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Abstract

Three series of alkoxy substituted tolans p-X-CgHs-C=C-CsHy-p-OC Hops [X =
H (series 1), CH; (series 2), OCH; (series 3)] with varying chain length were
synthesized by Pd/Cu-catalysed Sonogashira cross-coupling reactions of terminal
alkynes and iodoarenes, crystal structures and phase behavior of three series of tolans.
Twenty-eight of the tolans were structurally characterised by single-crystal X-ray
diffraction. Their phase behavior was characterised by tplm; only the tolans in series 3
show liquid crystalline phases. The melting points of the tolans decrease with
increasing chain length due to a higher degree of flexibility of the terminal chain. An
odd-even effect is clearly observed for the clearing point of the nematic phase upon
both heating and cooling, with the higher temperature for even and low temperature
for odd number carbon chains for series 3.

Monomeric and dimeric palladium dichloride complexes containing the
monodentate thioureas, tetramethyl thiourea (tmtu) and a chiral C; symmetric thiourea
were synthesized. Their structures were obtained from single-crystal X-ray diffraction.
The structures of the mono-palladium complexes are the trans-isomers, whereas the
dimer complexes present cis—configurations, and are also the first examples of
palladium complexes with sulfur-bridging thiourea ligands. NMR studies of the
monomeric and dimeric complexes with tmtu reveal that, in solution, the dimeric
complexes are interconverting with mono-palladium complexes, which suggests that
the systems are labile. A dynamic equilibrium in solution was also observed between
the rac- and meso-dipalladium complexes with the C;-symmetric ligand. The energy
barrier to exchange was obtained from a variable temperature NMR study. It is
proposed that this equilibrium results from the monomer-dimer interconversion.

S,N-bidentate S-dimethyl and Amonomethyl oxazoline thiourea ligands
and a-isoquinoline thiourea ligands and their palladium complexes have been
obtained. Single-crystal X-ray diffraction analyses allow us to distinguish between
some of their atropoisomers and diastereomers. Most of the Pd complexes were
shown to be monomers in the solid state, although one ligand with a cyclohexyl group
formed exclusively dimers, and one formed a trimer, as well as a monomer,
depending on the solvent mixture that the crystals were grown from. The ligands were

found to coordinate through their S and N atoms. All of the mono-palladium



viil

complexes and most of the dimers have cis-configurations at the Pd centers; however,
we also found a trans-configuration in the trimer and the dimer of one of the
palladium complex of the Smonomethyl ligands. The structures show that the S
monomethyl oxazoline and a-isoquinoline thiourea complexes appear to be more
weakly coordinated than the S-dimethyl oxazoline ones which may be responsible for
their lower stabilities in solution. The structure of the ligands (in particular the ‘up’ or
‘down’ conformation of the atropoisomers) is intimately related to their
enatioselectivities in bis(methoxycarbonylation) reactions of styrene using palladium
complexes. The S-dimethyl ligands were, in general, found to be more selective in
this reaction than the fmonomethyl oxazoline ones, with palladium complexes of the
latter generally found to be less stable in NMR studies.

Several bis(phosphine) monosulfide and disulfide ligands and their palladium
complexes have been synthesized and analyzed by single-crystal X-ray diffraction.
The reaction with 1:1 molar ratios of Pd source to monosulfide ligands were found to
produce monomeric palladium complexes with chelating ligands, apart from the
reaction with bis(diphenylphosphino)butane monosulfide, which was found to result
in a dimer being formed. The reactions with 1:2 molar ratios of Pd source to
monosulfide ligand gave complexes which were coordinated only through the
phosphine groups, except for that with bis(diphenylphosphino)methane monosulfides
which formed cationic palladium complexes with two chelating ligands. Analogous
reactions with the disulfide ligands and the Pd source [Pd(CH3CN)4](BF,), also
resulted in cationic Pd complexes incorporating two chelating ligands. In some cases,
in solution, the complexes showed dynamic equilibria between cis- and frans- isomers
which suggests that the phosphine sulfide ligands are labile. The Pd—S-P angles in the
complexes were found to be variable but, since there are none less than 90° it 1s
unlikely that there is any m’—m bonding involving the P=S bond. Preliminary results
show that the activities of phosphine sulfide palladium complexes in the oxidative

homo-coupling of phenylacetylene are comparable to that of the commonly used pre-

catalyst, PACI>(PPh;),.
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Figure A 2. The 3C{'H} NMR (100 MHz, CD,Cl,) spectrum of tmtu.
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Table B 1. Distances of Cl(1) and Cl(2) from the Pd-S-N(13) plane and the angle
between planes Pd-S-N(13) to CI(1)-Pd-C1(2).

| CL......Pd-S-N(13) (A)
Compound Pd-S-N(13) / C1(1)-Pd-C1(2) (deg)
CI(1) Cl(2)
PdL2up 0.02 0.18 44
PdL2down 0.26 0.07 6.7
PdL3 0.05 0.09 2.6
PdL4 0.22 0 55
0.16 0.25 6.5
PdL4-0.5CH,Cl,
0.02 0.24 59
PdL4.CH;0H 0.05 0.03 1.4
PdL6 0.18 0.04 48
0.16 0.12 49
PdL7
0.01 022 54
PdL11up 0.16 0.03 41

Table B 2. Distances of CI(1) and CI(2) from the Pd-S-N(13) plane and the angle
between planes Pd-S-N(13) to Cl(1)-Pd-Cl(2).

Cl....... Pd-S-N(13) (A) Pd-S-N(13) / Cl(1)-Pd-Cl(2)
Compound
CI(1) Cl2) - (deg)
Pd,L5-CH,Cl, 0.07 0.11 3.2
0.08 0.06 2.4
Pd,L5-2CH,Cl,
0.13 0.14 S 4.7
0.14 0.07 3.8
Pd,L5-4CH,Cl,
0.09 0.08 3.0
0.12 0.10 3.9
Pd,L5-CHCl3-CH3;COCH;
0.10 0.09 3.3
0.08 0.03 2.1
Pd,L5-H,O
0.09 0.09 3.1
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Appendix C

Table C 1. Crystallographic data for dppbS:dppbSO.

Compound dppbS:dppbSO (0.75:0.25) dppbS:dppbSO (0.33:0.67)
Formula 0.75(C23H2.P58S), 0.25(C33H,50P,S) 0.33(CH13P>S), 0.67(C15H25OP,S)
FwW 462.50 469.22
T.K 120(2) 120(2)
Crystal system Triclinic Triclinic
Space group (no.) P-1 P-1
a(A) 9.3335(8) 6.1960(7)
b(A) 11.5753(10) 8.6855(8)
c(A) 12.0754(2) 12.4660(12)
a(®) 88.72(1) 72.49(1)
B 73.74(1) 76.18(1)
Y (%) 72.46(1) 74.62(1)
U(A% 1191.44(18) 607.56(11)
z 2 1
D, (Mg cm™) 1.289 1.289
p (mm™) 0.285 0.282
Refls measured 12768 8282
Independent reflections 5447 3520
Data/restraints/parameters 5447/0/290 3520/0/149
Final R indices 1 > 2¢ ‘R1=0.0509, WR2=0.0944 R1=0.0413, WR2=0.0977
R indices (all data) R1=0.0814, WR2=0.1039 R1=0.0542, WR2=0.1038
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Table C 2. Selected bond lengths and angles of the partially oxidized dppbSO.

Bond (A) dppbS:dppbSO (0.75:0.25) | dppbS:dppbSO (0.33:0.67)
P-S 1.9486(9) 1.7839(12)
P-O 1.370(6) 1.632(5)

P(S)-CH,"” 1.811(2) 1.8117(17)
b - 1.815(2) 1.8155(14)
P(8)-Car 1.820(2) 1.8228(13)
P(0)-CH,* 1.839(2) 1.8117(17)
b 1.826(2) 1.8155(14)

P(O)-Car 1.833(2) 1.8228(13)

Angle (deg) -

S-P-CH,* 114.09(8) 110.25(7)
O-P-CH,* 113.8(3) 121.16(18)

b 112.35(8) 113.72(6)

S-P-Cas 112.47(8) 116.18(6)
b 115.0(3) 106.51(18)

O-P-Car 119.7(3) 112.002)

b 105.74(11) 115.05(7)
CHy-P(S)-Car 105.21(10) 105.99(8)

* CH; next to P atom, b ipso aromatic carbons next to P atom.
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Figure C 1. The solid state >'P{'H} NMR spectrum of the complex obtained from the
reaction of PACl,(PhCN), with dppmS in a 1:1 molar ratio.
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Puise Seguenca: Iancpx

Date Sen 27 3007
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Figure C 2. The solid state 31p{'H} NMR spectrum of the complex obtained from the
reaction of PdCl,(PhCN), with dppbS in a 1:1 molar ratio.
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Figure C 3. The in situ 3'p{'H} NMR spectrum of the reaction of
[Pd(CH3CN)4}(BF4), with dppbS; ina1:2 molar ratio in CD,Cl,.



Table C 3. Bond lengths, angles and 3'p{'H} NMR chemical shifts of phosphine sulfide complexes.*

68

Compounds M-S (A) P-S (A) M-S-P (deg) 6 (ppm) ref(s)
Li
Ci
ph K _pn 2.440 1.995(1) 106.23
Sp Nl 45.5 1
AT 2.461 1.987(1 '
N : 987(1) 106.97
Et—O/ \O—Et
Lok
Zr
Ph
@:g,pff;h 2.797(1) 2.005(1) 85.4(4) 2
-
“Bu @\'Bu
|I=h
Cp. _S=P—Ph 2.7499(6 2.019(1
2= © () 81 21.2 3
o5 s=p—en 2.7499(6) 2.010(8)
Ph
Il’h
Py 6 _S=p—Ph 2.6813(8 2.025(1
i 8) () 82 203 3
by & s=P—pn 2.6912(8) 2.020(1)




Table C 3 (continued)

69

Compounds M-S (A) P-S (A) M-S-P (deg) é (ppm) ref(s)
Ph Th
Ph—R=S.JHE CI\ ¢! _s=P—Fh 2.6813(8 2.025(1
=t e ® o 81 22.9 3
Pr—F=s of o fues—h—pn 2.6912(8) 2.020(1)
Ph Ph
Nb
NbCls(SPPhs) 2.577(3) 2.028(5) 116.6(2) 4
PhsP
:\?/cu\?‘/m
o /Nlb\m Mbsg 2.573(4) 2.026(6) 111.5(2) 5
Ci S\\
PPh,
Cr
Cr(CO)s(SPMe3) 2.510(2) 1.990(3) 112.5(1) 6
Ph '
Ph—FI’=S\
©@<<p Cr(COo) 2.5056(10) 2.0184(12) 108.45(4) 7
Ph—P
Ph/\Ph
Mo
Mo(O)Cl3(SPPhs) 2.460(1) 2.041(1) 111.31 (4) 8




Table C 3 (continued)

70

Compounds M-S (A) P-S (A) M-S-P (deg) & (ppm) ref(s)
2.632(2) 1.980(3) 106.2(1) 9
S Ph —
|
P
Qg’@ 2.6242(14) 1.973(2) 85.43(5) 16.4 10
Sug
(CO)s
w
W(CO)s(SPPhs) 2.6009(7) 2.004(1) 113.24(4) 11
Bu
Q _<c. 2.566(3) 1.990(4) 102.92) 48.4 12
) —




Table C 3 (continued)
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Compounds M-S (A) P-S (A) M-S-P (deg) 6 (ppm) ref(s)
Ph
Ph-—-Fl’=S
(Op—weon, 2.602(3) 2.015(2) 104.97(10) 27.4 7
Ph—R
Ph/\Ph
2.483(2) 2.019(3) 106.9(1)
[WOCI(Me,PCH,P(S)Me,)](PFe) 13
2.451(2) 2.027(3) 108.3(1)
Mn
Ph
/s\’/—Ph
(OC)4Mri 2.410 1.734 99.2 14
\ /K
N—Ph
Phe 2.4002(6) 2.0212(7) 103.1
Pr. | e 2.4080(6) 2.0145(7) 103.9 s
- / AN
o QB\““\M/% Ph - 2.401(1) 2.034(2) 105.3
€0k 2.409(1) 2.030(2) 106.4
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Y
Phyp”

Table C 3 (continued)
Compounds M-S (A) P-S (A) M-S-P (deg) S (ppm) ref(s)
Me
/S§P/—Me
(°°)4M">% 2.404 1.993 100.0 16
Me0OC COOMe
Ph\P/Ph
Oi \>s 2.410(1) 1.996(1) 99.64(3) 66.6 17
:ng)‘
Ph\P/Ph
\>s 2.412(1) 1.993(2) 99.59(6) 69.6 17
Mn
(CO),(P{OMe}s),
Fe
Ph,P\s |
|~/
l/Fe\l/'le 2.361 2.005 109.5 18
Npph,
I—Fe—S
Tél-ﬁé_le'—s 2.316 2014 108.0 19
~ i
N PPhs 2.321 2.017




Table C 3 (continued)
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Compounds M-S (A) P-S (A) M-S-P (deg) S (ppm) ref(s)
Ru
P co 2.414(3) 1.998 115.7
PhyP=—S—Ri~S=PPh;
I 2.426(3) 2.012 116.1 -0
N
s7 '
| co 2.4615(13) 2.0103(17) 105.0
|—RU—PPh,
I/
co 21
RO dopmSHICl 2387 1.973 103.9 .
u m
pPmSE 2451 1.977 104.9
-
25bF¢
2.421 2.016 105.4 23
Ph
Ph /' \ CHs
2.4239(5) 2.0283(7) 101.4 24




Table C 3 (continued)

74

Compounds M-S (A) P-S (A) M-S—P (deg) 5 (ppm) ref(s) |
Ph Ph
Phl | pn :
SN 2.4739(5) 2.0269(7) 150 48.8 s
g 2.4843(5) 2.0206(6) ' 57.6
/
Phf PPy
™o
p_ _p—Ph
| |
O/\Qm//‘ 2.620 —2.504 1.986 — 1.996 72.3 - 90.0 62.5 25
Ph P/ PPh
2.443(1) 2.003(1) 81.4(1) 26
B ) 1 BPh,
"’°@ o 2.438(2) 2.03003) 109.5(1)
/R{\s\\P 2.443(2) 2.031(3) 109.5(1) 27
s | >Ph
,,,,/.'JJ:\"" 2.451(2) 2.031(3) 110.1(1)
|__ Ph/ Il’h Ph J




Table C 3 (continued)

75

Compounds M-S (A) P-S (A) M-S-P (deg) J (ppm) ref(s)
Co
FiC CF,
R 2350 1.980 93.0 28
oc S=PR—Et
\
Et
Rh
e
v
A 2.403(2) 2.005(3) 98.6(1) 52.2 29
co
2397(2) 1.996(2) 101.06(9)
[Rh(CO)2(dppmS;)]ClO,4 37.2 30
2.402(3) 1.999(2) 105.10(8)
[RhCI(Cp*)(o-
2.402(3) 2.008(3) 117.1 47.4 31
Ph,PNHCH,P(S)Phy—P,S]CIO;
RhCI(CO){Fe(n’-CsMesP(S)Phy)(n’- 2.420(3) 1.994(4) 110.92) B "
CsMePPhy)} 2.435(3) 2.001(4) 112.4(1) '
RhCI(CO){Fe(n’-CsMesP(S)Phy)(1’-
[RRCI(CO){Fe(n™-CsMeaP(S)Pha)(n 2.4222) 2.010(3) 108.12(9) 43.23 32

CsMe4PPhy)} ]2[RhC1(CO);]




Table C 3 (continued)

76

Compounds M-S (A) P-S (A) M-S-P (deg) 5 (ppm) ref(s)
cI:OMe
I~ | ~S==PPh,
e 2357(2) 2.027(2) 106.5 33
Ph,
_ e S=P/i:>h_1 "o
o 2.349(2) 2.026(3) 105.2(4) 34
i "Bu/\"BU ]
_ _—
S cios
S=F—Ph
2.403(5 2.001(6 102.4(2
(cod)Rh< %) ©) @) 353 30
$=P—Ph 2.417(5) 1.994(6) 106.6(2)
i Ph |
2307(5)
Rh(cod){[(O)PPh,],[(S)PPh;]C} i 036E9) 2.036(9) 104.19(5) 40.0 35




Table C 3 (continued)

77

Compounds M-S (A) P-S (A) M-S-P (deg) o (ppm) ref(s)
R S N 2.3197(6 2.0219(7 101.34(3
Phl) "’\CHJ o (©) ) ® 41.86 36
S~ 2.3213(6) 2.0235(8) 107.73(3)
b,
Ph PP
;";m lp\/ ﬁ_":,, 2.5040(8) 2.0135(8) 101.33(3) 47.52 3
CH,
s\,J.,/s 2.4193(7) 2.025(1) 106.94(3) 50.58
Ph,P \Ys
Ph ~ Ph
|
NP G L, 2.374(2 2.041(3 103.1(1
Py ’|’\c,,,h’ o @) ) () 52.27 37
~] 2.442(2) 2.016(3) 107.9(1)
H
Ph,P/?:I\CI
Ph T" ThPh
" \P=s\ /45=P/ g 2.3641(8) 2.017(1) 45.80
I ANENLSSTN e ' ' 108.26(4) . 37
=( /\ )~ 2.4462(8) 2.041(1) 51.75
PH /P\"S =P Ph
P b p Ph
"P"\P//S\Rh(cod)
'P’ 2.3811(7) 2.01127(8) 81.41(3) 38
Me,N ’




Table C 3 (continued)

78

Compounds M-S (A) P-S (A) M-S-P (deg) o (ppm) ref(s)
Ir
Irl,(CO)Me(dppmS) 7 4194(9) 2.0126(13) 105.4 65.0 33
Irl,(CO)Et(dppmS) 2.416(2) 2.009(3) 105.68 652 39
62.2
63.4
[Irl(CO)Me(dppmS)),SO3CF; 2.4182(13) 2.0138(18) 102.25 i 33
65.2
[Ir(cod){ (PPh2)CHy(P(S)'Buz)-P,SIBF, 2.324(3) 2.034(5) 107.2(2) 59.4 34
Co*YdppmSYPOIOMERIRE 2.389(2) 1.998(2) 112.3(1) 0 40
r m € .
prACPPIS wI= 2.408(2) 2.003(2) 117.3(1)
Pr‘\P/,s\ur(cod)
pe 2.3653(8) 2.019(1) 82.63(4) 98.5 41
Me,N
RO 1" cor
/"\\?\P 2.409(3) — 2.440(3) | 2.024(3) - 2.034(3) | 107.9(1) - 108.4(1) 42.4 27
<
Ph—P~ P
L Ph/ L, P
Ph —




Table C 3 (continued)

79

Compounds M-S (A) P-S (A) M-S-P (deg) S (ppm) ref(s)
Ph\ h/l" h/ph ‘BF‘
A B ~en 2.438(3 2.001(4 100.2(1
el 3 *) M 52.8 34
\/ 2.574(3) 1.977(4) 105.0(1)
:Lod)
Ph ~ "
""/\F,I;[P/_"S., 2.4717(6) 2.0127(8) 1123
PRy e, ! 50.3 42
S~ 2.4514(5) 2.0140(8) 117.3
H~T™H
Fl’Ph,
|
o 0 2.397(4 2.030(6 97.6
Py 'I’\CH,h’ o * (©) 50.2 43
~) 2.405(5) 2.033(6) 103.9
PhsP”” |r>o
[o]
Ni
Tl 2.284(2 1.999(3 80.0 44
Phep” " “ph 284(2) 999(3) :
Ph _ Ph
Ph/\P4s\Ni/ S\\P/\Ph
PPN P 2.197(2) 2.001(3) 105.4(1) 50.0 45




Table C 3 (continued)

Compounds M-S (A) P-S (A) M-S-P (deg) J (ppm) ref(s)
Me
@ /S§F(—Me
M 2.194 2.004 99.0 46
Me0OC OOMe
Ph ~
|
PrS Apih 2.185(1 2.039(2 104.3
Ph/i; '|= 'Z Ph M ) 58.26 47
~ 2.194(1) 2.045(2) 106.7
é.— Et
A
| P
402(1 1.980(2 103.3
RN | 24020 @ 48
" N 2.481(1) 1.981(2) 101.6
o’ |
rlwzo—N\\o
Pd
O * cior |
N 2.453(1) 2.009 105.39 45.65 49
co
trans-PAdCL[(Bu);P(S)]2 2.334 2.014 112.04 50
Pdly(dppmS) 2.331(2) 2.007(3) 101.3(1) 61.1 51




Table C 3 (continued)

81

Compounds M-S (A) P-S (A) M-S-P (deg) S (ppm) ref(s)
PdCly(dppmS) 2.2874(4) 2.0150(5) 104.099(19) 56.37 51
trans-[Pd(dppmS),]Cl 2.3256(8) 2.017(8) 99.84(4) 51
2.3005(14) 2.0089(18) 105.11(7)
PdCly(dppmS,) 37.87 52
2.3018(13) 2.0181(18) 113.54(7)
[(7-allyl)Pd(dppmS,)] [(77-ally))PACl,)] 2.391 1.985 104.4 53
trans-PdCL[ELPhP(S)], 2.350 2.013 107.6 54
- COOMe +
M:?‘OC / - SO,CFy’
PhZF” (L 2.364(1) 2.005(1) 99.6 62.4 55
\gPd——S//
[Pd(dppmS,)(dppm)](ClO4), 2.3858(14) 2.4069(13) | 2.0026(18) 2.0064(17) 100.2 105.8 40.50 56
[Pd(dppmS;)(dppp)](ClO4); 2.3878(10) 2.3960(10) | 1.9994(14) 1.9966(14) 108.3 109.5 38.00 56
[Pd(dppmS2)](BFa)2 2.314(2) - 2.34(1) 1.984(3) — 2.001(3) 107.3(2) —112.4(1) 46.2 57
O
N—Ph
/ 2.326(1) 2.013(13) 103.7(1) 46.59 58

s’ ocio,

Ph,P




Table C 3 (continued)

82

Compounds M-S (A) P-S (A) M-S-P (deg) S (ppm) ref(s)
Ph /Ph o
O/P\Pd/\CI
j 4 23112(9) 2.0220(12) 116.26(4) 35.9 59
P
AW
O R T 41.2
P 2.412(2) 2.001(3) 101.49(9) 60
O RS 41.3
SOENY
P 2314(2) 1.991(3) 105.49(11) 39.77 61
UL
() R 42.1
~ /Pd:: 2.388(2) 1.994(3) 104.64(9) 61
O BioS 44.1
OO ph, HiC CHs *SbF, .
P~
po: 2.388(2) 2.003(2) 106.17(8) 473 60




Table C 3 (continued)

83

Compounds M-S (A) P-S (A) M-S-P (deg) S (ppm) ref(s)
43.7
2.3904(12) 1.995(2) 104.74(6) 60
45.7
2.0084(18)
2.3796(14) (pendant P=S 94.04 46.8 62
1.9633(7))
2.0306(17)
2.3159(13) 2.0187(18)
100.26 101.06 62
2.3228(13) (pendant P=S
1.9633(7))
2.3070(8) 2.026(1) 104.43 48.0 55




Table C 3 (continued)

84

Compounds M-S (A) P-S (A) M-S-P (deg) 6 (ppm) ref(s)
COOMe +
MeOOC TfO"
P7/ 7 49.8
P Ph .
o | //P/_ " 2.3877(5) 2.0090(6) 98.99 w0k 55
:/7' ﬁ‘—P:" 2.312(4) 1.995(5) 97.9(2) 6.5 o
~J 2.321(4) 2.007(5) 98.8(2) '
¢
Ph ~
m o 2.310(1) 2.1018(2) 94.24
e Douf 54.36 47
~J " 2.353(1) 2.039(2) 108.19 '
&
Ph SN Ph
n AL 2.317(1 2.036(1 104.64
Pl N () () 52.6 64
S~ 2.3277(8) 2.036(1) 106.51

Pd




Table C 3 (continued)

85

Compounds M-S (A) P-S (A) M-S-P (deg) S (ppm) ref(s)
Ph S Ph
Ph | Ph
o o7 oon 2.317(2) 2.031(4) 101.82 017 s
NP 2.321(2) 2.037(3) 104.84
Ph ~ "
Ph | Ph
o "\/Na,ﬁ’/""‘ 2.3250(8) 2.029(1) 101.81 6177 4
S~ 2.3275(8) 2.033(1) 104.62
&
2.313(1) 2.033(2) 101.89 47.67 .
2.328(1) 2.033(2) 102.93 49.89
TR
HiC_/
ﬁ/"" 2.299(1) 2.002(1) 116.8(1) 48.9 66
/N
clI c




Table C 3 (continued)

86

Compounds M-S (A) P-S (A) M-S-P (deg) & (ppm) ref(s)
— HyC e, B HC 1eior
HyC
Ph /|
ph? Ve A 2.266(3)
\ /|é 2.468(3) A 1.984(5) A 97.4(1) A 99.7
Pd
H,C/\N e 66
HyC
HyC O B 2.308(3) B 1.999(5) B 96.9(1) B 100.0
O 2.445(3) ’
A - B -
CI\ Cl
Pd
Ph\
HC~— 'I_P,, 2.324(1) 2.017(1) 93.1(5) 60.54 67
Hs HyC =
CH,
B O B clog
CH,
Q NMe,
NN 2.481(1) 1.987(2) 92.4(1) 62.0 67
P s
HLC lFI’—Ph
HC pe 7
L CHy, |




Table C 3 (continued)

Compounds M-S (A) P-S (A) M-S-P (deg) S (ppm) ref(s)
H
Bu’\ | _phn
W
Bu A 2.284(3) 2.012(4) 106.7(1) 55.5 68
Pd
'Bu Cl/ \Cl

CH, Pd
Ph [~
B I 2.3371(6) 2.0288(8) 105.04 52.4 24
A ﬁfs
CH, N
)
N Ph
7\ \P\\\T ]
— S . 2.307(2) 1.991(2) 94.23(8) 45.9 69
Br '
F F
F
CH, +
Ph _Ph !
Ph/FI’I h’\Ph 2.3741(6) 2.0424(8) 78.58
s | s 39.8 70
N/ 2.3677(6) 2.0451(7) 79.10

|
PPh,

PdCl,Fe[CsMesP(S)Ph,][CsMesPPh,] 2.3278(7) 2.0237(9) 107.13(3) 409 71




Table C 3 (continued)

88

Compounds M-S (A) P-S (A) M-S-P (deg) o (ppm) ref(s)
[o]
CI\Pé\s
Sy . 2.3187(10) 2.0092(12) 101.85(5)
/ . . .
PH ):( Ph 36.00 72
Ph en 2.3530(10) 2.0077(13) 104.43(4)
Ph/'ﬁ /P\
S—pd__ Ph
c|/ ~cl
Pt |
trans-PtCl,(SPPh;)(S(O)Me;) 2.300(4) 2.026(6) 105.7(2) 40.2 73
trans-PtCL(SPPhs)(S(O)Me(p-toly!) 2.305(3) 2.018(4) 104.05(13) 73
Ph
o /s=P/——Ph
- 2.4243(18) 1.993(2) 96.41 36.6 74
T el en
[PtMe{(dppeS)}-P,S]x(BFa): 2.403(3) 2.427(3) 2.043(4) 103.27(13) 117.57(14) 38.0 74
[PtCI(PEt;){(PPhy)(P(S)'Buz)-P,S}]ClO, 2.283 2.045 107.21 75
[Pt(dppm)(dppmS;)](C104); 2.394(2) 2.407(2) | 2.021(3) 2.023(3) 101.16 106.70 76
"“\//s\ y
/P Pt
) - 2.390(4) 2.014(5) 79.96 77
Ph—P, Et

N\ Et
pf S




Table C 3 (continued)

89

Compounds

M-S (A)

P-S (A)

M-S-P (deg)

6 (ppm)

ref(s)

*

P Pt
Ph” Np—Et
N
Ph—P\ Et/ Et
Pl NH

Ph
LA BF,

2.3090(10)

2.0091(3)

79.53(4)

50.7

78

2.501(2)

1.986(2)

107.28(7)

36.2

79

Ph + PRy

2.490(2)

1.996(2)

108.6(1)

36.2

80

A
pl Ph py Ph

P=S P/—NH
S e
N

AN

2.3432(4)

2.027(2)

108.19(7)

453

81

CI\
S/P\'/CI
Ph._ /
\P/ P<Ph

Ph” Ph

2.286

2.018

103.65

82




Table C 3 (continued)

90

Compounds M-S (A) P-S (A) M-S-P (deg) S (ppm) ref(s)
CH;,
Ph Ph -
m o 2.299(5) 1.996(7) 97.5(3) <20 o
Pl I 2.307(5) 2.002(7) 99.3(3) '
s s . . .
~)
&
Sy S s /cy
N SP—cy
CYI o 2.314 2.017 102.50 83
[ S S s
Cy
Ph CeFs
Ph——\st\FL_c .
@ & en 2.2401(3) 1.966(5) 99.05 26.68 84
Ti
W \S—Ph
Ph—ﬁ'—Ph
G S Ces 2.4094(17)
Pt Pt 2.072(3) 81.30(5) — 101.99(8) 26.02 85
cr” N ek 2.4227(17)
Ph—F"l—Ph




Table C 3 (continued)

91

Compounds M-S (A) P-S (A) M-S-P (deg) & (ppm) ref(s)
Ph_ Ph  Ph_ Ph
[ /s;\\
Al P ——hu 2.346(5) 2.033 104.16 86
#S S%PJ
p’ Ph  PK Ph
Ph_ Ph Ph__Ph
s, 7 2.356(6)
Cr—Al———ptE——hu—ci 2.003 - 2.033 102.29 — 102.77 86
N 2.372(6)
P Ph PN Ph
Ph_ _Ph  Ph__Ph
P\ Z
\ // N P
A hu— 2.360(3) 2.015 103.39 87
7 VARN \
\\Pfs 5§P\J o
piW Ph PN Ph
Ph_ Ph Ph__ Ph
P.
7 N\
7 s 2.484 2.001 79.50 "
2.479 2.010 79.84




Table C 3 (continued)

92

__Lu Cu
Ph;P=$§ \|/ \NCCH3

Compounds M-S (A) P-S (A) M-S-P (deg) S (ppm) ref(s)
Cu
[Cu(SPMe3)3]Cl0O4 2.253(5) — 2.264(5) | 1.96667(7) —2.009(7) | 104.3(3)-110.3(3) 89
BF,”
1.975 109.93
2.290 90
1.992 115.55
2+
N 2BF,"
7 1.946 108.04
2.294 90
~ 1.957 106.77
=
2.392(3) 1.975(3) 98.96
[Cu(dppeS)2]1(Cl04), 50.9 91
2.398(3) 1.981(3) 99.62
H,CCN '\ S=PPh,
\C/ 4 2.3444(13) 1.9880(1) 111.28(6) 92




Table C 3 (continued)

93

Compounds M-S (A) P-S (A) M-S-P (deg) 5 (ppm) ref(s)
[(CuCN)2(dppeSa)]n 2.5263(13) 1.9630(13) 103.52 93
CuCly(SPMes); 2.264(1) = 2.267(2) | 2.024(2) 2.026(1) | 103.88(6) — 104.72(5) 94
CuCl(dppmS;) 2.259(2) 2.321(2) 1.970(2) 1.974(3) 91.52(8) 95.68(8) 95
Cul(dppmSs) 2.247 2.259 1.980 1.985 102.15 106.37 96
[Cu(dppmS2)2]PFs 2304 - 2.426 1.969 — 1.968 98.75 — 104.27 97
Ph Ph
Ph—P=S-__  _S=RCPh
o Do ) 2.303(3) 2.305(3) 1.985(3) 106.57(11) 109.88(10) 98
prp=s—""s=pLpn
bn Ph
Ph ~ Ph
Ph\ l P /Ph
e e
! cH, L 2.355-2.388 2.003 100.56 — 102.43 49.8 99
\CU/
II’Ph,
Ph_~
Ph\ I P /Ph
pn—P” P “peph
1 2.3621(6) 2.0072(8) 94 31 46.6 99




Table C 3 (continued)

94

Compounds M-S (A) P-S (A) M-S-P (deg) & (ppm) ref(s)
ph f"
Ph P—=S§
) 411 . .
L N 2.4119(9) 1.9987(9) 99.77(4) " ”
— 2.4280(13) 2.0052(11) 102.0903)
P =3
Ph" pn
NG
Ph P—S HyC
) \P/m&c c 2.3694(5) 2.0021(6) 102.03 . o
u—C=N
= / 2.4321(6) 2.0021(6) 103.87
P R=S HyC
Ph/\Ph
[Cu(dppfS2)2]BFs 3.140(5) 2.144(5) | 1.985(3) 2.001(4) | 100.82) 105.5(2) 45.63 100
[{Cu(dppD)}2(1—dppfS2)}(BFa): 3231(4) 2.235(2) | 1.990(3) 1.995(4) | 117.5(2) 117.8(1) 40.72 101
Ph\ /Ph ol Ph
Koo drSsd 2.287(4) 2.376(4) 1.976(5) 73.7(1) 106.8(2)
Ph\P% C‘u é\ ) i 102
ST 2.459(4) 1.991(5) 110.1Q2)
)/5 S\k PFe 2.296(2) 1.9710) 99.56(10) o
Ph.. \/ [ 2.296(2) 1.972(3) 100.1(1)




Table C 3 (continued)
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Compounds M-S (A) P-S (A) M-S-P (deg) S (ppm) ref(s)
Ph
C
NYS\C/S%éLcy 2.307(1 1.999(1 102.47(5 104
CV/T\/\s/K 307(1) 999(1) A47(5)
Cy "'
Ph
Ag
[Ag(dppeS):(NOs)2 2.4574(9) 1.9920(10) 99.03(4) 105
[Ag(dppmS)]NO; 2583 —2.635 1.960—1.977 96.06—101.16 106
Et;N Ph\ o *NOy
—S._ /S_P/
P___S/As\s_ 2.501 -2.770 1.677 - 1.975 90.13 100.77 105.57 + 107
P Net,
Ph
ELN 1eh
\(\" O /0
0\ /S\ i |
qn b 2,572 2.722 2,010 104.32 108
N0 :
o Ph—h | NE,
Ph
Pn P i i +cr=,lso,
:F NG /5=P/Ph 2.5919(12) 1.967 99.94 335 109
e Ag .
©7T=Se/ Sl 2.6012(11) 1.971 106.36
el




Table C 3 (continued)
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Compounds M-S (A) P-S (A) M-S-P (deg) 5 (ppm) ref(s)
pPh Ph o
Ph)“\?/\ﬁip., 2.585(2) 96.2(1)
| s
S\T / 2.639(3) 1.990(3) - 1.999(3) 97.3(1) 110
T 2.670(2) 97.7(1)
P("Bu)y
103.95(9) 106.01(9)
[Aga(u-dppfS2)(dppmS)LICIO s | 2.530(2) - 2.801(2) | 1.972(2) - 1.997(2) 107.74 11
Ag-S—Ag (83.43(6))
Au
AuBr(SPPh;) 2.286 2.016 105.62 112
[Au(SPPh3),](POF>) 2.277(2) 2.023(3) 103.27(12) 113
[Au(dppfS2)][AuCL] 2281(5) 2.299(5) | 1.986(7) 2.023(7) | 97.5(2) 103.6(3) 45.7 114
Ph ~ "
Ph | / /Ph
Ph] T\CH:E\% 2.288(11) 1.9838(15) 90.82(5) 41.16 4255 | 99
~, =
Foh,
Ph B e 1.972(13
Pn—rL\\/\Ju/\ﬁ/—Pn 2.361(13) (13 81.67(5) 115
! 2.031(11)




Table C 3 (continued)

Compounds M-S (A) P-S (A) M-S-P (deg) S (ppm) ref(s)
2.386(2) 2.020(3) 108.08(10) 45.7 114
{AgCI(C4Fs}2(1+-dpptS7)
Hg
Hgl,(dppmS) 2.760(4) 1.968(6) 99.3(2) 116
2.546(3) 1.990(4) 109.4(1)
HgCl(dppeS,) 116
2.559(3) 1.998(3) 110.4(1)
2.552(2) 1.990(4) 104.79(11)
HgBry(dppeS2) 52
2.678(2) 1.999(3) 108.96(11)
Al
AICl3(SPPhs) 2.797(2) 2.028(2) 109.62(8) 117
Ph\ M\ /Ph
g e 2.506(3) 1.989(2) 108.4(1) 118
AlMG; AIMe,
HiC_ ,CHs
SO 2.388(2) 2.004(2) 78.8(1)
pr’l PP 118
Ph S, CH 2.460(2) 2.009(2) 108.7(1)
H3C/ \CH:,




Table C 3 (continued)
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Compounds M-S (A) P-S (A) M-S-P (deg) & (ppm) ref(s)
In
trans-InCl;(SPMes), 2.630(3) 2.663(3) | 2.003(2) 2.014(3) | 109.2(1) 117.7(1) 119
trans -InBr;(SPMe;3), 2.643(3) 2.653(3) | 1.998(2) 2.010(3) | 110.6(1) 113.2(1) 119
[InL;(dppeS2)]2 2.532 2.011 111.11 120
Ph~P/s
/ \N/N s 1.986(1) (P-S—In) 30.2 (P-S—In)
th" .. 2.780(1) 96.7(4) 121
/"\.n—m \ 1.948(1) 36.5
s’R\Ph Ph
Ph
Sn
r 'Bu 1+
PFq
Pr—0_ Ph ' 122,
or rak 2.6295(9) 2.006(1) 96.38 54.8
Pl I 123
pr \Sn/
7\
L Ph Ph .
I N +
P | T 2.514(1 1.989(2 98.72
o ® @ a0 | 124
N 2.503(1) 1.992(2) 99.20
/\
cl ¢CI




Table C 3 (continued)
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Compounds M-S (A) P-S (A) M-S-P (deg) S (ppm) ref(s)
I’Bu CF,CF
Bu'—p—s.__ /ng ’ 2.8381(7) 1.9798(9) 107.69 . s
Sn A
. o =iy, 2.9137(7) 1.9922(9) 108.32
? CF, Bu
Ph
Ph\'l’
s”\_) 2.872 1.976 91.89 137
ch/sln\Br
CH,
Pb
™ e 1.973(13)
N 2.885(12) 117.44 — 118.05
oy 1.003(10) 40.5 126
Se=s" s 3.151(9) . (disorderd)
Pl (disorderd)
Ph_ Fh Ph__Ph
s s7
\/ 2.953(8) 1.909(11) 113.8(3) 36.6
S——Pb—S 126
s/ . 3.386(7) 1.979(9) 114.6(4) 40.2
a N\
pr’ P\Ph i P\Ph




Table C 3 (continued)
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Compounds M-S (A) P-S (A) M-S-P (deg) & (ppm) ref(s)
Ph\P/\\Ph Ph/\P/Ph
S -y
A A( \p., j . 2.959(5) 1.991 100.83 107
N ) 2.976(6) 2.008 100.91
J N\,
e P\Ph i’ P\Ph
Te
TeClu(dppeSy) 2.633(4) 1.950(4) 109.3(2) 1o
AEPPES2 2.891(3) 1.984(4) 111.702)
Ph Ph
Ph—p_s s=i "
N ol W 35.43
o e N 2.5311(8) —2.9372(12) | 1.9719(10) — 2.0604(10) | 94.19(4) — 98.52(4) 43,30 129
~o”| |\O/ :
Ph/0 o\Ph
Ph
T ?
Pr—p=s_-S=R O~ 2.6759(16) 2.0134(16) 97.85(6) 27.18
N\ /Te\ N 129
Pho =S =, 2.6851(12) 2.0061(16) 97.03(6) 51.14
/O Ph
Ph
2.6910(12) 1.9994(16) 105.69(6)
{TeCl3(4-OMeCgHy) }o(u-dppfS2) 66.56 129
2.7560(6) 2.0062(17) 111.69(6)




Table C 3 (continued)
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Compounds

M-S (&)

P-S (A)

M-S-P (deg)

6 (ppm)

ref(s)

Ph c1 Cl
\ \/
Ph—P=S§ Te OMe
Ph/ l

Cl

2.752(1)

2.008(1)

102.78(4)

43

130

Ph ¢l cl
PhJ \/
P—S§ Te OMe
/ |

(C4Hy) <l

c ¢l \
\ _ph
MeO Te—s=P(
| Ph

2.772(2)

2.012(2)

110.27(9)

51

130

Cl
pn Ph c1 CI
/P=S——ToOOMe

(CsH12) cl

Cl 1 \ ph
MoOO—Te—S#(
' Ph

Cl

2.787

2.058

101.1

53

130

Ph  cI cl

Ph \_/
P=S "Te OMe
Q )

c cl Ph

\_/ Vi

MeO Te—S=P\
' Ph

Ci

2.785(2)

1.999(2)

103.16(7)

43

130
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Table C 3 (continued)

Compounds M-S (A) P-S (A) M-S-P (deg) & (ppm) ref(s)
F,h\P/:;s CI\Téc——<l )—OMe
CH, (l:l
2.753(1) 2.008(1) 105.29 55 130
Cl. Ci N
< > /]
MeO Te——S=P—Ph
CII éh
I
Ph;PS.1; 2.753(2) 1.998(2) 108.78(7) 41.70 131
PhsPS IBr 2.656(1) 2.007(1) 107.63(5) 132
(MeN)PS 2.705(3) 2.014(4) 103.63 132
By o
Pt
. 2.809(2) 1.990(3) 98.44(10) 12
Bu' '‘Bu Fh
2.787(5) 1.984(5) 100.4(3)
(p-FCsH4)3PS:I> 47.5 133
2.792(6) 1.997(6) 102.9(2)
Fey(Ph)PSI, 2.7670(12) 2.0015(14) 109.71(5) 134
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Table C 3 (continued)

Compounds M-S (A) P-S (A) M-S-P (deg) S (ppm) ref(s)
Ce
Ph
Ph\g= <j
Ph o) .
“Bi"\ 2.947(2 2.007(3 99.11

—eny, SN\ 2.992(2) 2.009(3) - 110.53

h
"
Ph\Th S/H:C/P\
Ph p=
) \Lsf\? 2.917(3) 1.983(4) 115.43 .
R Ce:
—Con, SINTTR S 2.995(5) 1.998(4) 120.52
P
PH p—g oy P
Ph/\Ph s [




Table C 3 (continued)

104

Compounds M-S (A) P-S (A) M-S-P (deg) o (ppm) ref(s)
Nd
Ph
Ph\Fl,=s G
Ph /H\ 0
HES 2.9162(15 2.007(2 107.53
/ \p_t\iSNd/éﬂ:au (15) @) 135
— cu,/\ H 2.9623(14) 2.0086(19) 110.27
PH o
S O
U
P Ph
SN
Ph Ph
) \/H;C\ I\ 2.7799(10) 1.9995(15) 108.76 135
R u "
—( en, /‘\ — 2.9892(12) 2.0184(16) 116.31
PH o O N\ Ph ’
pr’ \Ph Ph/\Ph
Sin
e Ph @ (y(THF),
Ph—P—=S_ S=P—Ph
s 2.2816(2) - 2.851(2) 2.034 — 2.042 79.34 — 81.66 136
Ph—P=§ S=P—Ph
h L
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Table C 3 (continued)

Compounds M-S (A) P-S (A) M-S-P (deg) S (ppm) ref(s)
Ph Ph
Ph—R=S.__ g /_s——<P—Ph
—sm Sm—— 2.891(1)—2.922(11 2.019-2.020 80.38 — 81.60 136
Ph—IT—_S/ T~ 4 >s=p—pn ) ()
ph ( 7} Ph
Tm
Ph Ph
I | © @ Li(THF),
Ph—P:S} S=P—Ph 2.788(2) 2.028 79.12 137
m
ph—p'=5 \s=-!|=—Ph 2.747(2) 2.037 80.30
Ph Ph
m (Y (e
Ph—R=s. 01~ 9 s=p—Pn 2.777(1) 2.024(2) 80.16 17
—Tm Tm—
Ph—p=s” T~ 8 s=p—pn 2.822(1) 2.030(2) 80.62
o () () en
Ph £h
Ph\FL_ 5=1|>/P“
Phlp_ —pPh
B &\Tm% Jen 2.757 2.2022 95.91
Sro/ o 137
Py O\ 0P 2.772 2.033 99.57
Ph ] Ph

* esd values are given in parentheses, where available. The values which do not show esd values were taken from the CSD.
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