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A variable-temperaturfF NMR study of the homoleptic bimetallic anionic complexefPt(u-SCsFs)2(SCeFs)4]

(X = K*, 1a, BusN™, 1b), Xo[Pto(u-p-SCeHF4)2(p-SGHF4)4] (X = K™, 2a; BusyN™, 2b), and X[Pty(u-p-SCsFs-
(CRs))2(p-SGsF4(CRs))4] (X = KT, 3a; BugN™, 3b) demonstrates the occurrence of dynamic processes that give
rise to several stereoisomeric species in solution. Experimental evidence suggests that both inversion of configuration
at the sulfur bridging atoms and hindered rotation about the carbalfur bond are involved in generating the
observed isomers. The solid-state X-ray diffraction structures of compdimd, and3b show that all three
complexes contain planar Pei-S)] rings with an anti configuration.

Introduction
Binuclear complexes ofédransition metal ions of the type
[M2(u-SR)(L)4] display a variety of molecular conformations.

The particular molecular conformation depends on a number

X-ray diffraction studies have shown that solid-state interac-
tions between fluorine atoms on neighboring groups could be
responsible for the restriction of the<S bond rotatiod2-14

Inversion of configuration at metal-bridging sulfur atoms has

of factors, such as whether the complexes incorporate a bent olbeen examined, and it was found that the activation energy

a planar [M(u-S)] ring,® the relative orientation of the
substituents (R) at the sulfur bridging atofemd the extent of
hindered rotation about the-Rsulfur bond®

involved in this process is in the range-480 kJ mot1.15.16
The binuclear complexesfPty(u-SCsFs)2(SCsFs)4]2~ laand
Ko[Pto(u-p-SCsHF4)2(p-SCGHF4)4]?~ 2a have been reported

Conversion between each of these isomers is accomplishedpreviously!” In these studies the existence of isomers in solution

either by flipping of the [M(«-S)] ring,* hindered rotation about
the R—sulfur bond? inversion of configuration at tricoordinated
pyramidal sulfur atom&/ or a combination these procesges.

was noted and attributed to sulfur inversion, although this
phenomenon was not studied in greater déptf.

In this paper we report the synthesis of the new perfluorinated

Theoretical and experimental studies have shown that the compounds ¥Pt(u-p-SCsF4(CFs))a(p-SCeF4(CFs))4]2 (X =
energy differences between planar and bent structures arec+ 3g X = BuyN*, 3b) as well as the variable-temperature

relatively small (ca. 40 kJ mol), and it has been pointed out

19 NMR study and the crystal and molecular structures of

that, in some cases, the steric repulsion between terminal ligand§g,N),[Pty(u-SCeFs)2(SCsFs)a] 1b, (BusN)2[Pto(u-p-SCHF)-

or packing forces can ultimately affect the structural chéice. (. SCHF,),] 2b, and (BuN)o[Pty(i-p-SCsFa(CFa))a(p-SCeF 4
On the other hand, variable-temperature NMR studies of EE?Fs)) A 3@_4] BuN)APtle-p (CRelp !

complexes bearing pentafluorothiophenolate rings have shown

that, as one would expect,<S bond rotation is frequently

Experimental Section

restricted. The activation energies associated with this process

are in the range 3050 kJ mof?, and these values are larger

than those found for comparable nonfluorinated compoénts.
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Table 1. Crystallographic Data for Complexd$, 2b, and3b

Rivera et al.

complex 1b 2b 3b
chem formula GaH72F30N2P1LSs CegH7F24N2PLSs Cr4H72F42N2PLSs
fw 2069.82 1961.86 2369.88
space group P2,/n P2:/n P2;/n
alA 14.1703(17) 13.6707(8) 14.282(4)
b/A 19.2766(18) 19.276(2) 22.526(4)
c/A 14.763(3) 15.6448(15) 15.2241(19)
pldeg 94.362(11) 109.012(7) 90.406(18)
V/IA3 4020.8(9) 3897.9(6) 4897.6(17)
Z 2 2 2
w/mm™t 3.741 3.843 3.099
Peaicd (g €M 3) 1.709 1.672 1.607
temprC 25 25 25
MA 0.71073 0.71073 0.71073

Rindices ( > 20(1))2
Rindices (all dated

R1=4.11%, wR2= 9.54%
R1=6.28%, wR2= 10.91%

R1=5.61%, wR2= 14.56%
R1=8.92%, wR2= 17.03%

R1=7.21%, wR2= 15.31%
R1= 15.98%, wR2= 19.05%

ARnt = Y |Fo? — F2YFo? R1= Y||Fo| — IFcl/3|Fol, WR2 = [YW(Fo? — FA)ZYW(Fo)?, S= [ZW(Fo? — FH(m — n)].

(Merck, 5 x 7.5 cn? Kiesegel 60 ksg) was used when possible to
monitor the progress of the reaction under study.

Complexes were characterized by FTIR spectra recorded over the
4000-200 cnr! range on a Perkin-Elmer 1600 spectrophotometer, and
the samples were prepared as Csl pellets. Data are expressed in

wavenumbers (cni) with relative intensities (s strong, m= medium,
w = weak).

'H and'®F NMR spectra were measured with a Varian spectrometer

operating at 299.7 and 282.0 MHz, respectivéiPt NMR spectra

were measured with a Bruker spectrometer operating at 64.5 MHz.

Chemical shifts are relative to TMS = 0 (*H)], CFCkL [6 = 0 (*F)]
and Na[PtCls)/D,0O [0 = 0 (*°Pt)]. A standard variable-temperature

Table 2. Selected Bond Lengths (A) and Angles (deg) fbe

Pt1-S3 2.3115(18) PtS2 2.2984(18)

Pt1-S1 2.3217(16) PtST 2.3164(16)

S1-C1 1.785(7) STPLI 2.3164(16)

S2-C7 1.752(7) S3C13 1.760(7)
S3-Pt1-S2 89.43(7) S3Pt1-S1 90.78(6)
S2-Pt1-S1 173.37(6) S3Pt1-ST 172.16(7)
S2-Pt1-S? 97.52(6) St Pt1-ST 82.74(6)
C1-S1-Ptl 105.7(2) C1S1-Ptl 109.5(2)
Pt1-S1-Ptl 97.26(6) C7S2-Ptl 108.5(2)
C13-S3-Ptl 105.9(2)

aPrimed atoms are generated by inversion through a center of

unit was used to control the probe temperature, and this was CheCkedsymmetry occupied by Ptl. For the Ptl coordinates given in the
periodically using a thermocouple to ensure that temperature readingssupporting Information forlb, the transformation to generate the
were within£1 °C. Complexes were dissolved in deuterated acetone. primed atoms is-x + 2, -y, —z

Elemental analyses were determined by Galbraith Labs. Inc., USA.

Kz[Ptz(/t-SQ;F5)2(SC}5F5)4] la,” Kz[Ptz(/,t-p-SCsH F4)2(p-SQ3H F4)4]

23" and [PtCH(COD)]?® were prepared according to the literature

methods.
Pb(p-SCsF4(CF3)).. To a solution of Pb(CECOO), (0.66 g, 2 mmol)
in water (50 cr) was added H>SGF4(CF;) (1.00 g, 4 mmol). A

yellow precipitate formed, and this was filtered off and dried in vacuo

to give Pbp-SGF4(CR)).. The lead salt was recrystallized from
acetone. Yield: 80%. Mp: 23®C dec. G4F145,Pb: Anal. Calcd (%):
C, 23.84; S, 9.09. Found (%): C, 23.8; S, 9.06. IR (ém 1642s,
1474vs, 1325vs, 1179vs, 1156vs, 1137vs, 977vs, 830vs, 71%vs.
NMR: ¢ —56.74 (pseudotriplep-CFs), 6 —133.57 (multipletp-F), 6
—146.54 (multipletm-F).

K2[Pt(p-SCsF4(CF3))4]. To a solution of KOH (0.27 g, 4.82 mmol)
in water (10 crf) was added H-SGF4(CFs) (1.21 g, 4.82 mmol),
and the mixture was heated to 30. After 30 min a solution of kK
[PtCly] (0.5 g, 1.2 mmol) in water (10 cthwas added dropwise, and

the mixture was stirred for 2 h. The solution was then filtered and the

filtrate dried in vacuo to give KPt(p-SGF4(CFs))4] as a red solid.
Yield: 74%. Mp: 240°C dec. Anal. Calcd for gF2sKPtS, (%): C,
26.49; S, 10.1. Found (%): C, 26.4; S, 10.0. IR (&n 1644s, 1469vs,
1328vs, 1181s, 1139s, 969vs, 827s, 7145 NMR: 0 —54.64
(pseudotripletp-CF3), 0 —130.98 (multipletp-F), 6 —147.86 (multiplet,
m-F).

[Pt(p-SCsF4(CF3))2(COD)]. To a suspension of [Pt&COD)] (0.10
g, 0.27 mmol) in acetone (25 éjrwas added a solution of RBSGFs-

(CR))2(0.19 g, 0.27 mmol) in acetone. A white solid precipitated from
the resulting yellow solution, and this was filtered off and washed with

714s°F NMR: 0 —57.21 (pseudotriplep-CFs), 6 —132.06 (multiplet,
0-F), 0 —145.46 (multipletm-F).
Ko[Pta(u-p-SCsF4(CF3))2(p-SCsF4(CF3))4] 3a. To a solution of K-
[Pt(p-SGF4(CF))4] (0.10 g, 0.079 mmol) in acetone (25 &mwas added
a solution of [Ptp-SGF4(CFs)).COD] (0.06 g, 0.079 mmol) in acetone
(25 cn®). The reaction mixture was heated under reflux, and the course
of the reaction was followed by thin-layer chromatography (TLC). After
63 h the solvent was distilled off under vacuum. The solid product
was washed with benzene to give[Rb(u-p-SCsFa(CRs))2(p-SCeF4-
(CR))4] 3a. Yield: 86%. Mp: 245°C dec. Anal. Calcd for ©F4K2-
PtSs (%): C, 26.76; S, 10.21. Found (%): C, 26.7; S, 10.1. IR (9m
1643m, 1475vs, 1178s, 1327vs, 976s, 828m, 715s.
(BUaN)2[Pto(u-p-SCsF4(CF3))2(p-SCsF4(CF3))a] 3b was obtained
after treatment oBa with (BusN)Cl in acetone at room temperature.
Yield: 91%. Mp: 119-120 °C. Anal. Calcd for GsH72F2N2SsPh
(%): C37.51; H, 3.06; S, 8.12. Found (%): C,37.4;H,3.1;S,8.2.IR
(cm™Y): 2965m, 1641s, 1478vs, 1384m, 1324vs, 1177s, 1141vs, 977s,
826m, 714s.
X-ray Diffraction Data. Suitable single crystals of complexéb,
2b, and3b were obtained by slow evaporation of solutions and were
found to be stable in air. Pertinent crystal data and other crystallographic
parameters are listed in Table 1. The diffraction data were collected at
295 K on a Bruker P4 diffractomefusing graphite-monochromated
Mo Ka. radiation ¢ = 0.71073 A) and &/26 or w scan mode with
variable scan speed. Absorption corrections were applied yssgans.
For all three complexes the non-H atoms were refined anisotropically
without restraints on thermal parameters, regardless of the disordered
fragments. Structures were solved and refined using routine proce-

acetone. The filtrate was evaporated to dryness under reduced pressurg o2

to afford pale yellow microcrystals of [RHSGsF4(CFs))2(COD)].
Yield: 93%. Mp: 247°C dec. Anal. Calcd for @H1.F14PtS (%): C,
32.97; H, 1.51; S, 8.0. Found (%): C, 32.8;H, 1.5; S, 8.1. IR®m

1643m, 1476vs, 1430m, 1386m, 1323vs, 1175s, 1144s, 976vs, 830s,

(20) Drew, D.; Doyle, R. Jlnorganic SynthesjsAngelici, R. J., Ed.; J.
Wiley & Sons: 1990; Vol. 28, p 346.

For the anion, due to the large atomic displacement parameters of
the ligand C13-C18, the corresponding ring was refined as an idealized

(21) Fait, JXSCANS Users Manuabiemens Analytical X-ray Instruments
Inc.: Madison, WI, 1991.

(22) Sheldrick, G. MSHELX97 Users ManuaUniversity of Gdtingen:

Gattingen, Germany, 1997.
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Table 3. Selected Bond Lengths (A) and Angles (deg) 2bf
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Table 4. Selected Bond Lengths (A) and Angles (deg) 3bf

Pt1-S3 2.3012(17) Pt:S2 2.3141(16) Pt1-S2 2.306(4) Pt:ST 2.323(3)
Pt1-S1 2.3174(16) Pt1ST 2.3271(16) Pt1-S3 2.325(4) Pt+S1 2.326(3)
S1-C1 1.774(5) SEPtI 2.3271(15) S1-C1 1.776(14) S%Pt 2.323(3)
S2-C7 1.731(6) S3C13 1.782(5) S2-C8 1.765(15) S3C15 1.759(14)

S3-Pt1-S2 84.07(6) S3Pt1-S1 98.77(6) S2-Pt1-S1 169.37(15) S2Pt1-S3 88.06(14)

S2-Pt1-S1 169.37(5) S3Pt1-SI 173.59(5) S1—Pt1-S3 91.74(13) S2Pt1-S1 98.75(14)

S2-Ptl-ST 95.41(6) St Pt1-SI 82.91(6) S1—Ptl-S1 82.74(13) S3Pt1-S1 170.68(14)

C1-S1-Ptl 110.3(2) C+S1-Ptl 107.3(2) C1-S1-Ptl 107.6(5) CES1-Pt1 111.4(5)

Pt1-S1-Ptl 97.09(6) CrSz-Ptl 111.6(2) Pt —S1-Pt1 97.26(13)  C8S2-Ptl  110.5(5)

C13-S3-Pt1 108.77(17) C15-S3-Pt1 103.8(5)

“Primed atoms are generated by inversion through a center of  aprmed atoms are generated by inversion through a center of
symmetry occupied by Ptl. For the Ptl coordinates given in the gymmetry occupied by Ptl. For the Ptl coordinates given in the
Supporting Information for2b, the transformation to generate the g pnorting Information fordb, the transformation to generate the
primed atoms is=x + 1, -y + 2, -z + 2. primed atoms is-x + 1, —y + 2, —z.

hexagon and the four-€F bond lengths were restrained to 1.34(2) A. C | ionsl—3 h ized by sinal |
Finally, in the case oBb, all terminal Ck groups are disordered, a omplex anionsl—3 were characterized by single-crysta

situation that is common for this fragment. F73/F74 and F143/F144 X-ray diffraction of complexes containing the bulky cation
were refined with occupation factors of 0.5, while F211/F212/F213 BusN™. All complexes show the same space group, but they
are disordered, as are F214/F215/F216, the occupation factors beingare not isomorphous (see Table 1). The asymmetric unit of the
0.67 and 0.33, respectively. three structures contains one cation and one metal atom bonded

Selected geometric parameters 1ty 2b, and3b are listed in Tables  to three thiolate ligands. This latter fragment lies close to an
2, 3, and 4, respectively. inversion center of space grol2,/n, which yields a cen-
trosymmetric dianion including a planar jRt-S)] skeleton (see
Figures 13). Sulfur atoms of terminal thiolate ligands are
located in the plane defined by the metallic core.

The most interesting structural feature is the configuration
of the thiolate rings. The bridging ligand displays an anti
configuration in all cases. However, the terminal ligands adopt
a different configuration with respect to the bridging thiolates.
For1b and3b, ligand S2 is almost parallel to the bridging ligand
while ligand S3 is almost perpendicular to the bridge (see
Figures 1 and 3). In complekb, the angle between the mean
planes of ligands S1 and S2 is 12vthereas the angle between
planes S1 and S3 is 9%mean planes are calculated through
the six C atoms of the aromatic rings). In the case of aBimn
these angles are 2.8nd 92.5, respectively. Unexpectedly, the
configuration is different fo2b, whereboth terminal ligands
) o ] ) S2 and S3 are almost parallel to the bridging ligand (see Figure

Reaction 1 suggests the possibility of preparing mixed 2). the dihedral angles between the aromatic rings are°15.7
complexes of the type [Rl-SR)2(SR)] (R' = R). However,  and 22.7 for the S1/S2 and S1/S3 moieties, respectively. In all
the only products isolated after reacting [Pt(&RJOD)] and cases the spatial arrangement of the thiolates does not allow
K2[Pt(SR),] were the corresponding homoleptic compounds K strong intramolecular interactions between the aromatic groups.
[Pg(/"_i'FS R)Z(SF%] gndc KZ[PtZ('”'ShR)Z(SR)“'] [R and l; ?EGF?’ In a search for intramolecular interactions that could restrict
ipr; di?:at ;’s ?r:aa-li Ga;( q Eg;rgi zrﬁ;\:ﬂ i'; zari?cﬁlc)nfa\)oreés r‘z‘)((::tessrotation of the thiophenolate ring (vide infra), we examined the
during this reacgtion 9 gnly P nearest 12 PtF distances for the three anions. The shortest

) Pt--F distance found is 3.249 A whereas th?&sum of van der
Waals radii for Pt and F is ca. 3.23.3 A2324 These
3K[PUSR), + 3[PUSRYCOD)] intramolecular interactions could, therefore, restrict the orien-
Ko[Pt(u-SRL(SR)] + 2K,[Pt(u-SR),(SR),] + 3COD tational freedom of the ligands. This situation may explain the
3) fact that different configurations are observed idr and 2b,
even though the ligands are very similar. The {ftinteractions
probably give rise to a relatively high energy barrier between
one configuration and the other in the lattice, thus precluding
the possibility of switching in the solid state. In the case of
anionlb, diffraction data for three crystals obtained from three
different attempts at crystallization resulted in the same con-
figuration for the anion. These findings corroborate the idea
that intramolecular interactions are important in stabilizing the
observed configurations.

Results and Discussion

Complex anionsl—3 were prepared according to reactions
1and 2:

K,[Pt(SR)] + [P(SR)(COD)] —
K,[Pt(u-SR),(SR)] + COD (1)

R = C4F; 1a, p-C¢HF, 2a, p-C4F,(CF;) 33;
COD = 1,5-cyclooctadiene

Ko[PL(u-SRL(SR)] + 2(N(C,Hg),)Cl —
(N(CHg)o)o[PL{u-SR)(SR)] + 2KCI (2)

R = C4F5 1b, p-CiHF, 2b, p-C4F,(CF,) 3b

R and R = C4F;, p-C¢HF,, or p-C4F,(CF);
COD = 1,5-cyclooctadiene

Complexesl—3 are yellow-orange crystalline solids that are
relatively stable in air. Complexeka, 2a, and3a are soluble
in acetone whereas compountls, 2b, and3b are soluble in
acetone, dichloromethane, chloroform, and ethanol.

Crystal and Molecular Structures of 1b, 2b, and 3b.The
molecular structures of (BN),[Pt(m-SCsFs)2(SCeFs)4] 1b,
(BUusN)2[Pto(m-p-SCeHF4)2(p-SGsHF4)4] 2b, and (BuN)[Pt,-
(M-p-SGsF4(CRs))2(p-SGsF4(CRs))4] 3b are shown in Figures
1-3, respectively. Selected bond distances and angles are
collected in Tables 24, respectively.

(23) Altomare, A.; Cascarno, G.; Giacovazzo, C.; Guagliardi, A.; Burla,
M. C.; Polidori, G.; Camalli, MSIR97 Users ManualJniversity of
Bari: Bari, Italy, 1997.

(24) Bondi, A.J. Phys. Chem1964 68, 441—444.
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ellipsoids. Note the thermal agitation for ligand S3. ellipsoids. Note the thermal agitation for ligand S3.

Variable-Temperature NMR Studies. Room temperature ~ complexes are therefore expected to include bridge and terminal
1H and*°F NMR data for compoundsb, 2b, and3b have been  absorptions-with a 1(bridge):2(terminal) ratiefor each ortho,
deposited as Supporting Information. meta, and para substituent.

195pt NMR spectra for compounds, 2b, and3b, (—3202.6, The experimental data at room temperature show that bridging
—3178.8, and—3178.3 ppm, respectively), acquired at room ligands give rise to relatively broad absorptions since they are
temperature, each show a relatively broad (ca. 2100 Hz at half- particularly sensitive to variations in the configuration. The lack
height) signal only, suggesting the presence of several speciesof definition for these signals precludes an accurate measurement

The expected magnetic systems for the fluorinated rings,C  of coupling constants. The terminal ligands, however, give rise
p-CeHF4, and p-CsF4(CF3) can be described as ABB'C, to more defined absorptions, and the corresponding coupling
AA'BB’X, and AA'BB'X3, respectively. All three systems share constants were measured.
ortho (A = F) and meta (B= F) fluorine nuclei but bear The complexes [Riu-SCsFs)2(SCeFs)4] 1 and [Ph(u-p-SCeF4-
different para substituents, namely,=€F, X = H, and X = (CR))2(p-SGsF4(CFs))4] 3 belong to the still uncommon family
CFs. In each anioi—3 there are two bridging and four terminal  of perfluorinated metal complexes and, as such, the study of
ligands and the room temperatuf# NMR spectra of these  their fluxional behavior is confined to the study ¥F nuclei.



Dynamic Study of Homoleptic Bimetallic Pt(ll) Complexes

CeFs

F5CgS~ Pt/ S S, ~SCFs
F5C6S/ \S/ \S E
ot
By v F,(‘:
Es Fe o * F ¥

o F pt

\Fmb ,”/ mt \\‘

Es e |

y
[}
1
[}
i

|

1160000

L

. ;
-165.000 -170.000 -175.000 pprm

Figure 4. Room temperaturé®’F NMR spectrum of (BgN)2[Pt(u-
SCoFs)2(SGsFs)4] 1b.

J‘u‘w

, ,
125000 130000  -135.000 -140.000 -145.000  -150.000 -155.800

On the other hand, the NMR spectrum of a fluxional molecule

depends on the rate of exchange, the difference in resonance<€S
frequency of the exchanging species, and the frequency of the

Inorganic Chemistry, Vol. 40, No. 22, 2005579

assigned to ortho, para, and meta fluorine atoms of terminal
thiolates and a second set with three relatively broad absorptions
(6 = —130.7,—167.6, and—161.6 ppm; ratio 2:1:2; total
intensity= 1) corresponding to ortho, para, and meta fluorine
nuclei of the bridging thiolate groups.

An increase in the temperature of tH& NMR experiments
to 50°C (see Figure 5) gave rise to sharper signals for both the
terminal and bridging thiolate ligands. However, complete
definition, particularly regarding the bridging signals, was not
reached, and therefore the condition of a fast exchange process
is not attained.

As the temperature of the experiments was decreased, the
bridge fluorine signals became broader, and at€20 °C the
absorption due to the terminalfluorine nuclei becomes two
separate signals, as shown in Figure 5. This phenomenon
indicates the presence of syn and anti isomers (relative intensity
1:10), which are in equilibrium through a sulfur inversion
process for which a value akG¥9g = 56.82+ 1 kJ mot?
was estimated. Errors inG* were calculated from the standard
deviation termo(AH*) — To(ASY)| as described by Binsch and
slers0

With the exception of the-fluorine nuclei, decreasing the

observed nucleus within the molecule. For example, in the casetemperature of the NMR experiments caused the broad signals

reported here, the observé®F nuclei (ortho and meta) are

of the bridging thiolate ligands to separate into two pairs of

separated by ca. 10.45 kHz and the resolution of each signalabsorptions. At the lowest experimental temperatu@((°C)

varies considerably. For this reason, the following discussion
is focused mainly on the-fluorine region of thel>F NMR
spectrum, which shows better definition at all temperatures.

Simulated spectra were obtained using the program gNMR-
3.25The values oAG*,gg for the fluxional processes found were
calculated according to the Eyring equation using curve
fitting.26-29

(BugN)2[Pto(u-SCsFs)2(SCsFs)4] 1b. As shown in Figure 4,
the room temperaturé® NMR spectrum of the compound
(BuaN)2[Pto(u-SCeFs)2(SGsFs)a] exhibits two sets of absorp-
tions: one set with three relatively sharp signals{ —133.3,
—166.7, and—168.7 ppm; ratio 2:1:2; total intensity 2)

the 1°F NMR spectra of both syn and anti isomers show 1:1
doublets for theo-fluorine nuclei (syn,0 = —121.6,—134.6
ppm, and anti,0 = —125.6, —136.4 ppm), indicating that
restricted rotation about the-%2sFs bond makes the-fluorine
atoms nonequivalent. At90 °C the spectrum consists of two
overlapping subspectra corresponding to the syn and anti
isomers, as shown in Figure 6.

It is worth mentioning at this point that, as noted previodsly,
signals assigned tp-fluorine nuclei on rotating rings do not
show significant changes in shift nor in signal width upon
changing the temperature. Hindered ring rotation around the
S—C bond does, however, affect the ortho and meta fluorine
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Figure 5. Variable-temperaturé®® NMR spectra of (BsN)o[Pto(u-SCeFs)2(SCeFs)s] 1b.
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Figure 6. Subspectra in the variable-temperatt#feNMR of (BuwN),-
[Pta(u-SGsFs)2(SCGeFs)4] 1b, showing syn and anti isomers with frozen
rings at the bridging thiolate ligands.

nuclei, which eventually give rise to two different ortho and
two distinct meta fluorine signals upon lowering the temperature.
As expected, the energies involved in the carbsulfur bond
rotation are different for each of the syn and anti isomers. The
corresponding calculated activation energies are ABiogs =
59.87+ 0.5 kJ mof?, and antiAG*29s = 41.854+ 0.4 kJ mof ™.
Molecular modeling strongly suggests that the steric interac-
tions involved in an anti configuration are much less significant
than in the syn configuration. This situation implies that the

Rivera et al.

—143.5 ppm; ratio 1:1, total intensity 2) assigned to the-
andm-fluorine nuclei of terminal thiolate ligands and two broad
signals § = —128.6 and-142.1 ppm; ratio 1:1, total intensity
= 1) corresponding to- andm-fluorine nuclei of the bridging
thiolate groups.

As in the cases discussed above, increasing the temperature
up to 50°C gave rise to sharper signals for both the terminal
and bridging thiolates, but only the terminal absorptions show
an incipient fine structure.

As found for compoundb, decreasing the temperature down
to —30 °C causes the absorption due to the termo#lorine
nuclei to split into two signals. Once again this indicates the
presence of syn and anti (relative intensity 1:4) isomers that
are in equilibrium through a sulfur inversion process, for which
AG¥y53 = 54.72 + 0.4 kJ mot?l. At lower temperatures the
spectra consist of the two overlapping (syn and anti) subspectra
described above.

At the lowest experimental temperature90 °C), the 1°F
NMR spectra of both syn and anti isomers show 1:1 doublets
for theo-fluorine nuclei (synp = —121.06,—132.66 ppm, and
anti,0 = —124.8,—133.97 ppm). These data also indicate that
rotation about the SC¢HF4 bond is restricted, a fact that renders
the o-fluorine atoms nonequivalent.

The calculated activation energies for the restricted carbon
sulfur bond rotation are symG*,9g = 55.53+ 0.5 kJ mot?,
and anti,AG%gs = 41.41+ 0.5 kJ mot™.

(BuaN)2[Pta(p-p-SCeF4(CF3))2(p-SCeF4(CF3))4] 3b. The room
temperaturé®F NMR spectra of compourigb show two triplets
(6 = —55.47 and—55.04 ppm; relative intensities 1:2), which
have been assigned to the fluorine atoms of@F; groups
of the bridging and terminal thiolate ligands, respectively.
Furthermore, two sharp signald & —130.83 and—145.91
ppm, ratio 1:1, total intensity 2) have been assigned to ortho
and meta fluorine nuclei of the terminal thiolates and two broad
signals § = —127.28 and-143.67 ppm, ratio 1:1, total intensity
1) assigned to the ortho and meta fluorine nuclei of the bridging
thiolate groups.

A decrease in the acquisition temperature-80 °C causes
the absorption due to the termingiCF; groups to split into
two signals, which again indicates the presence of syn and anti
isomers (relative intensity 1:5). The calculated energy for this
sulfur inversion process iAG¥9g = 58.324 0.7 kJ mot™,

At the lowest experimental temperature90 °C) the 19F

former configuration should be more abundant. On the basis of N\R spectra of both syn and anti isomers show 1:1 doublets
this assumption, the relative population of isomers, as obtainedsoy the o-fluorine nuclei (syng = —119.4,—132.5 ppm, and

from the experimental spectrum, should be anti 10:syn 1.
(BuaN)2[Pto(u-p-SCsHF 4)2(p-SCsHF 4)4] 2b. The room tem-

perature’®F NMR spectrum of the compound (BV)o[Ptx(u-

p-SGsHF4)2(p-SGsHF4) 4] exhibits two signalsd = —131.7 and
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Limited: Oxford, UK, 1995.
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York, 1982.
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anti, 0 = —123.96,—133.97 ppm), indicating that restricted
rotation of the S-CsF4CF; bond renders the-fluorine nuclei
nonequivalent. Calculated activation energies for these processes
are syn,AG*,9g = 60.00+ 0.6 kJ mot?, and anti,AG*,9g =
43.184 0.4 kJ mot™,
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