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Abstract 

B~s(chloromethyl) sulfide reacts with 2 moles of hthlum d~phenylphosph~de ~,n THF to g~ve a whlte cr3:staL b~st chphenyto~osphmomethvt 
sulfide (dpms) Th~s compound reacts with Na~ [PdCI~] m ethanol to afford a monomenc complex, [ PdCI2~ dpms-P,P') ] The compound. 
dpms, reacts w~th a half mole of [Rh2(/x-CI)2(CO)~] to g~ve a rnacrocychc dmuclear complex, [ {RhCI(CO) ( tr-dpm~l }z] (3) The dynan'ac 
property of 3 ~s investigated b) means of temperature-dependent NMR spectroscopy Treatment of 3 v, ith a half mole of [Rh,(/z-Ct Iz(CO)~] 
followed by the addition of NaBP~, gaves a tnnuclear complex, [Rh3(g-CllChCO)2(/x-dpms),]* BPha) "H20 When 3 ts treated ~th 
AgCIOa and [Cu(CH3CN)a]CIO~, hetero-tnnuclear complexes, M { Rh,CI~( CO)~ (/z-clpms ) 2}CIO~- (HzO)n fM = Ag, n =0; M =Cu n = t, 
respectively) are ~solated as yellow powders 

Key~ords Phosphme-snlfide complexes, Tndentate hgand, Palladmm complexes° Rhodium complexes, Merallamacr'ocycle NMR spec~.r~scopy 

1. Introduction 

Consldcrable interest has developed concerning metalta- 
macrocyche complexes owing to their umque coordmatmon 
behavlors, or incluston eapabdity. Mavertck and Klavetter 
[ 1] synthestzed a macrocychc dmuclear complex, bls[p- 
2,6-bts( 2,2-diacctylethyl)naphthalcnato-O,O' :O",O']dl- 
coppcr(II), which included chloroform or diamme. Balch 
and co-workers reported dmuclear metatlamacrocyclic com- 
plexes contaimng bls(dlpbenylphosphmomcthyl)phcnyl- 
phosphme (dpmp) [2], bls(dlphenylphesphmmrcthyl)- 
phenylarsmc (dpma) [3] or 2,6-bis(dlpbenylphosphmo)- 
pyndme (dppy) [4]. The dfinda- and dirhodamacrocycles 
of dpma or dpmp incorporated the third mct~lic component 
to give untque tnnuclcar complexes [ 2-11 ] 

One of the authors studied the preparation and coordination 
behawor of (benzylthiomethyl)dlphenylphosphme (btmp) 
Na2[PdCt4] and [Rh2(/.L-CI)2(CO)4] reacted wah ancxcess 
amount of btmp to gzvc mononuclear complexes, [PdCI2- 
(btmp-P)2] [ 12] and [RhCI(CO) (btmp-P)2] [ 13],rcspec- 
uvely The hgand btmp formed head-to-tad type bl- 
nuclear complexes, [ [PdCl(p.-btmp) }z] [ 12] and [Rh2(.u- 
CI) (p.-btmp)z(CO)2]X ( X =  [RhCIz(CO)2] - or BPh4 - ) 
[ 13 ], in which both phosphorus and sulfur m btmp served as 
coordmating atoms We are interested m the fine difference 
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of the coordinating abihtaes between the phosphorus and sul- 
fur atoms Bls(dtphenylphosphinomethyl) sulfide (dpms) 
has one additional dlphenylphosphmomethyl group in place 
of the benzyl group of the btmp hgand. Here, we report the 
coordinating I~ehavlor of the dpms hgaad toward palta- 
dmm(lI) and rhodtum(I) species and reactwtty o fa  dlrho- 
damacrocycle derived from the latter one 

2. Results and diseuss.:en 

2.1. Preparaaon of  bls(&phe~,lphosphmometh~,lt sulfide 
and reaction with Na,[PdCIj 

Bts(dlphenylphosphmomeihy!) sulfide (dpms) ~as 
prepared as white crystals by reaction bep,~een bts~chloro- 
methyl) sulfide and hthmm dipheuylphosphide m THE and 
characterized fully by means of elemental anal3ses IR and 
tH and 31F{~H} N.'MR data (Table l),  and mass speetrur~ 
It is stable in a narogen atmosphere, but oxidized gradualt) 
m air 3aeldmg the corresponding phosphine oxides 

Treatment of dpms with Naz[PdCt4] in ethanol at room 
tempcraturegave ayellow crystal, [PdCtz(dpms-P,P')] ~,1) 
The tH NMR spectrum, of 1 showed a double doublet at 6 
7.91, whtch was assigned to o-protons of the phosphive 
phenyl groups. Thls coupling pattern Js characteristic ofcts- 
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Table 1 
Selected NMR data of dpms and ~ls complexes 

Compound 'H "tPltH I 

CH~ o-CH ( Ph ) 3 ~ J ~ ,  ( Hz ) 

&~ zJ (Hz) 6 ~ J ( H z ) "  

dpms 3 ~.Z2 (d) 3 7 42(m) - 2 1  4(s) 
! 3 27(d} d 4 0  7 9 b d d }  a 12 ~ 7 ~ 82(~) d 
3 3 88(d) a~ 13 7 7 61 tq) '~ 7 21 8(d) '~* 122 1 

5 18(d) a~ 13 7 8 01{q) a~ 7 
4 3 33(d) ~ 11 7 64(q) el, 7 21%(~JI ~ 122 1 

4 45(d) ~ l ~ 7 70(ql  ~ 7 
5 4 28(~' II 7 79(bn q) 7 21 4(d) 1220 

4 68(d) l I 7 90t br, q) 7 
6 4 03(br) a 7 61(q~ '~ 7 24 7(d) " 122 1 

4 35(d ~ a 1 ! 7 88{ q) ~ 7 
7 3 89(d) 10 8 7 75~q) 6 19 7(d) 122 t 

4 70(d) 10 8 7 85~q) 6 

8value (400 MHz) m COCI~ a: room temperature, unless noted elsewhere Stgnat shape ~s given m parentheses 
~' ~JnH = 3Jnv = 5j~p. except J values for 1 
e 8 value ( 161 9 MHz ) Irom 85% H~PO~ m CDCI~ at room temperature, unless note~ elsewhere Signal s~ape is given m parentheses 
a In CD2CI 2 
.3/~p 

f3Jna 
~At0°C 
n The o-protons of the BPh~ moiety resonate m the range of $ 7 42-7 53, o,~erlappmg with the p-protons of the PPh: moieties 

coordmat ton  o f  two equ iva len t  d ip f iany lphosphmo moie t ies .  

l ack ing  v , r tua l  coup l ing  expec ted  for  two  trans-coordmated 

dtphenylphosphmo moie t i es  Acco rd ing ly .  1 has a square  

p lanar  s t ructure  m w h i c h  the centra l  p a l l a d m m ( I I )  a tom is 

coordmated  wi th  the  two  cts40cated phospbme  moie t i es  and 

two cbloro  hgands ,  and  the sulf ide moie ty  remains  uncoor-  

d inated  T h e  coord ina t ing  abt l i ty  o f  the phosphme  group  is 

s t ronger  than that  o f  the sulf ide one.  T h e  s t ructure  o f  1 ts very  

s imi la r  to that  o f  [ P d C l ~ ( d p m p - P , P ' )  ] excep t  for  the  sul fur  

a tom in p lace  o f  the pheny lphosph ine  moie ty  in the lat ter  

complex  [ 14]  
C o m p l e x  1 reac ted  wi th  [ P d C I . ( C H 3 C N ) J  in d tch loro-  

methane  to gave a ye l l ow  powder ,  [ {Pd2C14(dpms)  }2] ( 2 )  

Ne i the r  N M R  da ta  no r  the  m o l e c u l a r  we igh t  o f  2 could  be  

obta ined o w m g  to its poor  so lub th ty  m organ ic  so lvents  In 

considera t ion o f  the  uncoord ina ted  su l fur  a tom in 1, 2 was  

CtCH2SCHzCt 

t en ta t ive ly  ascr ibed  to a t e t r anuc lea r  s t ructure ,  in w h i c h  the 

su l fur  a t o m  was  coord ina ted  to the o ther  p a l l a d i u m  a tom.  

connec t ing  the "PdCl2(dpms-P,P')' mote ty  w, tb  the  centra l  

Pd2C14 one  ( S c h e m e  1 ) 

2.2 Preparatton and dynamtc propelt> o f  a 

dtrhodamacrocycle 

Dl -b t - ch lo r o - t e t r a ca r bony l d i r hodmm( I )  r eac t ed  wi th  dou-  

ble  mola r  amoun t  o f  d p m s  m benzene  a t  room tempera tu re  

to g i v e  [ { R h C I ( C O )  ( / z -dpms)  }2] ( 3 )  T h e  IR spec t rum o f  

3 showed  s t rong bands  at  1975,  1480  and  1435  c m  - L at tr ib-  

u table  to v (C--=O),  C6H 5 and P - C 6 H s ,  respec t ive ly .  T h e  band 

at i 9 7 5  cm - ~ supports  s t rongly  the g~ans-coordmatlon o f  the 

two  phosphme  groups  ra ther  than the cts-one m compar i son  

wt th  the v ( C = - O )  bands  o f  [ { R h C l ( C O ) ( / z - d p m a ) } z ]  

Ph z 
:) i,) CI \  / ~-CH~ 

I- Ph2PCHzSOH2PPn2 1~ c I / P d \  p _ _ c / S  H2 

dpms Ph2 1 

CI\  / Cp< . . . .  j¢ 
/ P d  / S . .  / L . L ~  ./<4 ph2 

Cl r~ - -  CH 2 Pd Pd --CH2-- P~x CI 
Ph2 C[ / ~CI / ~ 'S<  /Pd\  

2 CH2-- p CI 
Ph z 

Scheme 1 (t) LlPP~_ m THF, (n) Naz[PdCI4I. 0'JI [PdCIz(CH~CN)-] 
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( 1978 c m -  ' ) [ 3 ], [ { RhCI (CO) (bvdppp) } 2 ] (dpPp = 1,3- 

b]s-(thphenylphosphlno)propane, 195g cm - ) )  and c t s -  

[RhCl (CO) (dppe ) ]  ( d p p e =  1,2-bls(dlphenylphosphlno)- 
ethane, 2010 cm - ~ ) [ 1 5  ] 

The 'H  NMR spectrum of 3 at 0 °C showed two broad 
doublets at ~5 3 88 and 5.18 (-'JHH = 13 7 Hz) due to uneqm- 
valent methylene p ro to~  The doublet at 8 5 t8 changed to 
a broad stagier at - 20 °(7, which thmm~shed m the temper- 
ature range - 4 0  to - 6 0  °C At - 9 0  °C, two broad s~gnals 
appeared at 8 4 38 and 6 17 The doublet at 8 3 8g broadened 
near - 4 0  °(2 and spht into two broad s~gnals at 8 3 44 and 
4.17 at - 90 °(2 Thus, the ' H NMR spectra exhibited remark- 
able temperature dependency At 0 °C, the spectrum showed 
two quartets (3JHH = 3JH),=S./Hp= 7 HZ) at 8 7 61 and 8 01, 
whmh were assigned to the o-protons of  the pbosphme phenyl 
groups. Th~s intimates that the o-protons couple not only w~th 
the neighboring m-proton, but also with two phosphorus 
atoms by virtual couphng This virtual couphng ]mphes that 
the two phosphme groups are coordmated t r a n s  to each other, 
but not c t s  (vide mfra)  Accordingly, the two dpms hgands 
m 3 act as budges, combmmg two rhodium atoms and form- 
ing a twelve-membered macrocycle, so called dirhodamacro- 
cycle (Scheme 2) In the macroc3,cle, the four phosphme 
groups act as hgands, whereas the two dmlkyl sulfide ones 
remab, uncoordinated These facts Imply unambiguously that 
the phosphme group acts as a stronger hgand also to the Rh ( I )  
center than the dmlkyl sulfide one. Our hgand, dpms, ~s ver), 
slmdar to dpma, dpmp and dppy, since these four hgands 
have a common structure of  Ph2P--C-E-C-PPh2 (E  = hetero 
atom with coordmanng abd]ty) Thus, the twelve-membered 
thrhodamacrocycle of  3 is s~milar to that of  [ {RhCI(CO) (u -  
dpma) }~], whmh was confirmed by X-ray s,ructure anatys]s 
[3] Furthermore, dppy and dppp formed analogous twel,~e- 
membered d]rhodamaeroc~,cles, [ { RhCI(CO) (/z-dppy) }2] 
[4] and [ {RhC!(CO)(p.-dppp) }2] [ 15], respectivel),. 

The 3~P{ ~H} NMR spectra of  3 were also dependent on 
temperature (Fig 1 ) 'Fne spectrum at - 9 0  °C showed four 
doublets ( 'JPr~ = 122 Hz) at 816 9, 19 1.24 0 and 26 2 w~th 
intensity ratm of  about 0 8:1 6 1.7 1 0, respectwety, rod:cat- 
mg clearly that all the phosphme ~oups  are hgatod m the 

{c) 

~I~, i , q  ),¢,#¢ ' ,"q[ )  , V,~ ' ~'i '  *, ; b , : ,  ) * 

(b, ) , )].'.ti ' I '  < .  !. ' 

V* ,- . . . . . . . . . .  % ' " ' ,  ' h r j . '  

2~ 24 20 16 ~2 
ppm 

Fig I 3'PITH} ~MR spectra Of 3 ~n CD:CI: ( 16t 9 MHz} al {a~ -90. 
(b) -60, (c~ -40. I d, -20, {el 30 °C 

rhodium atom and them t~ actually no free pbosphme in the 
solution. The four doublets dlmmmhed actually to noise level 
near - 60 °(2, and a broad doublet ( aJ~m = 122 Hz) appeared 
at 8 21 8 at - 2 0  oC Only one fairly sharp doublet was 
observed near 8 21_8 at room temperature. The II-i and 
~Pt  ~I-!_ } NMR data are explained as foltov, s, corresponding 
to the stereochem~cal non-ng]tht~, of  3 as pictured in F~g. 2 
At - 9 0  °C, bond rotatmn at the sulfur atoms ]s quenched 
actually, and 3 consists or two s}~tmetnc ~somers 3a  and 3b 
and one asymmetric one 3c Thus, %ese three conformattoual 
~somers 3a -c  show four kinds of  phosphorus resonances at 8 
16 9, 19 I, 24 0 and 26 2 (',]de ante ) The two resonances at 
8 19 I and 24 0 correspond to two kinds of  phosphorus atoms 

I c o  I c o  o ~ I . 
1 ~ ~--uh ..h" R,-- Im~.4 ~') 
t I " c i "  1 c r "  I i 
I P h 2 P ' - ~ , , ~ S v P P h 2  J 
L 

4 j -  

o..~ 4,.. '~''&..-coib. oo1- 
• ~ 4 4 ~h ~ 1 7 ! l o , , o ,  II <'oo  

5 

OC ] C, ~ h O 0  '~ '  ] ~ C, I 

3 6 
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3 ) C~ 

F~g. 2. Intralr~lecular morton of 3 The molecules are d~wn m ,he top vlev, 
from the p- Rh-P line 

(PC and pd) of the asymmetric isomer since PC and pd ezqst 
m leveled c~rcumstances, whereas the two remmmng reso- 
nances correspond to phosphor~s atoms (1 ~ and lob) of the 
two symmetric isomers_ It is note-I ~qat the symmetric ~somers 
3a and 3b and the asymmetric, qe 3(: exist in a population 
ratm of about 1 "0.8:3.3 or 0.8" I.?.~ on the bzsis of the inten- 
sity ratio mentmned above. The three ~somers exhtbit four 
kinds of methylene protons at ~ 3 44, 4.17, 4,38 and 6 t7 m 
approx~ately equal mtensflaes, although eight kinds of 
methylene ptotons are expected for the three ~somers, smctly 
speaking Chemical sfiiftsof four kinds ofmethyleneplotons 
in ~e coincide actually v, tth those of protons m analogous 
chemical circtLmstances m 3a and 31) 

Upon increasing temperature, bond rotation at the sulfur 
atom be~ns to take place. Thus, isomers 3a and 31) ,,nter- 
change w~th each other, whereas isomer 3e moves mtramo- 
lecularly Above --20 °(2, bond rotation is rapid enough to 
umte the four s~0nals corresponding to P~, P~+ P~ and p4 
leaving only one doublet in the a~P{ ~H} NMR spectra. At the 
limit of the rap~d rotation, all the phosphorus atoms are vir- 
tually eqmvalent Thus, the two phosphine groups are coor- 
dinated trans to the rhodium atom but not cis, because 

c/s-coordination of the two phosphine groups tu the 
'RhCI(CO)' momty would give rise to two double doublets 
m the S~P{~H} NMR spectrum at room temperature [ 151. 
The tH NMR spectra change corresponding to the ~P[)H} 
NMR ones, and show two doublets at 8 3.88 and 5 18 near 
20 ~C (v~de ante). This indicates that the methylene protons 
neighboring on the chloro and the carbonyl ligands do not 
interchange with -~ich other. Accordingly, the RhCI(CO) 
motety does not rotate actually around the P-Rh-P axis at 
room temperature. Sanger [t51 reported that [{RhCI- 

(CO) (bt-dppp) }2] exmted as two conformational Isomers, a 
major asymmetric one and a minor symmetric one at - 5 0  
°C, but detailed analys)s was not done As for 
[ {RhCI(CO) (/z-dpma) }2], the dlrhodamacrocychc skele- 
ton was flexible, but plural conformatlonal isomers were not 
detected [ 3 ] 

2 3 Cattontc trtrhodtum complexes 

As discussed above, 3 holds the twelve-membered 
macrocyele, which forms a slmdar cavity to the case 
of 1{RhCl(CO){/-t-dpma)}2] [3] or [{RhCI(CO)(Iz- 
dppy) }2] [4] Furthermore, 3 possesses the two uncoordi- 
nated sulfide groups, which are able to hgate ~ third metalhc 
component Accordmgly, 3 Is expected to incorporate the 
third metalhc component into the cavity to form a homo- or 
fietero-tnnuclear complex. 

The thrhodamacrocycle 3 reacted with a half molar amount 
of [Rh2(,u.-CI)2(CO)4] m the presence of NaBPh4 at room 
temperature to give a catlomc trlrhodlum complex, 
[ Rh3CI2 (CO) 3 (/.t-dpms) 2 ] BPh4- H20 (4) The IR spectrum 
of 4 exhibited a strong band at 1980 cm - ~ and a shoulder at 
1990 cm -~. assigned to v ( C ~ O ) ,  but there was no band 
near 1800 c m-  J ascribable to the bridging carhooyl. Slml- 
lax chloro derivatives [Rh3(p.-Cl)Cl(CO)s(p.-dpmp)2] + 
and [Rhs(p.-Cl)Cl(CO)3(/x-dpma)2] + contained also no 
bridging carbonyl hgand. However, the lodo denvaUves 
[Rfi3(p.-I)E(,u-CO)(CO)2(/-t-dpmp)2] + and [Rh3(/.t-I) 2- 
(/x-CO) (COL~) (/.t-dpma)2] + revolved one bridging car- 
bonyl, whereas the bromo derivative [Rhs(tt-Br)Br- 
(CO)3(/z-dpmp)2] + yielded two forms: a tan form had one 
bridging carbonyl and the other violet one lacked )t I5] 

The ~H NMR spectrum of 4 at 0 °C showed two doublets 
at ~, 3 33 and 4 45 (2 'ml= 11 Hz), assignable to two un- 
equivalent methylene protons. The o-protons of the phos- 
p~ne phenyl groups resonated as two shghtly broad quartets 
(each, 3JF~ = SJl~ =s  J, u, = 7 Hz) at t~ 7 64 and 7.70, t,nply- 
ing that 4 held both the trans P-Rh-P structures and the 
dlrhedamacrocyele The s)p{,H} NMR spectrum exhibited 
one doublet ( ~Jr,Rh = 122.1 Hz) at 8 21 3, mthcatmg that the 
four phosphorus atoms were actually equivalent in accord 
with the IH NMR data. The tH and 3tp{IH 1 NMR speclla 
dad not change actually m the temperature range of 30 to - 90 
~C. In the ~3C{JH] NMR spectrum of 4, a doublet 
( I Jc~ = 78 3 Hz) at 8 182 is assigned to the carbonyl carbon 
coordinated to the sulfur-bonded rhodmm atom, whereas a 
triplet of doublet (2Jcp= t4 Hz, JJcra,=78.3 Hz) at 8 187 5 
ts due to those coordinated to the phosphine-bonded rhodmm 
atoms The coupling constant of 14 Hz md,cales cia-coord)- 
nat)on of the carbonyt hgand to the tv, o phosphrae ones, 
wh)ch were s)tuatcd trans to each "ther. Complex 4 showed 
a conductivity of 7.0× 10 -~ Sm 2 mol - I m  1 0",< 10 -s  mol 
dm -s  acetone, comparable to about 10 Sm 2 raol -~ for a 
typical 1:1 electrolyte, confirming its mmc stt~acture. 

On the basis of the data mentioned above, we propose that 
4 is a catiome trirbothum complex, as !llustrated m 



l~ H~r~la et al / Inorgamca Ctnmt~a Acta 24511996) 243~2 49 ~7 

t 

F~g 3 Bridge/terminal interchange of the chloro hgands m the mrhed~urq 
cation 

Scheme 2 However, the structure of 4 shown m Scheme 2 
seems to be asymmetric, having two kinds of [RhCI- 
(CO) (PPh~CH~ ) z] moieties m different chemical c~rcum- 
stances Th~s contradtetmn ~s explained by raptd interchange 
between budging and t~m,nal chloro hgands, 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 
between the central rhodmm atom and the budging chloro 
hgand is not greatly different from that between the central 
rhodmm atom and the terminal chloro hgand. A similar 
bridge/termmal interchange of chloro hgands was reported 
for catmmc tnrhodium complexes, [Rh~(/z-CI)CI(CO)~(#- 
dpmp)z]BPh, and [Rh3(/z-Cl)Cl(CO)3(/~-dpma)2]BPh ~ 
[5[ 

The dlrhodamacrocycle 3 reacted with an equal molar 
amount of [ Rh~(,u-C1)~(CO)n] in benzene at room temper- 
ature to give a violet precipitate. [Rh~Cl2(/x-dpms)2- 
(CO)~] [RhCI.(CO)2] (5).  Complex 5 also precipitated 
directly when dpms was added to the solution involving an 
equal molar amount of [Rhz(/x-C1).(CO)4] to dpms. The 
IR spectrum of 5 showed a sharp and strong band at 2060 
cm-  ~ and a shghtly broad and very strong one at 1980 c m-  
The former baqd was ascribed to symmemc ~,(C----O) 
absorption of the amonic [RhCI2(CO)z] - moiety, whereas 
the latter one was due to ovedap of the v (C -=- O ) absorptions 
of the cationic tfirhodmm moiety and the asymmemc 
v(C=-O) of the [RhClz(CO)z]- morety [16] The spec- 
trum exhth~ted no b~nd near 1800 em-  ~, assignable to the 
budged 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 Rap~d bridge[ 
terminal interchange of~he chloro hgands takes place m the 
dichloro~rhc~lium moiety s~milarly to the case of 4 

2.4. Dtrhodamacroo'cles mvolvmg d ~  metal ~m~ 

The d~rhodamacrocycle 3 reacted w~th salver(I) perchlo- 
rate m a dichloromethane-ethanol m~xed solvent to afford a 
yellow corn pie x, [Ag { Rh zClz ( CO ) ~ ( p--dpms ) ~_ } ] CIO4 ( 6 
The IR spectrum of 6 was actuall), similar to that of 3 except 
for a strong band at 1095 c m -  t assignable to ~,(CIO |. Fur- 
lhermore, the spectrum lacked a hand near 870--990 cm - ~. 
assignable to the vz-type Ct--O stretching vibration of a tmi- 
dentate or bidentate perchlorate group [ 17]. This implies that 
the perchlorate group exists in a free state, but is not coordi- 
nated to the sdver atom in a umdontate or b~dentate fashion 

The ~H NMR spectrum exhibited also two quartets at 8 7.61 
and 7 88 ( J=  ~ 7 Hz) and iv, c, signals at 84 03 (broad ~ and 
4.35 (d, zJ~u = 11 Hz) The ~ E p~ 'H J NMR speclrum showed 
onl2¢ one doublet at 8 24 7 with a couphng constant 
J~,~= 122 1 Hz, lmplymg that the phosphme groups ~xere 
conrdmated w~th the rhodmm atom, but not w~th the silver 
one These data indicate that 6 is a cattomc hetero-trmuclear 
complex which holds the dirhodzmacroz~,clc structure, and 
the silver(t) ion is trapped by the two sulfur atoms forming 
hnear S--Ag-S coord~nal~on. Examples of linear L-A,g( I ~-L 
coordination are bts(tert~ary phosphme}sd~,er(I) ions such 
as [Ag{P(CeI-L-Me-p)~}z]* [IS[.  [Ag(PBu'3)z] ~ [ t9I  
and [Ag{Pfmes)~}~] ~ (mes=mest~yl) ~20]. Batch et aI 
[6] reported that [{RhCICO)(#-dl_,,.~a)}:] reacted with 
AgCI m dlchloromethene to yield [AgCt ~Rh2C12(CO12( #- 
dpma)2}], which contaived a three-~ttes-hgaung sd~er~D 
ion, As~t~g(CH-As trait 

The dirhodamacrocycte 3 reacted w~th [Cu~'CH~- 
CN),]C104 in d~chloromethane to gi~e Cu{Rh:CI z- 
(CO)2(/z-dpms)2}CIO~- H~O (7) The IR spectrum of 7 was 
fairly similar to that of 6 except for broad bands near ~520 
and 3500 cm - ~ due to water, and the lack of a band near g70- 
990 e m-  ~, assignable to ~ e  amdentate or bidenmte perchlo 
rate group [ t7] Acetonqrile was not in,,ol~ed a~ a l~gand tc~ 
the copper atom. Since the ~H and 3"PI ~H} NMR spectra of 
7 ~ere also analogou~s to the corresp, mdmg one~ of 6 ~t ks 
certain that 7 ~olds the dm~odamacroc~cte structure and tae 
copper(l) ~on ts trapped by the two sulfide groups, forrrt,ag 
S-Cu--S coordination Ho~exer, it is not certain x~he~her 
water ks coord?.nated to the copper ton or not. although the 
perchlorate ion appears to exist in a free state 

3. Experimental 

The starting ¢omp|exes JRhJbt-Ct~:¢CO~ ] [2t !, [Pd- 
CI~(CH3CN)=I [221 and [Cu(CH~CN)~]C'oQ 123} were 
prepared accnrdmg to hlerature me~hods Sol, eats were pun- 
fled b 3 the usual me~c, ds and s~ored cnder dD ratrogen The 
other reagents w ere con, mercml'.y available and u~d x~tthout 
further pun ficatlen General procedures ~ ere Jesenbed m the 
previous paper [24]. 

3.1 Prel~ratton o f @ m s  

Ll:htum ~ I 10 g) was fo~ ed into a rtbbon shape and set 
m deaerated THf- ( 150 cm~) la a three-necked flask, filled 
"~ath dry nitrogen A THF se~lutlon (30 cm 3) of chlorodt- 
phenylphosphme ( t2.5 g~ was added gradually to the flask 
with ,,agorous stirring. The reaction mixture was mmntamed 
under reflux for 5 h, then c~ led  to ro~m temperature, and 
fillered through absor'hent coUon to ehmlnate h thrum ehlorade 
an6 nnreacted hthlwaa. A THF soluUon (40 cm ~) of 
biscehloromethyl') sultide (3 0 g) was added gradually to 
the blot~l-red filtrate The reaction mixture changed Io a pale 
yel!ow suspension containing white preclptt~es~ and w3.s 
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stirred for 5 h and filtered ag,un through absorbent cotton 
One cm ~ of methanol was added to the fillrate, and the solvent 
was evaporated. 20 cm 3 of benzene we-e added to the con- 
centrated solution. The benzene s61ution was filtered, diluted 
with hexane, and set in a refrigerator to give 6 8 g of white 
crystals, (Ph2PCH2)2S (dpms) Yield 58% M p 64-66 °C 
IR (KBr, c m -  ~ ) 3050 (m, aromatic C-H).  2890 (w, CH2), 
1950 (w, C6Hs), 1880 (w, C6H51, 1810 (w, C6H51, 1755 
(w, C6H5), 1480 (vs, C6Hs). 1430 (vs. P-C6Hs). 745 (vs, 
C~H~), 695 (vs, C~Hs) 13C{IH} NMR 16C, 1006 MHz, 
CDCI~ ) 31 5 (2C, dd, 1Jca = 22 5 Hz, ~JcP = 8 8 Hz. PCH2 ), 
t28 5 18C, d, ~JPc = 7  9 Hz, m-C), 128 9 (4C. s .p-C).  132 9 
(8C, d,'-Jcp=195Hz, o-C), 1376 (4C d, ~Jo,= 15 6 Hi, 
ipso-C). Anal Found" C, 72 50, H, 5 67%, M +, 430 Calc 
for C26H24P~S C, 72 54; H, 5 62%, M, 430.48 

3 Z 31P{ +H} NMR data of orMlzed products of dp-ts 

The diphosphine dpms was gradually oxidized in air The 
31p{ l H } NMR data of the oxlthzed products are as follows 
Ph2PCH2SCH2P(=O)Ph z" 8 (161.9 MHz, CDCI3) - 2 I  3 
( IP, s. PPh2), 28.3 ( IP, s .P(=O)Ph~) [Ph2fO=)PCH2]2S 
628.9 (2P, s, P(=O}Ph2) 

3.3 Preparatioa of lPdCl2(dpms)] (1) 

A90% aqueous ethanol solution ( 120cm 3 ) ofNa2[ FdC14 ] 
(2 2 rmnol) and an ethanol solution ( 1 l0 cm 3 ) ofdpms ( 1.02 
g) were added together gradually to 110 cm 3 of ethanol stirred 
rigorously in a d~ree-necked 500 cm 3 flask The resulting 
yellow precipitates were washed with ethanol and dlethyl 
ether to give a yellow solid, [ PdCt2( dpms ) ] (1) Yield 76% 
M.p. 260-270 °C (decomp) IR (KBr, cm ~). 1480 
(C6H5), 1435 (P-C,Hs) .  1380 (P42H21 Anal Found: C, 
50.80, H, 398.  Calc for Cz~H24ClzP2PdS C. 51 38, H, 
3.78% 

tlon changed gradually to a yellow suspension After stirring 
at room temperature for 4 h, the reaction mixture was filtered 
to ~ve  a pale yellow solid, [Rh2C12(CO121/~ dpms 1~] (3) 
Yield 320 mg (95%). M p 250 °C IR (KBr. cm - ~): 1975 
(C~O) ,  1480 (C6H51, 1435 (F-C6Hs) Anal Found C, 
54.31, H, 4 15 Calc for C54H48C1202PaRhzS2 C, 54 33, H, 
405%. 

3 6 Preparation of[Rh~Cle(tx-dpnls)z(CO)¢]BPh 4 1t20(41 

40 mg (0 10 mmol) of [Rh~(/.*-CI)~_(CO)4] were added 
to a dichloromethane solution (20 cm ~) containing 230 mg 
(0 19 mmol/ of 3 m a nitrogen atmosphere The yellow 
solution of 3 changed immediately to reddish violet After 1 
h, a methanol solution ( 15 cm 3) of NaBPh., ( 132 rag, 0 39 
mmol) was added to the reddish violet solution After the 
solution had been stirred at room temperature for 23 h, dlethyl 
ether was added to the solution to give a reddish violet solid, 
[Rh3CI2(CO)3(bt-dpms)z]BPh4-H20 Yield 192 mg 
(51%] M p  145-150 °C. IR (KBr, cm - l )  1990 (sh, 
C:-O),  1980 (vs, C=--O), 1482 (C6H5), 1435 (P-Ph) 
13C{~H} NMR (6C, 1006 MHz, CDCI3)" 355  (4C, s, 
PCH2 ), 121 9 ( 4C, s, p-C ), 126 0 ( 8C, s, m-C ), 128 7 (8C, 
s, m-C), 129 1 (8C, s, m-C), 129 8 (4C, t, tJcp=3Jcr,=25 
Hz, ipso-C(PPh)) 131 4 (4C, s ,p-C) ,  131 7 (4C, s ,p-C) ,  
131.8 14C, t, ~JcP = 3JcP = 25 Hz, ipso-C(PPh) ), 132 4 (8C, 
br-s, o-C(PPh) ), 134 0 (8C, br-s, o-C(PPh) ), 136 0 (8C, s, 
o-C(BPhD),  1643 (4C. four signals, ~ j (CI~B)=50 Hz, 
tpso-C(BPh4)), 182.0 (1C, d, IJcrth = 78 3 Hz, S-Rh--CO), 
1875 (2C, dt, IJcp.h=78 3 Hz, 2Jcp= 14 Hz, P-Rh-CO)  
Conductivity (C=I  0 X I 0  -3 tool dm -3, acetone)" 
7 0 × 10- ~ Sm 2 tool - J. Anal Found. C, 57 59; H, 4 22 Calc 
for C79HToBCI204P4Rh3S2 C, 57 13, H. 4 25% 

3 7 Preparanon of[Rh~Cl2(#-dpms)2(CO)3llRhCl2(CO)2] 
(S) 

3.4. Preparation of[{Pd2Ci,(dpms)}2] (2) 

A dichloromethane solution (50 cm s) of [PdCI2- 
(CHsCN)2] (64 mg, 0.25 mmol) was added to a dichloro- 
methane solution ( 100 cm -~) of 1 (300 rag, 0 49 minol ) The 
reaction mixture was stirred at room temperature for 20 h 
The resulting yellowish orange suspension was fiheied with 
a glass filter The yellow precipitates were washed with dl- 
chloromethane to give 295 mg of [ {Pd2CL,(dpms) }2] (2/ 
Yield 100%. M p. 270-280 °C (decomp.). IR (KBr, c m -  t ) 
I480 (C6Hs), 1430 (P~i2,Hs), 1380 (P~HT)  Anal Found 
C, 39.48, H, 3.34 Calc. for C.~2H~CIsP,,Pd4S2 C, 39.77, H, 
3.08% 

3.5. Preparatlon of IRhzClz(p.-dpms~2(CO)2] (3) 

A benzene solution ( 10 cm 3) of  [Rhz(tt-CI)2(CO)4] 
0 0 9  mg, 0.28 mmol) was added to dpms (242 mg, 0.56 
retool) in a flask in a mtrogen atmosphere The yellow solu- 

A benzene solution ( 10cm 3) of [ Rh2(/*-CI)2(CO)4] (50 
mg, 0 13 retool /was added to 44 mg (0 13 mmol) of dpms 
and stirred Violet precipitates were formed during the first 
15 mm of the reaction. Alter stirring for 3 h, the precipitates 
were collected and washed with hexane to give [Rh3Cl2(,u- 
dpms)2(CO)3][RhCl2(CO)2] (5) Yield 65 mg (64%) 
M.p. 2a5-255 °C (decomp.). IR (KBr, cm - I )  2060 
(C~-O), 1980 (C~O)~ 1480 (Cells), 1430 (P~C6Hs) Anal 
Found C, 43.15, F1, 3 13 Calc forCsTH4sChOsP4Rh4S 2 C, 
4404.  H, 3 11% 

3 & Preparatton of [Ag{ Rh2Cl2( CO)d lx-dpms)2 } ]Cl04 (6) 

An ethanol solution ( l 0  cm 3) of AgCIO4 (100 mg, 0 48 
retool) was added to a dlchloromethane solution (25 cm 3) 
of 3 (250 mg, 6.21 mmol). The reacUon mixtu~ was stirred 
at room temperature for 20 h, and diluted with ethanol to give 
yellow precipitates The precipitates were recrystatlized from 
dichloromethane and thethyl ether to afford a yellow solid, 
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[Ag{RhzCl~(CO)2(/x-dpms).}]CIO4 (6)  Y~eld58% M p 

2 1 0 - 2 2 0 ° C  ( d e c o m p )  IR (KBr,  cm ~) 1990 (CO) ,  1440 

(P--C6Hs), 1095 tCIO)  A n a l  Found C, 46 62. H, 3 62 

Calc for C~aH48AgCI~O6P~Rh~S~, C, 46  29, H, 3 45% Con- 
duct~vlty ( C =  1 0 ×  10 -3  mol dm -~, acetone) 12 0 ×  10- ~ 

Sin: t oo l -  

3 9 Prepara t ion  o fCu{RheCle (CO)2( t x -dpn l s ) e }C lO  4 1f20 

(7) 

A dlchloromethane solutmn (5 cm 3) of ICu(CH~- 

CN),d C104 (28 mg, 0 084 mmol l  was added to a dlchloro- 

methane solution (10  cm ~) of 3 (100  mg, 0 084 mmol) 

After the reaction m~xture had been stirred for 24 h at room 

temperature it was concentrated under reduced pressure and 

dduted with dlelhyl ether to give a yellow preclpltate, 

Cu{Rh~C1._(CO).(/x-dpms).}CIO4 H20  ( 7 )  Y:eld 68 mg 

(60%)  M p 2 4 5 - 2 5 0  °C (in vacuum, decomp ) IR (KBr,  

c m -  ~) 1990 ( C O ) ,  1430 (P~2aHs)  1380 ( P - C H . ) ,  1 I00 

( C I ~ ) )  A n a l  Found C, 4 6 9 9 ,  H. 3 5 8  Calc. for 

Cs4HsoCI3CuOvP4Rh2S. C. 47 i~ H, 3 6 7 %  Conductivity 
( C = 1 0 " < I 0  -3  mol dm 3 acetone) 5 0 × 1 0  3 Sin-" 

t o o l - '  
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