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The phosphinothiolato complexes [PdCl(dppet)?P8), [Pd(dppet)] (4), and [PdClx(dppptP,u-9] (6) (Hdppet

= HSGH4PPh; Hdpppt= HSGHsPPR) have been synthesized in good yield by various base-free ligand exchange
reactions on Pd(ll), but [Pd(dpppkX5) could only be obtained as a pure product employing an oxidative route
from Pd(0). Both complexe8 (3P NMR, op 66.8 (dppet), 24.1 (PR Zpp = 459 Hz) and5 (*3C NMR) are
trans-P,P. Crystals 08-CH,Cl are orthorhombicR2,2:2;), with a= 9.247(3) Ab = 17.956(9) A,c = 19.869(9)

A. In 3 the Pd-S distance of 2.270(2) A is short compared to the very differenrtPPdistances of 2.280(2)
(Pd—-PPhR) and 2.343(2) A (PdPPh). Crystals of6-CH,Cl, are monoclinic P2:/n) with a = 12.701(3) Ab

= 12.040(4) A,c = 22.495(2) A, angs = 97.36(1). The structure 0B consists of two Pd(dpppt)Cl moieties
meeting at an angle of 105.81{3linked by asymmetric thiolato bridges irsgrrendoconfiguration. The difference

in the chelate angles of dppet (85.98(%nd dpppt (96.60(3)and 97.42(3)) seems to be crucial for palladium

to form an unusual mononuclear comple®) fr a binuclear complex6j. Bischelate complexed4 and 5 are
inactive, but3 and 6 catalyze the hydroesterification of styrene with CO (30 bar) and MeOH at moderate
temperatures (60 and 8C) with no additives. The velocities are slow, but wiihand with 3 at the lower
temperature no decomposition to Pd metal is observed. Only esters are produced and regioselectivities of ca.
84% toward 2-phenylpropanoic acid methyl ester are achieved.

Introduction an openP,S-coordination, phosphinothiolato complexes could

. . . . act with aclosedP,S-coordination.
The interest to introduce ligand atoms of a very different

nature in the coordination sphere of a metal important in
catalysis prompted our interest in the field of phosphinothiolato m
complexes. These chelate ligands place phosphorus and sulfur N
in a cis configuration, and this should imprint electronic pd P
asymmetry on the metal center to be transmitted to any trans I:( h l:( \tl
groups. An important difference in bulk between coordinating

atoms is also characteristic of this type of ligands. Asymmetry  In the present study, our objective has been to develop high
in size and electronic influence should be important to the yield, convenient synthetic routes to hitherto unknown stable
stability of the key intermediates that control the stereochemistry compounds containing palladium(ll), the simple phosphino-
of the products of interesting reactions that are thought to dependthiolato ligands from 2-(diphenylphosphino)ethanethiol (HSCH

on two adjacent coordination sites, such as catalytic palladium CH.PPh, 1, Hdppet) and 3-(diphenylphosphino)propanethiol
mediated carbonylations. Furthermore, recent reports point to (HS(CH,)sPPh, 2, Hdpppt), and also triphenylphosphine in an
the particular nature of catalytic carbonylation systems that effort to contain the tendency of thiolato ligands to form bridged
incorporate thiolato ligands. Aminothiolato complexes of pal- species. Thus opening the possibility of the evaluation of
ladium with triphenylphosphine catalyze the conversion of structurally characterized complexes of palladium that incor-
styrene to 2-phenylpropionic acid in high yield and excellent porate thiolato sulfur and diarylphosphine phosphorus, tied in
regioselectivity:2 While these systems could only be acting with  a cis geometry, as precursors for the palladium based catalytic
carbonylation of olefins. Our specific interests at this point are
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RS PR, S PR
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Mineralogia, Universitat Autsoma de Barcelona. complexes of this class with E N: the aminothiolateS,N

$ Departament de Quica, Universitat Autaoma de Barcelona. complexes [PdCI(S-N)(PR)}, where S-N are the ligands
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reaction, and catalysis reports on open P,S-coordinated thiolatas a triarylphosphine while Hdppet and Hdpppt are alkyl-

phosphine palladium systems are rar@hosphinothiolato

diarylphosphines, and in this sense it is a rather different ligand

complexes of rhodium have been used as precursors in thethat will not be dealt with in this work. In a series of studies on

catalytic carbonylation of methanol to acetic acid, in conditions
that transform the thiolato group into a thioetHet.

the resolution of ligands with chirality at phosphorus involving
metal complexation, a series of group 10 metal complexes with

Compared to other functionalized phosphines and considering 2-(methylphenylphosphino)ethanethiol have been reported, in-
that group 10 metal complexes of these ligands were amongcluding the palladium bischelate Pd($GPMePh).41~44 Pal-

the first to be prepareti;’! the chemistry of the simple

ladium complexes with a ferrocenyl phosphinothiolato lig&nd

phosphinothiolato complexes of the heavier elements of this and with a phosphacyclic thiolato ligatfchave been recently
group remains a slow growth area. In this line, a search of the described (vide infra).

CSD crystallographic recortsrevealed that most structures of
group 10 phosphinothiolato ligand complexes contain nitkéf,
some have been reported with palladigfm?® and only the
heterobinuclear polymeric [AgRK{SCGH4PEL);]JNO3 catena
complex is known with platinur®® No crystal structures of
compounds of palladium incorporating dppet or dpppt were

The crystal structures afans[Ni(S-P),] (with S-P= dppet!’
2-(dimethylphosphino)ethanethiolatband diphenyl(phenyl-2-
thiolato)phosphin® 19 are known, as is that otis-[Ni(u-
dppet)Mo(CO)],1” showing the possibility of cis coordination
of the large—PPh groups on nickel. Also with Ni(ll), other
stable species of different nuclearity and metal:ligand ratio are

found. In phosphinothiolato complexes, the phosphorus side isknown. In the reaction ofrans[Ni(dppet),] with nickel per-
bulkier, so that, trans complexes are expected for the squarechlorate?® ligands and metal ions reorganize into the thiolato

planar coordination of ©ions. Complexes of palladium and
platinum with the ligana-(diphenylphosphino)benzenethiolato,
such asrans[Pd(SGH4PPh)] and [Pdl(SGH4PPh-P,u-93],

bridged binuclear cation [Midppet}]™, and do not form a
trinuclear cation akin to the aminothiolato P&CH,CH,-
NH,)4]2", reported by Wei and Dahl in 1979 .Curiously, the

have been obtained by Roundhill et al. from the corresponding anion bis(ethane-1,2-dithiolato)palladate [Pd(gét)*” follows

thioether complexe®27 Diphenyl(phenyl-2-thiol)phosphine{
HSGH4PPh), synthesized by Zubieta et#h.° as a free ligand,

(3) Bayon, J. C.; Claver, C.; Masdeu-Bultd. M. Coord. Chem. Re
1999 193 73.
(4) Dilworth, J. R.; Miller, J. R.; Wheatley, N.; Baker, M. J. Sunley, J.
G. J. Chem. Soc., Chem. Comma®95 1579.
(5) Baker, M. J.; Giles, M. M.; Orpen, A. G.; Taylor, M. J.; Watt, R. J.
J. Chem. Soc., Chem. Commui995 197.
(6) Baker, M. J.; Dilworth, J. R.; Sunley, J. G.; Wheatley, N. Eur. Pat.
Appl. EP632006, 1995Chem. Abstr1995 122, 164060h.
(7) Geigy, J. R. Fr. Pat. 1401930, 1965hem. Abstr1965 63, 11615g.
(8) Issleib, K.; France, K. DJ. Prakt. Chem1973 315 471.
(9) Doyle, G.J. Organomet. Chenl975 101, 85.
(10) Chatt, J.; Dilworth, J. R.; Schmutz, J. A.; Zubieta, J.JA.Chem.
Soc., Dalton Trans1979 1595.
(11) Schwarzenbach, @hem. Zesti 1965 19, 200.
(12) Allen, F. A.; Davies, J. E.; Galloy, J. J.; Johnson, O.; Kennard, O;
Macrae, C. F.; Mitchell, E. M.; Mitchell, G. F.; Smith, J. M.; Watson,
D. G.J. Chem. Inf. Comput. Sc1991, 31, 187.
(13) Gerdau, Th.; Klein, W.; Kramolowsky, Rrystallogr. Struct. Com-
mun.1982 11, 1663.
(14) Aurvillius, K.; Bertinsson, GActa Crystallogr.1982 B38 1295.
(15) Kim, J. S.; Reibenspies, J. H.; Darensbourg, MJYAm. Chem. Soc.
1996 118 4115.
(16) Block, E.; Ofori-Okai, G.; Kang, H.; Zubieta, thorg. Chim. Acta
1991, 188 7.
(17) Hsiao, Y.; Chojnacki, S. S.; Hinton, P.; Reibenspies, J. H.; Darens-
bourg, M. Y.Organometallics1993 12, 870.
(18) Kita, M.; Yamamoto, T.; Kashiwabara, K.; Fujita,Bull. Chem. Soc.
Jpn.1992 65, 2272.
(19) Schmelczer, R.; Schwarzenbach@dyst. Struct. Commuri981, 10,
1317.
(20) Nguyen, D. H.; Hsu, H.-F.; Millar, M.; Koch, S. Al. Am. Chem.
Soc.1996 118 8963.
(21) Franolic, J. D.; Wang, W. Y.; Millar, MJ. Am. Chem. Sod.992
114, 6587.
(22) Reinhard, G.; Solteck, R.; Hutter, G.; Barth, A.; Walter, O.; Zsolnai,
L. Chem. Ber1996 129 97.
(23) White, G. S.; Stephan, D. V@rganometallics1988 7, 903.
(24) Chojnacki, S. S.; Hsiao, Y.-M.; Darensbourg, M. Y.; Reibenspies, J.
H. Inorg. Chem.1993 32, 3573.
(25) Benefiel, A.; Roundhill, D. M.; Fultz, W. C.; Rheingold, A. lnorg.
Chem.1984 23, 3316.
(26) Roundhill, D. M.; Beaulieu, W. B.; Bagchi, W. Am. Chem. Soc.
1979 101, 5428.
(27) Roundhill, D. M.; Roundhill, S. G. N.; Beaulieu, W. B.; Bagchi, U.
Inorg. Chem.198Q 19, 3365.
(28) Albinati, A.; Herrmann, J.; Pregosin, P. l8org. Chim. Actal997,
264, 33.
(29) Leung, P.-H.; Siah, S.-Y.; White, A. J. P.; Williams, D.JJ.Chem.
Soc., Dalton Trans1998 893.
(30) Strickler, PHelv. Chim. Actal969 52, 270.
(31) Dilworth, J. R.; Parrot, SChem. Soc. Re 1998 27, 43.

the pattern of neutral [Ni(dppe}) evolving into anionic
[Pdx(edt)]2-, while dpppt with nickel(ll) follows the pattern
of cisteamine in the aforementioned trinuclear complex, to give
the [Nis(dpppty]?" cation? forming neither 2:3 monocationic
binuclear nor 1:1 neutral binuclear compounds such ag<[Ni
(dppetP,u-9);] (X = Cl, Br).13.14

Palladium complexes with dppet and dpppt are not expected
to exhibit the behavior of those of nickel, but the precedence
of structural diversity in the group make it difficult to predict
the precise nature of dppet and dpppt palladium species of 1:1
stoichiometry.

Experimental Section

General Considerations Reactions were performed under nitrogen
using standard techniques, but the isolated products are air stable.
Solvents were dried, distilled under nitrogen, kept over molecular sieves,
and deaerated prior to use. Tetrakis(triphenylphosphine)palladitfri0),
[PACL(PPHh),],5%52 and [PACI(PhCNY}] 5354 were prepared by estab-

(32) Blower, P. J.; Dilworth, J. RCoord. Chem. Re 1987, 76, 121.

(33) Dilworth, J. R.; Hu, JAdv. Inorg. Chem.1993 40, 411.

(34) Dance, |. GPolyhedron1986 5, 1037.
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(36) Block, E.; Ofori-Okai, G.; Zubieta, J. Am. Chem. Sod989 111,
2327.
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C.; Tang, K.; Zubieta, JJ. Am. Chem. S0d.989 111, 658.

(38) Dilworth, J. R.; Hutson, A. J.; Zubieta, J.; Chen, @ansition Met.
Chem.1994 19, 61.

(39) Chen, Q.; Boeheim, F.; Dabrowiak, J.; Zubietdndrg. Chim. Acta
1994 216, 83.
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Trans.1995 1957.
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3396.
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anal. for GoH3.P.PdS, found (calcd), C, 57.8 (57.7); H, 5.2 (5.2); S,

described. NMR spectra were obtained in a Bruker DPX-200 operating 10.0 (10.3). NMR data fob: 'H NMR: ¢ 2.38 (2H, br m, Ei,P);

at 200.13 MHz for*H, 50.32 MHz for'3C and 80.01 MHz foB!P; at
room temperature (298 K) and using CR&blvent, except where noted.
NMR data are given in thé scale and are referred to TMS fi and
13C and to external BPO, (85%) for3'P. IR spectra were recorded in
KBr or mineral oil and data are in wavenumber units (¢mCatalysis

2.16 (2H, br m, G-CH,—C); 2.52 (2H, br m, €1,S); 7.0-8.0 (10 H,
PPhR). 3C{1H} NMR: & 24.4 (t, CH.P, Joc = 14.7 Hz); 26.9 (1,
C-CH2-C, Jpc = 6.2 Hz); 28.0 (SCH,S); 131.4 (t, Geo PPHR, Jpc =
23.6 Hz); 133.6 (t, G PPhR, Joc = 6 Hz); 128.1 (t, G, PPhR, Jec
=5 Hz); 130.1 (s, G PPhR). 3'P{!H} NMR: 6 10.94 (s, PPRR). IR

experiments were performed in a stainless steel, custom-built pressurg(KBr): 3039, 2893, 2837, 1434, 1097, 748, 694.

reactor (ca. 75 mL) of a standard vase and cover design, fitted with

Preparation of [PdCI(dppet)(PPhs)] (3), Chloro[(2-diphenylphos-

gl_ass and fluorocarbon linings to avoid contact o_f the reacting solutio_ns phino)ethanethiolato-P, Striphenylphosphinepalladium(il). Method
with the SS-316 steel reactor body. GC analysis was performed with A The complex [PdG(PPh);] (200 mg, 0.285 mmol) is dissolved in

Shimatzu GC-17A (TRB-2 capillary column, 0.25 mm diamete80
m) and twin HP G1800A (HP-5 capillary columns, 0.25 mm diameter
x 30 m) chromatographs, with FID and with MS detectors.
Preparation of [Pd(dppet)] (4), Bis[(2-diphenylphosphino)-
ethanethiolatoP,Spalladium(ll). Method A. The palladium(0) com-
plex Pd(PP§), (290 mg, 0.25 mmol) is dissolved in dichloromethane
(ca. 10 mL) to give a clear yellow solution. Upon slow addition of
Hdppet (2-diphenylphosphinoethanethiol, 154 mg, 0.5 mmol, neat) to
the stirred solution, its color turns darker to yellow-orange. The
formation of solid produc# is observed a few minutes later. The
evolution of hydrogen cannot be clearly observed owing to the stirring,
but if the stirring is stopped, some frothing is apparent. The mixture is
allowed to react for 30 min, the solvent is evaporated in vacuo down
to 5 mL, and hexane (35 mL) is slowly added to complete the
crystallization. The pale orange product is separated by filtration and
washed with MeOH and ED. Yield: 113 mg (75%) of pale orange
microcrystalline4.

Method B. The palladium(ll) complex [Pd@PhCN}] (80 mg, 0.21
mmol) is dissolved in 8 mL of dichloromethane, and Hdppet (103 mg,
0.42 mmol, neat) is added with stirring. After some time, a yellow
precipitate starts to form. The mixture is allowed to react at room
temperature for 30 min. A small amount of hexane (1 mL) is added,
and the solid product is collected by filtration, washed with MeOH
and EtO, and vacuum-dried. Yield: 108 mg (85%), yellow powder.

Method C. The palladium (IlI) complexd (50 mg, 0.077 mmol) is
dissolved in dichloromethane (5 mL) to give an orange solution, and
Hdppet (20 mg, 0.077 mmol) is added with stirring. The color of the
solution turns lighter, and a yellow precipitate is formed within minutes.
The product is isolated by filtration, washed with MeOH and(&t
and vacuum-dried. Yield: 35 mg (75%), yellow powder. Complex
is stable in air, only sparingly soluble in dichloromethane and
chloroform, and insoluble in methanol, ether, and hexane. Daté for
elem. anal. for gH.sP,PdS, found (calcd), C, 56.0 (56.3); H, 4.8 (4.7);
S, 11.2 (10.7)*H NMR: 6 2.65 (m, 2H); 2.78 (m, 2H); #8 (m, 10H).
SIP{IH} NMR: ¢ 63.6 (s, PPIR). IR (KBr): 3044, 2938, 2910, 2835,

dichloromethane (15 mL), and Hdppet (74 mg, 0.3 mmol) is slowly
added with stirring. The color of the solution turns from yellow to
orange during the addition. It is allowed to react for 1 h, and then the
volume of the solution is reduced to about 3 mL. Hexane (5 mL) is
added, and the resulting solution is allowed to rest24 °C for 12 h.

The orange crystalline product is collected by filtration, washed with
hexane, and dried under vacuum. Yield: 140 mg (76%) of orange
crystals.

Method B. The complex [PdG(PPh);] (165 mg, 0.23 mmol) is
mixed with complex4 (140 mg, 0.23 mmol) in toluene (20 mL). The
solution is stirred at reflux temperature (ca. 130) for 24 h. On
cooling, complex3 crystallizes as an orange solid. The product is
collected by filtration, washed with hexane and@tand vacuum-
dried. Yield: 122 mg (65%). CompleXis soluble in dichloromethane
and chloroform, sparingly soluble in toluene, and insoluble in hexane
and ether. Data foB8: elem. anal. for GH2sCIP,PdS, found (calcd),

C, 59.0 (59.2); H, 4.6 (4.5); S, 4.5 (4.9). NMR data ®r*H NMR
(and*H{3¥P}; CD,Cl,): o 2.42 (2H, dt, G1zP, Jpy = 37.4 Hz,Jun =

6.6 Hz); 2.78 (2H, dt, €,S, Jpy = 8.5 Hz,Juy = 6.6 Hz); 7.0-8.0
(25 H, PPBR, PPh). 3C{'H} NMR (CD.Cl,): 6 26.6 (t,CH:P,Jpc =

8.4 Hz); 39.8 (dCH3S, Joc = 34.0 Hz); 125.6-135.0 (PPER, PPh).
S1P{1H} NMR: 6 24.1 (d, PPhtransP,P isomerJep = 458.7 Hz);
66.8 (d, PPER trans-P,P isomerJpp = 458.7 Hz);3'P{'H} NMR data
for the cis-P,P isomer o3 (taken from aged solutions & in which
the cis-P,P is a minor component formed in solution by isomeriza-
tion): 6 23.2 (d, PPhcis isomerJep = 18.8 Hz); 74.8 (d, PRR cis
isomer,Jep = 18.8 Hz). The ratiotfans-P,P]/[cis-P,P]~ 95/5 in aged
solutions of3 was obtained from the integrals of the respective signals
in a 3'P-gated{*H} NMR spectrum recorded with a long relaxation
delay.

Preparation of [Pd2Clx(dpppt)2] (6), Dichlorobis{z-[(3-diphen-
ylphosphino)propanethiolato]-P x-S} dipalladium(ll). Method A.

The complex [PdG[(PPh);] (200 mg, 0.29 mmol) is disolved in
dichloromethane (15 mL) and Hdpppt (75 mg, 0.29 mmol) is slowly
added with stirring, resulting in a yellow solution that turns to orange

1433, 1103, 751, 695. These data are consistent with that reported byin color upon the addition of the phosphinothiol. It is allowed to react

Fujita et al'® The low solubility of4 precluded the observation of a
good-quality*3C NMR from which the C-P coupling constants could
be extracted.

Preparation of [Pd(dpppt)2] (5), Bis[(3-diphenylphosphino)-
propanethiolato-P,Spalladium(ll). The palladium(0) complex Pd-
(PPh)4 (555 mg, 0.48 mmol) is dissolved in dichloromethane (20 mL)
to give a clear yellow solution, and Hdpppt (2-diphenylphosphinopro-
panethiol 260 mg, 1.0 mmol, neat) is added to the stirred solution,
which turns to a darker yellow-orange in color. The reaction is allowed
to take place for 30 min. During this period the color lightens again
and the formation of a yellow solid is observed. The solution is
concentrated to ca. 10 mL in vacuo and a few drops gDEire added.
The yellow solid product formed is filtered, washed with hexane (3
times with 4 mL), and dried in vacuo. Yield: 210 mg (70%) of a yellow
microcrystalline solid. Comple¥ is stable in air, soluble in dichlo-
romethane and chloroform, and insoluble in hexane. Data:faem.

(52) Colquoun, H. M.; Holton, J.; Thompson, D. J.; Twigg, M. New
Pathways for Organic SynthesiBjenum Press: New York, 1985; p
383.

(53) Kharasch, M. S.; Seyler, R. C.; Mayo, F.RAm. Chem. Sod.93§
60, 882.

(54) Doyle, J. R.; Slade, P. E.; Jonassen, HIndrg. Synth196Q 6, 216.

(55) White, G. S.; Stephan, D. V@rganometallics1987, 6, 2169.

for 30 min, and the solvent is removed by vacuum, leaving a final
volume of about 3 mL. Hexane (5 mL) is added, and the solution is
allowed to crystallize at-24 °C for 12 h. The crystalline orange product
is collected by filtration, washed with hexane, and dried. Yield: 110
mg (92%) of orange crystalliné.

Method B. The complex [PdG(PPh);] (200 mg, 0.28 mmol) is
mixed and allowed to react with compléx (180 mg, 0.28 mmol),
dissolved in toluene (20 mL). The solution is stirred at reflux
temperature (ca. 11%C) for 24 h. Cooling causes the crystallization
of complex6. The solid product is collected by filtration, washed with
hexane and ED, and vacuum-dried. Yield: 225 mg (85%). Complex
6 is soluble in dichloromethane and insoluble in hexane and ether. Data
for 6: elem. anal. for H3.Cl.P.PadS,, found (calcd), C, 44.5 (44.9);

H, 3.9 (4.0); S, 7.6 (8.0YH NMR (CD.Cl,): 6 2.17 (1H, br m, €i,P);

2.25 (3H, br m, E1,-CH,P); 2.53 (1H, br m, ©,S); 2.98 (1H, br m,
CH,S), 7.0-8.0 (10 H, PP}R). 13C{'H} NMR (CD.Cl,): ¢ 24.3 (d,
CHP, Jpc = 29.5 Hz); 26.4 (s, GEH,-C); 27.92 (s,CH,S); 125.6-

135.0 (PPKR). 3'P{*H} NMR (CD,Cly): o 11.02 (s, PPiR). IR

(KBr): 3050, 2913, 2850, 1434, 1102, 691.

Catalysis Experiments.Complexes3, 4, 5, and 6 were tested as
catalyst precursors in the catalytic hydroesterification of styrene using
the following common procedure. In a sidearm flask 1,2-dichloroethane
(15 mL), methanol (15 mL), styrene (0.416 g, 4.0 mmol), and the
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Table 1. Crystallographic Data foB-CH,Cl, and 6-CH,Cl,

3-CH,Cl, 6-CH,Cl,
empirical formula GsH3:1Cl3P,PdS GiH34ClP,PAS,
fw 734.33 887.24
T,°C 20(2) 20(2)
A 0.71069 0.71069
space group P2,2,2, (No. 19) P2,/n (No. 14)
a, 9.247(3) 12.701(3)
b, A 17.956(9) 12.040(4)
c A 19.869(9) 22.495(2)
p, deg 97.36(1)
vV, A3 3299(3) 3412(2)
VA 4 4
Peale, g CNTS 1.478 1.727
u, et 9.88 16.06
R(Fo) [I > 20(1)]2 0.0435 0.0274
Ru(Fo?) (all data 0.1023 0.0743

AR(Fo) = YIIFel — IFI/XIFol. PRa(Fo?) = [YW(Fo? — F)
SW(ER

Table 2. Selected Distances [A] and Angles [deg] ®ICH.Cl,
and 6'CH2C|2

3-CH,Cl,
Pd-S 2.2702) SC(1) 1.829(9)
Pd-Cl 2.364(2) C(1}C(2) 1.522(11)
Pd-P(1) 2.288(2) C(2}P(1) 1.822(8)
Pd-P(2) 2.343(2)
S—Pd-P(1) 85.98(9) C(BC(2-P(1)  106.4(5)
S—Pd-P(2) 89.34(9) C(2}P(1)-Pd 107.0(3)
S—Pd-Cl 178.32(9) C(L}P(1)-C(2)  106.9(3)
P(1-Pd-P(2)  174.51(8) C(@BP(1)-C(11) 107.1(3)
P(1)-Pd-Cl 93.77(9) C(2}P(1)-C(11)  105.9(4)
P(2)-Pd-Cl 90.82(9)  C(21}P(1)-Pd 119.3(2)
C(1)-S—Pd 106.2(3)  C(1B)P(1)-Pd 109.8(2)
C(2)-C(1)-S 111.8(6)

6-CH,Cl,
Pd(1)--Pd(2) 2.9726(7) S(BC(11) 1.810(4)
Pd(1)-S(1) 2.296(1) C(1BC(12) 1.478(6)
Pd(1)-S(2) 2.381(1) C(12)C(13) 1.542(5)
Pd(1)-Cl(1) 2.336(1) C(13}P(1) 1.816(4)
Pd(1)-P(1) 2.258(1) S(2)C(41) 1.817(4)
Pd(2)-S(2) 2.286(1) C(4BC(42) 1.499(6)
Pd(2)-S(1) 2.382(1) C(42)C(43) 1.533(5)
Pd(2)-Cl(2) 2.326(1) C(43}P(2) 1.816(4)
Pd(2)-P(2) 2.246(1)
S(1-Pd(1)-P(1) 96.60(3) Pd(®S(2)-Pd(1)  79.09(3)
P(1-Pd(1-Cl(1) 92.41(4) C(11}S(1)-Pd(1) 118.8(1)
S(1)-Pd(1)-CI(1) 170.19(3) C(1BS(1)-Pd(2) 113.3(2)
P(1-Pd(1-S(2) 171.20(3) C(2C(11)}-S(1) 117.5(3)
S(1-Pd(1)-S(2) 75.70(3) C(1BYC(12-C(13) 114.1(3)
Cl(1)-Pd(1)-S(2) 95.59(4) C(12)C(13)-P(1) 111.9(3)
S(2y-Pd(2y-P(2) 97.42(3) C(13)P(1)-Pd(1) 112.8(1)
P(2-Pd(2)-Cl(2) 89.75(4) C(41)yS(2)-Pd(2) 117.5(1)
S(2)-Pd(2)-Cl(2) 172.80(4) C(41yS(2-Pd(1) 112.6(1)
P(2-Pd(2)-S(1) 171.50(3) C(42)C(41)-S(2) 117.9(3)
S(2)-Pd(2)-S(1) 75.87(3) C(4L)C(42)-C(43) 114.1(4)
Cl(2)-Pd(2)-S(1) 96.93(4) C(42)C(43)-P(2) 111.7(3)
Pd(1)-S(1)-Pd(2) 78.88(3) C(43)P(2-Pd(2) 114.4(1)

apropriate palladium phosphinothioato complex (0.04 mmol) were
mixed under nitrogen. The solution was charged in a previously

Brugat et al.

at room temperature, using graphite monochromatized Maoagliation

and thew/26 scan mode. Cell parameters were determined by least-
squares refinement on diffractometer parameters for 25 automatically
centered reflections. Lp and empirical absorption correctfonsre
applied. The structures were solved by direct methods using SHELXS-
86 program’ and refined orF 2 for all reflections using the SHELXL-

97 progran®® The non-hydrogen atoms of the complexes were refined
with anisotropic displacement parameters. Hydrogen atoms were placed
at their calculated positions with isotropic temperature factors equal to
1.2 times thdJeq values of the corresponding carbons. Benzenic rings
were refined as rigid bodies. In both structures the somewhat disordered
CH,ClI, crystallization solvent molecules could be well modeled using
three sets of refined neighboring coordinates, with the appropriate site
occupancy and isotropic temperature factors. The weighting scheme
for 3:CH,Cl, wasw = 1/[04F,?) + (0.0616°)3, and that for6-CH,-

Cl, wasw = 1/[0¥(F,?) + (0.0318)? + 5.026]; in both cased =
[max(F.?,0) + 2F?)/3. Crystallographic data and structure refinement
parameters are presented in Table 1, and selected distances and angles
in Table 2.

Results and Discussion

The simplest palladium(ll) species that incorporate the
phosphinothiolato ligands dppet and dpppt are the homoleptic
bischelates [Pd(dppe})(4) and [Pd(dpppt] (5). Complex5
has not been reported, but compkekas been prepared in low
yield (27%) from the reaction of LPdCl, and Hdppet in the
presence of NaOMe as a bd$eind also complex [Pd(S8.-
PPh),] has been obtained using NE Although the addition
of a base has been found strictly necessary for the synthesis of
platinum thiolate® and even chelating dithiolat€%6! it may
not be the best procedure in the case of the chelating phosphino-
thiolates, and in general it has objective drawbacks: the salt
formed can complicate the isolation of the product; and also
the presence of base throughout the synthesis favors the
oxidation of both the phosphorus and the sulfur parts of the
ligands. These potential problems, together with the low yield
of 4 with this method, prompted us to explore alternative
reactions for the good yield syntheses of bdtAnd5.

The direct, base-free reaction of [Pd@hCN}] with 2 equiv
of Hdppet in dichloromethane cleanly afforded bischelate
which was isolated in 85% yield (Scheme 1). The HCI formed
caused no problems, and the leaving PhCN ligand was simply
washed away with hexane. But this method failed to give
bischelate5 cleanly and in the same good yield. Apparently,
there is some halide retention on palladium and the final product
is not pure. So that, the study of this reaction was discontinued
for the Hdpppt ligand.

In a related line of work, we have recently reported that the
S—H bonds of cysteine derivatives oxidatively add to Pt(0) to
afford stable hydrido cysteinato complexes of platinum(ll):
[PtH(SCHCH(COEt)NH,-N,9PPHh].%2 In the case of pal-
ladium, we have shown that the chloro aminothiolato complexes
[PACI(S-N)(PPB)] (S-N = S(CH,)2NH,, SCHCH(COEt)NH;,
SCMeCH(CO,Me)NH,) are obtained by the reaction of Pd-
(PPh)4 with the hydrochlorides of these aminothiolato ligands,

evacuated pressure reactor (described above). Temperature and pressure

were adjusted to the values in Table 4, and the solution was
magnetically stirred for a period of time. The reactor was then cooled
to room temperature and the reaction mixture was analyzed-(G€
and'H NMR). Only in the case 08 at 80°C palladium metal formation
was observed.

X-ray Studies. Single crystals of3 and 6 suitable for X-ray
diffraction study were grown by slow diffusion of hexane into
dichloromethane solutions of the complexes. This method resulted in
the formation of solvent containing CH,Cl, and 6:CH,Cl,. Single-
crystal data were collected on an Enraf-Nonius CAD4 diffractometer

(56) North, A. C. T.; Philips, P. C.; Mathews, F.&cta Crystallogr.1968

A24, 351.

Sheldrick, G. M. SHELXS-86. IrCrystallographic Computing ;3

Sheldrick, G. M., Kiger, C., Goddard, R., Eds.; Oxford University

Press: Oxford, U.K., 1985; pp 174.78.

(58) Sheldrick, G. M.SHELXL-97: Program for Refinement of Crystal
Structures University of Gdtingen: Germany, 1997.

(59) Lai, R. D.; Shaver, Alnorg. Chem.1981, 20, 477.

(60) Fazlur-Rahman, A. K.; Verkade, Giorg. Chem.1992 31, 5331.

(61) Fornies-Camer, J.; Aaliti, A.; Ruiz, N.; Masdeu-Bul{A. M.; Claver,
C.; Cardin, C. JJ. Organomet. Chen1997 530, 199.

(62) Real, J.; Polo, A.; Duran, Inorg. Chem. Commuri998 1, 457.

(67)
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Table 3. Data for Selected Structurally Characterized Palladium Complexes with Phosphine Phosphorus and Thiolato Sulfur Donors Relevant
to trans Influence Effect3

entry
no. complex dM-S) [A] dM—P) [A] chelate angle [deg] ref
1 cis-P,S-[PdCl(dppet)(PRJi (3) 2.270(2)t-Cl 2.288(2)t-P 85.98(9) this work
2.343(2)t-P
2 cis-P,S-[PdCI(cysEN,9(PPh)] 2.253(2)-Cl 2.254(2)tN 85.7(1) 1
3 [PA.Clo(u-dpppty] (6) 2.296(1), 2.286(1-Cl 2.258(1), 2.246(1)-S 96.60(3), 97.42(3) this work
2.381(1), 2.382(1})-P
4 trans[Pd(0-PhPCsH4S),] 2.308(2)+S 2.291(1):P 86.6(1) 25
5 [Pdy(0-PhPCH4Swu-SP)al 5] 2.284(4), 2.308(4}-I 2.224(4), 2.237(4}-S 87.9(1), 88.3(1) 27
3.399(4), 2.372(4}-P
second molecule 2.294(4), 2.312(4)- 2.232(4), 2.240(4}-S 86.8(1), 87.4(1)
2.414(4), 2.407(4)-P
6 [PA,Cly(u-SPFc)]° 2.269(2), 2.280(2)-Cl 2.267(2), 2.280(2)-S 96.35(7), 94.27(7) 28
2.345(2), 2.369(2}-P
7 [Pdy(u-SPFC)(CNtBU),] 2" P 2.296(4), 2.300(4}-P 2.299(4), 2.285(4)-S 94.7(1), 93.9(1) 28
2.373(4), 2.360(4}-C
8 [Pcb(u-SGeH1:PPh)(AsPhy),] 2" © 2.344(4)t-As 2.266(4)tS 83.1(2), 83.5(2) 29
2.374(4), 2.359(4)-P
9 [Pd(S-As)]¢ 2.325(3)t-As 2.373(19-t-S 86.58(79 74
10 [PA(SGH4Su-S,9)2(PPh),] 67
terminal Pd-S 2.292(4), 2.300(6)-S 2.281(5), 2.281(5)-S 88.6(2), 88.7(2)
Pd—u-S 2.362(4), 2.372(50-S
Pd-u-S 2.327(5), 2.342(6)-P
11 [Pd(SGHeS)(dppp)] 2.316(2), 2.335(1)P 2.292(1), 2.305(1-S 94.0(1)(S) 75
91.9(1)(P
12 [Pd(SGHsS)(dppp)] 2.322(1), 2.354(1)P 2.269(1), 2.276(1)-S 95.6(.2()4§)()S) 61
94.56(3)(P
13 [Pd(SGHoNMe) (dppe)] 2.348(1), 2.367(1)P 2.284(1), 2.254(1)-S 24.56C)F) 76
14 [Pd(SCHPh)(dppe)] 2.360(2)-P 2.277(2)S 85.6(1)(P) 77
15 [Pd(SMe)(SCNMe,-S,3)(PEt)] 2.299(2)+-S 2.264(1)tS - 78
16 [Pd(SCHCH,S)]> 2.312(3), 2.323(3}-S - 89.0(2), 91.2(2) 47

@ Chemically equivalent distances or angles in the same line, as reported in the corresponding reference. Distance values are followed by the

symbol of the atom in trans. Chelate angle values are followed by the symbol of the donor atoms when néc®B&arhas been used for ligand
(R)-1-(9-(diphenylphosphino)ferrocenylethylthiolaR®S these are Pfre, tetranuclear complexe$Ligand (lo,40,5a,75)-2,3-dimethyl-7-phenyl-
5-thiolato-7-phosphabicyclo[2.2.1]hept-2-e88P7. ¢ Arsenic instead of phosphorus in the ligaf8GHsAsSMe(CH4-2-CHOMe)}, a trans-S,S

complex.

Table 4. Phosphinothiolato Complexes of Palladium as Catalyst Precursors in the Hydroesterification of Styrene with CO and MeOH To Give
2-Phenylpropionic Acid Methyl Ester (2-PP-Me) and 3-Phenylpropionic Acid Methyl Ester

entry temp time conversion TOF selectivity in
no. precursor complex (°C) (h) (% esterd) (1/ny 2-PP-Me (%)
1 [Pd(dppet)] (4) 80 24 0.3 - -
2 [Pd(dpppt)] (5) 80 24 0.0 - -
3 [P&Cla(u-dpppt)] (6) 80 24 7 0.3 84
4 [PdCI(dppet)(PPf)] (3) 60 72 29 0.4 84
5 3d 80 24 24 1.0 73
6 3 80 48 47 1.0 67
7 3 80 72 63 0.9 67

aConditions: 4 mmol styrene in 15 mL of MeOH plus 15 mL of 1,2-dichloromethane; [styrene]/[Pd compléx}0; Pco = 30 bar. No
cocatalysts or oxygen presefflotal conversion from styrene to esters (%); number values also correspond to turnover number (TON) taken as
moles of esters produced over moles of complex precutdagual to TON over time in hours, an average vafli@nly in the case o8 at 80°C
was Pd black observed at the end of the reaction.

presumably by the formation of a P¢H intermediate and its  acid, reacts with this palladium hydride intermediaté form
subsequent reaction with the hydrochloric acid liberated upon hydrogen, and to finally displace all triphenylphosphine ligands
S,Nligand complexatiort.Using this synthetic approach, and from the metal. Oxidative synthetic routes are not very common
although the SH bond is of course less acidic than the-Ei but have been used with advantage for the synthesis ofSsilyl
bond, we have found that the reaction of Pd(®Ptvith two and stanny@ phosphino complexes, the firstSH hydrido
equivalents of the appropriate phosphinothiol, Hdppet or Hdpppt, complexes of platinurf} and an exemplary series of thiolato
gave the corresponding bischelates [Pd(dppé4) and [Pd- and dithiolato complexes including [PtH(S@EH,SMe)PPh]
(dpppt}] (5) in good yields (Scheme 1), avoiding altogether and dinuclear [Pgu-SGH4S-S,9)(PPh),], prepared by Rauch-
the presence of halides or bases. fuss and Roundhill in 197%. The same palladium dithiolate

In this oxidative ligand substitution reaction, the acidic was later obtained using a more conventional method, with the
hydrogen of the ligand is removed by reduction. There is purpose of determining its crystal structdre.
oxidation of the metal from Pd(0) to Pd(Il) and displacement
of all four triphenylphosphine ligands by two phosphinothiolates. (63) Holmes-Smith, R. D.; Stobart, S. R.; Cameron, T. S.; Jocherd, K.
We are proposing that a hydrido phosphinothiolato complex, Chem. Soc., Chem. Commui@81, 937.
the product of a chelate-assisted oxidative addition of thelS (gg) M“'erﬁ{,cl-_? S’v‘fh“.be”él{%hem: E’Sef-';ggl 13:", 20181{ EChem. S
bond to palladium(0), is formed as an intermediate spegies (65) Vgo, R LaMonica, G.; Cenini, S.; Segre, A.; ContiJFChem. Soc.

| . f (A) 1971, 522.
(Scheme 2). A second molecule of phosphinothiol acting as an (66) Rauchfuss, T. B.; Roundhill, D. M. Am. Chem. So&975 97, 3386.
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Scheme 1. Useful Synthetic Transformations of Palladium Complexes with the Ligands Hdppet and Hdpppt

+Hdppet Ph, +Hdppet
-HCl, -L+ 85% p\ s HCL-L 78% L s
[PACI,(PhCN),] —— e - pd” :] +Hdppet
s/ \ o’ Op H
2 75w pp, +[PAChLL;] 65% Ph, -HCI N
+2Hdppet 4 PhMe, 110°C 3 76%
PdL, (L= PPh,) [PdCl,L,]
+Hdpppt
+2Hdpppt
" PPp (\P N “
+[PdCl,L,], -L NN
<i - " . pd /Pd\ L
70% PhMe, 110°cc PP 'S™ “cl goy,
th 85% 6

Scheme 2. Proposed Chelate Assisted Oxidative Addition
of a Phosphinothiol to Pd(0), Illustrated Here for Hdpppt
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- Hy, - PPh,

J\
"

L

T T T T
134 132 3 130 128
Figure 1. C{'H} NMR of 5, the trans geometry d§ is evidenced
by the observation of virtual coupling f8P in the signals of all but
two of the carbons of dpppt.

The trans-P,P configuration of the new bischeldiecan be
deduced from the presence of virtuatE coupling, as observed
in the 13C{1H} NMR spectrum of this soluble complex shown
in Figure 1. The signals for the carbons of the chelate rings in
5, corresponding to the- andj3-phosphorus positions as well
as theipso, ortho, andmetacarbons of the phenyl rings, are all
triplets owing to the coupling of these carbons to the two

(67) Cao, R.; Hong, M.; Jiang, F.; Liu, HActa Crystallogr.1995 C51,
1280.

virtually equivalent trans phosphorus. This second-order effect
is not observed when the phosphorus are placed cis to each
other. As it has been pointed out befdfezomplex4 is not
soluble enough to obtain quali#yC {*H} NMR spectra from
which C—P coupling constants can be measured.

To test the lability of dppet and dpppt complexes of
palladium, and the stability of mixed versus homoleptic
complexes, the bischelatdsand5 were allowed to react with
[PACL(PPh),]. As expected, palladium phosphinothiolates are
not as labile as the nickel complexes mentioned above, and no
reaction was observed at room temperature. However, in
refluxing toluene over 24 h chelate ligand exchange takes place,
but the products were different in each case. The reacti@h of
with [PdChL(PPh),] gave the mixed ligand, mononuclear
complex [PdCI(dppet)(PRJ] (3) (Scheme 1). The phosphorus
NMR spectrum of3 exhibits sharp signals at 66.8, corre-
sponding to the-PPh group of the chelate phosphinothiolate
ligand, and at 24.1, corresponding to the PPligand. The
coupling constantlep = 459 Hz is typical of atransP,P
arrangement that places the butki?Ph and PPhgroups away
from each other. Aged solutions 8tevelop new, low intensity
signals in the phosphorus NMR spectrum at the displaced
positions ofd 74.8 (PPBhR) and 23.2 (PPf) with a coupling
constantJep = 18.8 Hz, indicative of a&is-P,P configuration
which places the bulky groups close to each other. The cis-
complex is an isomerization product present only in solution,
its concentration has never been observed to grow over ca. 5%
of total 3, and it has not been isolated in the solid state as an
independent product. Crystallization of these 3 containing
solutions yields only the origindatans-3. Presumably, a lower
solubility and a greater concentration cause the crystallization
trans-3 exclusively.

PhoP_ oL s
Pl Pd
<) ]
CI/ Php” P
th Ph,

In the course of the study of the trans/cis isomerization
process and in repeated crystallizations, com@eroved to
be stable. No loss of PRhakes place, and no dimeric or
polymeric palladium complexes were ever detected, even in the
presence of air, using phosphorus NMR as a routine control
tool.

The six-member ring containing bischelate comperacted
with [PdCL(PPh);] in the same conditions a4 to give the
binuclear complex [P£LIx(dppptP.u-9),] (6), as the presence
of PPh cannot prevent the formation of sulfur bridges in this
case (Scheme 1). The phosphorus NMR6ashows a single
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sharp resonance &t 11.0, corresponding to the equivalent
PPhR groups placed trans to the bridging sulfur. In both six-
member ring containing chelate complexXesnd 6, the 3P
chemical shifts are practically identical, despite the different
coordination of the metal; and are displaced toward higher
frequencies by 28 ppm compared to free Hdpppt €16.8).
This kind of chemical shifts have been reported also for the
cationic nickel trinuclear [N{dpppt)]?" and the heterobinuclear
[Cp:Ti(u-dpppt)Pd] 6p 12.3 and 13.2 respectivel§d. These

seem small values compared to the displacement of the

phosphorus chemical shift in the five-member ring containing
complexes3 and4, in which Adp = 85 and 82 ppm, respectively

(free Hdppetop —18), but these displacements are consistent
with the dependency of phosphorus chemical shifts with ring

size and the bond angles around phosphorus, an effect docu-

mented in diphosphine complex&s’0

In the opposite synthetic direction (Scheme 1), complé&xes
and 6 are conveniently prepared using the direct base-free
synthesis from [PdG{PPh),] and the corresponding phos-
phinothiol in a 1:1 ratio. No other products were observed.
Again, the five-member ring forming Hdppet yields the mono-
nuclear complex3 that incorporates one Pghbut Hdpppt
excludes all PPhto give 6, structurally following the pattern
of the five-member ring dppet complexes of nickék* Con-

sidering that 1:1 complexes are obtained even in reactions that

take place at 110C and over 24 h, it can be safely assumed
that3 and 6 are the thermodynamic products for these ligand
compositions.

The crystal structures & and 6, that included CHCI, in
the slow crystallization process, were determined by X-ray

diffraction (Table 1). Selected distances and angles are listed

in Table 2. The structure of8 (Figure 2)980 reveals a
mononuclear, square plan@ans-P,P palladium complex with
a short Pe-S distance of 2.270(2) A, owing to the terminal
coordination of sulfur and the low trans influence of the chloro
ligand. The two PeP distances are longer than the-F&i
distance and substantially different: 2.280(2) A for the-Pd
PPhR distance in the chelate and 2.343(2) A for the-P®h
distance. This difference may be interpreted in terms of the
increased trans influence and the stronger bond of the alkyl-
diphenylphosphine group in the chelate compared to triphen-
ylphosphine.

Binuclear complex6 can be viewed as two Pd(dpppt)Cl
fragments that have dimerized at an angle to give rise to the
folded parallelogram shaped 2 center (Figure 3). The chelate

(68) Crumbliss, A. L.; Topping, R. J. IRhosphorus-31 NMR Spectroscopy
in Stereochemical Analysisterkade, J. G., Quin, L. D., Eds.; VCH:
1987; p 531.

(69) Garrou, P. EChem. Re. 1981 81, 229.

(70) Lindner, E.; Fawzi, R.; Meyer, H. A.; Eichele, K.; Hiller, W.
Organometallics1992 11, 1033.

(71) Summerville, R. H.; Hoffmann, R. Am. Chem. Sod976 98, 7240.

(72) Norman, J. G.; Gmur, D. J. Am. Chem. Sod.977, 99, 1446.

(73) Capdevila, M.; Clegg, W.; Gonlez-Duarte, P.; Jarid, A.; LI€dp A.
Inorg. Chem.1996 35, 490.

(74) Harrowfield, J. McB.; Patrick, J. M.; Skelton, B. W.; White, A. H.
Aust. J. Chem1988 41, 159.

(75) Su, W.; Hong, M.; Zhou, Z.; Xue, F.; Liu, H.; Mak, T. C. Wcta
Crystallogr. 1996 C52, 2691.

(76) Capdevila, M.; Clegg, W.; Gohlez-Duarte, P.; Harris, B.; Mira, |.;
Sola, J.; Taylor, CJ. Chem. Soc., Dalton Tran&992 2817.

(77) Su, W.; Hong, M.; Cao, R.; Liu, HActa Crystallogr.1997, C53 66.

(78) Reger, D. L.; Collins, J. Hnorg. Chem.1995 34, 2473.

(79) Burnett, M. N.; Johnson, C. DRTEP-Ill: Oak Ridge Thermal
Ellipsoid Plot Program for Crystal Structure Illustration®ak Ridge
National Laboratory Report ORNL-6895; Oak Ridge National Labora-
tory: Oak Ridge, TN, 1996.

(80) Farrugia, L. JJ. Appl. Crystallogr.1997, 565.
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Figure 2. The projections o8B (above) and (below) on the SPd—
P1 and S2Pd2-P2 planes respectively, emphasize the structural
similarities of the Pd(S-P)CI fragments, the-Bd distance if8 is short,
as is the S2Pd2 distance i, and the P2 Pd distance ir8 is long,
as is the S:Pd2 distance ir6 (ORTEP plots at 50% probability).

Figure 3. The noncrystallographi€, symmetry of6 can be visualized
in this projection, the aryl carbons have been omitted for the sake of
clarity, with the exception of the iz C21, C31, C51, and C61.

angle S-Pd—P in the Pd(dpppt) six-member ring 6fs larger
(97°) than the corresponding chelate angle of 86the five-
member ring of Pd(dppet) i8 (Figure 2). The bridging sulfurs
are in asyn-endoconfiguration, most probably influenced by
the conformation of the chelate ligands. In the solid state, the
coordination planes of each palladiumérare folded very far
from coplanarity at a dihedral angle of 105.82(3)his value

is very close to that of the five-member ring chelate dimers
[NiXo(u-dppet}] (X = CI, Br).134The molecule has noncrys-
tallographic C, symmetry (Figure 3). There are two shorter
Pd-S distances of 2.286(1) and 2.296(1) A integrated in the
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chelate ring that are trans to chloro ligands and two longer3d ~ Scheme 3. Structural Possibilities of 1:1 Phosphinothiolato
distances of 2.381(1) and 2.382(1) A that are trans to phospho-Complexed
rus. 2+

The bond distances and6 are consistent with what would L S[_\pphz S PPh, S/—_\pphz
be expected from a conventional trans influence series, such as “od b’ \P d/ Yd bd”
P(alkyldiphenylphosphine} P(triphenylphosphine} S(ter- thp/ Ny \L N thP/ N o
minal) > S(bridge)> CI. The Pd-Cl distances, trans to sulfur "/ B 3 c b
in both 3 and 6, suggest that the terminal thiolato sulfur3n
exerts a greater trans influence than a bridging sulf@: ifhe 2+
effects of trans influence would also explain why the-fRPhy L S Ph, S PPh o s PPh,
distance ir8 is long compared to the corresponding distance in Yd pd” o 2 \Pd/ N
[PACl(cysEt)(PP¥)] (Table 3, entry no. 2). In Table 3 the P& thp/ N \L 2N php” N N
and Pd-P distances of a series of palladium complexes with t a 2 c
thiolato and phosphorus ligands are listed, tagged with the c E 6
corresponding atom in trans. In these examples, theS°d aOnly 3 and 6 are observed with dppet and dpppt, but B and C

distances tend to be longer than in comp&when they are correspond to entries 8 and 7 in Table 3.

trans to P (entries 1115). Conversely, the PeP distances tend

to be short when they are trans to S. But it is apparent from (Table 3, entry no. 7 and Scheme 3, structure typé°@)so,
Table 3 that there are other important factors that influence L€Ung et al., exploring a palladium complex that was difficult
Pd—S and Pe-P distances, such as the presencesiaceptor to structurally characterize which was also of stoichiometrg{Pd

ligands (entry 7), or a negative charge that gives rise to electronic €12(S-P}] with a five-member chelate ring forming phosphacy-
repulsion (entry 16). clic thiolato ligand (which could have structure D, although the

In solution, thelH NMR of 6 in the methylene regiond( authors also suggest as possible a chloride bridged structure

1.5-3) consists of a complex and temperature dependent Systemnot included in Scheme 3), found that triphenylarsine displaces

of broad resonances not directly assignable to individuaj CH chioride and a sulfur brlcéged dimer is formed (Table 3, entry
groups down to-90 °C, while the3*P{1H} signal remains as a no. 8 and structure type By.We have seen that PPtoes not

reasonably sharp singlet down to the same low temperature. Ind'SpIaCe chloride to form [P:-dpppty(PP)ICl> in the case

o ..~ of 6 and that in the case 08 the preferred structure is
the case ob, broad but distinct resonances could be distin- o ' ; .
guished in thelH NMR for each methylene group at room mononuclear, which is remarkable since thiolato ligands are
temperature, while théC NMR (Figure 1) and®P NMR prone to displace supposedly weaker ligands to form bridges
resonances db are narrow. The broadness of thé NMR of (Slc;h(zme 3)- ificatioBl usi d itable alcohol
5 is interpreted in terms of the conformational movements of ydroesterificatioft using C.O gas and a suitable aconol can
the six-member ring. In the case 6f considering that a soft be catalyz_ed by PU_Sn/pho_sphlne syst‘i?rbe_t most studies have
potential energy function has been predicted for the folding been carried out using various Pd/phosphlne-ba_sgd ca_?&h?%t;
process of these bridged dim@g=7 the more complex for reasons of activity and cost. The use of additives, including
1 1

appearance of thtH NMR spectrum can be interpreted as the other mgjgﬁ’ or alterrjate carbonyl _sources has peen
compounded effect of ring conformational movements and reported:®= but mostly simple, nonfu_n_ctlonahzed _p_ho_sphmes
folding-unfolding motions of the palladium coordination planes _have been ixplored. ngt;catalyst %Ct'v'ty anoll Sta.‘b.'l'ty IS aIV\I/ays
over the S-S axis. However, the nature of these processes never'mportam’. ut so are chemo- and regioselectivity. Catalytic
pointed to the presence of structural variations such as thosecarbonylatlon of aryl olefins could become an excellent route
seen with nickel to the pharmacologically important aryl propionic acids (NSAIDs)

T . if stable catalysts selective toward the branched products are
_ \tNe reg?rd the dn‘f:erence tt))_etW(Iaen Ilgandls d?pet ind dpPPL, developed and less expensive sources for the olefinic substrates
in terms of mononuclear or binuclear complex formation, as a e found.
matter of the preference of a Pd(P-S)CI fragment for a fourth |, Taple 4 we offer the first data on the evaluation of

neutral donor. In the case of dppet, BRinds to palladium  hogphinothiolato complexes of palladium as precursors in the
and mononucleaB is preferentially formed, but in the case of
dpppt, the triphenylphosphine is displaced in favor of the thiolato (g1) Beller, M.; Tafesh, A. M. InApplied Homogeneous Catalysis with

bridge to form binuclea6 (Scheme 3). Organometallic CompoungsCornils, B., Herrmann, W. A., Eds.;

. . VCH: Weinheim, 1996; Vol. 1, p 187194, and references therein.
The alternative structural preferences of two ligands that (82) Knifton, J. F.J. Org. Chem1976 41, 793.

mainly differ in chelate ring size and chelate bite angle should (83) Bittler, K.; Kutepow, N.; Neubauer, D.; Reis, Mngew. Chem., Int.
be traced to these differences. The six-member ring forming o) Ed-'ﬁEngljl?fgi 7C,)329C-h 1976 41 2885

: : nifton, J. F.J. Org. em § .
fipppt requires m_ore Space around the met_al, which Shou_ld caus 85) Tsuiji, J.; Kiji, J.; Imamura, S.; Morikawa, M. Am. Chem. So¢964
increased repulsion with PRIConversely, ligand dppet with a 86, 4350.
smaller bite angle leaves more room for RPh seems (86) Tsuji, J.; Imamura, S.; Kiji, . Am. Chem. Sod.964 86, 4491.

reasonable to think that the bonding energy involved in bridge (87) gﬁ;‘%""d@ﬁgg@ikg; o g Chaudnari, R. V.; Toniolo, Ind. Eng.
formation is similar to the bonding energy of RRb palladium (88) Hiyama, T.. Wakasa, N.; Kusumoto, Synlett.1991 569.

in the present situation, and that if a more basic and smaller (89) Takeuchi, R.; Ishii, N.; Sugiura, M.; Sato, . Org. Chem1992
phosphine were used, a mononuclear complex [PdCl(dpppt)- (©0) ?:ZC‘#E:M T Ohishi, K.: Ojima, . Org. Chem 1683 48, 3803

. uchikami, T.; Ohishi, K.; Ojima, J. Org. , .
(PRy)] should be as stable & However, when studying anew g1y \an '8.-S: (a0, S.-J.; Xu, Y.. Yu, D.-R. Mol. Catal. (A)1998
six-member ring forming ferrocenylphosphinothiolato ligand, 136, 263.
in the complex [PgCl(u-SPFc)] (Table 3, entry no. 6; this ggg Mlekuz, M.; leao, F; AIDSL, HOrganorgehtalliCSéﬁ?SZ ?1,91;512. o

inati Lin, I. J. B.; Alper, H.J. Chem. Soc., Chem. Comm 48.

compound has the Stru.cwral .type ®fn Scheme 3), Albmaﬂ (94) Grevin, J.; Kalk, P.J. Organomet. Chenl994 476, C23.
et al. found thatert-butylisonitrile displaces not the bridge, but (95) Lugan, N.; Lavigne, G.; Solilig. M.; Fabre, S.; Kalk, P.: Saillard, J.

the chloride ligands to give a dicationic sulfur bridged dimer Y.; Halet, J. FOrganometallics1995 14, 1712 and references therein.
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Scheme 4. Catalytic Hydroesterification of Styrene with more active tha®: at the lower temperature of 6C a turnover
CO and Methanol frequency (TOF) number of the same order is calculate@®.for
O__OCHs; o Increasing the temperature and the time of reaction increases
S * SSAOH total conversion and average velocity, but the selectivity
o, R ©/\)‘\OCH3 degrades and there is also decomposition of the soluble complex
catalyst into palladium black. These preliminary results show that it is
branched linear possible to get carbonylation activity without palladium black

reaction of catalytic hydroesterification of styrene with CO and formation at low phosphorus/palladium ratios, using phos-
MeOH (Scheme 4). The structurally characterized complexes Phinothiolato ligands under certain conditions.

3, 4, 5, and6 were tested. The addition of cocatalysts that can . ] .

affect the composition or the structure of these precursors has Acknowledgment. This work was financially supported by
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2). This shows that complexe$ and 5 are stable in these

conditions, ligands dppet and dpppt remain coordinated and do  Supporting Information Available: X-ray crystallographic files,
not make coordination sites available to the catalytic process;in CIF format, for the structures d-CHCl, and 6:CH;Cl,. This

no palladium black is formed either. BinucleBushows some material is available free of charge via the Internet at http://pubs.acs.org.
activity at the moderate temperature of ®@and its selectivity

is toward the branched ester (entry 3). Mononuclg@aeems 1C981224+



