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The coordination chemistry of the tetrakis(thiophosphinato)resorcinarene sulfur-donor ligands [(C¢HoCH{ CH,CH,-
Ph})4{ OC(O)R} 4{OP(=S)Ph2}4] (L), where R = OCH,Ph, 4-CgH.CH3, CsH11, C4Hs3S, or OCH,CCH, is reported.
Both silver(l) and gold(l) form cationic complexes of the type [LM2J?*, in which the ligand acts as a bis(chelate) in
forming complexes with linear S—-M-S (M = Ag or Au) stereochemistry. Gold(l) also forms the unusual complex
[L(AUCI),][LAu,]**, which forms a supramolecular polymer through intermolecular aurophilic attractions. Palladium-
(1) forms the complex [LPd,Cly(«-Cl),], in which the dipalladium(ll) unit extends the natural bowl structure of the
resorcinarene. The solid-state and solution conformations of the complexes, as determined by X-ray structure
determination and NMR spectroscopy, respectively, are similar, but several complexes were found to exhibit dynamic
behavior in solution, involving either conformational mobility of the resorcinarene unit or intermolecular ligand exchange.

Introduction provides an excellent opportunity to generate a wide variety

. . . . of ligands. For example, the steric and electronic properties
There has been intense interest in the synthesis and 9 P brop

o L ) . of the tetraphosphinite resorcinarene derivatil/es (Scheme
applications of derivatives of calixarenes and resorcinarenes

containing metal atoms, which can be attached directly to 1) can be varied by changing the substituents R of the four
) ester groups$.
the oxygen atoms of the upper rim or to other donor groups

R o The ligands 1-5 have been shown to have a rich
appended to the upper ritn® Furthermore, the ability to L . - N
. . . coordination chemistry, arising from the unusual bite distance
vary the substituents on the upper rim of resorcinarene

between neighboring phosphorus donors coupled with the
conformational mobility of the resorcinarene skel€t@ome

of the known complexes are illustrated in Chart 1. These
ligands can bind four silver(l) or gold(l) units-€1ll , Chart

1). For example, silver halides gave the complex€¥ =

Cl, Br, I), containing a silver halide crown cluster, which is
unique to resorcinarene ligantf$¢ The cluster unit holds
the resorcinarene ligand in a rigid cone conformation. In
contrast, the gold halide derivatives of typecontain four
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Scheme 1 with linear P~-M—P coordination are knowhThe chelation

in IV involves pairs of phosphorus donors gifferentaryl
groups and so can only occur when the aryl groups with the
phosphinite substituents are in the upright position.

To explore further the chemistry of the ligands based on
the resorcinarene scaffold, the diphenylphosphinite units in
compounds1—-5 were oxidized by sulfur to give the
corresponding diphenylthiophosphinate compoufd<sl0
(Scheme 1), and the coordination chemistry of these new
sulfur-donor ligands has been investigated. There are many
known transition-metal complexes of phosphine sulfides, but
reports of thiophosphinates are scarce and there are no
examples incorporating the resorcinarene skelétdndeed,
there are only a few reports of transition-metal complexes
of resorcinarenes bearing sulfur donors affixed to the upper
rim of the macrocyclic skeletohThe tetrakis(thiophosphi-
nate) ligands6—10 were found to exhibit considerably
different coordination chemistry in comparison to the tetra-
phosphinite resorcinarene parent compouthd$ reported
previously®® One of the new gold(l) complexes is shown
to form a supramolecular polymer in the solid state, through
formation of secondary AurAu interactions, and the
structures and dynamic properties were studied in solution

two-coordinate linear gold halide units, and these complexesby using variable-temperature NMR spectroscopy.
exist in a boat conformation and undergo easy conformational
exchange in solutiorl@/Ilb ).% Silver complexes of the type

IIl are formed when the anions (X CRCOO™, CRSG;7) Synthesis of the Thiophosphinate Ligands and the
are more weakly binding than halide; complé&k can Structure of Compound 6. Reaction of the tetrakis-
undergo intermolecular association to form a coordination (diphenylphosphinite) resorcinarene compoudds$ with
polymer of a resorcinarerfé.The tetraphosphinite ligands elemental sulfur readily produced the sulfide derivatives
have a low tendency to form chelate complexes to two silver- 6—10 as outlined in Scheme 1. The compouiedslO were

() centers as inV, and no examples of chelate complexes characterized bjH and3'P NMR spectroscopy, by elemental

R'= CH2CH2Ph

Results and Discussion

Chart 1

P = PPhy, R'= CH,CH,Ph
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Figure 1. View of the structure of compour@ The phenyl rings of the
thiophosphinate groups have been removed for clarity. Selected bond
distances (A) and angles (deg): P31, 1.920(2); P2S2, 1.928(2); P+

01, 1.610(3); P202, 1.617(3); 0O+ P1-S1, 116.3(1); O2P2-S2, 115.7-

(1)

analyses, and in the case of compoéray X-ray structure
determination. The thiophosphinate derivatives were all
obtained as air-stable white solids that are soluble in
chlorinated solvents and in THF.

The structure of the tetrakis(thiophosphinate) compound
6 (R = OCH,Ph in Scheme 1) was determined crystallo-
graphically, and a view of the structure is shown in Figure
1. The resorcinarene skeleton@®adopts a boat conforma-
tion, with the thiophosphinate-derivatized rings in a flattened
position and the acylated rings in an upright position, similar
to the parent tetraphosphinite compouhtt Some confor-

Table 1. Conformational Parameters (Fold and Twist Angles, deg) for
the Structurally Characterized Ligadand Complexed4a 18, and 1%

complex 0, 0, D, D,
6 15 162 11 10
1l4a 4 139 1 1
18a 4 153 10 12
18b 2 154 10 13
19 186 —17 5 0

2@; and ©; are the fold angles between the arene rings carrying the
ester groups and the thiophosphinate groups, respectivelypaadd @,
are the corresponding twist (dihedral) angfe$he negative sign indicates
an inward tilt.

Scheme 2

R = OCH,Ph
R= 4-C6H4CH3

11a X=CF;504
12a X =CF;50;
132 X = CF3505
142 X = CF,80,

R= C4H3S
R =0OCH,CCH

13b X ="PF
14b X =PFy

R' = CH,CH,Ph

mational parameters are listed in Table 1. The angle between
the planes of the arene rings carrying the benzyl carbonatetwisted, as is seen by the dihedral angles between opposing

substituents is 15(fold angle®,, showing that these arene
rings are upright and close to parallel), while the angle

arene rings ®; = 11° and ®, = 10°; Table 1). The two
thiophosphinate groups bound to a given arene group are

between the planes of the arene rings bearing the diphen-oriented with one sulfur atom above the ring and the other

ylthiophosphinate groups is 16Zfold angle ®,, showing

below (Figure 1). This is in contrast to the parent tetraphos-

that these arene rings are in the flattened position and closephinite compound, in which the phosphorus atom lone pairs

to parallel). The resorcinarene skeleton is only slightly
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Chim. Acta2003 347, 137.
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Trans.2002 4617.
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are oriented in the same directi&hCompound6 has
crystallographically impose@, symmetry.

Synthesis and Structure of Silver(l) ComplexesThe
disilver(l) complexesl1—14 were prepared by the reaction
of compounds6—9 with 2 equiv of silver triflate or silver
hexafluorophosphate, as outlined in Scheme 2. Attempts to
prepare tetrasilver complexes (one silver for each thiophos-
phinate group) were unsuccessful. The disilver(l) complexes
were isolated as white solids.

The structure of the disilver compléxawas determined
crystallographically and is shown in Figure 2. It provides a
benchmark for characterization of the disilver complexes
11la—14b. The resorcinarene skeleton adopts a boat confor-
mation in which the arene rings bearing the thiophosphinate
groups are in the flattened position and the acylated arene
rings are upright (Figure 2). The angle between the planes
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Scheme 3

R= 4-C6H4CH3 12a X= CF3SO3 12b X= PF6
R =CyH;8 13a X=CF;S0; 13b X=PFg
R=0OCH,CCH 14a X=CF3S0; 14b X=PFq

l 2 [AuCI(SMe,)

2+
Figure 2. View of the structure of complek4a The phenyl rings of the O\*C'R R'C"O _|
thiophosphinate groups have been removed for clarity. Oxygen atoms are Ph R (‘) (') R
shown in red. Selected bond distances (A) and angles (deg)SP11.971- P2 & SV Phy oy
(2); P2-S2, 1.967(2); P3S3, 1.957(2); P4S4, 1.960(2); AgtS1, 2.450- Z Aooll oo o—\
(1); Agl—S2, 2.491(2); Ag2 S3, 2.454(2); Ag2-S4, 2.449(2); StAgl— | 3
S2, 175.69(4); S3Ag2—S4, 174.37(4); P2S1-Agl, 109.72(7); P2S2— Au /0 Q Al
Agl, 95.03; P3-S3-Ag2, 102.07(7); P4S4—Ag2, 108.15(7). \S _—~PPh, thP*s/

R R'

made by the upright arene rings (fold an@e) is 4°, while R=4-GyCH; 152 X=CF350; 15b X=FF¢

the angle between the planes of the flattened arene rings (fold R=C4H;S 16 X=CF3S03

angle®,) is 139. There is little twisting distortion of the R=0CH,CCH 17 X=CF;80;

resorc!narene skgleton as seen by the dihedral angles between R' = CH,CH,Ph

opposing arene ringsi(; = 1° and®, = 1°; Table 1). The

conformation of the resorcinarene skeleton is similar to that alters the bite distances in the resorcinarene ligands and has

of the ligand6, but the orientation of the thiophosphinate a dramatic effect on the preferred mode of chelation.

groups is different. Synthesis and Structure of Gold(l) ComplexesSeveral
There are two silver atoms present in the structure of digold(l) complexes were prepared by the reaction of the

complex14a and each is chelated by two sulfur atoms of disilver complexesl2—14 with 2 equiv of [AuCI(SMe)],

the thiophosphinate groups of the same arene ring. Theas outlined in Scheme 3. These reactions occur with

coordination geometry of the silver atoms is close to linear precipitation of silver chloride and displacement of the

in each case [SIAg1—S2 = 175.69(4); S3—Ag2—S4 = dimethyl sulfide ligand from gold. The digold(l) complexes

174.37(43]. We have previously shown that weakly coor- 15—-17 (Scheme 3) were isolated as white solids.

dinating anions such as triflate can be used to generate The reaction of 4 equiv of [AuCI(SMY with the

coordination polymers and capsule complexes of resorcin-tetrathiophosphinate compound resulted in a complex

arenes$?fHowever, inl4athe closest approach of an anion mixture of products, as analyzed By and 3P NMR

to either of the silver atoms is 2.72(1) A between an oxygen spectroscopy. However, recrystallization of the bulk solid

atom of a triflate anion and Ag2. Furthermore, the near-ideal gave the selective formation of pale-yellow crystals, which

linear geometry of the silver atoms suggests that there iswere shown by X-ray structure determination to have

only a weak interaction between the silver cations and the the structure [Resorcinarene(OC(@hzMe)s(OP(S)Ph)s-

triflate anions and so no extended structure was observed{ AuCl},]-[Resorcinarene(OC(O}eMe),(OP(S)Ph)sAuU)-

for complex 14a Similar structures are expected for the [AuCl;], (18, Chart 2 and Figures 3 and 4), where Resor-

disilver(l) complexes with noncoordinating hexafluorophos- cinarene= (CsH.CH{ CH,CH:Ph})..

phate anions. The complex18 is constructed of two different compo-
The chelation of the silver atoms by the resorcinarene nents, one neutral and the other dicationic. The neutral

ligand in complex14a is significantly different from the = componenii8a(Figure 3, top) has two-SAu—Cl units, one

chelating mode in the disilver(l) complexes of the parent at each end of the resorcinarene ligand, and two noncoor-

tetraphosphinite resorcinarene ligafids.was found that dinated sulfur atoms. The coordination geometry of the gold-

chelation by the tetraphosphinite ligands could only occur (l) centers is linear, with the-SAu—ClI bond angles being

in the conformation in which the arene rings bearing the 178.4(2Y and 177.1(2). In the dicationic componerit8b

phosphinite groups were upright because the bite distance(Figure 3, bottom), the gold(l) centers have linear” i —S

of the tetraphosphinite resorcinarene ligands in the reversecoordination [bond angles of 172.23nd 172.1(2)], with

conformation is not suitable for chelation (ChartT)hus, chelation of each gold(l) center by two sulfur donors of the

it is clear that the addition of the sulfur atoms significantly thiophosphinate groups on the same arene ring of the

7298 Inorganic Chemistry, Vol. 45, No. 18, 2006
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Chart 2

2n+

R = C4H,Me, R' = CH,CH,Ph

macrocyclic skeleton. Thus, the dicationic component is two gold atoms are taken up by each resorcinarene unit even
analogous to the dications in the disilver(l) and digold(l) though there are labile dichloroaurate(l) anions present. In
complexesl1—17 (Scheme 3). The anions present in the both components, the resorcinarene skeleton adopts a boat
solid-state structure of8, which were highly disordered, conformation in which the thiophosphinate-derivatized arene
were identified as [AuG]~. There are no interactions rings are in the flattened position, while the acylated rings
between the resorcinarene molecules and the dichloroaurateare upright. The conformational parameters are similar for
(I) anions or between the anions themselves, which merelyeach of the two different molecules, as seen by the near-
fill space in the crystal lattice. It is noteworthy that only identical fold and dihedral angles (Table 1).

The presence of the two different components in the solid
state for complexi8 results in the remarkable polymeric
structure depicted in Figure 4. The two different molecules
are linked via Au--Au interactions at each end, so that each
complex molecule or ion forms two intermolecular aurophilic
bonds. The Aet-Au distances, which occur between a chelate
S—Au—S and a linear SAu—ClI group, are nearly identical
[Aul---Aud = 3.023(1) A; Au2--Au3 = 3.026(1) A] and
are indicative of a strong aurophilic attraction in each Case.
Thus, the presence of these aurophilic attractions between
the chelated SAu—S gold centers and the linear-8u—

Cl gold centers results in an infinite, alternating pattern of
the two different components8aand18b, which make up
the solid-state structure of complé8. It is probable that
the formation of the favorable AuAu attractions provides
the driving force for the selective crystallization of these two
specific components from the complex mixture of com-
pounds present in solutions df8. Clearly, the diverse
coordination ability of the thiophosphinate ligand, which can
accommodate both a linear Al unit and a chelated gold
cation, allows for the formation of this supramolecular
resorcinarene coordination polymer.

Synthesis and Structure of Palladium(ll) Complexes.
The palladium(ll) chloride complexd®—21 (Chart 3) were
prepared by the reaction of 2 equiv of PdQ@lith the
thiophosphinate ligands; no further reaction of the thiophos-
phinate ligands with Pdgtould be effected. The complexes
19-21, which are obtained as brown solids, were all
characterized by elemental analysis dhtland 3P NMR
spectroscopy. The identity of the complexes was confirmed
via the elucidation of the single-crystal structure of complex
19. It is interesting to note that the parent tetraphosphinite

Figure 3. (top) View of the linear S-Au—Cl-containing component of  ligands1—5 do not react with solid Pdgkven after several
complex18a (bottom) View of the chelate-SAu—S-containing component  days of reaction time.
of complex18b. In both cases, the phenyl rings of the thiophosphinate

groups have been removed for clarity. The [At/Clanions are not shown. T_he structure of the. palladium(ll) compleb® is shown
Oxygen atoms are shown in red. Selected bond distances (&) and anglesn Figure 5. The resorcinarene skeleton of comgd@adopts
(deg): Aul-Cl1,2.283(5); AutS3, 2.280(5); AuZ CI2, 2.274(5); AuZ- the boat conformation in which the thiophosphinate-deriva-
S1, 2.283(5); Au3-S7, 2.295(5); Au3 S8, 2.313(5); Au4 S5, 2.301(5); : . . ) - .
Au4—S6, 2.272(6); S3AUL—CIL, 178.4(2); StAu2—Cl2, 177.1(2); S tized arene rings are in thepright position rather than in
Au3—S8, 172.2(2); S5Au4—S6, 172.2(2). theflattenedposition seen in complexdst and18. Further-

Inorganic Chemistry, Vol. 45, No. 18, 2006 7299
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Figure 4. View of the polymeric structure of compled8 formed by intermolecular aurophilic bonding [intermolecular distances (A): -Aali4, 3.023-
(1); Au2..Au3A, 3.026(1)]. The phenyl rings of the thiophosphinate and phenethyl groups have been removed for clarity.

Chart 3 Chart 4. NMR Labeling Scheme

Ph R' = CH,CH,Ph

coordinated. Presumably, the bulk of the,@d(«-Cl),
moiety prevents the coordination of a second such unit, due
to unfavorable steric interactions. The two palladium centers

more, there are significant differences in the conformational €ach exhibit square-planar coordination geometry. The Pd

parameters of the resorcinarene skeleton (Table 1). TheC! bond distances for the bridging chlorides are similar
upright rings are tilted significantly inward, as is seen by [2-336(2)-2.355(2) A] and are significantly longer than the
the fold angle®, of —17°, and the flattened rings are tilted WO terminal chloride bonds [2.277(2p.280(2) A]. There
past the ideal 180angle for a boat conformation, with the S @ slight folding between the two square planes made by

19 R=O0CH,Ph 20R=4-C¢HyCH; 21 R=C4H;S
R'= CH2CH2Ph

fold angle®; being 188. the atoms coordinated to the palladium centers, with the angle
In complex19, two sulfur atoms of the thiophosphinate between the Cli+S1-CI3—Cl4 plane and the C2S3-
groups on opposing upright arene rings bind to aPdu- CI3—Cl4 plane being 168 Similar folding has been

Cl), unit, while the remaining two sulfur atoms are not observed in other complexes of the general formula{Pd

Cly(u-Cl),L .20
NMR Studies and Dynamics of the Compounds in

Solution. The'H and3P NMR spectra of compounds-9
(Scheme 1 and Chart 4) were consistent with the presence
of a single conformer with effectiveC,, symmetry. For
example, a single resonance was observed for the bridging
methine protons (C# Chart 4) as well as a single phos-
phorus resonance. However, the NMR data for compound
10 were consistent with the presence of two components,
each with effectiveC,, symmetry, and this observation
prompted a detailed study of the solution NMR spectra.

It has been well established that the conformation of the
resorcinarene skeleton can be assigned in solution by
comparison of the chemical shift for the arene resonances

Figure 5. View of the structure of comple%9. The phenyl rings of the bp H cH . .
thiophosphinate groups have been removed for clarity. Oxygen atoms areCH and.C (Chart 4) because n the flattened ring is
shown in red. Selected bond distances (&) and angles (deg):- $4P.288- more shielded!! The resonances for Ctand CH' can be

(2); PdE-CI1, 2.280(2); Pd:CI3, 2.339(2); Pd+Cl4, 2.355(2); Pd2 i _1 1y 31

S3, 2.285(2); Pd2ClI2, 2.277(2); Pd2CI3, 2.336(2); Pd2Cl4, 2.337(2); assigned from théH—1C gHMBC and*H P gHMBC
S1-Pd1-Cl1, 86.24(8); S+ Pd1-CI3, 96.50(7); Clt-Pd1-Cl4, 91.51-
(8); CI3—Pd1-Cl4, 85.89(7); S3-Pd2-Cl2, 85.51(8); S3-Pd2-CI3, 96.78- (10) Grossman, O.; Azerraf, C.; Gelman, Organometallics2006 25,
(7); Cl2—Pd2-Cl4, 91.33(8); CI3-Pd2-Cl4, 86.38(7). 375 and references cited therein.
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correlated NMR spectr&.For compounds, the resonance
for HY is more shieldedd = 6.23) than the resonance for 203 K
HP (6 = 7.56), indicating that the conformation adopted by

the resorcinarene skeleton in solution is that in which the
thiophosphinata@lerivatized arene rings are flattened and the
acylated arene rings are upright. This is also the conformation

of complex6 in the solid state (Figure 1), so the conforma- 28K
tions are similar in both solution and the solid state. The J LM
conformation of compleX in solution was the same as that

for 6 (conformationB in eq 1), as determined by the NMR

method. For compound0, it was established that the two

species present in solution are the conformfemndB (eq

1; R = CsH11CO). We suggest that the bulky cyclohexyl

substituents present in compoub@have two effects. First,

the GH11CO, substituents are similar in size to the OR®h

substituents, so that conformeéksandB (eq 1) have similar T T

energies. Secor?d’ the bUIk%H_'\ﬂCO_Z SUbSt_Ituem_s Increase Figure 6. Variable-temperaturéP NMR spectra of compleg8. In the

the energy barrier to the fluxionality depicted in eq 1, and 213 K spectrum, the phosphorus atoms that are exchange-coupled are

so the interconversion between conformers is slower thanindicated.

that in compound§—9. Variable-temperature NMR studies

were performed on compounds-9, but no evidence for  solid-state structure of compledda Variable-temperature

the fluxionality of eq 1 was observed at temperatures down NMR studies were performed on several of the complexes,

to 193 K. It seems likely that compounéis'9 undergo boat and the spectra remained virtually unchanged down to 193

boat transitions in solution but with considerably less of K, thus providing no evidence for the fluxionality depicted

conformer A and with a lower energy barrier to this in eq 1. This is not surprising because the chelation of the

fluxionality than that observed for compoun@. silver or gold centers by the sulfur atoms, as is seen in the
solid-state structure of4a would enforce geometric re-
straints on the resorcinarene ligand and so inhibit-bbatt
transitions.

The 'H and®P NMR spectra obtained for bulk samples
of 18 were very complex. The variable-temperatti#fe NMR
spectra are shown in Figure 6. At room temperature, several
broad resonances are observed, suggesting that ligand

(1) exchange or fluxionality was occurring in solution. At 213
K, a complex spectrum containing 14 resonances is observed,
as shown in Figure 6, with two of these resonances
overlapped at ca) = 90. A 3P g-COSY NMR experiment
demonstrated that many of the resonances were exchange-
coupled, with two sets of four resonances and one set of
two resonances showing coupling in the g-COSY spectrum
(Figure 6). Identical NMR data were obtained for the batch
of crystals of18 from which the X-ray crystal was selected,

R' = CH,CHyPh clearly indicating that two components present in the solid-
state structure 018 must undergo an exchange process in
The 'H and *P NMR data for the disilver and digold  solution. Presumably, this exchange involves the transfer of
complexeslla—17 were consistent with the presence of a AuCl and/or Au™ between the thiophosphinate resorcinarene
single species with effectiv€,, symmetry in each case. ligands, arising from the high lability of thesP5—Au bonds.

Thus, only a single resonance fof {Chart 4) and a single  |n the low-temperaturé? NMR spectrum shown in Figure

phosphorus resonance were observed. No silver couplingss, the resonance at= 82.5 is due to the free ligaritland

to the phosphorus resonances were observed for any of thehe uncoupled singlet resonancedat 89.9 is assigned to

disilver complexes. The'H—*C gHMBC and H—3'P the symmetrical structurd8b (Chart 2), based on the
gHMBC correlated NMR spectra were collected for several similarity of the chemical shift to those of the analogous
of the complexes, and in each case, it was determined thafgold(l) complexesl5aand15b, each of which has a single
the resorcinarene skeleton of the complexes adopts conforresonance in thé’ NMR spectrum atd = 89.7. The
mationB (eq 1) in solution, which is in accordance with the presence of the free ligarid suggests that there may also
. : _ be unsymmetrical complexes containing one or three gold

1 %)gghg’;”gﬁﬁéé'igag'ﬁiiéﬁyﬁk"Bﬁfrb\;ulxggté_vv,;]; ORrig'sg:eerT'K.; atoms, but it was not possible to establish the identity of

Kolehmainen, E.; Bbmer, V.Chem—Eur. J.2001, 7, 1944, any of the unsymmetrical complexes. We note that complex
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18ais expected to give twé'P NMR resonances. Perhaps unit present in the solid-state structure of comléxFigure

the selective crystallization dBaand18b from the complex 5), whereas the parent phosphinite ligands do not. The

mixture present in solution occurs because the intermolecularcoordination chemistry of the tetrathiophosphinate resor-

Au---Au interactions are stronger than those in other potential cinarene ligands is versatile and differs very significantly

structures. from the tetraphosphinite ligands from which they are easily
TheH and®'P NMR spectra for the palladium complexes derived. In addition, the work further establishes the value

19—21 were consistent with the presence of a single speciesof the resorcinarene skeleton in forming polydentate ligands

with effective Cs symmetry in each case, which is in with very unusual and interesting coordination chemistfy.

accordance with the solid-state structure obtained for complex

19. For example, two equal-intensity resonances were Experimental Section

obser\_/ed fo_r the bridging methine protons as well as two All reactions were performed under a nitrogen atmosphere using
equal-intensity phosphorus resonances. 'Fe**C gHMBC standard Schlenk techniques. Solvents were freshly distilled, dried,
and'H—3'P gHMBC correlated NMR spectra for complex and degassed prior to use. NMR spectra were recorded using a
19established that the resorcinarene skeleton of the complexvarian Inova 400 spectrometer. The tetraphosphinite resorcinarene
adopts conformatio® in solution, which is in accordance ligands 1-5 and the complex [AuCI(SM#] were prepared as
with the solid-state structure. Similar results were obtained reported elsewhef®@:2In the formulas below, the resorcinarene
for complex20. No evidence for the fluxionality depicted skeleton (GH,CH{ CH,CH,Ph}), is represented as Resorcinarene.
in eq 1 was obtained for any of the palladium complexes. The proton resonances of the resorcinarene skeleton are identified
This absence of fluxionality is not surprising because the according to the labeling scheme shown in Chart 4.
P&.Cly(u-Cl), unit bridges between opposite aryl rings of the _ Resorcinarene(OC(0)OCHPh),(OP(S)Ph)s (6). A solution of
resorcinarene skeleton (Figure 5) and so locks them into 1(2.0 g, 0.92 mmol) ands0.118 g, 0.46 mmol) in ChCI> (50

osition. There was no evidence for easy exchanae betwee mL) was stirred for 12 h. The solution was concentrated and filtered
P ) y 9 rlhrough Celite, and a white solid was precipitated with diethyl ether.

free and coordinated _thipphOSphinate groups O_r fc_)r the The solid was washed with MeOH and diethyl ether and recrystal-
presence of the potential isomer formed by coordination of jizeq from CHCl./diethy! ether to give colorless needlesofvhich
all thiophosphinate groups by cleavage of the chloride bridgesturn to white powder upon drying. Yield: 2.08 g, 98%. NMR (€D

in 19. Cly): 0(*H) 2.12 [m, 4H,HT], 2.23 [m, 8H,H', HY], 2.49 [m, 4H,
. H9), 4.62 [m, 4H,H¢], 4.80 [s, br, 8H, OE,Ph], 6.23 [s, 2HH],
Conclusions 6.81 [s, 2H,H4, 7.07 [s, 2H,H], 7.56 [s, 2H,H?], 6.86—-7.94 [m,

The new tetrathiophosphinate resorcinarene ligands gave80H: Phl; 0(*'P) 81.1 [s]. Anal. Caled for GoHuidOwdPuSe: C,
a considerably different coordination chemistry in compari- 2-90: H. 5.07. Found: C, 72.53; H, 5.07. _
son to the parent tetraphosphinite ligands described previ- Resorcinarene(OC(0)GH4CH3)4(OP(S)PR)s (7). This was

. . prepared similarly from ligand (2.10 g, 0.99 mmol) andg%0.127
ously (Chart 1¥ These differences may be attributed to a g, 0.495 mmol). Yield: 2.05 g, 92%, NMR (GDl): 6(H) 2.04

combination of the Weaker ligating apility_ of the thiophos- [m, 4H, HTJ, 2.19 [m, 8H,H, H, 2.46 [m, 4H,HY], 2.49 [s, 12H,
phinate groups anq to dlﬁerenceg in bite distances. For CeH4CHg, 4.57 [m, 4H,H¢, 6.36 [s, 2H,H], 6.62 [s, 2H,Hd,

example, the tetrathiophosphinate ligageslO were found 7.01 [s, 2H,H4, 7.71 [s, 2HH?], 6.73—7.86 [m, 76H,Ph, CeHa-

to form chelate complexes with both silver(l) and gold(l), CcHa]: 5('P) 82.1 [s]. Anal. Calcd for GgH11d0:1,P4Ss: C, 74.98;
in which linear S-M—S units were present{—17; Scheme H, 5.21. Found: C, 74.59; H, 4.96.

2) and the chelation involves pairs of thiophosphinate donors  Resorcinarene(OC(O)GH3S)(OP(S)Phy), (8). This was pre-
on thesamearyl group, which is in the flattened position pared similarly from ligan® (1.75 g, 0.84 mmol) andg%0.108 g,
(Scheme 2 and Figure 2). This is in contrast to the 0.42 mmol). Yield: 1.45 g, 78%. NMR (C&l,): 6(*H) 2.06 [m,
tetraphosphinite ligands—5, for which chelation has only ~ 4H, H', 2.19 [m, 8H,H', H], 2.51 [m, 4H,H?], 4.58 [m, 4H,H¢],

been observed when the aryl groups with the phosphinite 6-27 [S, 2H, Ar-H], 6.71-7.82 [m, 78H,Ph, Ar—H, C4H5S]; 0-

substituents are in the Upnght pOSItI?)n (31P) 81.8 [S] Anal. Calcd for GaH100012P4Ss: C, 69.55; H, 4.56.

The ability of the tetrathiophosphinite ligands to act as Fo;nd: C 69'21;0% gsoo'c C=CH.(OP(SIPhL (9). Thi
either chelate or terminal ligands while in conformatidn prepzs;zggargﬁgﬁ)(/ froEn iigan% (1_09 3_:14(0 Sé r?nn?glll)(aﬁdaslg ‘(')V?f
(eq 1) is illustrated in the solid-state structure of complex g, 0.276 mmol). Yield: 1.01 g, 88%. NMR (GDI): 6(*H) 2.12

18, Which coqtains both the chelate form in [LA#" and [m, 4H, H, 2.27 [m, 8H,H', HY], 2.49 [m, 4H,H9], 2.56 [t, 4H,
the terminal ligand form in [L(AuCE. This complex18 43,44 = 2 Hz, OCHC=CH], 4.51 [m, 8H,2Jyy = 16 Hz, OCH,C=
undergoes supramolecular association to form the first cHj, 4.56 [m, 4H,H¢], 6.14 [s, 2H, ArH], 6.98-7.65 [m, 66H,
example of a resorcinarene coordination polymer of gold- Ar—H, Ph]; 6(3%P) 81.1 [s]. Anal. Calcd for GH100016P2Ss: C,
.5 70.98; H, 4.80. Found: C, 70.61; H, 4.91.

Although the thiophosphinate sulfur donors generally  Resorcinarene(OC(O)GH11)4(OP(S)Phy), (10). This was pre-
coordinate more weakly than the phosphinite phosphoruspared similarly from ligand (2.12 g, 1.02 mmol) and S (0.142 g,
donors of Chart 1, it is interesting that, in contrast to the 0.55 mmol). Yield: 1.40 g, 62%. NMR (CZl,): 6(*H) (A, B)
parent phosphinite ligands, the thiophosphinate ligands werel-10-2.62 [m,H', H9, CeHi1], 6.81-8.02 [m, Ar-H, Ph]; (A) 4.71
capable of forming palladium complexes by direct reaction — .
with solid PdC}. It seems that the thiophosphinate ligands 2 é?;ggg‘:"'f\',if\C"_;Kj’gr?r']'ir‘]]éfi\frcgf”&%e;égﬁ;:lgﬁgﬁ'eﬁlsg’g.,
provide a good platform for binding thes-Pd.Cly(u-Cl), Dalton Trans.200Q 4601.

7302 Inorganic Chemistry, Vol. 45, No. 18, 2006



Tetrakis(thiophosphinato)resorcinarene Complexes

[m, 4H, HY, 6.57 [s, 2H,HP], 7.01 [s, 2H,Hd), 7.15 [s, 2H,H¢,
7.71 [s, 2H,HY; (B) 4.51 [m, 4H,H¢], 6.24 [s, 2H,H]], 6.69 s,
2H,H9), 7.24 [s, 2H,HY], 7.61 [s, 2H,HY]; 6(3'P) (A) 83.2 [s]; B)
81.9 [s]. Anal. Calcd for GeH1320:,PsSy: C, 73.89; H, 6.02.
Found: C, 73.55; H, 6.09.

[Resorcinarene(OC(O)OCH,Ph)4(OP(S)Ph)i{ Agz}]-
[CF3S0O;4]2 (11a).A solution of6 (0.050 g, 0.022 mmol) and AgGF
SG; (0.011 g, 0.043 mmol) in CkCl, (5 mL) was stirred for 15
min in a darkened flask. The solution was filtered through Celite,
and a white solid was precipitated witkhexane and recrystallized
from dichloroethan@-hexane. Yield: 0.047 g, 76%. NMR (GD
Cly): 6(*H) 2.29 [m, 8H,Hf, 2.47, 2.65 [m, 8HHY], 4.59 [m, 4H,
H€], 4.85 [m, 8H,2J4y = 12 Hz, OtH,Ph], 6.14 [s, 2HHC], 6.65
[s, 2H,Hq], 7.03 [s, 2H,H3, 7.71 [s, 2H,H], 6.94—-7.86 [m, 80H,
Ph]; (3(31P) 91.0 [S] Anal. Calcd fOIll&CHzClz, 0143HllgAgz-
ClFs022P4Ss: C, 59.12; H, 4.09. Found: C, 58.61; H, 4.05.

[Resorcinarene(OC(O)OCHPh),(OP(S)Ph)A Agz} I[PFel2 (11b).
This was prepared similarly froré (0.080 g, 0.037 mmol) and
AgPF; (0.019 g, 0.075 mmol). Yield: 0.074 g, 71%. NMR (gD
Cly): 6(*H) 2.29 [m, 8H,Hf, 2.50, 2.71 [m, 8HHY], 4.60 [m, 4H,
H€], 4.88 [m, 8H,2J4y = 12 Hz, OtH,Ph], 6.12 [s, 2HHC], 6.72
[s, 2H,HY], 7.09 [s, 2H,H3, 7.72 [s, 2H,H], 6.97—7.85 [m, 80H,
Ph]; o(3'P) 92.8 [s, P(S)],—143.2 [m, PE]. Anal. Calcd for
Cl4d'|1136\ng12015P584: C, 59.79; H, 4.16. Found: C, 59.46; H,
4.05.

[Resorcinarene(OC(O)GH4CH3)4(OP(S)Ph){Ag2}]-
[CF3S0O4], (12a). This was prepared similarly fromd (0.078 g,
0.035 mmol) and AgC§S0; (0.018 g, 0.07 mmol). Yield: 0.062
g, 64%. NMR (CDBClp): 6(*H) 2.20, 2.35 [m, 8HH], 2.48, 2.73
[m, 8H,HY], 2.62, [s, 12H, GH4CH3], 4.57 [m, 4H,H9], 5.74, 6.72,
7.69 [s, 6H, Ar-H], 6.90-7.97 [m, 78H, ArH, Ph, CeH4CHg];
0(®P) 92.1 [s]. Anal. Calcd for GoH116A0-Fs015P4Ss: C, 61.87,
H, 4.24. Found: C, 61.98; H, 4.47.

[Resorcinarene(OC(O)GH4CH3)4(OP(S)Ph){ Ag.} 1[PFe]2
(12b). This was prepared similarly from (0.080 g, 0.036 mmol)
and AgPF (0.018 g, 0.071 mmol). Yield: 0.077 g, 78%. NMR
(CD.Cly): O(*H) 2.26 [m, 8H,H], 2.52, 2.79 [m, 8HHY], 2.64,
[s, 12H, GH4CHg], 4.62 [m, 4H,H¢], 5.72, 6.81, 7.83 [s, 6H, Ar
H], 6.92—7.98 [m, 78H, AH, Ph, CsH4CH3]; 6(3%P) 93.9 [s, P(S)],
-143.2 [m, PEf] Anal. Calcd fOleb’OSC'CHzCHzC', C141H118-
Ag,CIF1,01,PsSs: C, 60.53; H, 4.25. Found: C, 60.12; H, 4.30.

[Resorcinarene(OC(O)GH3S)(OP(S)Phy) 4 Ag,} J[CF 3SO5)2
(13a). This was prepared similarly fror@ (0.080 g, 0.036 mmol)
and AgCRSG; (0.019 g, 0.074 mmol). Yield: 0.078 g, 80%. NMR
(CD:Cly): 6(*H) 2.14, 2.28 [m, 8HH, 2.44, 2.71 [m, 8HHY),
4.59 [m, 4H,H¢], 5.90, 6.67, 6.92 [s, 6H, ArH], 6.86-8.06 [m,
74H,Ph, Ar—H, C4H3S]; 6(31P) 92.3 [s]. Anal. Calcd for GoH 100
AgoFeO18P4S10: C, 57.31; H, 3.70. Found: C, 56.94; H, 3.56.

[Resorcinarene(OC(O)GH3S)(OP(S)Ph){ Agz} [PFe2 (13b).
This was prepared similarly fror8 (0.080 g, 0.036 mmol) and
AgPF; (0.018 g, 0.071 mmol). Yield: 0.082 g, 84%. NMR (gD
Clp): 6(*H) 2.24 [m, 8H,H, 2.48, 2.75 [m, 8HHY], 4.60 [m, 4H,
He, 5.88, 6.73 [s, 4H, ArH], 6.88-8.06 [m, 76H,Ph, Ar—H,
C4H3S]; 6(3'P) 93.8 [s, P(S)]-143.1 [m, PE]. Anal. Calcd for
Clzﬁlooa\nglelzPeSg: C, 56.60; H, 3.71. Found: C, 56.38; H,
3.53.

[Resorcinarene(OC(O)OCH.C=CH)4(OP(S)Ph).{Ag2}]-
[CF3S0O4], (14a). This was prepared similarly fror@ (0.080 g,
0.038 mmol) and AgC§SG; (0.020 g, 0.078 mmol). Yield: 0.074
g, 75%. NMR (CDBCly): 6(*H) 2.30 [m, 8H,Hf], 2.37, 2.61 [m,
8H, HY], 2.83 [t, 4H,%Jyy = 2 Hz, OCHC=CH], 4.51 [m, 4H,
He, 4.59 [s, br, 8H, OEI,C=CH], 6.30, 6.51 [s, 4H, ArH], 6.94—

8.01 [m, 64H, Ar-H, PH]; 6(3'P) 91.4 [s]. Anal. Calcd for GH1oo
AgoFs02P4Ss: C, 57.94; H, 3.86. Found: C, 58.12; H, 4.03.
[Resorcinarene(OC(O)OCH,C=CH)4(OP(S)Ph)4{ Ag2}]-
[PFe)2 (14b). This was prepared similarly froré (0.080 g, 0.038
mmol) and AgPF (0.019 g, 0.075 mmol). Yield: 0.073 g, 74%.
NMR (CD,Cly): o6(*H) 2.27 [m, 8H,H], 2.45, 2.62 [m, 8HHY],
2.78 [s, br, OCHC=CH], 4.51 [m, 4H,H¢], 4.59 [m, 8H,2Jy =
16 Hz, *Jyn = 2 Hz, OH,C=CH], 6.25, 6.59 [s, 4H, ArH],
6.94-7.96 [m, 64H, Ar-H, Ph]; 6(3'P) 93.1 [s],—143.2 [m, Pk ].
Anal. Calcd f0r14b‘C|CHch2C|, ClZGHlO4AQZCIZF12016P6S4: C,
55.99; H, 3.88. Found: C, 55.71; H, 3.86.
[Resorcinarene(OC(0O)GH4CH3)4(OP(S)Phy).{Aus} -
[CF3S0O4]; (15a). To a solution ofl2a (0.098 g, 0.036 mmol) in
CH.CI, (5 mL) in a darkened flask was added [AuCI(S})]€0.021
g, 0.071 mmol), resulting in an immediate precipitation of AgCl.
The solution was stirred for 15 min and filtered through Celite,
and a white solid was precipitated withhexane. Yield: 0.080 g,
76%. NMR (CQCly): 6(*H) 2.29 [m, 8H,H], 2.53, 2.80 [m, 8H,
HY), 2.62, [s, 12H, GH4CHa], 4.67 [m, 4H,H¢], 5.92 [s, 2H,HY,
6.76 [s, 2H,H], 6.89 [s, 2H,H?], 7.86 [s, 2H,H?], 6.92—7.96 [m,
76H, Ph, CsH4CHz]; 6(3'P) 89.7 [s]. Anal. Calcd fod5a0.5(-
hexane), @usH12AUFO18P4Ss: C, 58.49; H, 4.16. Found: C,
57.98; H, 3.93.
[Resorcinarene(OC(O)GH4CH3)4(OP(S)Ph)4{ Auz} ][PFe]2
(15b). This was prepared similarly frort2b (0.120 g, 0.043 mmol)
and [AuCIl(SMe)] (0.026 g, 0.088 mmol). Yield: 0.092 g, 73%.
NMR (CD,Cly): 6(*H) 2.32 [m, 8H,H], 2.50, 2.83 [m, 8HHY],
2.63, [s, 12H, @H4CHg], 4.68 [m, 4H,H¢], 5.93 [s, 2H,H], 6.78
[s, 2H,HY], 6.91 [s, 2H,H9), 7.87 [s, 2H,HP], 6.92—7.98 [m, 78H,
Ph, CeH4CHgJ; 6(3*P) 89.7 [s, P(S)]-143.2 [m, PE]. Anal. Calcd
for C1a0H116AUF12015PsSs: C, 57.46; H, 4.00. Found: C, 57.25;
H, 4.15.
[Resorcinarene(OC(O)GH3Su(OP(S)Ph){ Auz} J[CF3SO;5]2
(16). This was prepared similarly frorhi3a (0.099 g, 0.036 mmol)
and [AuCI(SMe)] (0.021 g, 0.071 mmol). Yield: 0.070 g, 67%.
NMR (CD.Cly): 6(*H) 2.29 [m, 8H,Hf, 2.55, 2.77 [m, 8HHY),
4.67 [m, 4H,H¢9], 6.12 [s, 2H,H], 6.67 [s, 2H,HY], 6.92 [s, 2H,
H4), 7.83 [s, 2H;HY], 6.71—8.04 [m, 72H,Ph, C4HsS]; 5(3'P) 89.1
[s]. Anal. Calcd for GagH100AUFs018P4S10: C, 53.79; H, 3.47.
Found: C, 53.97; H, 3.45.
[Resorcinarene(OC(O)OCHC=CH)4(OP(S)Ph)s{ Auz}]-
[CF3S0O;]; (17). This was prepared similarly frorb4a (0.099 g,
0.038 mmol) and [AuCI(SMg] (0.022 g, 0.075 mmol). Yield:
0.083 g, 78%. NMR (CBCl,): 6(*H) 2.30 [m, 8H,H], 2.45, 2.65
[m, 8H, HY], 2.81 [s, br, 4H, OCHC=CH], 4.52 [m, 8H,2J4y =
16 Hz, OH,C=CH], 4.56 [m, 4H,H¢9], 6.43 [s, 2H,H], 6.57 [s,
2H, HY], 7.12 [s, 2H,H7, 7.63 [s, 2H,H"], 6.98-8.04 [m, 60H,
Ph]; 6(3*P) 89.5 [s].
[Resorcinarene(OC(O)GH4CH3)4(OP(S)Ph)4{ Au} oJ[AuCl 7
[Resorcinarene(OC(O)GH4CH3)4(OP(S)Ph)4{ AuCl} ;] (18). A
solution of7 (0.100 g, 0.045 mmol) and [AuCI(SMg (0.053 g,
0.180 mmol) in CHCI; (10 mL) in a darkened flask was stirred
for 16 h. The yellow solution was filtered through Celite, and a
light-yellow solid was precipitated with-hexane. Yield: 0.084 g,
63%. NMR (CDQCl,, 193K): 6(3'P) 83.2, 85.2, 85.3, 86.8, 86.9,
87.0, 87.4, 88.0, 88.9, 89.1, 89.3, 89.9, 90.0. Anal. CalcdL&r
3C|CH2CH2C|, C235H244AU6C|12024P358: C, 55.62; H, 3.98.
Found: C, 55.44; H, 3.72.
[Resorcinarene(OC(O)OCH,Ph)4(OP(S)Ph)4{ PdCl (-
Cl)2}] (19). A solution of6 (0.080 g, 0.035 mmol) and PdZD.013
g, 0.073 mmol) in CHCI, (5 mL) was stirred for 24 h. The resulting
dark-yellow solution was filtered through Celite, and a brown solid
was precipitated witm-hexane and recrystallized from CHGF
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6:5CH,Cl,H,0O 14a1.85GH,4Cl»+0.35H,0 18:4.75GH4Cl>*H.0 19-4.5CHCE0.5H,0
formula GiatH126Cl10017P4Sy Ci20.H107.4A92Cl3 7F6022.3P1Se Cag9.4125:AU6Cl15 £025PsSg Cr44.31204C117. 8016 PP Sy
fw 2747.08 2800.70 6365.42 3206.20
space group Pbcn =] P2(1)fc P1
a(d) 33.460(7) 15.524(3) 27.102(5) 17.021(3)
b(A) 17.535(4) 16.021(3) 28.513(6) 18.537(4)
c(A) 24.043(5) 27.110(5) 37.424(8) 24.719(5)
o (deg) 103.40(3) 95.69(3)
£ (deg) 98.20(3) 95.08(3) 93.33(3)
y (deg) 101.04(3) 99.61(3)
V (A3 14106(6) 6313(3) 28805(10) 7630(3)
Z 4 2 4 2
deate (g €M) 1.293 1.473 1.468 1.396
« (mmr) 0.364 0.616 3.351 0.698
R1, wR2 ] > 20(1)] 0.072,0.212 0.065,0.174 0.095, 0.266 0.085, 0.239

Rindices (all data) 0.1306, 0.2447 0.0959, 0.1932
aTemperature= 150(2) K; wavelength= 0.710 73 A.

hexane. Yield: 0.062 g, 67%. NMR (GDl,): 6(*H) 1.35, 1.57,
1.74, 1.89, 2.04, 2.34 [m, 16HYf, HY], 3.54, 4.61 [m, 4HHE],
5.15, 5.19 [m, 8H, O6,Ph], 5.74, 5.82 [s, 2HH"], 7.20, 7.68 [s,
2H, HY], 6.60-8.21 [m, 84H Ha, He, Ph]; 6(3'P) 88.2 [s], 89.2 [s].
Anal. Calcd f0r19-05CHC§, C140.5J'|116A£|5A5016P4PC|2$4: C, 62.02;
H, 4.32. Found: C, 61.82; H, 4.50.
[Resorcinarene(OC(O)CGH3SK(OP(S)Ph)4{ Pd.Cl(u-Cl) 2} (20).
This was prepared similarly fror8 (0.080 g, 0.036 mmol) and
PdC} (0.013 g, 0.073 mmol). Yield: 0.078 g, 87%. NMR (gD
Cly): 6(*H) 1.18, 1.35, 1.79, 2.05, 2.26, 2.50 [m, 16H, HI],
3.60, 5.00 [m, 4HH¢], 5.92, 6.06 [s, 2HHY], 7.41, 7.71 [s, 2H,
Hd], 6.50-8.16 [m, 76 H,Ph, Ha H¢, C4;H3S]; 6(3'P) 87.7 [s], 88.9
[S]. Anal. Calcd fOFZO‘CHC:lg, C129|'|101C|7012P4P(1288: C, 57.71;
H, 3.79. Found: C, 57.27; H, 3.71.
[Resorcinarene(OC(O)GH11)4(OP(S)Ph) Pd:Cl,(u-Cl)2} ] (21).
This was prepared similarly frorh0 (0.080 g, 0.036 mmol) and
PdC} (0.013 g, 0.073 mmol). Yield: 0.062 g, 67%. NMR (gD
Cly): 6(*H) 1.04-2.58 [m, 60H,Hf, H9, CgHyj], 3.51, 4.84 [m,
4H, H9, 5.87, 6.00 [s, 2H, ArH], 6.62-8.16 [m, 70H, Ar-H,
Ph]; 6(3'P) 87.4 [s], 88.2 [s]. Anal. Calcd f&1-CHCl;, CiaHi3z
Cl;01,PPdS,: C, 61.29; H, 4.99. Found: C, 60.86; H, 4.79.
X-ray Structure Determinations. A crystal suitable for X-ray

0.1618, 0.3163 0.1166, 0.2692

into a dichloroethane solution. There was disorder of two of the

phenyl rings, which were modeled as 50:50 and 60:40 isotropic
mixtures, respectively. One of the triflate anions was disordered
and was modeled as a 75:25 isotropic mixture. The 25% portion
was further disordered and was modeled as a 15:10 isotropic mixture
of two anions inverted and superimposed in the same point in space.
The solvent molecules were disordered and were modeled as
isotropic mixtures with geometric restraints. The molecule of

adventitious water was modeled as a single isotropic oxygen atom.

Complex 18.Crystals of [GaoH116AU2012PS [AUCH ][ CragH116-
Au,Cl,01,P4S,]4.75CICHCH,CI-H,O were grown from diffusion
of n-hexane into a dichloroethane solution. There was a disorder
of the entire structure present for compl&8 which was refined
to a 94:6 mixture. However, only the 6% occupancy gold atoms
could be located for the minor component and were refined with
isotropic thermal parameters; the remaining atoms were treated as
100%. All of the dangling phenethyl groups were disordered and
were modeled with appropriate occupancies as isotropic mixtures
with geometric restraints. Two of the tolyl substituents were
modeled as 50:50 isotropic mixtures with geometric restraints. The
solvents were disordered and were modeled with geometric
restraints; only the chlorine atoms were refined with anisotropic

analysis was mounted on a glass fiber. Data were collected at 150thermal parameters. The chloroaurate anions were severely disor-
K by using a Nonius-Kappa CCD diffractometer usi@@®LLECT dered. The first anion location was refined as a five-part disorder
(B. V. Nonius, 1998) software. The unit cell parameters were model in a 30:25:20:15:10 ratio. The second anion location was
calculated and refined from the full data set. Crystal cell refinement modeled as a four-part disorder in a 35:35:15:15 ratio. The gold
and data reduction were carried out using the NomENZO chloride distances were restrained to be equal and allowed to refine,
package. The data were scaled using SCALEPACK (B. V. Nonius, and only the gold atoms were refined with anisotropic thermal
1998). TheSHELX-TLversion 5.1 andSHELX-TLversion 6.1 (G. parameters.
M. Sheldrick) program packages were used to solve and refine the  Complex 19. Crystals of [GagH116ClsO16PsPhS4]-4.5CHCE:
structures. The structures were all solved by direct methods. The 5H,0 were grown from diffusion ofi-hexane into a chloroform
hydrogen atoms were calculated geometrically and were riding on splution. The two uncoordinated 8 groups were highly
their respective carbon atoms. Except as mentioned, all non-disordered and were modeled as 45:30:25 and 75:25 mixtures,
hydrogen atoms were refined with anisotropic thermal parameters. respectively. In both cases, geometric restraints were applied, and
Crystal data are summarized in Table 2. All thermal ellipsoid only the phosphorus and sulfur atoms of these highly disordered
diagrams are shown at 30% probability. groups were modeled anisotropically. Three of the dangling
Compound 6.Crystals of [GadH116016P4Ss] -5CHCl*H0 were phenethyl groups were disordered and were modeled as 50:50, 50:
grown from diffusion ofn-hexane into a dichloromethane solution. 50, and 60:40 isotropic mixtures, respectively, with geometric
One of the @H,Ph groups was modeled as a 65:35 isotropic restraints. One of the CH,Ph groups was modeled as a 55:45
mixture with geometric restraints. One of the partial-occupancy isotropic mixture with geometric restraints. A secon@CK)Ph
solvent molecules was highly disordered and was modeled as agroup showed evidence of disorder, but no suitable disorder model
25:25 isotropic mixture with geometric restraints. The molecule of could be refined, and this group was refined at full occupancy with
adventitious water was modeled as a single isotropic oxygen atom.isotropic thermal parameters. One of the partial-occupancy solvent

Complex 14a. Crystals of [G24H100A02016P4S4[CF3SO;]2-
1.85CICHCH,CI-0.35H,0 were grown from diffusion ofi-hexane
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molecules was highly disordered and was modeled as a 40:35
isotropic mixture with geometric restraints and fixed coordinates
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for the carbon atoms. The partial-occupancy solvent molecules were  Supporting Information Available: Crystallographic tables in
all modeled with isotropic thermal parameters. The molecule of CIF format for compound and complexed4a 18, and19. This
adventitious water was modeled as a single isotropic oxygen atom.material is available free of charge via the Internet at http:/
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