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Syntheses of [PPh,R),Pd(Cff#R’)CI] (R = Ph, 
R’ = Me or Ph; R = Me, R’ = Me) were obtained by 
oxidative addition of R ‘SCH, Cl to (PPh,R)4Pd. 
Metathetic reactions of ((PPh,R),Pd(CH,SR’)ClJ 
with MX (KBr, KI, KSCN or AgNO, ) provide [(PPh, - 
R), Pd(CH, SR ‘)XJ or [(PPh 3 )Pd(CH, SMe)XJ (X = 
Br or I). Extensive dissociation of ((PPh,R),Pd(CH,- 
SR’)C1] occurs in solution. Exchange occurs between 
((PPh,R), Pd(CH, SR’)XJ and phosphines or phos- 
phites. 

Reactions with halogens (Y,) were also studied, 
the or-nosulphur products of / (PPh, R)Pd(CHz- 
SR ‘)XJ (n = 1 or 2) were generally found to be 
YCH,SR ’ and XCH, SR ’ from each reaction. 

Introduction 

Organopalladium compounds containing CH$R 
ligands have been variously reported in the past few 
years [l-9] . A CHISR ligand can act both as a 
bidentate ligand as in (&(I14 and as a monoden- 
tate unit, as in (Iv). 

Ph P, ,W 
Pd ‘S 

Cl ’ 
\ 

Me 

[PdKH2SPh12], CH,CI, 

(1) [31 (11) [41 

(III) X .PF6 or CIOI [l] (IV) [zl 

Simply by recrystallisation can (Iv) be converted to 
(0 [6]. In CHzClz solution, (Iv) has been found to 
be partially dissociated [6] . 
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Much of the interest with these compounds has 
centred on structures in the solid state; crystal 
structures of (Z)--QV) have been determined [l-4]. 
Less mention has been made of solution properties 
and of reactions. We have made a brief report on 
some reactions of (Zv) and related compounds with 
halogens, alkyl halides and proton acids [7] . Other 
reactions to have been reported upon include (i) 
metathetic exchange of Cl in (Iv) using KBr or KI 
[6] , (ii) formation of cationic complexes (ZU’) from 
(IV), e.g. using NHiPF, or Et,O’BFa [l, 6, 81, 
(iii) reactions of(Z) with Ag02CCF3 to give [(PPhs) 
Pd(CH2SMe)02CCF3] (v), (iv) reaction of (0 with 
TlCp to give [(PPh,)Pd(Cp)CH,SMe] and (v) inser- 
tion reactions of (v) (into Pd-C) using MeO#C- 
CCOzMe or norbornadiene. 

In this paper, we wish to report on further prepa- 
rations of Pd-CH,SR compounds and on reactions 
with halogens. 

Results and Discussion 

Compounds [(PPh,R),Pd(CH,SR’)Cl] (R = Ph, 
R’ = Me (10; R = R’ = Ph, R = R’ = Me] were prep- 
ared from (PPh2R)4Pd and ClCH,SR’ in essentially 
the same manner as that previously reported [6] . The 
compound [(PPhzMe)2Pd(CHzSMe)C1] , was assigned 
a cis-structure in solution from the doublet (J(PH) 8 
Hz) for P-Me in the ‘H NMR spectrum. The prepara- 
tion of [(PPh,R)aPd(CHaSR’)Cl] via oxidative addi- 
tion of ClCH,SR’ to (PPh,R)4Pd contrasts with fail- 
ure to obtain {(PPh,),Pd[(CH,),SR]X} (n = 2, 3; 
X = Cl, Br or I) by similar reactions. Colour changes 
did indicate some interaction between X(CH,)$R 
and (PPh3)4Pd but none of the desired products were 
obtained. Attempts to prepare [(PPh2 MeX Pd(CH, - 
SPh)Cl] by this oxidative addition route were not 
successful since the major product obtained was 
cis-[(PPh, MeXPdClz] . No reaction occurred with 
[P(OEt),],Pd. Complete recovery of [P(OEt),],Pd 
was obtained from mixtures of [P(OEt),],Pd and 
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TABLE I. Molecular Weight and Molar Conductivity of [(Ph2RP)2Pd(CHzSR’)C1] in Solution. 

Compound Molecular Weight in CHC13 at 25 “C Molar Conductivity in CHzC11 at 25 “C 

Calc. Found Cont. n-’ cm* mol-’ Cont. 
lo3 mall-’ lo3 mol 1-l 

[(PPh&Pd(CH2SMe)Cl] 726.5 470 1.40 5.5 1.8 

[(PPh3)2Pd(CH2SPh)C1] 785.5 455 1.26 4.2 1.8 

[(PPh2Me)2Pd(CH2SMk)Cl] 602.5 490 2.31 

TABLE II. ‘H Chemical Shifts of PdCH2SMe in Solutions of [(Ph3P)Pd(CH2SMe)X] and Ligands, L, in CDC13 Solution at 34 “C. 

Equivalents of L PPh3 PPhMeza PPh2Meb P(OMe)sC 

6CH2 6CH3 6CH, 6CH3 sCH2 6CH3 6CH2 SCH3 

[(Ph3P)Pd(CH2SMe)Cl] 0 2.68 2.33 
0.2 3.04 2.31 
0.4 3.12 2.29 
0.6 3.18 2.29 
1.0 3.20 2.24 
2.0 3.40 2.24 

>5 3.42 2.24 

[ (Ph3P)Pd(CH2 SMe)Br] 0 2.72 2.36 
0.2 3.04 2.33 
0.4 3.33 2.31 
0.6 3.33 2.3 1 
1 .o 3.44 2.31 
2.0 3.49 2.29 

>5 3.51 2.31 

[(Ph3P)Pd(CH2SMe)I] 0 2.12 2.36 
0.2 2.89 2.31 
0.4 3.21 2.27 
0.6 3.31 2.24 
1.0 3.40 2.21 
2.0 3.44 2.27 

>5 3.49 2.24 

2.94br 
2.96br 
2.98br 
2.87br 
$.16br 

2.92 2.36 2.93 2.33 
3.14 2.34 3.04 2.33 
3.26 2.32 3.22 2.36 
3.17br 2.28 3.40 2.40 
2.45 2.06 2.53 2.50 
2.32 1.92 

d 2.53 

2.96 2.33 2.89 2.31 
3.16 2.36 3.02 2.3 1 
3.22 2.33 3.20 2.33 
3.13br 2.20 3.28 2.41 
2.49 2.00 3.51 2.41 
2.36 1.84 3.49 2.41 

2.24 
2.24 
2.16 
2.09 
2.07 
d 

2.86 2.31 3.22 2.33 
2.91 2.31 3.36 2.36 
3.13 2.21 3.44 2.38 
3.18 2.20 3.41 2.44 
2.76br 2.11 3.33 2.47 
2.12br 2.11 3.11 2.41 

aFree PPhMe2 : 6 1.27 d JPH 2.0 Hz: change on complexation to 6 1.80br. bFree 6 1.60 d 1.5 HZ: PPhzMe: JPH change on 
complexation to 6 1.98 dJpH 8.0 Hz. ‘Free Hz: 
HZ. dObscured. 

P(OMe)s: 6 3.51 d JPH 10.7 change on complexation to 6 3.6-3.7 dJpH 10.7 

ClCH*SR’. All [(PPh,R),Pd(CH,SR’)Cl] were stable 
both as solids (at least for weeks) and in solution (at 
least for days); decomposition does occur on melt- 
ing. 

As reported, repeated recrystallisation of (W) 
leads to formation of (I). 

-PPh3 
[(PPh3)2Pd(CH2SMe)C1 + [(PPh,)Pd(CH,SMe)Cl] 

Analogous situations did not arise with [(PPh3)2- 
Pd(CH,SPh)Cl] or [(PPh,Me),Pd(CH,SMe)Cl] . 

Recovery of these diphosphine compounds was 
always achieved on recrystallisation despite the 
considerable dissociation of these compounds in 
solution. Okawara et al. [6] studied the dissociation 
of (ZV’) in CH2C12 at 25 “C and [(PPh,),Pd(CH,- 
SMe)Br] in CHC13 at 37 “C by an osmotic molec- 
ular weight method. Similarly in this study dissocia- 
tion was found to occur in CHC13 solution at 25 “C 
for (IL’), [(PPha),Pd(CH,SPh)Cl] and [(PPh,Me),- 
Pd(CH2SMe)Cl] , see Table I. The greater dissocia- 
tion of PPh3 compared to PPh,Me is that expected 
from other results [lo] . Molar conductivities were 
also determined by us and found to be low with 
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TABLE III. ‘H Chemical Shifts of PdCHzSR’ in Solutions of [(PhzRP)2Pd(CH2 SR’ )Cl] and Ligands, L, in CDCl3 Solution at 
34 “c. 

Equivalents Ligand L 
OfL 

PPhs PMezPha P(OMe), b 
6CH2 6CH2 6CH2 

[(Ph,P),Pd(CH,SPh)Cl] 0 2.42 
0.2 2.35 2.40 2.44 
0.4 2.33 2.38 2.82 
0.6 2.29 2.38 3.18 
1 .o 2.29 2.33 3.20 
2.0 2.24br 2.24 3.22 

>5 2.20br 2.09 3.22 

0 3.26 
0.2 3.26 3.28 3.31 
0.4 3.21 3.30 3.44 
0.6 3.33 3.30 3.44 
1.0 3.38 2.87 3.41 
2.0 3.40 1.76 3.42 

>5 3.42 2.02 3.42 

0 2.71 
0.2 2.82 2.73 2.16 
0.4 2.82 2.62 2.80 
0.6 2.82 2.51 2.81 
1.0 2.89 2.42 2.87 
2.0 2.91 2.21 2.93 

>5 2.91 2.20 3.04 

aFree 6 1.27 d 2.0 Hz: change PMe2Ph: JPH on complexation to 1.7-1.9. bFree P(OMe), : 6 3.51 d JPH 10.7 HZ: change on 
complexation to 3.6-3.7. 

values for (Iv) and [(PPha),Pd(CH,SPh)Cl] in CH2- WWJ’4CHzSPh)C1l in CH2Clz solution leads 
Cl2 solution of 5.5 and 4.2 cm2 a-’ mol-’ respec- to increasing conductivity, e.g. to 38 and 10.8 cm2 
tively at 1.8 X 10e3 mol 1-l) compared to a value of R-’ mol-’ for (Iv) and [(PPh3),Pd(CH2SPh)C1] with 
7 cm2 Q2-’ mol-’ for (Iv) obtained by Okawara 12 equivs of PPha present. This we feel is due to 
et al. [6] at 1.08 X lop3 mol-’ 1-r. In our view, the equilibrium (2) being displaced further to the right, 
molar conductivity and molecular weight data are although it must be pointed out that the molar 
best accommodated by dissociation as the major conductivities are still low and the amounts of free 
process of Ph2RP from [(PPh,R),Pd(CH,SR’)Cl] ions in solution are very small. 

[(PPh,R),Pd(CH,SR’)Cl] s 

[(PPh,R)Pd(CH,SR’)Cl] + PPhzR (I) 

in solution to provide neutral (IT”) and [(PPh,R)Pd- 
(CH,SR’)Cl] rather than dissociation of Cl- as 
suggested by Okawara et al. [6] as another domi- 
nant process. Free ions arising from the latter pro- 
cess are not present to any significant extent, as 
shown by the conductivity data, and the presence 
of ion-pairs of [(Ph2RP),Pd(CH2SR’)]+, Cl- (VZ) 
would not satisfy the molecular weight data. Of 
course free ions and ion pairs (VI) could be present 
to small extents. Addition of PPh3 to (Iv) and to 

[(PPh,),Pd(CH,SR)Cl] + (PPha) e 

[(PPh3)3PdCH2SR]+ + Cl- (2) 

or ion pairs 

Various neutral ligands, L, in addition to PPha, 
were added to solutions of [(PPh,R),Pd(CH,SR’)- 
Cl] and [(PPh,)Pd(CH,SMe)X] in CDCla and the 
interactions were monitored by ‘H NMR spectro- 
scopy. Changes in KHz in the ‘H NMR spectra 
were observed for additions of phosphines (PRhs_n- 
MeJ and phosphites, P(OMe)3 or P(OEt)3, but not 
for other ligands such as Ph,Sb, PhaSbO, PhaAsO, 
EtaN, PhNH,, MeSPh or Me2S0 (see Tables II and III). 
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TABLE IV. Estimated ‘H Chemical Shift Values for PdCHa- 

SMe for undissociated [LaPd(CHaSMe)X] in CDCls Solu- 
tion 6CH2 of [L2Pd(CHaSMe)X]. 

L2 Cl X 

Br I 

W’h3 )2 3.46 3.51 3.49 

Wh2Me)2 2.72 

(PPhMe2 12 2.18 2.32 2.36 

[WMe)s12 3.42 3.53 3.49 

(PMeaPh)(PPhs) 3.2 3.4 3.3 

(PMePh2 )(PPhs) 3.2 

]P(OMe)s 1 W’ha 1 3.5 

(PMe2Ph)(PMePh2) 2.2 

Addition of L to [(PPh3)Pd(CH2SMe)X] prod- 
uced successively [(PPh,)LPd(CH,SMe)X] and [L2- 
Pd(CH,SMe)X] complexes with monodentate CH2- 
SMe groups. 

[L,Pd (CH,SMe)X] 

As already mentioned, [(PPh,R),Pd(CH,SR’)X] , 
is partially dissociated in solution. The values of 
KHz so found for solutions of [(PPh2R)2Pd(CH2- 
SR’)X] are thus average values for the amounts of 
undissociated compound and [(PPh,R)Pd(CH,SR’)- 

TABLE V. Organopalladium Products from Reaction of [ (PPhaR)aPd(CHaSR’)Cl] with MX in THF/H20. 

MX Product M.p. (“C) Anal. Calc. (Found) v (cm 
-1 

1 ‘H 
(dec.) 

C H X S 6CH2a GCH3a’b 

From [(PPh3)2Pd(CH2SPh)Cl] 

KBr [(PPhs)2Pd(CHaSPh)Br] 155-60 61.9 
(61.2) 

KI [ (PPh3)2Pd(CH2SPh)I] 155-8 60.0 
(59.3) 

KSCN [ (PPh3)2Pd(CH2SPh)SCN] 144-8 63.6 
(63.7) 

AgN03 [ (PPh3)2Pd(CH2 SPh)N03 ] 

SnC12 [ (PPh&Pd(CHa SPh)SnCls] 156 -8 52.7 
(52.9) 

From [(PPh3)2Pd(CH2SMe)Br] 

4.2 

(3.7) 
4.6 

(4.3) 

(Z, 

KBr [ (PPhs)Pd(CH2 SMe)Br 198-200 47.2 3.9 
(47.1) (4.2) 

KI [ (PPhs)Pd(CH2SMe)I] 200-3 43.2 3.6 
(42.8) (3.6) 

KSCN [(PPhs)aPd(CH2SMe)SCN] 167-70 62.5 4.7 
(62.3) (4.9) 

SnCla [(PPhs)2Pd(CHaSMe)SnCls] 163-6 49.8 3.8 
(49.5) (3.8) 

AgNOs [(PPhs)aPd(CHaSMe)N03] 

9.6 [Br] 2.73 
(10.4) 
14.4 [I] 2.94 

(14.8) 
1.7 [N] 2080(CN) 2.47 

(1.9) 
1635(0N02) 3.42 
1260 

10.9 [Cl] 360(Sn-Cl) 3.47 
(11.2) 305 

15.7 [Br] (6.3) 
(15.4) (6.0) 
22.8 [I] 5.8 

(23 .O) (6.0) 
1.9 [N] 4.3 

(2.0) (4.2) 
11.6 [Cl] 3.5 

(11.9) (3.9) 

2.70 2.34 
JPH 2H2 JPH 4.0H~ 
2.70 2.34 
JPH 2H2 JPH 4.0H~ 

2090(CN) 3.13 2.42 
320(Pd-S) 
350(Sn-C1) 3.37 2.18 
300 

1630(ON02) 3.13 2.22 
1260 

From [(PPh2Me)2Pd(CH2SMe)Cl] 

KBr [(PPh2Me)2Pd(CH2SMe)Br] 168-70 51.9 4.8 12.4 [Br] 5.0 2.98 2.36’ 
(51.6) (4.7) (11.9) (4.5) 

KI [(PPh2Me)2Pd(CHZSMe)I] 160-2 48.4 4.5 18.3 [I] 4.6 3.18 2.40d 
(48.5) (4.3) (18.0) (4.3) 

aIn CDC13 solution. bCHs group in CH2SCHs. ’ ‘H P(MePh2) 6 1.98 (JPH 8 Hz). d ‘H P(MePh2) S 1.93 (JPH 8 HZ). 



Alkylthiomethylpalladium Compounds 41 

TABLE VI. Organosulphur Products from Reaction of [ (PPha R)nPd(CHzSR’)X] with Halogens in CDCls Solution. 

Reagents 

[(PPh2R),J’d(CH2SR’)X] 

[(PPhs)zPd(CHaSMe)Cl] 

[(PPh,),Pd(CH,SMe)SCN] 

[(PPhs)rPd(CHaSMe)SnCls] 

[(PPhs)aPd(CH2SMe)NOs] 

[ (PPhaMe)a Pd(CH2 SMe)Cl] 

[(PPhsMe)aPd(CHaSMe)Br] 

[(PPh2Me)aPd(CH2SMe)I] 

[ (PPh3),Pd(CH, SPh)Cl] 

[ (PPhs)aPd(CHsSPh)Br] 

[(PPh&Pd(CH,SPh)I] 

[(PPhs)2Pd(CH,SPh)SCN] 

[(PPhs)aPd(CH2SPh)SnC13] 

[(PPh3)2Pd(CH,SPh)N03] 

[ (PPhs)Pd(CHzSMe)Cl] 

[ (PPhs)Pd(CHaSMe)Br] 

[ (PPh3)Pd(CHzSMe)I] 

Halogen 

Br2 

I2 

Brz 

I2 

Bra 

12 

Bra 

I2 

Brz 

I2 

Brs 

I2 

Bra 

Brz 

12 

I2 

Brs 

Bra 

I2 

Bra 

I2 

Brs 

12 

Br2 

I2 

12 

&z 

Relative Yields of Organosulphur Products 

ClCHsSMe (20) + BrCHaSMe (80) 

ClCHaSMe (SO) + ICHaSMe (50) 

(SCN)CHsSMe (50) + BrCHzSMe (50) 

(SCN)CHsSMe (20) + ICHsSMe (80) 

ClCHaSMe (65) + BrCHaSMe (35) 

CICHzSMe (65) + BrCHzSMe (35) 

(NOs)CHaSMe (45) + BrCHaSMe (55) 

(NOs)CHaSMe (100) 

ClCHzShie (100) 

ClCHzSMe (85) + ICHaSMe (15) 

BrCH2 SMe 

BrCHaSMe (90) + ICHzSMe (10) 

ICHaSMe (10) + BrCHaMe (90) 

CICHz SPh (100) 

ClCHaSPh (60) + ICH2SPh (40) 

BrCHa SPh (80) + ICH2 SPh (20) 

ICHaSPh (20) + BrCH:!SPh (80) 

(SCN)CHaSPh (70) + BrCHaSPh (30) 

(SCN)CHaSPh (55) + ICHaSPh (45) 

ClCHzSPh (60) + BrCH2SPh (40) 

CICHzSPh (75) + ICH2SPh (25) 

(N03)CH2SPh (35) + BrCHzSPh (65) 

(NOs)CHaSPh (100) 

ClCHaSMe (20) + BrCHsSMe (80) 

ClCHaSMe (50) + ICH$Me (50) 

BrCHrSMe (95) + ICHsSMe (5) 

ICHaSMe (5) + BrCHsSMe (95) 

X] present in solution. By adding PPh?R to solu- 
tions of [(PPh,R),Pd(CH,SR’)X] , it was possible to 
obtain 6CHa for completely undissociated [(PPh,- 
R),Pd(CH,SR’)X] . Values of 6CH2 for undisso- 
ciated species are listed in Table IV. Other pro- 
cesses recognized were phosphine exchanges in 
[(PPh,R),Pd(CH,SR’)Cl] /L systems. 

Metathetic reactions of [(PPh,R)~Pd(CH,SR’)Cl] 
have been reported using salts such as KBr [6], 
NHiPG, Ag?‘K and [Et30]‘B&. We have extended 
the range of these reactions; eqns. (3) and (4). 

[(PPh,R),Pd(CH,SR’)Cl] + MX - 

[(PPh,R),Pd(CH,SR’)X] 

X = Br, I, NOa, SCN 

[(PPh,R),Pd(CH,SR’)Cl] t SnC12 - 

[(PPh,R)2Pd(CH2SR’)SnC13] 

(3) 

(4) 

However from the reaction of (1P) with KBr or 
KI, only the monophosphine complexes, [(PPh,). 
Pd(CH2SMe)X], X = Br or I, were isolated from the 
reaction solutions. 

-KC1 
[(PPh3),Pd(CH,SMe)C1] t KX - 

[(PPh3)Pd(CHzSMe)X] (5) 

In the main, satisfactory spectral and analytical 
data were obtained (see Table V). The NO3 product 
could not be crystallised but spectral data of the oily 
product indicated its formation. Reactions of (Iv) 
with KCN did not lead to any isolatable product. 

Reactions with Halogens 
Halogens are known to cleave palladium-carbon 

bonds [ 1 l] . Exothermic reactions occurred between 
[(PPh,R),Pd(CHaSR’)X] (n = 1 or 2) and equi- 
molar Brl or I2 in CDC13 solution. Precipitates of 
phosphine palladium dihalides rapidly formed and 
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complete cleavage of the Pd-C bond resulted in very 
short reaction times. The organic products, YCH,- 
SR’ (Y = Br, I or X) were detected by ‘H NMR 

[(PPh,R)2Pdrr(CH2SR’)X] + Y, - 

[(PPh2R)2Pd’V(CH2SR’)XY2] - 

[(PPhaR),Pd”XY] + YCH,SR’ + 

t [(PPh2R)2Pd”Y2] + XCH?SR’ (6) 

spectroscopy and the relative yields are quoted 
in Table VI. As shown in Table VI and in eqn. 6, 
two organosulphur products, YCH,SR’, were 
frequently obtained in which Y was derived both 
from the organopalladium reagent and from the 
reacting halogen. These products derive from the 
transient intermediate oxidative addition species 
[(PPh,R),Pd(CH,SR’)XY,] (IW) by reductive eli- 
mination. From the relative Pd-halogen bond 
strengths, viz. Pd-I > Pd-Br > Pd-Cl, it would be 
expected that the preferred sequence of formation of 
products would be CICHzSR > BrCHzSr > ICH$R. 
The observed ratio of products clearly indicate 
that factors in addition to bond strengths must also 
play roles. An important factor must be the 
arrangement of the halogens in the octahedral inter- 
mediate (Vrr). 

Experimental 

Solvents used were deoxygenated and redistilled 
prior to use. A nitrogen atmosphere was employed. 

Chloromethyl methyl sulphide was a commercial 
sample. Chloromethyl phenyl sulphide and chloro- 
methyl p-tolyl sulphide were prepared by treatment 
of the appropriate methyl aryl sulphoxide with a 
saturated solution of hydrogen chloride in Et,0 
in the presence of 3A molecule sieves [ 121 for 2 h. 
After decanting off the molecular sieves, the solvent 
was removed and the yellow residue was distilled 
under reduced pressure. Analysis and ‘H NMR 
spectral data were as expected. 

Compounds, (PhaP&,Pd [ 131, (PhzMeP)4Pd [lo] 
and [(EtO)aP] 4Pd [ 141 were prepared according to 
literature procedures. 

Preparation of [(Ph,RP),Pd(CH2SR’)ClJ 
To a suspension of tetrakis(triorganophosphine)- 

palladium, (Ph,RP),Pd, in de-oxygenated PhH, was 
added dropwise ClCH,SR’ (5 equiv.) in de-oxygenat- 
ed PhH. The reaction mixture was stirred under N, 
for 3 h at R.T. The solvent volume was reduced and 
hexane added, precipitating a yellow solid, which 
was recrystallised from CH,Clz/hexane. Yields were 
greater than 90%. 

Products 

trans-[Chloro(methylthiomethyl)bis(triphenyl- 
phosphine)palladium(II)J*dichloromethane 
trans-[(Ph3P),Pd(CHzSMe)C1] *CH2C12, m.p. 143- 

4 “C (lit. m.p. 144 “C dec [5,6]). v(Pd-Cl) 275 cm-‘. 
Anal. CasHa,ClaSP,Pd Calcd: C, 57.7; H, 4.5; S, 3.9; 
Cl 13.1%. Found: C, 57.8, H, 4.3; S, 3.5; Cl, 13.1%. 

[Chloro(phenylthiomethyl)bis(triphenylphos- 
phine)palladium(II)J 
[(PPh&Pd(CH2SPh)C1] , m.p. 180-3 “C dec. ‘H 

NMR spectrum (100 MHz. CDCls): 6 2.42 (2H, s), 
6.94 (5H, m), 7.30 and 7.64 (30H, 2 m). v(Pd-Cl) 
285 cm-‘. Anal. C4sHa7ClSP,Pd. Calcd. C, 65.4; H, 
4.7; S, 4.1; Cl, 4.5%. Found: C, 65.2; H, 4.5; S, 3.9, 
Cl, 4.4%. 

(Chloro(methylthiomethyl)bis(methyldiphenyl- 
phosphine)palladium(II)j 
/(PPh2 Me)zPd(CH,SMe)Cl], m.p. 163-6 “C dec 

(lit. [6] 167 “C dec.). ‘H NMR (60 MHz, CDCl3) 
6 2.06 (6H, d, Jprr 8.0 Hz), 2.11 (3H, s), 2.71 (2H, 
s), 7.40 and 7.60 (20H, 2m). v(PddC1) 280 cm-‘. 
Anal. C2sHslClSP,Pd. C, 53.8; H, 4.6; S, 5.3; Cl, 
5.9%. Found: C, 53.1; H, 5.0; S, 4.9; Cl, 6.1%. 
[Chloro(p-tolylthiomethyl)bis(triphenylphosphine)- 

palladium(H)] was also prepared as an oil but could 
not be crystallised. ‘H NMR (60 MHz, CDCla) 6 2.29 
(3H, s), 2.78 (2H, s), 7.11,7.38 and 7.62 (34H, m). 

Tetrakis(triethylphosphine)palladium(O) was 
recovered (>80%) from a refluxed PhH solution of 
[(Et0)aP14Pd and CICHzSMe. 

Preparation of chloro(methylthiomethyl)(triphenyl- 
phosph ine)palladium(II) ((PPh, )Pd(CH, SMe)Cl] 

transChloro(methylthiomethyl)bis(triphenylphos- 
phine)palladium(II) (10 g, 1.4 X 10v3 mol) was 
dissolved in the minimum volume of CHzClz and 
Et,0 was added until the solution became cloudy. 
Crystals were collected after leaving overnight at 
0 “C. Repeated recrystallisation from Et20/CH2C12 
gave [(PPh,)Pd(CH,SMe)Cl] , m.p. 209-211 “C dec. 
(lit. [6] 210 “C dec. ‘H NMR (60 MHz, CDCla, 
35 “C] 6 2.34 (3H, s), 2.68 (2H, s), 7.42 and 7.76 
(15H,m). 

‘H NMR (60 MHz, CDCla, 40°C) 6 2.34 (3H, 
d, J 4.0 Hz), 2.68 (2H, d J 2.0 Hz), 7.42 and 7.76 
(15H, m). V(Pd-Cl) 273 cm-‘. Anal. CzOH,,CISPPd. 

Calcd. C, 51.7; H, 4.3; S, 6.9; Cl, 7.6%. Found: 
C, 51.4;H,4.4;$6.6,Cl, 7.8%. 

Interactions of / (Phz RP), Pd(CN, SR ‘)Cl] or 
[(Ph3P)Pd(CH2SMe)X] with Phosphines and other 
Neutral L igands 

To a solution of the organopalladium compound 
[UZ. 6-8 X IO-’ mol] in CD& (0.5 ml) were 
added known amounts of the ligand (L). 



AlkylthiomethyIpalladium Compounds 

The interactions were monitored by 60 MHz ‘H 
NMR spectroscopy. (see Tables II and III). 

Reactions of [(Ph2RP)2 Pd(CH,SR ‘)ClJ with Inor- 
ganic Salts 

To a solution of the organopalladium compound 
(2.75 X lo4 mol) in THF (20 ml) was added the 
inorganic salt (2 equiv.) in Hz0 (3 ml). The reaction 
mixture was stirred for ‘55 h at R.T. and the solvent 
was then removed under reduced pressure. The resi- 
due was recrystallised from CH2Clz/hexane. Products, 
analyses and some spectral data are listed in Table V. 
Reaction with KCN however did not provide [(Phi- 
RP),Pd(CH,SR’)CN] . Reaction with AgNOa did 
proceed but the [(Phz RPhPd(CH, SR’)Na ] prod- 
uct would not crystallise. 

Reactions of [(Ph,RP),Pd(CH,SR’)X] or [(Ph,P)- 
Pd(CH, SMe)XJ with Halogens 

The halogen was added to a solution of equimolar 
[(Ph,RP),Pd(CH,SR’)X] (6.88 X lO_ mol) or 
[(Ph,P)Pd(CH,SMe)X] (7.8 X IO* mol) in CDClJ 
(0.3 ml). The bromine reactions were exothermic, 
the iodine ones less so. Brown precipitates formed 
immediately. The organosulphur products were 
identified by ‘H NMR spectroscopy, see Table VI. 

43 

References 

1 K. Miki, Y. Kai, N. Yasuoka and N. Kasai, Bull. Chem. 
Sot. Jpn., 54, 3639 (1981). 

2 K. Miki, Y. Kai, N. Yasuoka and N. Kasai, J. Organomet. 
Chem., 165, 79 (1979). 

3 K. Miki, Y. Kai, N. Yasuoka and N. Kasai, J. Organo- 
met. Chem., 135, 53 (1977). 

4 K. Miki, G. Yoshida, Y. Kai, N. Yasuoka and N. Kasai, 
J. Organomet. Chem., 149, 195 (1978). 

5 G. Yoshida, Y. Matsumura and R. Okawara, J. Organo- 
met. Chem., 92, 03 (1975). 

6 G. Yoshida. H. Kurosawa and R. Okawara, J. Organo- 

7 

8 

9 
10 

11 

12 
13 

14 

met. Chem.(II3, 85 (1976). 
H. D. McPherson and J. L. WardelJ, Inorg. Chim. Acta, 
35, L353 (1979). 
G. Yoshida, H. Kurosawa and R. Okawara, Chem. Letts., 
1387 (1977). 
I. Omae, Coord. Chem. Rev., 28, 97 (1979). 
W. Kuran and A. Musco, Inorg. Chim. Acta, 12, 187 
(1975). 
P. M. MaitJis, P. Espinet and M. J. H. Russell, 
‘Compounds with Palladium Carbon o-Bonds’ in Compre- 
hensive Organometallic Chemistry, ed. G. Wilkinson, F. 
G. A. Stone and E. W. Abel, Pergamon Press, Oxford, 
Vol. 6, Chap. 38.4, (1982). 
R. H. Rymbrandt, Tetrahedron Lett., 3553 (1971). 
L. Malatesta and M.Angoletta, .I. Chem. Sot., 1186 
(1957). 
L. Malatesta, Inorg. Chem., 3, 1062 (1964). 


