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Abstract

Bis(chloromethyl) sulfide reacts with 2 moles of lithium dipheny!phosphide 1n THF 10 give a white crystal. bis{ diphenyiphosphinomethyvi)
sulfide (dpms) This compound reacts with Na,[PdCL,] n ethanol to afford a monomenc complex, [ PdCl,t dpms-P.P'y] The compoumd.
dpms, reacts with 2 half mole of [Rh,( 4-C1),(CO),] to give a macrocychic dmuclear complex, { {RRCHCO p-dpm=y},] (33 Thedynamuc
property of 315 mvestigated by means of temperature-dependent NMR spectroscopy Treatment of 3 with a haif mole of {Rhu{ p-CHy(COM.]
followed by the addition of NaBPh,, gives a trinuclear complex, {Rhs( 1-C1HCl(CO)o{ p-dpmis),}: BPh,3-H,O When 3 15 treated with
AgClO, and [ Cu(CH;CN), ] CIO,, hetero-trinuclear complexes, M{Rh,CL(CO},( p-dpms), }CIO; - (H,Cn {M=Ag, n=0; M=Cu n=1,

respectively) are 1solated as yellow powders

Keywords Phosphine-sulfide complexes, Tridentate ligand, Paliad:
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1. Introduction

Considerable mnterest has developed concerning metalla-
macrocyclic complexes owing to their unique coordimation
behaviors, or inclusion capability. Maverick and Klavetter
[1] synthesized a macrocyche dinuclear complex, bis| p-
2,6-b1s(2,2-diacetylethylynaphthalenato-0,0':0",0" |di-
copper(II), which mcluded chloroform or diamme. Balch
and co-workers reported dinuclear metallamacrocyclic com-
plexes contaimng bis(diphenylphosphinomethyl) phenyl-
phosphine (dpmp} {2], bis(diphenylphosphinomethyl)-
phenylarsine (dpma) [3] or 2,6-bis(diphenylphosphino)-
pyndine (dppy) [4]1. The diinda- and dirhodamacrocycles
of dpma or dpmp mcorporated the third metallic component
to give umque tninuclear complexes [2-11]

One of the authors studied the preparation and cocrdmation
behavior of (benzylthiomethyl) diphenylphosphme (btmp}
Na,[PdC1,] and [ Rh,( 2-C1)5(CO),] reacted with an excess
amount of bimp to give mononuclear complexes, [PdCl,-
(btmp-P),] [12] and [RhCHCO) (bimp-P),} [13], respec-
tively The ligand btmp formed head-to-tail type bi-
nuclear complexes, [ {PdCI(x-btomp) .} [12] and {Rh.(u-
Ch) (p-bimp),(CO),1X (X = [RiCL,(CO),] ™ or BPh; 7)
[13], in which both phosphorus and sulfur 1 btmp served as
coordinating atoms We are nterested i the fine difference
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of the coordinating abilities between the phosphorus and sul-
fur atoms Bis(diphenylphosphinomethyl) sulfide (dpms)
has one additional diphenylphosphinomethyl group in place
of the benzyl group of the btmp higand. Here, we report the
coordinating behavior of the dpms higand toward palla-
dium () and rhodwm(I) species and reactivity of a ditho-
damacrocycle derived from the latter one

2. Results and discussion

2.1. Preparanon of bis{diphenviphospianometitl) sulfide
and reaction with Na,{PdCt,]

Bis(diphenylphosphinomethyl)  sulfide  {dpms) was
prepared as white crystals by reaction betw een bis(chioro-
methyl) sulfide and hthium diphenylphosphide in THF. and
charactenzed fully by means of elemental analyses IR and
'H and *'P{*H} NMR data (Table 1), and mass spectrum.
It is stable in a mtrogen atmosphere, but oxidized gradually
1n air yielding the corresponding phosphine oxides

Treatment of dpms with Na,[PdCl,] in ethanol at room
temperature gave a yellow crystal, [PdCly(dpras-P,P T (1)
The '*H NMR spectrum of ¥ showed a double doublet a1 &
791, which was assigned to o-protons of the phosphire
phenyl groups. This coupling pattern 1s characterstic of cis-
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Table 1

Selected NMR data of dpims and 1ts complexes

Compound H “P{'H)
CH, a-CH(Ph) N Jown (Hz)
8° °J (Hz} 57 J(Hz)"

dpms 3.22(d) 3 7 42(m) ~2i4(s)

1 327(d) ¢ 40 791ddy 1277 82(s) "

3 388(d) ¢ i37 76H(q) F 7 218(d) %+ 1221
518(d) 4 137 801y ¢+ 7

4 333(d) ¢ il 76Hq) " 7 21 Mu ¥ 12211
445(dy ¢ n 7 70(q¥ &° 7

5 428(d H 7 79¢(br, q) 7 21 4¢d) 1220
468{d) 1l 790tbr, q) 7

6 403(br)? 761{qs° 7 LD 1221
435¢d3 ¢ i1 7 88(q) 7

7 389(d) 108 7 751q) 6 19 7(d) 1221
470(d) 108 785(q) 6

2 §value (400 MHz) in CDClL a: room

unless noted el

Signal shape 1s given n parentheses

® 3 e = Jup="Jyyp. except J values for 1

< §value (161 9 MHz) trom §5% H-PO, m CDC, at room temperature, unless note. elsewhere Signal shape 1s given 1n parentheses

%In CD,CL
+3 JHP
£3 "HH

EAL0°C

" The o-protons of the BPh, motety resonate m the range of 8 7 42-7 53, overlapping with the p-protons of the PPh; moreties

coordination of two equivalent diphenylphosphino moieties.
lacking virtual coupling expected for two trans-coordinated
diphenylphosphino moieties Accordingly. 1 has a square
planar structure 1m which the centrat paltadium(II) atom 15
coordinated with the two cis-located phosphine moieties and
iwo chloro higands, and the sulfide moiety remains uncoor-
dinated The coordmating ability of the phosphine group 15
stronger than that of the sulfide one. The structure of 115 very
similar to that of [ PdCl,(dpmp-P.P’}] except for the sulfur
atom in place of the phenylphosphine mosety 1 the latter
complex [14]

Complex 1 reacted with {PdCI,{CH;CN),] in dichloro-
methane to give a yellow powder, { {Pd,Cl,(dpms}},] (2)
Neither NMR data nor the molecular weight of 2 could be
obtamed owing to its poor solubility m organic solvents In
consideration of the uncoordinated sulfur atom in 1, 2 was

tentatively ascribed to a tetranuclear structure, 1n which the
sulfur atom was coordinated to the other palladium atom.
connecting the ‘PdCl,(dpms-P.P’' )’ motety with the central
Pd,Cl, one (Scheme ')

2.2 Preparation and dynamic property of a
dirhodamacrocycle

Di-p-chloro-tetracarbonyldirhodium (1) reacted with dou-
ble molar amount of dpms 1 benzene at room temperatur
to give [ {RhCI(CO) (p-dpms) },]1 (3) The IR spectrum of
3 showed strong bands at 1975, 1480 and 1435 cm ™ . attnib-
utable to #(C=0), CH; and P-C4Hs, respectively. The band
at 1975 cm ™! supports strongly the f2ans-coordination of the
two phosphine groups rather than the cis-onc 10 comparison
with the »(C=0) bands of [{RhCI(CO)(u-dpma)}.]

Php
] iy CI\ /H—_bn\2
CICHSCH,Cl ————» PKFCHSCH,PPn, —— Pd Pr
dpms cl P-—CH,
Phy
1
Phy
ciL p‘_CH\? i}
ba PN oh
o o—CH, Pd Pd_ SR Cr
Phy P
ci ci s PaN
2 CH,—p Ci
Phy

Scheme I (1) LiPPh, in THF, (n) Na.{PdCL]. {1v) {PACL:(CH,CN).}
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(1978 cm™") [3]. [{RRCI(CO) (p-dppp}}.} (dppp=1.3-
bis-(diphenylphosphino)propane, 1958 c¢cm™') and cus-
{RhCI(CO) (dppe) ] (dppe = 1,2-bis(diphenylphosphine)-
ethane, 2010 cm™?) [15]

The 'H NMR spectrum of 3 at 0 °C showed two broad
doublets at 53 88 and 5.18 (*Jy; = 13 7 Hz) due to unequi-
valent methylene protons The doublet at 8 5 18 changed to
a broad singlet at — 20 °C. winuch diminished in the temper-
ature range —40 to —60 °C At —90 °C, two broad signals
appeared at 4 38 and 6 17 The doublet at 83 88 broadened
near —40 °C and split mto two broad signals at § 3 44 and
4.17at —90°C Thus, the "H NMR spectra exhibited remark-
able temperature dependency At 0 °C, the spectrum showed
two quartets (*Jyy = yp="Jyyp=7 Hz) at 67 61 and § 01,
which were assigned to the o-protons of the phosphine phenyl
groups. This mdicates that the o-protons couple not only with
the neighboring m-proton, but also with two phosphorus
atoms by virtual coupling This virtual couphng imphes that
the two phosphime groups are coordmated trans to each other,
but not czs (vide infra) Accordingly, the two dpms higands
1n 3 act as bridges, combining two rhodium atoms and form-
ing a twelve-membered macrocycle, so called dirhodamacro-
cycle {(Scheme 2) In the macrocycle, the four phosphine
groups act as higands, whereas the two dialhyl sulfide ones
remaip uncoordmated These facts imply unambiguously that
the phosphine group acts as a stronger hgand also to the Rh(I)
center than the dialkyl sulfide one. Our ligand, dpms, 15 very
similar to dpma, dpmp and dppy, since these four ligands
have a common structure of Ph,P-C-E~C-PPh, (E = hetero
atom with coordinating ability) Thus, the twelve-membered
dirhedamacrocycle of 3 1s similar to that of { {RhCI{CG3 { -
dpma) },], which was confirmed by X-ray s.ructure analysis
{3] Furthermore, dppy and dppp formed analogous twelve-
membered dirhodamacrocycles, [ {RhCI(CO)(u-dppy) }51
{471 and [ {RhCU(CO) (p-dppp) }-] [15]. respectively.

The 3'P{!H} NMR spectra of 3 were also dependent on
temperature (Fig 1) The spectrum at —90 °C showed four
doublets ("Jpr, =122 Hz) at §16 9, 19 1. 24 O and 26 2 with
ntensity ratio of about 0 8:1 6 1.7 1 0, respectively, indicat-
ing clearly that all the phosphine groups are ligated to the
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Fig 1 *'PI'H; NMR spectrz of 310 CDLCL (1619 MHz) &t () —96,
(b) ~60, (c; ~30.td; ~20,4e430°C

rhodium atorn and there 1= actually no free phosphine in the
solution. The four doublets diminished actually to noise level
near — 60 °C, and 2 broad doublet { Jpp,, = 122 Hz) appeared
at 8 218 at —20 °C Only one fairly sharp doublet was
observed near § 21.8 at room temperature. The 'H and
3'p{'H} NMR data are explained as follows, corresponding
to the stereschemical non-ngidity of 3 as pictured in Fig. 2

At —90 °C, bond rotation at the sulfur atoms 1s quenched
actually. and 3 consists of two symmetric 1somers 3a and 3b
and one asymmetric one 3¢ Thus, trese threc conformational
1somers 3a—c show four kinds of phosphorus resonances at 8
169,19 1,24 0 and 26 2 (vide ante) The two resonances at
519 1 and 24 O correspond to two kinds of phosphorus stoms
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Scheme 2 1} [Rb(2-Ci1,(C0Y, 1 and NaBPhg (n) [RWo{ p-CI}1COMT (m) AgTIO,, (v} {Cu{ CH.C L3000,
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Fig 2. Intrasnolecular mouon of 3 The molecules are <riwn in *he top view
from the P-Rb-P line

(P° and P?) of the asymmetric isomer since P° and P9 exist
m leveled circumstances. whereas the two remamning reso-
nances correspond to phosphonus atoms (P* and P°) of the
two symmetric 1somers. It is note. that the symmetric 1somers
3a and 3b and the asymmetric . 1€ 3¢ exist in a population
ratio of about 1-0.8:3.3 or 0.8-1.7.3 on the basis of the inten-
sity ratio mentioned above. The three 1somers exhibit four
kinds of methylene protons at § 344, 4.17, 438 and 6 17 m
approxumately equal intensities. although eight kinds of
methylene protons are expected for the three 1somers, stactly
speaking Chemical shifts of four kinds of methylene protons
in 3¢ coincide actuaily with those of protons n analogous
chemical circomstances 1n 3a and 3b

Upon increasing temperature. bond rotation at the sulfur
atom begins to take place. Thus, isomers 3a and 3b :nter-
change with each other, whereas isomer 3¢ moves intramo-
lecularly Above —20 °C, bond rotation is rapid enough to
umite the four signals corresponding to P2, P*, P* and P¢,
leaving only one doublet in the >'P{'H} NMR spectra. At the
Timit of the rapid rotation, all the phosphorus atoms are vir-
tually equivalent Thus, the two phosphine groups are coor-
dinated trans 1o the thodium atom but nof cis, because
cis-coordmation of the two phosphine groups to the
‘RhCI(CO)’ motety would give rise 10 two double doublets
m the 3'P{*H} NMR spectrum at room temperature [15].
The *H NMR spectra change corresponding to the *'P{'H}
NMR ones, and show two doublets at 5 3.88 and 5 18 near
20 °C (vide ante). This indicates that the methylene protons
neighboring on the chlofo and the carbonyl ligands do not
interchange with cach other. Accordmgly, the RhCH(CO)
motety does not rotate actually around the P-Rh-P axis at
room temperature. Sanger {15] reported that [{RhCl-

K. Hirala et al / Incrganica Clunica Acta 245 (1996) 243-249

(CO) (u-dppp) 1] existed as two conformational 1somers, a
major asymmetric one and a mmnor symmetrnic one at — 50
°C, but detatled analysis was not done As for
[{RRCI(CO)(p-dpma) },], the dirhodamacrocychic skele-
ton was flexible, but plural conformational 1somers were not
detected {3]

2 3 Canownc trivhodium complexes

As discussed above, 3 holds (he twelve-membered
macrocycle. which forms a similar cavity to the case
of [{RRCI(CO){u-dpma)},} [3] or [{RhCI(CO)(u-
dppy) }.] [4] Furthermore, 3 possesses the two uncoordi-
nated sulfide groups, which are able to higate & third metallic
component Accordingly, 3 1s expected to incorporate the
third metallic component 1nto the cavity to form a homo- or
hetero-trinuclear complex.

The dirhodamacrocycle 3 reacted with a half molar amount
of [Rhy(u-CI)»(CO),4] n the presence of NaBPh, at room
temperature to give a cationic trithodiam complex,
[Rh;CL(CO);( u-dpms), ] BPh,-H,0 (4) The IR spectrum
of 4 exhubited a strong band at 1980 cm ™! and a shoulder at
1960 cm™*. assigned to »(C=Q), but there was no band
near 1800 cm ™' ascribable to the bridging carbonyl. Sumi-
lar chloro dertvatives [Rhy;(u-C)CI(CO);(u-dpmp),]1™*
and [Rhs(p-ClYCHCO);(p-dpma),]* contamed also no
bridgmg carbonyl hgand. However, the 1odo dertvatives
[Rhz(p-1),(u-CO)(CO),(p-dpmp),1 * and [Rhy(p-1),-
(-CO)(CO}.) (n-dpma),] * involved one bridging car-
bonyl, whereas the bromo derivative [Rhy(u-Br)Br-
(CO)s{ u-dpmp),} * yielded two forms: a tan form had one
bridging carbonyl and the other violet one lacked 1t [5]

The 'H NMR spectrum of 4 at § °C showed two doublets
at 8 333 and 445 (%, =11 Hz), assignable to two un-
equivaleni methylene protons. The o-protons of the phos-
phune phenyl groups resonated as two shightly broad quartets
(each. Ty =>Jyp="J1;p=7 Hz) at §7 64 and 7.70, mply-
ing that 4 held both the rrans P-Rh-P structures and the
dirthodamacrocycle The *P{’H} NMR spectrum exhibited
one doublet ("Jpgy=122.1 Hz} at 821 3, mdicating that the
four phosphorus atoms were actually equivalent in accord
with the "H NMR data. The 'H and *P{'H} NMR spectia
did not change actually in the temperature range of 30 to — 90
°C. In the PC{'H} NMR spectrum of 4, a doublet
('Jern =78 3 Hz) at § 182 is assigned to the carbonyl carbon
coordinated to the sulfur-bonded rhodwm atom, whereas a
triplet of doublet (JJcp=14 Hz, 'Jcp, =78.3 Hz) at § 1875
ts due to those coordinated to the phosphine-bonded rhodwm
atoms The coupling constant of 14 Hz indicates cis-coordi-
natton of the carbonyl ligand to the two phosphine oncs.
which werce situated trans to cach ~ther. Complex 4 showed
a conductivity of 70X 107 * Sm? mol ™! m 1 0% 107> mol
dm™* acetone, comparable to about 10 Sm? mol ~' for a
typical 1:1 electrolyte. confirming its 1omc structure.

On the basis of the data mentioned above, we propose that
4 15 a cationic trithodwm complex, as ‘llusirated
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Fig 3 Bridge/termunal interchange of the chloro higands m the tmshodium
cation

Scheme 2 However, the structure of 4 shown i Scheme 2
seems to be asymmetric, having two kinds of [RhCl-
(CO)(PPh,CH, ).} moteties in different chemical circum-
stances This contradiction is explained by rapid mterchange
between bridging and winnuai chloro ligands, as shown m
Fig 3. It looks as though the energy barrier between the two
structures a and b is comparatively low, since the distance
betwaen the central rhodum atom and the bndging chloro
ligand is not greatly differcnt from that between the central
rhodium atom and the terminal chloro higand. A similar
bridge/termunal interchange of chloro ligands was reported
for cationic tnirthodium complexes, [ Rh, {( u-CHCI(CO);(p-
dpmyp);1BPh, and [Rhs(p-CHCYCO)s{ p-dpma),]BPh,
[5]

The dithodamacrocycle 3 reacted with an equal molar
amount of [Rh,(12-C1),(CO),] in benzene at romn iemper-
ature (o give a wviolet precipitaie. [RbE;Cl( u-dprms).-
(C0O);3{RhCI,(COY,] (5). Complex 5 also precipnated
dwrectly when dpms was added to the solution involving an
equal molar amount of {Rh,(u-Cl1),(CO),] to dpms. The
IR spectrum of 5 showed a sharp and strong band at 2660
cm™' and a slightly broad and very strong one at 1980 cm ™
The former band was ascribed to symmetnc r(C=0)
absorption of the amionic [RhCL(CO}),} ™ morety, whereas
the latier one was due to overfap of the »{C =0} absorptions
of the cationic trithodium moiety and the asymmetnic
v(C=0) of the [RhC1,{CO),]™ moety [16] The spec-
trum exhibited no band near 1800 cm ™!, assignabie [0 the
bridged carbonyl. The 'H and >'P{'H} NMR spectra of 5
indicate that the four methylene groups are actually equiva-
lent and the four phosphorus atoms are also so Rapid bnidge/
terminal interchange of the chlore higands takes place 1 the
dichlorotrirhedium moiety similarly to the case of 4

2.4. Durhodamacrocycles involving d'” metal 1on

The dichodamacrocycle 3 reacied wrth sitver(I) perchlo-
rate 1n a dichloromethane—ethanol mixed solvent to afford a
yellow complex. [ Ag{ Rh,CL(CO ) ( p-dpms).} JCIO, (6}
The IR spectrum of 6 was actually similar to that of 3 except
for a strong band at 1095 cm ™. assignable to »{CIO}. Fur-
thermore, the spectrum lacked a band near 870-990 cm ™%,
assignable to the va-type Ci-O stretching vibration of a uni-
dentate or bidentate perchlorate group { 17]. This implies that
the perchlorate group exists in a free state, bt is not coordi-
nated to the silver atom in a undentate or bidentate fashion

ey

The 'H NMR spectrum exhibited also two quartets at & 7.61
and 7 88 {J= ~7 Hz) and tw¢ signais at 54 03 (broad; and
4.35(d, Jyu= 11 Hz) The P! H} NMR spectrum showed
only one doublet at 8 247 with a coupbng constant
Jory =122 1 Hz, implying that the phosphine groups were
coordmated with the rhodium atom, but not with the siiver
one These data indicate that 6 is a cationic hetero-trmuclcar
compiex which holds the dirhodamacrocycie structurc, and
the silver(I} 10n 15 trapped by the two sulfur atomis formmy
lmear 8-Ag-S coordination. Examples of linear L-Ag(1}-L
coordination are bis{tertiary phosphine jsiiver(I; ions such
as [Ag{P(CH -Me-p);}.]™ [18]. [Ag{PBu),17 {19!
and [Ag{P(mes},};]” (mes=mesuyl} {20]. Balch et al
{6} reported that [{RhCICO{u-dpira)}}.] reacted with
AgCl1n dichloromethane 1o yield [AeT R, CLICO{ u-
dpma},}}. which contammed z three-sutes-higatng silver( iy
101, As—Ag{Ch--As unit

The dirhodamacrocycle 3 reacted with [CufCH,-
CN),ICIO, in dichloromethane 1o give Cu{Rh-Cl.-
(COY,( u-dpms),}CiQ, - H,O(7) The IR spectrum of 7 was
fawly similar to that of 6 except for broad bands near 1520
and 3500 cm ™} due to water, and the lack of a band near 370~
990 om ~*, assignable to the umdentate or bidentate perchio
rate group {171 Acetonttrite was not involved as a igand to
the copper atom. Since the 'H and >'P{ H} NMR spectra of
7 were also anatogous to the corresponding ones of 6 115
certaimn that 7 bolds the dirhodamacrocycle structure and e
copper(I} 1on 15 trapped by the two sulfide groups, formiag
S—Cu-5 coordination Howeser, it is not certain whether
water 18 coord.pated te the copper 1on or not. although the
perchlorate ion appears o ewist in a free state

3. Experimental

The starting complexes | Rho{ n-Ch,fCOy,1 {211 R
CL{CH;CN}; 1 [22) and [Ce{CH,ON_JTI0, 123 were
prepared aceording to fiterature methods Sobvents were pun-
fied by the usual methods and srored ender dry pitrogen The
other reagents were commercial v avasleble and used without
further purificatien General procedures were described i the
previous paper [24].

3.1 Preporanon of dpms

Lahwm 11 10 g) was forned smte o nbbon shape and set
1n deaerated THF (150 cm®) 12 a three-necked flask. filled
with dry nitrogen A THF sclution (30 cm®) of chlorodi-
phenylphosphine (12.5 g1 was added gradually to the flash
with vigorous sturing. The reaction mixture was maintained
uader reflux for 5 b, then cooled to room temperature. and
filtered through abserbent cotlon to elinminate hthwm chlonde
and umreacied lithwum. A THF soluwon (40 cm®) of
bis¢chloromethyl) solfide (30 g} was added gradually to
the blood-red filtrate The reaction misture changed to a pale
yellow suspension containing white precipitates. and was
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stired for 5 h and filtered again through absorbent cotton

One cm’® of methanol was added to the filtrate, and the solvent
was evaporated. 20 cm® of benzenz wer= added to the con-
centrated solution. The benzene sclution was filtered, diluted
wiih hexane, and set n a refrigerator to give 6 8 g of white
crystals, (Ph,PCH,),S (dpms) Yield 58% Mp 64-66 °C

IR (KBr,cm ') 3050 (m. aromauc C-H). 2890 (w.CH,),
1950 (w, CgHs), 1880 (w, CcHs), 1810 (w, C¢Hs), 1755
(w, CsHs), 1480 (vs, CgHs). 1430 (vs. P-C¢Hs). 745 (vs,
CgHs), 695 (vs, C;Hs) C{'H} NMR (&C, 100 6 MHz,
CDCl,) 315(2C, dd. Jep=22 5Hz,*Jop=8 8 Hz. PCH,),
1285 (8C,d, Jpc=7 9Hz,m-C), 1289 (4C.5.p-C). 1329
(8C, d, Yep=19 5 Hz, 0-C), 137 6 (4C &, Jp=156 Hz,
1pso-C). Anal. Found- C, 7250, H. 5 67%, M~ , 430 Calc

for C,HoyPoS C, 72 54; H, 5 62%, M, 430.48

32 ¥P{'H} NMR data of oxidized products of dp™is

The diphosphine dpms was gradually oxidized in air The
Hp{'H} NMR data of the oxadized products are as follovs
Ph.,PCH,SCH,P({=0)Ph," 6 (161.9 MHz, CDCl;) —-213
(1P,s.PPh,), 28.3 (iP,s.P(=0)Ph,) [Ph,(O=)PCH,},S
8§28.9 (2P, s, P(=0)Ph,)

3.3 Preparation of [PACL{dpms)}] (1}

A 90% aqueous ethanol solution ( 120cm?) of Na,[ PdCl, ]
(2 2 mmotl) and an ethanol solution ( 110cm?) of dpms (1.02
) were added together gradually to 110 cm? of ethanol strred
rigorously n a three-necked 500 cm® flask The resulting
yeilow precipriates were washed with ethanol and diethyl
ether to give a yellow sohd, [PdCl,(dpms)] (1) Yield 76%
M.p. 260270 °C {decomp) IR (KBr, cm '), 1480
(CcHs), 1435 (P-CHy). 138G (P-CH;) Anal Found: C,
50.80, H, 398. Calc for C;H,,CLP.PdS C. 5138, H,
3.78%

3.4. Preparation of {{ Pd,Ci(dpms)};](2)

A dichloromethane solutton (50 em?®) of [PACl-
(CH;CN),] (64 mg, 0.25 mmol) was added to a dichloro-
methane solution (100 cm?) of 1 (300 mg, 049 mmol) The
reaction mixture was stured at room temperature for 20 h
The resulting yellowish orange suspension was fillered with
a glass filter The yellow precipitates were washed with di-
chloromethane to give 295 mg of [ {Pd,Cl (dpms}},] (2)
Yield 100%. M p. 270-280°C (decomp.). IR (KBr,em ™'}
1480 (CgHs), 1430 (P-C.Hs), 1380 (P-CH;) Anal Found
C, 39.48, H, 3.34 Calc. for Co,HClgPsPd,S, C,39.77, H,
3.08%

3.5. Preparation of [Rh,Clyf p-dpms){CO),] (3)
A benzene solution (10 cm®) of {Rh,(-Cl).(CO),]

(109 mg, 0.28 mmol) was added to dpms (242 mg, 0.56
mmol) 1 a flask in a mtrogen atmosphere The yellow solu-

tion changed gradually to a yellow suspension After shming
al room temperature for 4 h, the reaction mixture was filtered
to grve a pale yeilow sohd, [Rh.CL(CO).( 1 dpms).] (3)
Yield 320 mg (95%). Mp 250°C IR (KBr.cm "'): 1975
(C=0), 1480 (C¢Hs), 1435 (F-C4Hs) Anal Found C,
54.31, H, 4 15 Cale for Cs,H,4C1,0,P,RN,S, C, 54 33, H,
405%.

36 Preparation of [RhiCly(p-dpms)(CO);JBPh, H,0 (4)

40 mg (0 10 mmol) of [Rha(u-ChH,(CO).] were added
to a dichloromethane solution (20 cm®) comtamning 230 mg
(019 mmol) of 3 m a nitrogen atmosphere The yellow
solution of 3 changed immediately to reddish violet After 1
h, a2 methanol solution (15 cm?) of NaBPh, (132 mg, 0 39
mmol) was added to the reddish violet solution After the
solution had been stirred at room temperature for 23 h, diethy!
ether was added to the solution to give a reddish violet solid,
[Rh;CL(CO);( u-dpms),1BPh,-H,O  Yield 192 mg
(51%\ Mp 145-150 °C. IR (KBr, cm™') 1990 (sh,

=0). 1980 (vs, C=0), 1482 (CiHs), 1435 (P-Ph)
BC{'H} NMR (&C, 1006 MHz, CDCL)- 355 (4C, s,
PCH,), 121 9 (4C, 5, p-C), 126 0 (8C, s, m-C), 128 7 (8C,
s, m-C), 1291 (8C, s, m-C), 1298 (4C, t, Jep="J=25
Hz, ipso-C(PPh)) 1314 (4C, s, p-C), 1317 (4C, s, p-C),
131.8 (4C, t, 'Jep=3Jcp =25 Hz, ipso-C(PPh) ), 132 4 (8C,
br-s, 0-C(PPh)), 134 0 (8C, br-s, 0-C(PPh)), 136 0 (8C, s,
0-C(BPhy)), 164 3 (4C. four signals, .J(C''B) =50 Hz,
pso-C(BPh,)), 182.0 (1C, d, 'Jeg, =78 3 Hz, S Rh~CO),
187 5 (2C, dt, "Jcgy =78 3 Hz, YJep=14 Hz, P-Rh-CO)
Conducttvity (C=10x10"* mol dm™3 acetone)
70x107*Sm* mol~'. Anal Found. C,57 59; H, 4 22 Calc
for C;xH5BCLO,P,RN,S, C,57 13, H. 425%

37 Preparation of [Rh;CL{ p-dpms)o{ CO);J[RRCI(CO),]
(5)

A benzene solution (10 cm®) of [ Rh,(;-C1),(CO),] (50
mg, 0 13 mmol) was added to 44 mg {0 13 mmol) of dpms
and stirred Violet precipitates were formed during the first
15 min of the reaction. After stirring for 3 h, the precipitates
were collected and washed with hexane to give [Rh,Cl,(p-
dpms),(CO),] {RhCL(CO).1 (5) Yield 65 mg (54%)
M.p. 245-235 °C (decomp.). IR (KBr, cm™') 2060
(C=0), 1980 {C=0), 1480 (CHs), 1430 (P-C.Hs) Aral
Found C,43.15,H, 3 13 Calc for Cs;H,CLOsP,Rh,S, C,
4404.H,311%

3 8. Preparation of [Ag{ Rh,Cly(CO)s u-dpms),} JCIO, (6)

An ethanol solution (10 cm?) of AgClO, (100 mg, 048
mmol) was added to a dichloromethane solution (25 cm®)
of 3 (250 mg, 6.21 mmotl). The reaction mixture was stirred
at room temperaiure for 20 h, and diluted with ethanol to give
yellow precipitates The precipitates were recrystallized from
dichloromethane and diethy! ether to afford a yellow sohd,
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[Ag{RB,C1,(CO) o p-dpms )2} 1CIO, (6) Yield 58% M p
210-220°C (decomp ) IR (KBr,cm™ ') 1990 (CO), 1440
(P-CgHs), 1095 (CIO) Anal Found C, 4662, H, 362
Cale for Cs,H,3AgClOP,R,S,, C, 46 29, H, 3 45% Con-
ducuvity {C=10X10"* mol dm™* acetone) 120x10"
Sm™ mol ™!

39 Preparanon of Cu{Rh,Cl(CO)o u-dpms),} ClO,; H,0
(7)

A dichloromethane solution (5 c¢m®) of [Cu{CH.-
CN),L1CIO, {28 mg, 0 084 mmol) was added to a dichloro-
methane solution (10 cm®) of 3 (100 mg, 0084 mmol)
After the rcaction mixture had been stirred for 24 h at room
temperature 1t was concentrated under reduced pressure and
diluted with diethyl ether to give a yellow precipitate,
Cu{Rh,CL{CO) A u-dpms).}CIO, H,O (7) Yield 68 mg
(60%) Mp 245-250 °C (in vacuum, decomp ) IR (KBr,
cm™')y 1990 (CO), 1430 (P-C¢Hs) 1380 (P-CH,), 1100
(Ci-0) Anal Found C, 4699, H, 358 Calc. for
Cs:HsoCLCuO,P,RI,S, C, 47 18 H, 3 67% Conductivity
(C=10X10"3% mol dm> acetone) 50xI10°* Sm®
mol ™’
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