor. The
result for R = i-Pr is shown in Fig. 4d. No attempt
was made to optimize the simulation.

Results and Discussion

The Phosphine Ligands

‘'The phosphine ligands (Ph,P),CHR (R = H,
PPh,, Me, SiMe;) used throughout this paper have
in common two, and in one case three, Ph,P units
bonded to the same carbon atom (Fig. 1). Effects
of substituents R at the central carbon atom on
complex formation may be studied by several
spectroscopic techniques. To help with spectral inter-
pretation, we first studied in detail the 'H, '*C and
3P NMR data of the non-coordinated ligands (Table
I), some of which were reported previously [6-8].

The ®C NMR data need special attention. The
number of different phenyl groups observed for
(Ph,P),CHR is one when R is H or PPh,, and two
when R is Me or SiMe,. This can be ascribed to the
fact that in (Ph,P),CHR (R = H, PPh,) the phos-
phorus atoms are homotopic, while the phenyl groups
are enantiotopic [16]. This results in isochronous
chemical shifts and spin coupling equivalence for the
13C nuclei in achiral solvents. However, in (PhyP),-
CHR (R = Me, SiMe,) the phosphorus atoms are
enantiotopic [16]. In this case the two aryl groups
connected to each of these phosphorus atoms are
diastereotopic because the third substituent to this
phosphorus atom, ie. the carbon centre CH(R)-
PPh,, represents a centre of dissymmetry (see Fig. 2).
This results in chemical shift and spin coupling non-
equivalence for the >C nuclei of the two aryl groups.
Appel, who synthesized (Ph,P),C(H)SiMe; and studi-
ed its 1>C NMR spectrum, did not report this feature
[6].

A. F. M. J. van der Ploeg and G. Van Koten

H
Ph Ph
c P
R PPh,
ol]o

Fig. 2. Newman projection of (PhzP),CHR along one C-P
axis, showing the diastereotopic phenyl rings.
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Fig. 3. The ®C NMR spectrum of (PPhz)3CH at ambient
temperature (bottom) and computer simulation using calcu-
lated parameters (top).

As regards the J(®P—!3C) coupling, observed for
the different carbon atoms, only C4 showed no such
coupling. The resonance patterns observed for C,,
C; and Cj in (Ph,P),CHR (R = H, Me, SiMe;) were
all quasi-triplets, due to virtual coupling between
the phosphorus atoms in the '*CPP’ spin system.
Simulation of the patterns gave the value of [*J(3'P—
13C) + 2+xJ(31P_13C)| [17] .

The resonance patterns for C;, C, and C; in (Ph,-
P);CH are more complicated, because we now deal
with a 13CPP; spin system. In this case, simulation
of the observed resonance patterns yielded both
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TABLE II. Analytical Data and Some Characteristic Infrared Absorptions for the Silver Phosphine Complexes.®
Compoundb Found (calcd) % IR absorptions (cm 1)°
C H P V(C02)asymm. V(C02)symm.

{{®Ph,P)2CH2}Ag2(0,CMe), ] 46.54(48.60)  4.53(3.91) 8.44(8.38) 1550 1401
[{(Ph,P)2CH,} Ag2(02CEL), | 49.48(49.90) 4.33(4.32) 8.55(8.30) 1560 1390
[{(Ph,P),CH,} Ag2(02C-i-Pr); ] +¥%CH, Cly 51.03(51.18) 4.70(4.68)  8.25(8.00) 1560 1380
{{Ph,P),CH,} Ag, (05 C-i-Pr), | -¥%4CH, Cly 49.59(49.37) 4.52(4.29) 7.43(7.60)
[{(Ph,P),CH,}Ag2(02CC6Hs)2 1 +%CH, Cly 53.16(53.60)  3.79(3.73) 7.43(7.00) 1555 1380
[{(Ph,P), CHMe}Ag, (02 CMe), | -CH,Cl, 45.02(45.75) 3.83(393)  7.51(7.63) 1560 1400
[{(Ph,P),CHMe}Ag; (02CEt); ]+CH,Cl, 48.44(48.61) 4.47(4.36) 7.80(7.72) 1565 1385
[{(Ph,P),CHMe}Aga (02 C-i-Pr)2 ] -¥%CH2Cly 50.17(49.86) 4.85(4.69) 7.81(7.47) 1560 1390
[{(Ph;P);CHMe}Ag2(02CCHs)z |- %CH,Cl,  54.90(54.33)  3.97(391)  7.08(6.93) 1563 1385
[{(Ph,P)3CH} Ag3(0,CMe);] 49.9948.29) 4.14(3.74) 9.09(8.70) 1560 1410
[{(Ph,P)3CH}Ag3(02CEt)3]-CH,Cl, 47.0947.17) 4.15@4.01)  7.79(7.77) 1560 1385
[{(Ph,P)3CH}Ag3(0,C-i-Pr)3] *CH,Cl, 48.83(48.48) 4.56(4.36) 7.99(7.50) 1555 1405
[{(Ph2P)3CH}Ag3(02CCsHs)3] *CH,Cly 51.17(52.85) 3.52(3.58)  7.16(6.93) 1550 1385
[{(Ph,P),CH,} Ag)2(BF4)2 51.19(51.84)  4.14(3.80)  9.82(10.70)
[{(Ph,P),CHMe} Ag]2(BF4), 51.89(52.64) 4.23(4.05)  9.46(10.45)
2All compounds are white. ® Amount of solvent molecule based on 'H NMR spectra in CDCl3.  “In KBr.
TABLE III. 'H NMR Data of the Silver Phosphine Complexes.?
Compound Phosphine ligand Carboxylate

Ha.ryl HCPx Hme Hy Hﬂ lHorl‘ho
[{(Ph,P)2CH,}Ag2(02CMe); ] 7.3 3.1(10)t 1.91s
[{(Ph,P),CH,}Ag, (0, CEt),] 7.3 3.3(10)t 22 q 1.0t
[{(Ph2P),CH,}Ag2(02C--Pr); ] 7.2 3.3(10)t 2.5 m 1.2d
[{(Ph,P);CH,} Ag2(02CCs Hg)z | 7.2 2.8(10)t 8.1
[{Ph,P),CHMe}Agz (02 CMe), | 74 3.6° 1.2(18)° 2.0 s
[{(Ph,P),CHMe} Agz (O2CEt),] 74 3.6° 1.3(18)°¢ 22 q 1.2t
[{(Ph,P),CHMe} Ag; (02 C-i-Pr)5) 7.2 3.7° 1.218)° 2.5 m 1.24d
[{(Ph,P),CHMe} Ag, (0,CCs Hg)s) 7.2 3.5P 1.0(18) ¢ 8.0
[{(Ph,P)3CH} Aga(02CMe)3) 7.0 and 7.6 4.4 2.16's
[{(Ph,P)3CH}Ag3 (02 CEt)3) 7.0 and 7.6 4.6° 24 q 1.2t
[{(Ph,P)3CH}Ag3(02C-i-Pr)3) 7.1 and 7.8 4.6° 2.6 m 1.3d
[{(Ph,P);CH2} 2 Agz] (BF4), 73 34°
[{(Ph,P),CHMe}, Ag; ] (BF4), 7.2 3.5P 1.0°

2Recorded in CDCl3; 6 (in ppm) relative to TMS; J (31P—1H) between parentheses.

lH)vicina.l =7 Hz.

*J('P—13C) and 2**J(*'P'-13C) together with their
relative signs (See Fig. 3).

Inspection of the obtained values reveals
no correlation between the coupling constants
and the number of bonds separating the two
coupled nuclei. Nevertheless, it is clear that
[*J('P—C)| drops drastically when x > 4.

bproad.  ®Doublet of triplets; J("H—

Furthermore, the sum of I*J('P—13C) + **2J(31p'—
13¢)| calculated for C, and Cj in (PhsP);CH cor-
responds well with those observed for the ligands
(Ph,P),CHR (R H, Me, SiMe;). For C, this
correlation is less good; clearly 1*J(*'P—'3C)! is most
sensitive to substitution at the central bridging carbon
atom (Cs).
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TABLE IV. °C NMR Data of Carboxylatosilver Phosphine Complexes.El

Compound Aryl groupb CHR® R® Carboxylate
C(2) C(3) c4 (C(5) (C6)) Cco, Ccu Ccu,
[{(Ph2P)gCHg}Agg(OzC-i-Pr);] 133.0(17.2) 128.7(9.8) 130.5 28.4(11.9) 183.9 36.6 20.5
[{(Pth)2CHMe}Ag2(O;C-i-Pr)z] 134.2(16.9) 129.0(12.2) 131.2 29.0(13.5) 14.5(5.5) 184.3 367 20.5
134.1(17.1) 128.5(12.2) 130.8
[{(Ph,P)3CH}Ag3(0,C-i-Pr)3] 135.0(19.5) 128.5(11.1) 130.9 29.7(br) 183.8 36.6 20.6

8Recorded in CDClj: 6C (in ppm) relative to TMS.
between parentheses.

The Silver Carboxylato Complexes

Reaction of the different phosphines with silver
carboxylates gave compounds of formulae [{(Ph.-
P)2 CH2 }Agg (02 CR)g] s [{(thP)2CHMe}Agg(02-
CR)g] and [{(Pth)3CH}Ag3(02CR)3] (R = Me, Et,
i-Pr, C¢Hs), as evidenced by elemental analytical and
spectroscopic data (Tables II and III). They crystal-
lized with solvent molecules in the lattice and this
was confirmed by the 'H NMR spectra. The com-
pound [{(Ph,P),CH,}Ag,(0,CMe),] was reported
by ourselves in a previous paper [4]. Reactions
of (Ph,P),CH, with halogeno silver compounds
AgX (X = Cl, Br, I) are reported to give both 1:1
and 1:2 complexes [18].

The present complexes have a rather good solu-
bility in most common polar solvents, which increases
from R = Me to R = i-Pr, and as a result the 'H NMR
spectra could be recorded which establish the phos-
phine—carboxylato ratio. The chemical shifts for the
R groups of the carboxylato ligands are almost insen-
sitive to the phosphine ligand used (Table III), which
points to similar structural features in these com-
plexes. Also from the similarity of the 1(CO,)
frequencies in the IR spectra (Table II) one can
deduce that the carboxylato groups in these com-
plexes are bonded in the same way.

For the most soluble derivatives, i.e. [{(Ph;P),-
CH,}Ag,(0,C4-Pr),], [{(Ph,P),CHMe}Ag,(0,C-
Pl')g] and [{(Ph2P)3CH}Ag3(02C-1'PI')3] , the 13C
NMR spectra were recorded and these results are in
Table IV. The spectra reveal the presence of both
carboxylato groups and phosphine ligands. The
chemical shifts of the carboxylato groups are very
similar for the three compounds, indicating that their
coordination modes may be related.

As in the free ligands, one set of phenyl groups
is again observed for the (Ph,P),CH; and (Ph;P);-
CH complexes. This indicates that the metal atoms
must possess a symmetrical arrangement with respect
to the ligand on the NMR time scale otherwise the
phenyl groups would have become diastereotopic.
The observation of diastereotopic phenyl groups for

b xy3lp 130y 4 2¥X331p_13(y| petween parentheses.

) lJ(3lP_ 13C) |

[{(Ph,P),CHMe}Ag,(0,C-i-Pr),], as in the free
ligand, can be explained by the dissymmetry of the
central carbon atom.

The J(®'P-!3C) coupling constants within the
ligands have changed upon coordination to the silver
carboxylates, namely a decrease for C,, Cs and Cg
and an increase for C;3. These features are generally
observed for phenylphosphino ligands coordinated
to transition metals [19].

The 3P NMR spectra of all compounds showed a
temperature dependence which is normally observed
for silver phosphino complexes [4, 20]. At ambient
temperature one broadened line was observed. On
lowering the temperature this broad line split into
two broad bands and finally sharpened into a doublet
of multiplets at about —50 °C. It was possible to
simulate these multiplets using the A part of the sum
of AA'XX' spin, systems for the compounds [{(Ph,-
P)2 CH2 }Agg (02 CR);] and [{(Ph2 P)gCHMe}Agg (02
CR);], and AA'A"XX'X" spin systems for the com-
pounds [{(Ph,P);CH}Ag;(0, CR)3] with all com-
binations of silver isotopes '°’Ag and !°°Ag. The
procedure used is outlined in the Experimental Sec-
tion and the results are summarized in Table V.
Examples for both systems are shown in Fig. 4.

From these calculations there is a large J(1°7Ag—
31P) coupling constant of about 650 Hz, which is
comparable with the 'J(*°”Ag—3'P) coupling cons-
tants observed for other complexes with one phos-
phorus atom coordinated to each silver atom [4].
For the compounds [{(Ph,P),CH,}Ag,(0,CR),]
and [{(Ph,P),CHMe}Ag,(0,CR),] 'J(**"Ag—%'P)
and 'J(*°° Ag—3'P) could be calculated independently
and their ratio (1.153) is fairly close to the gyro-
magnetic ratio of 1.149 of the two silver isotopes.

Furthermore, for these compounds further
J(07109 Ag_31P) couplings were obtained with much
smaller absolute value and of opposite sign to the
former one. The latter is likely to be the three bond
coupling occurring via the phosphine skeleton:
Ag—P—C—P'. 3J(M—P—C—P') couplings can be
expected to be present in several other (Ph,P),CH,
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1000 Hz

Fig. 4. The 3p NMR spectra of [{(Pth)gCHMe}Agg (0,C-i-P1), ] in CDCl3 at —60 °C (a) and of [{(Pth)3CH}Ag3(OgC-i-Pr)3]
in CD,Cl, at —80 °C (c) and the computer simulations (b and d, respectively) using calculated parameters. The indicated symbols

are used in the calculation (see Experimental Section).

H Me
K i v
Ph P/\ PPh, Ph P/ \P \

2‘ Php ‘ 2‘ 'th Ph,p PPh,

‘ Ag ‘ ’

Ag Ag ’ Ag Ag Ag Ag

A T N

X X X X X

Fig. 5. Schematic representation of the structure of the phos-
phine silver carboxylates. X denotes the carboxylato groups
(see text).

complexes, but in most cases it cannot be separated
from other contributory coupling mechanisms [9,
39]. Although the values now obtained for these
couplings are not particularly accurate, the average
J(199Ag—3P)/I(*°7 Ag—3P) ratio is close to the
theoretical gyromagnetic ratio for °°Ag/!®’Ag and
thus gives confidence to our assignment.

In addition to these silver—phosphorus couplings,
a 2J(*P—3'P) coupling constant is obtained of about
170 Hz for [{(Ph,P), CH,}Ag,(0,CR),] and [{(Ph,-
P),CHMe}Ag,(0,CR),] and of 120 Hz for
[{(Ph,P);CH}Ag3(0,CR);].

The above data indicate that the coupling
constants are rather insensitive to the substituent at the
carboxylato group. Substitution at Cs resulted in a
noticeable change of 2J(* P—3!P) only when R =PPh,,

Structural implications

From the present results it is concluded that in the
phosphino silver carboxylates each silver atom is
coordinated to one phosphorus atom. Thus, dinuclear

and trinuclear silver phosphine units are formed
(Fig. 5).

Similar dinuclear phosphine structures have been
reported for _[{(Ph,P),CH:}Au,Cl,] [21] and
[MeN(PPh,), A, Br,],  [18a]. The coordination
around the silver atoms will be completed by coordi-
nation of the carboxylato groups either as chelating
ligands or as bridging ligands within one phosphine
silver unit or between two different units,

This requires for the {(Ph,P);CH} complexes that
the silver atoms must lie at the same side of the
ligand, which is supported by the *C NMR data
(vide supra). Structural models indicate not only
that this is possible but that, furthermore, adjacent
phenyl rings on neighbouring phosphorus atoms are
likely to be co-parallel. Such graphite-like interactions
are observed in many complexes with (Ph,P),CH,
as a bridging ligand [17, 22, 23]. This feature is
found with concomitant puckering of the metal—
ligand ring MPCP'M’. Graphite-like interactions are
also observed in compounds containing three PPh,
units such as in [(triphos)Co(n*-C;Hg)] (C10,) tri-
phos = 1,1,1-tris(diphenylphosphinomethyl)ethane)
[24]. It is of interest that the latter complex and
[{(Ph,P)sCH}Ag3(0,CR)3;] have as a common
structural feature that the three PPh, units are con-
nected to the same atom, i.e. the Co-atom and the
C-atom, respectively. Recently, the carbonyl com-
plexes [{(Ph,P);CH}Rh,(CO)s] [25a] and [{(Ph,-
P);CH}Ni3(CO)s] [25b] have been reported to con-
tain (Ph,P);CH as a tri-metal bridging ligand while
the compound [{MeSi(PBu,);}Ru3(CO)s] also con-
tains a triangle of metal atoms captured by a ligand
containing a P3X unit [25¢].
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Fig. 6. Schematic structure of the dimeric dications [{(Ph,-
P)ZCHR}ZAg2]2+, R = H: one isomeric form with a, b, c,d =
H. R = Me: two isomeric forms: a,c=H, b,d =Me,and a,d
=H, b, c = Me.

The Silver Tetrafluoroborato Complexes

In addition to the silver carboxylates the com-
plex formation of AgBF, with the (Ph,P),CHR
ligands was also investigated, in order to study the
possible formation of salt-like structures containing,
for example, Ag,L%* cations. Such cations would
have structural features quite similar to those of
[(Ph,P),CH,;] bridged dinuclear compounds of
Pt [26] and Rh [22, 23] (vide infra).

Reaction of AgBF, with the various phosphines
gave compounds of the formulae [{(Ph,P),CH,}.-
Ag ] BF,),,  [{(Ph,P),CHMe} Ag,](BF,), and
[{(Ph;P);CH} ,Ag3](BF,)s. Evidence for these
formulations came from elemental analytical data
(Table II), IR and in some instances NMR spectro-
scopy. The IR absorption pattern for the BF, ion
was similar to that reported for KBF, [27] and this
indicates that in the solid no abnormal distortions
are present ie. coordination of BF, to silver is absent
or only very weak [28].

Detailed analysis of the structure of the com-
pound [{(Ph,P);CH}, Ag3](BF;); in solution by
NMR spectroscopy was hampered by its insolubility.
For the other two compounds the 3P NMR spectra
could be recorded and showed to consist of the A
parts of different AA'XZ"A"X'patterns as the
result of different combinations of silver isotopes.
The observation of such patterns can be interpreted
by a structure for these complexes consisting of two
silver atoms bridged by two phosphine ligands, which
would result in a linear coordination around each
silver atom by two phosphorus atoms (Fig. 6).
Unraveling the spectra in a fashion similar to that
described above for the dinuclear carboxylato com-
plexes yielded J(1°7'1%°Ag-3P) and J('P-3'P)
coupling constants as summarised in Table V. The
observed reduction of 'J(1°7:1°9Ag—31P) compared
with the carboxylato compounds having only one P-
atom coordinated to each Ag atom is in agreement
with the proposed structure. Recently, [Ag{P(mesi-
tyl)s}2]X has been reported, for which a linear
P—Ag—P coordination geometry about Ag was adopt-
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Fig. 7. Hlustration of the puckering of the M—P—C—P'—M’
units in double bridged dinuclear (Ph,P);CH, compounds.

ed, and this has a J(*°"Ag—3'P) value of 425 Hz
[29].

On the basis of the above deduced dimeric struc-
ture the dication [{(Ph,P),CHMe},Ag,]** can
exist in two distinct stereoisomeric forms; one isomer
has the methyl groups at the same side of the molec-
ular plane, while the second isomer has the methyl
groups at opposite sides of this plane (Fig. 6). In
principle these stereoisomers have different NMR
spectra. However, only one 3!'P pattern was observ-
ed for [{(Ph,P),CHMe}, Ag,](BF,),, which suggests
either that only one isomer is present in solution, or
that the chemical shift difference between the two
stereoisomers is too small to be observed.

An indication for the first possibility might be
obtained from the following considerations, concern-
ing puckering of the M—P—C—P'—M' fragments.
Several crystal structures of double bridged dinuclear
M,{(Ph,P),CH,}, compounds, including many Pt
and Rh complexes, show puckering in such a way that
the two CH, units bend out of the molecular plane
in the same direction (see Fig. 7). Meanwhile the
phenyl groups on the other side of the molecular
plane are bent towards each other resulting in a gra-
phite like interaction [2, 11, 23]. This puckering
results in inequivalent CH, H atoms, because two
H atoms (H,) have an axial while the others (H,)
have an equatorial orientation (Fig. 7). With regard
to this, substitution of either H, or H, by a methyl
group might result in an energy difference for the
possible stereoisomers. If the energy difference is
large enough, substitution will be regioselective. In
that case only one isomer, ie. either the HJH,'
or HH,' substituted compound might be formed for
[{(Ph,P),CHMe}, Ag,] (BF,),. Evidence in favour
of the second possibility is that the methyl groups
are a long way from the stereochemical determin-
ing site Le. Ag.

Unfortunately, the 'H NMR spectrum did only
show a very broad unresolved methyl resonance,
while the low solubility of the compound hampered
the study of the !3C NMR spectra, which might have
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TABLE VI. Characteristic Infrared Absorptions for the Rhodium Phosphine Complexes (cm_l )2

A. F. M, J. van der Ploeg and G. van Koten

Complex Frequency (em™ 1) Mode Reference
[Rhy CI(CO),{(Phy P); CHMe}, | [RhCl, (CO), | 2059, 1998, 1980 »(CO)

312, 284 v(H-C1)
[RhCHCO){(Ph,P),CH,}1, 1970 v(CO)
[Rh{(Ph,P),CHMe}, HC1] (BF,) 2105, 2099 v(M—H)
[Rh{(Ph,P);CH,}, HC1] (BF4) 2078 v(M—H)
{Rh{(PhaP)(CH;),PPh,}, HC1} (BF4) 2078 v(M—H)
[Rh{(Ph,P)(CH2)3PPho}, HCI] (BF4) 2110 v(M—H)
[Rh{(Ph,P);CHMe},0, ] (BF4) 870 v(0,)
[Rh{(Ph,P),CH,},0,] (BF4) 875, 869 v(02)
[Rh{(Ph,P(CH ), PPhy}, 0, (BF4) 880 v(03)
[Rh{Ph,P(CH;)3PPhy},0, ] (BF4) 885 (03)
[RhCl,(CO)2} 2060, 1975 w{(CO)

318, 291 v(M—CD 22

[Rh{(Ph; P);CH,}, HC1] {BPh4} 2080 v(M-H) 33
[Rh{Ph,P(CH;)3PPh,}, HCI]Cl 2090 v(M-H) 36
[Rh{CO), (£-CH{(Ph,P),CH, } 1 (BF4) 1995, 1978 v(C—C) 22

3Recorded in KBr disk.

shown the number of different phenyl groups and
thus the number of isomers.

Bonding Properties of the Silver—Phosphine Com-
plexes

In order to study the silver—phosphorus inter-
action for the Ag—P system in [{(Ph,P),CHR} Ag,-
(O,CR);] and the P—Ag—P system in [{(Ph,P),-
CHR}, Ag,] (BF,;), we compared these complexes
with some P—X systems described in the literature,

Grim and Walton stated that the chemical shifts
of the bridging methylene protons in [H,C(PPh,-
X)PPh,Y)] (X, Y =0, S, Se, Me or electron lone
pair) can be used to infer bonding properties of the
adjacent X—P and Y—P bonds [30]. They derived
the equation

dc,(ppm) = 1.57 Tq; + 2.65

where q; is the charge generated on each phosphorus
atom. When the above silver complexes obey this
equation, the following charges can be deduced from
the observed chemical shifts for the C(5) hydrogen
atoms: +0.20 charge for [{(Ph,P),CH,}Ag,(O,-
CR).] and +0.24 charge for [{(Ph,P),CH,},Ag,]-
(BF,);. Since the downfield shift of 0.55 ppm in
[{(Ph, P);CHMe}Ag,(0,CR),] is comparable with
that of 0.59 ppm in [{(Pth)gCHg}Agz(Och)z],
the generated charge will be of the same order of
magnitude. The values of g;, which provide an indica-

tion of the charge delocalisation in the P—Ag bonds,
therefore seem to be reasonable.

For the binuclear unit [{(Ph,P),CH,},Ag,]*",
in which each silver cation is coordinated by two
phosphorus atoms, we can deduce that almost 50%
of the positive charge of each silver cation is delo-
calised over those two phosphorus atoms. The
fact that in neutral [{(Ph,P);CH,}Ag,(0,CR),] a
+0.20 charge is still generated at each phosphorus
atom might be an indication of a high covalent char-
acter for the Ag—P bond in that compound, which
is in line with the observation of a large J(*°7*10%Ag—
31P) coupling constant (vide supra).

The *C NMR data of the isobutyrato complexes
support these conclusions (Table IV) with the carbon
atoms of the phenyl groups being shifted downfield
as compared with the free ligand systems. This
deshielding, which is most pronounced for C,, is
in line with the following canonical forms:

Ph N Ph

- s
+ =P—CH,— and =P —CHy—
N AN

These canonical forms will have a high contribution
to the overall electron distribution in the silver com-
plexes i.e. when a positive charge is generated on the
phosphorus atom by coordination.

Binuclear Rhodium Complexes
Reactions of (Ph,P), CH, and related ligands, such
as (Ph,As),CH,, with [RhCI(CO),], are reported
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TABLE VII. 3P NMR Data of the Rhodium Phosphine Complexes.?

A Dinuclear Rhodium Complexes

[RhCI(CO){(Ph,P)2CH,} 1, 16.0(114)
[Rh,CI(CO)2{(Ph,P) ,CHMe},] [RhC1,(CO), ] 34.1(111)
[Rh,CCO),{(Ph,P)2CH,} 2] (BPhy) 16.1(113)°
B Mononuclear Rhodium Complexes
Compound: [RhL; ] (BE,) [RhL,HCI](BF4)  [RhL,ClI(HgCl)] (BF4) [RhL,0,] (BF4)
Phosphine (L)
(Ph, P),CHMe ~6.52(116)% ~4.28(85)% ~1.14(112) 31°
-2.92(118)% +2.57(81)* ~17.43(83)
(Ph,P)2CH, —-23.61(115) —16.38(83)d -25.14(77) -13.40(109) (35)c‘f
(390)° —30.49(80)
Ph,P(CH, ), PPh, 57.89(133)8 +52.36(94) 42.62(87.5) 51.3 (126) (1.7)5
. (387M° 443 (92) )
Ph, P(CH,)3PPh, 8.08(131)" 2.96(91) 15.52(123) 30,
—12.40(85)
2Recorded in CDCl3; 6 (in ppm) relative to H3POg4; J(°3Rh--3!P) between parentheses. P Ref. 32. cJ(:”PA—:”PB). a_16

5 (83 Hz) ref. 33.  ®J(®°Hg—'P).  fA,B,X pattern of decomposition product: —25.8 5 (95 Hz); —43.3 5 (75 Hz); J('P—

3py 31 Hz.  ®Values from ref. 37. X = C1 6.4 & (132 Hz), tef. 38. "X = C1,1.95 (90 Hz), 1ef. 38. X =Cl, ~15.06
(122 Hz), —13.8 5 (85 Hz) J'P—>'P) 30 Hz, ref. 38.  “Two isomers.
TABLE VIII. *C NMR Data of Rhodium Phosphine Complexes.?
Compound Aryl groupb CHR R
CQ) C(3) C4) (C(5) (C(6))
[RhCHCOX(Ph,P),CH,} 12 134.1 129.4 132.0 -
[Rh(CO)2CH{(Ph, P); CHMe} ] [ RhCl, (CO),] 135.8 129.5 132.5 25.9 121
131.6 128.7 131.0
[Rh{(Ph,P);CH,}, HCl] (BF,) 1329 129.1 131.8 -
132.8 128.5 131.3
[Rh{(Ph,P); CHMe}, HCl] (BF4) 135.8° 128.7 128.3 132.1¢ -
131.6° 128.4 128.1
[Rh{(Ph,P),CH,} , CI(HgC)] (BF 4) 133.6 130.2 1324 -
131.3 128.7 131.8

#Recorded in CDCl3; 6 C (in ppm) relative to TMS. PSecond order patterns due to virtual coupling between the various phos-
phorus atoms.  ®Broad, due to overlap of the resonances of different phenyl C atoms.

to give binuclear complexes with two bridging ligands
[9, 31]. Therefore, complex formation of (Ph,P),-
CHR ligands was investigated with rhodium com-
pounds in addition to the silver complexes, in order
to study the influence of R on the conformations of
the dimers.

Reaction of [RhCI(CO),], with two equivalents
of diphosphine, (Ph,P),CH, or (Ph,P),CHMe,
resulted in formation of compounds with the for-

mulae [RhCI(CO){(Ph,P),CH,}], and [Rh,CI(CO),-
{(Ph, P),CHMe},] [RhC1,(CO),], respectively, based
on elemental analytical data and IR data (Table VI).
[RhCI(CO)(Ph,P),CH, }], is reported to have a
binuclear structure with two bridging phosphine
ligands [9] . Ionic [Rh,CI(CO),{(Ph,P),CH, },] (BF,)
has also a binuclear structure but in addition to two
bridging (Ph,P), CH, ligands the two rhodium atoms
are bridged by one chlorine atom [22]. In the case
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of (Ph,P),CHMe, instead of (Ph,P), CH,, a similar
arrangement could theoretically result in the
formation of three isomeric forms, two having the
methyl groups at the same side of the molecular
plane, but with the bridging chlorine atom either at
the same or opposite side, and a third having the
methyl groups at opposite sides of that plane.

The P NMR spectra of [RhCI(CO){(Ph,P),-
CH2}]2 and [Rthl(CO)z{(thP)gCHMG}z] [RhClg"
(CO);] appeared to be very similar. Both consisted
of the A part of one AA'XA"A""X’ pattern with
J(*°3Rh—*'P) coupling constants of comparable
magnitude (Table VII), suggesting the presence of
only one of the three possible isomers for the (Ph,-
P),CHMe compound. This prompted us to investigate
the '3C NMR spectra of the two Rh compounds, the
data of which are reported in Table VIII.

For the (Ph,P),CH, complex one set of phenyl
groups was observed, which is remarkable in view
of the close proximity of these groups to coordinated
CO and Cl. This might be explained by either i) a
too small difference generated by CO and Cl or ii)
a fast exchange between CO and Cl. Since the genera-
tion of chemical shift differences between geminal
adjacent phenyl groups has been observed for other
substituents at rhodium (ie. H, Cl and Hg, Cl, vide
infra) explanation i) seems less likely. An exchange
between CO and Cl, which might involve either
bridging carbonyls or bridging halogens, as depicted
in Scheme I, seems more likely, because related
dinuclear compounds with either a bridging halogen

v}
R'h ----- th *——%  OC—Rh--+-Rh—CO
Cl C
o}
o]
. C‘l (J:
Cl—Rh----- Rh—ClI - Rh----+ Rh
i ]
o) 8 o]

Scheme I. Exchange mechanism for CO and Cl in
[RhCI(CO){(Ph, P),CH,}]..

or carbonyl have been reported [22, 31]. Further-
more, an exchange process between bridging and
terminal carbonyl groups was proposed for the
reversible coordination reaction of CO to the chlorine
bridged compound [Rh,(CO),(u-Cl)}{(Ph,P),CH,},]-
(PFe) [32].

For the (Ph, P),CHMe complex two sets of phenyl
groups were observed in the !3C NMR spectrum

A. F. M. J. van der Ploeg and G. van Koten

(Table VIII). This result is in agreement with the
existence of only one isomeric form, in which two
sets of phenyl groups are innerrelated by a twofold
axis or a molecular mirror plane. Formation of only
one isomer might be the result of puckering effects,
as discussed for the silver tetrafluoroborato com-
plexes (vide supra). Moreover, in [Rhy(CO),(u-Cl)
{(Ph,P),CH, },](BF,) the methylene groups are
bent towards the bridging chlorine atom [22] and
thus may cause an even larger energy difference for
substitution of either H, or H,.

Conversely, methyl substitution might have
strengthened the puckering effect, thus expelling one
chlorine atom from the starting compound, resulting
in the chlorine bridged complex as the only product.

Mononuclear Rhodium Complexes

Thus far we have concentrated on complexes in
which the phosphine ligands act as bridges between
two or three metal centres, resulting in di- or tri-
nuclear metal complexes. With rthodium as the central
atom, bidentate phosphines can also act as chelating
ligands, resulting in mononuclear compounds. We
investigated the formation of such mononuclear com-
pounds with (Ph,P), CH, and (Ph,P),CHMe in order
to obtain more information about i) the influence
of methylene substituents on formation of different
structural isomers and ii) the influence of substituents
at rthodium on phenyl carbon chemical shifts.
Furthermore, it seemed to be of interest to compare
the results of this study with those for similar com-
pounds, in which Ph,P(CH,),PPh, (1,2-bis(di-
phenylphosphino)ethane) and Ph, P(CH;); PPh, (1,3-
bis(diphenylphosphino)propane) acted as ligands (for
references see Table VII). Because of the expected
difference in geometry the following mononuclear
thodium complexes have been studied: [RhL,]-
(BF,) (square planar), [RhL,HCI](BF,) (octahedral,
cis or trans H and Cl), [RhL,0,](BF,) (trigonal
bipyramidal) and [RhL,CI(HgC1)](BF,) (octahedral,
trans Cl and HgCl) in which L = (Ph,P),CHMe,
Ph,P(CH,),PPh, (x = 1, 2, 3).

[Rh{(Ph,P),CH, },HC1] X was the first Rh com-
pound reported in the literature to have chelating
(Ph,P),CH, ligands [33]. It was then isolated with
a BPh, counterion as a by product in the reaction
of [Rhg(CO)g(,U-Cl){(thP)g CHg}](BPh4) with SOz'
However, it can also be prepared directly from [Rh-
{(Ph,P),CH, },](BF,) and gaseous HCI, as done in
this study. [Rh{(Ph,P),CH,},](BF,), in turn, can
be liberated from [Rh{(Ph,P),CH, },HCI](BF,) by
reaction with triethylamine in chloroform. It was
also prepared from [RhCI(COT),],, (Ph,P),CH,
and NaBF, in methanol, a procedure which is very
similar to that recently reported by Pignolet et al
[3].

The O, and HgCl, products were synthesized via
direct reactions of these reagents with [Rh{(Ph,P),-
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CH,},]1BF,. The (Ph,P),CHMe analogues and
[Rh{Ph, P(CH;),PPh, },CI(HgCl)] (BF,) were prepar-
ed via similar procedures. To date we have not been
able to synthesize the compound [Rh{Ph,P(CH,;),-
PPh, }CI(HgCl)] (BF.).

All the compounds were characterized by 3'P
NMR (Table VII) and IR spectra (Table VI) and
for known compounds the results were compared
with those reported in the literature. The formation
of the HCl oxidative addition products [RhL,HCI]-
(BF,) was inferred from the »(M—H) frequencies in
the IR spectra; »(O—0) absorptions near 880 cm™
were observed for the O, adducts [RhL,0,](BF,).
The presence of a Rh—Hg bond in [RhL,Cl(HgCl)]-
(BF,), by analogy with the Rh—Hg compounds
reported by Vrieze et al. [34] was inferred from the
3P NMR spectra which showed both J(*°3Rh—3'P)
and J(**°Hg—>3'P) for the four equivalent phosphorus
atoms (see Table VII).

31p NMR spectra of the mononuclear Rhodium

compounds

The P NMR spectral data (summarised in Table
VII b) need some general comment. For all the
compounds a wide spread is observed for the 3P
chemical shifts of the various coordinated
phosphines. Such a feature is generally accepted to
be principally due to ring contributions, which are
dependent on the size of the chelate-ligand—metal
ring [35]. Within each series of compounds
[RhL,Y](BF,) the J(*°3*Rh—3'P) coupling constants
are always smaller for the (Ph,P),CH, and (Ph;P),-
CHMe than Ph,P(CH,),PPh, and Ph,P(CH,);PPh,
ligands. The difference, which ranges from 5 to 20
Hz, may be caused by a ring effect on 'J(1°°Rh—!P)
and by a very likely contribution of 3J(*°3Rh—3'P)
via the phosphine skeleton, which will have an
opposite sign to that of 2J(1°3Rh—3'P).

[RhL,](BF,). For the compounds [RhL,](BF,)
one *'P doublet was observed for L = Ph,P(CH,),
PPh,, x = 1, 2, 3, and two doublets for L = (Ph,P),-
CHMe. These doublets indicate that the four phos-
phorus atoms of the two diphosphine ligands are in
equivalent environments, which is in accord with a
square planar coordination around rhodium. In this
context it is obvious that each of the two isomeric
structures for L = (Ph,P),CHMe, which have the two
methyl groups either at the same side or on opposite
sides of the molecular plane, respectively (Fig. 8),
will give rise to a different doublet resonance.

The observed intensity difference for the two
doublets may be an indication of a difference in
stability of the two isomers.

The values observed for [Rh{Ph, P(CH;)3PPh; },]-
(BF,) (8.08 6,J = 131 Hz) are close to those reported
for [Rh{Ph, P(CH;)sPPh;},Cl] (6.4 5, J = 132 Hz)
at ambient temperature [36]. This supports the
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Fig. 8. Schematic representation of [Rh{(Ph, P)gCHR}2]'
(BF34). For R = Me two isomeric forms are possible: a, ¢ = H,
b,d = Me;and a,d = H, b, c = Me.

proposal by Baird [36] that an equilibrium between
a trigonal bipyramidal and a square planar structure,
involving rupture of the M—X bond (Scheme II),
will lie far towards the latter structure at ambient
temperature.

X
P—-R|h—P - P\Rh/P)—\+ X~
\J\/ P
P P

Scheme II. Equilibrium between trigonal bipyramidﬂ
and square planar geometry for [Rh(PP),]X.

[RhL,HCI](BF,). A single doublet is observed
for the compound [Rh1,HCI](BF,) L = Ph,P(CH;),-
PPh,, x = 1, 2, 3, and two doublets for L = (Ph,P),-
CHMe, pointing to an octahedral structure with H
and Cl in trans positions. Such a structure was indeed
observed for [Rh{(Ph,P),CH,},HCI](BPh,) in the
solid state [33].

That this structure is static on the NMR timescale
for L = (Ph,P),CH, was indicated by the 13C NMR
spectrum, which showed the presence of two inequiv-
alent sets of phenyl groups (Table VIII).

A similar rigid structure can also explain the
observation of two doublets in the 3P NMR
spectrum, several phenyl groups in the '3C NMR
spectrum and two IR »(M—H) absorptions for
[Rh{(Ph, P),CHMe},HCI|(BF,): different isomers,
with the methyl groups at the same side of the P4Rh
plane as either H or Cl, or at different sides, will be
present.

By contrast, Baird showed that [Rh{Ph,P(CH,),-
PPh,}HCI]Cl was dynamic at ambient temperature,
and that the rigid structure at low temperature had
H and Cl in cis positions [36]. The above results
suggest that the energy difference of this cis and
trans isomers and, as a result, the equilibrium
between these isomers (Scheme III), will be delicately
influenced by the ring size and ring substituents of
the chelate.

[RhL,Cl{HgCl)] (BF,). [RhL,ClI(HgC])](BF,) are
the first Rh—Hg compounds with chelating phos
phine ligands. They may be formed by oxidative
addition of a Hg—Cl bond and, similar to the com-
pounds with monodentate phosphines reported by
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Scheme III. Equilibrium between cis and trans
isomers for [Rh(PP),HC1] X.

Vrieze et al. [34] have Cl and Hg in trans positions
as evidenced by the 3P NMR and !3C NMR spectra,
The 3P NMR spectra for the compounds with L =
Ph,P(CH,),PPh, (x = 1, 2) showed one phosphorus
resonance, with  both  J(*°*Rh-3'P) and
J(*°°Hg—*'P). This points to equivalent P-atoms,
all cis to Hg. The '*C NMR spectrum for L = (Ph,-
P), CH, showed the presence of two sets of phenyl
groups (Table VIII) pointing to different environ-
ments for the phenyl groups on each side of the P,Rh
plane as a result of the presence of Cl and HgCl.

The 3P NMR spectrum of the reaction product
from [Rh{(Ph,P),CHMe},]|BF, and HgCl, showed
many peaks, most probably doublets with coupling
constants ranging from 70 to 80 Hz. Complete inter-
pretation of the spectrum was not possible, but more
than one compound may be present as a result of
different orientations of the methyl-substituted
ligand.

[RhL,0,](BF,). The oxygen adducts [RhL,0,]-
(BF;) L = (Ph,P),CHMe, Ph,P(CH,),PPh, (x =
1, 2, 3) exhibited quartets of triplets, i.e. an AA'BB'X
pattern. Baird er al explained such a pattemn for
[Rh{Ph,P(CH,)sPPh,},0,]Cl with a stereochem-
ically rigid trigonal bipyramidal structure [36]. This
is in line with the X-ray analysis of [Rh{Ph,P(CH, ),-
PPh, } 0, (PF) [12].

For the 0, adduct [Rh{(Pth)zCHMe}202]'
(BF,) the AB part for only one AA'BB'X spin system
is observed. This points to the presence of a single
isomeric structure in which two sets of two equal
phosphorous atoms are present. This requires that
in the trigonal bipyramidal structure the ligands are
arranged with both their methyl groups pointing
inwards or outwards (Fig. 9).

One of the main decomposition products of
[Rh{(Ph2P)2CH2 }202](BF4) in CDC13 showed a
very similar AA'BB'X 3'P NMR pattern (—25.8 &,
J193(Rh—31P) 95 Hz, —43.3 &, J(***Rh—*'P) 75 Hz,
JG'P-3'P) 31 Hz). Furthermore, the IR spectrum

A. F. M. J. van der Ploeg and G. van Koten

o==0

S\ L

Fig. 9. Schematic representation of [Rh{(Ph,P),CHR},03]-
BF,.

showed two absorptions in the ¥(O—0) region. These
features may be an indication for the presence of
two different coordination modes for O,, but further
study is necessary for a reliable conclusion.

Stability of the mononuclear rhodium compounds

The present results support previous observations
about the influence of the ring size of the chelating
ligands on the stability of the complexes formed. As
was already known [RhL,0,] X is much more stable
with L = Ph,P(CH,)sPPh, than L = Ph,P(CH,),-
PPh, [37, 38]. The (Ph,P), CH, compound has inter-
mediate stability. The chelating ring size also
influences the relative stability of several isomers:
the cis isomer of [RhL,HCI]X is more stable than
trans for L = Ph,P(CH,)s PPh,, whereas for L = (Ph,-
P),CH, the converse is true.

The present results clearly indicate that substi-
tuents on that chelate ring also influence the relative
stability of the complexes and the formation of
isomers. [Rh{(Ph,P,)CH,},](BF,) is air sensitive
in the solid state. In contrast, [Rh{(Ph,P),CHMe},]-
(BF,) is stable in air for weeks once isolated. Both
compounds decompose in CHCl;. The oxygen adduct
[Rh{(Ph;P),CHMe},0,](BF,) is also much more
stable than [Rh{(Ph,P),CH;},0;](BF,). The latter
compound decomposes slowly in CHCl; solution
within one day. From these results it seems that
methyl substitution in (Ph,P),CH, has a stabilizing
effect on the complexes formed.

Conclusions

The present results show that the type of com-
plexes formed with the multidentate phosphines
(Ph, P),CHR depend on the metal and its co-ligands,
e.g. mono-bridged di- and tri-nuclear silver carboxy-
lates; double bridged dinuclear silver tetrafluoro-
borates; double bridged dinuclear rhodium carbonyls
and double chelated mononuclear anionic rhodium
compounds.

Methyl substituents on the methylene carbon
atom of (Ph,P),CH, have a stabilizing effect on the
complexes formed and, furthermore, for compounds
with two (Ph,P),CHMe ligands various isomers are
possible in theory, In practice the number of such
isomers and their relative abundance varies with the
metal and its coordination geometry. These results
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can be interpreted by puckering of the metal—phos-
phine unit, creating inequivalent methylene positions.

Acknowledgements

We thank Mr. H. Nijon for experimental assitance
and Mr. J. M. Ernsting for recording the 3P NMR
spectra. Prof. Dr. K. Vrieze is thanked for his
stimulating interest.

References

1 A. A. Frew, L. Manojlovié-Muir and K. W. Muir, J. Chem.
Soc. Chem. Commun., 624 (1980).

2 M. Cowie and T. G. Southern, J. Organometal. Chem.,
193, C46 (1980).

3 L. H. Pignolet, D. H. Doughty, S. C. Nowicki and A. L.
Casalnuovo, Jnorg. Chem., 19, 2172 (1980) and refer-

ences therein.

4 A. F. M. J. van der Ploeg, G. van Koten and A. L. Spek,

Inorg. Chem., 18, 1052 (1979).

ITRCAL, version 51200 is a Bruker implementation for

the BNC-28 computer system, based on the method of S.

Castellano and A. A. Bothner-By, J. Chem. Phys., 41,

3863 (1964).

6 R. Appel, K. Giesler and H. F. Scholer, Chem. Ber., 112,

649 (1979).

R. Appel, M. Wander and F. Knoll, Chem. Ber., 112,

1093 (1979).

8 K. Issleib and H. P. Abicht, J. fiir Praktische Chem., 312,
456 (1970).

9 A. R. Sanger, J. Chem. Soc. Chem. Comm., 893 (1975);
Dalton Trans., 120 (1977).

10 A. van der Ent and A. L. Onderdelinden, Inorg. Synth.,
14, 94 (1973).

11 A. Sacco and R. Ugo, J. Chem. Soc., 3274 (1964).

12 J. A. McGinnety, N. C. Payne and J. A. Ibers, J. Am.
Chem. Soc., 91, 6301 (1969).

13 F. A. Bovey, ‘nuclear Magnetic Resonance Spectros-
copy’, Academic Press, New York, 1969.

14 R. G. Jones, R. C. Hurst and H. J. Bernstein, Can. J.
Chem., 43, 683 (1965); E. B. Wilson, J. Chem. Phys.,
27,60 (1957).

15 C. P. Poole and H. A. Farach, ‘The Theory of Magnetic
Resonance’, Wiley—Interscience, New York, 184
(1972).

16 W. B. Jennings, Chem. Rev., 75, 307 (1975).

w

-

17

18

19
20

21

2
23
24

25

26
27
29
30
31
32
33
34

35
36

37
38

39

239

P. Pregosin and R. W. Kunz, ‘NMR, Basic Principles
and Progress’, Volume 16, ed. P. Diehl, E. Fluck
and R. Kosfeld, Springer-Verlag, Bedin, 1979.

a) H. Schmidbaur, A. A. M. Aly and U. Schubert, Angew.
Chem., 90, 905 (1978);

b) A. A. M. Aly, D. Neugebauer, O. Orama, U. Schubert
and H. Schmidbaur, Angew. Chem., 90, 125 (1975).

P. W. Clark, P. Hanisch and A. J. Jones, Inorg. Chem., 18,
2067 (1979).

E. L. Muetterties and L. W. Allegranti, /. Am. Chem,
Soc., 94, 6386 (1972).

a) H. Schmidbaur, A. Wohlleben, F. Wagner, Q. Orama
and G. Huttner, Chem. Ber., 110, 1748 (1977).

b) H. Schmidbaur, A. A. M. Aly and U. Schubert, Angew.
Chem., 90, 905 (1978).

M. Cowie and S. K. Dwight, Inorg. Chem., 18, 2700
(1979).

M. M. Olmstead, C. H. Lindsay, L. S. Benner and A. L.
Balch, J. Organometal. Chem., 179, 289 (1979).

C. Bianchini, P. Dapporto, A. Meli and R. Sacconi, J.
Organometal. Chem., 193, 117 (1980).

a) A. Arduini, A. A. Bahsoun, J. A. Osborn and C.
Voelker, Angew. Chem., 92, 1058 (1980);

b) J. A. Osborn and G. S. Stanley, Angew. Chem., 92,
1059 (1980);

¢) J. J. de Boer, J. A. v. Doorn and C. Masters, J. Chem.
Soc. Chem. Comm., 1005 (1978).

M. P. Brown, J. R. Fischer, R. J. Puddephatt and K. R.
Seddon, Inorg. Chem., 18, 10 (1979).

N. N. Greenwood, J. Chem. Soc., 3811 (1959).

A. B. Gaughan, Z. Dori and J. A. Ibers, Inorg. Chem., 13,
1657 (1974).

E. C. Alyca, Inorg. Chim, Acta, 44, 1203 (1980).

S. O. Grimm and E. D. Walton, Inorg. Chem., 19, 1982
(1980).

J. T. Mague and A. R. Sanger, Inorg. Chem., 18, 2060
(1979).

M. Cowie, J. T. Mague and A. L. Sanger, J. Am. Chem.
Soc., 100, 3628 (1978).

M. Cowie and S. K. Dwight, Inorg. Chem., 18, 1209
(1979).

R. S. Nyholm and K. Vreze, J. Chem. Soc., 5337
(1965).

P. E. Garrou, Inorg. Chem., 14, 1435 (1975).

D. A. Slack, I. Grevelink and M. C. Baird, Inorg. Chem.,
18, 3125 (1979).

J. S. Miltar and K. G. Caulton, J. Am. Chem. Soc., 97,
1067 (1975).

D. A. Slack and M. C. Baird, J. Organometal. Chem.,
142, C69 (1977).

S. 0. Grim, R. C. Barth, J. O. Mitchell and J. DelGaudio,
Inorg. Chem., 16, 1776 (1977).



