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The cooperative forces of aurophilic and hydrogen bonding have been used in the self-assembly of phosphine or
diphosphine complexes of gold(l) with the thiolate ligands derived from 2-thiobarbituric acid, SC4H4N,0,, by single
or double deprotonation. The reaction of the corresponding gold(l) trifluoroacetate complex with SC4H4N,0, gave
the complexes [Au(SC4HsN;0,)(PPhs)], 1, [(AuSC4H3N,05),(u-LL)], with LL = Ph,PCH,PPh,, 2a, Ph,P(CH,)sPPh,,
2b, or Ph,PCH=CHPPh,, 2c, or the cyclic complex [Auy(u-SC4H2N,0,)(u-Ph,PCH,CH,PPhy)], 3. In the case with
LL = Ph,P(CH,)sPPh,, the reaction led to loss of the diphosphine ligand to give [Aug(SC4HsN20,)g], 4, a hexagold(l)
cluster complex in which each gold(l) center has trigonal AuS;N coordination. Structure determinations show that
1 has no aurophilic bonding, 2b, 3, and 4 have intramolecular aurophilic bonding, and 2c has intermolecular
aurophilic bonding that contributes to the supramolecular structure. All the complexes undergo supramolecular
association through strong NH---O and/or OH---N hydrogen bonding, and complex 3 also takes part in CH:--O
hydrogen bonding. The supramolecular association leads to formation of interesting polymer, sheet, or network
structures, and 4 has a highly porous and stable lattice structure.

Introduction as hydrogen bonding, has immense potential in the design
of molecular material$.

Polynuclear gold(l) thiolate complexes, and thiobarbitu-
rates in particular, are of interest for several reasons. Gold(l)
thiolates are often photoluminescent at room temperature,
and the emission properties can be strongly affected by the
presence of aurophilic AerAu interactions, leading to
potential uses as sens6rghe simple gold(l) thiolates have
found widespread uses in gold pastes for glass and ceramics,
and in self-assembled monolayers for thin-film technology
or electronic devices, while derivatives of thiomalic acid or
thioglucose are used in the treatment of rheumatoid artPritis.
There is much interest in the properties of heterocyclic
N thioamides, which have potential as antitumor reagents, and
so many thiolatogold(l) derivatives of purines and pyrim-
idines have been prepared as biomimetic ageisthis

* To whom correspondence should be addressed. E-mail: pudd@uwo.ca.comeXt’ the ligand 2_th|0bar_bltunc acid (Ch_art 1) has I’IOF
(1) (a) Janiak, CAngew. Chem., Int. EA997, 36, 1431. (b) Yaghi, 0. ~ been reported, though, having many possible tautomeric

1Méé)|8_i'3T';47D2ViS’ C.; Richardson, D.; Groy, T. lAcc. Chem. Res  structures illustrated in Chart 1, it has very desirable

(2) (a) Braga, D. Grepioni, FCoord. Chem. Re 1999 183 19. (b) properties for forming supramolecular structut&he tau-
Swiegers, G. F.; Malefetse, T. Ghem. Re. 200Q 100, 3483. (c) tomersA—D (Chart 1) are expected to be in easy equilibrium,

Sherrington, D. C.; Taskinen, K. AChem. Soc. Re 2001, 30, 83. : : : : :
(3) (a) Pathaneni, S. S.; Desiraju, G. R.Chem. Soc., Dalton Trans. and thoth the thione fornD), is dominant in solutior,

1993 319. (b) PyykKko P. Chem. Re. 1997, 97, 597. gold(l) derivatives are likely to be S-bonded and so derived

The fields of crystal engineering and molecular recognition
are current challenges in developing materials science, with
one aim being the construction of metalrganic frameworks
for use as functional porous solildVeak intermolecular
forces, such as hydrogen bondingstacking, dipole-dipole
attractions, and van der Waals interactions, are used in this
discipline to assemble molecular components selectively into
complex structural motifd.The crystalline materials may
display properties distinct form those of their molecular
components. The mutual attraction between gold(l) centers,
called aurophilicity, has a similar strength to hydrogen
bonding (711 kcal/mol} and can be used to assemble
complex supramolecular structures. The combination o
aurophilic with other secondary bonding interactions, such
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Chart 1. Some Possible Tautomers of Thiobarbituric Acid

HO OH HO (o) HOWOH
\(\n/ . W L

N __N N _N N_ _N_
“H H
SH A j:l B 11/ C
OWO HO\[HYO HOJLK\(O
H,N N\H‘__~ N\n/N\H = H/N\H/N\H
s F s E S D

from tautomerA or B (the tautomerE and F, having a

phine co-ligand, which is known to form hydrogen bonded
dimers in the solid state, but several other elegant examples
are knowrtt"81t is also noteworthy that thiobarbituric acid
has important applications in analytical chemistry and in
pharmaceuticals.

Results and Discussion

Synthesis and Spectra of the Complexeitial attempts
to prepare the gold(l) complexes by the established reaction
of a complex [AuCIL] or [(AuClp(u-LL)], L = phosphine
or LL = diphosphine ligand, with the thiol 2-thiobarbituric
acid in the presence of base were only partly successful. The

saturated carbon atom in the ring, are not present in the freedifﬁcu|ty was that the products were insoluble in common

ligand as clearly indicated by the NMR spectfaJhe

tautomersA and B are ideally arranged for formation of

organic solvents and so were difficult to purify. Finally, pure
compounds were prepared by simple reaction of the corre-

complex supramolecular arrays through self-complementary, sponding trifluoroacetate complex [AMCCF;)L] or [(AuO»-

head-to-tail intermolecular OHN or NH---O hydrogen

CCR)2(u-LL)]° with 2-thiobarbituric acid. The reactions

bonding (equivalent in the limit of very strong hydrogen occurred easily, with elimination of GEO,H, to give the
bonding) between equivalent pairs on either side of the products1 or 2 as shown in Scheme 1. Still, the stable,

molecule] while aurophilic attractions could give additional

colorless, solid products were insoluble in all common

impetus for self-assemblyThis paper reports the synthesis  solvents except for DMSO, and so could not be recrystallized.
and structural characterization of complexes derived from | several cases, however, single crystals could be obtained
this ligand with gold(l), using triphenylphosphine or several by slow diffusion of the reagents together.

diphosphines as co-ligands, and shows that a particularly rich Although the reactions were carried out under the same
supramolecular chemistry can be obtained. Perhaps the MOSEonditions, in two cases unexpected products were formed.

relevant example from the literature is the formation of a
gold(l) derivative of 2-thiouracil with a monodentate phos-

(4) (a) Tzeng, B. C.; Schier, A.; Schmidbaur, Idorg. Chem1999 38,
3978. (b) Hunks, W. J.; Jennings, M. C.; Puddephatt, Rndrg.

Chem 200Q 39, 2699. (c) Ahrens, B.; Friedrichs, S.; Herbst-Irmer,

R.; Jones, P. GEur. J. Inorg. Chem200Q 2017. (d) Hollatz, C.;
Schier, A.; Schmidbaur, Hnorg. Chem. Act2200Q 300—-302 191.

(e) Bishop, P.; Marsh, P.; Brisdon, A. K.; Brisdon, B. J.; Mahon, M.

F.J. Chem. Soc., Dalton Trank998 675. (f) Slawin, A. M. Z.; Smith,
M. B.; Woollins, J. D.Polyhedron1999 1135. (g) Stocker, F. B.;
Britton, D. Acta Crystallogr 2000 C56, 798. (h) Nomiya, K.;
Takahashi, S.; Noguchi, R. Chem. Soc., Dalton Tran200Q 2091.

(i) Nomiya, K.; Noguchi, R.; Shigeta, T.; Kondoh, Y.; Tsuda, K.;

Ohsawa, K.; Kasuga, N. C.; Oda, Bull. Chem. Soc. Jpr200Q 73,
1143. (j) Hollatz, C.; Schier, A.; Schmidbaur, A. Naturforsch., B:
Chem. Sci1999 54h 30. (k) Shi, J. C.; Kang, B. S.; Mak, T. C. W.
J. Chem. Soc., Dalton Tran&997 2171. (I) Schneider, W.; Bauer,
A.; Schmidbaur, HOrganometallicsL996 15, 5445. (m) Mingos, D.
M. P.; Yau, J.; Menzer, S.; Williams, D. J. Chem. Soc., Dalton
Trans.1995 319. (n) Vicente, J.; Chicote, M. T.; Abrisqueta, M. D.;
Guerrero, R.; Jones, P..@ngew. Chem., Int. Ed. Engl997, 36,

1203. (0) Sladek, A.; Schneider, W.; Angermaier, K.; Bauer, A.;

Schmidbaur, HZ. Naturforsch., B: Chem. Scl996 51b 756. (p)
Bachman, R. E.; Fioritto, M. S.; Fetics, S. K.; Cocker, T. MAm.
Chem. Soc2001, 123 5376. (q) Hao, L.; Mansour, A.; Lachicotte,
R. J.; Gysling, H. J.; Eisenberg, Rorg. Chem200Q 39, 5520. (r)

Lépez-de-Luzuriaga, J. M.; Sladek, A.; Schneider, W.; Schmidbaur,

H. Chem. Ber1997 130, 641. (s) Wilton-Ely, J. D. E. T.; Schier, A.;
Mitzel, N. W.; Schmidbaur, HJ. Chem. Soc., Dalton Trang001,
1058. (t) Wilton-Ely, J. D. E. T.; Schier, A.; Schmidbaur, H.
Organometallic2001, 20, 1895. (u) Wilton-Ely, J. D. E. T.; Schier,
A.; Mitzel, N. W.; Schmidbaur, Hinorg. Chem2001, 40, 6266. (v)

Chen, J. H.; Jiang, T.; Wei, G.; Mohamed, A. A.; Homrighausen, C.;

Bauer, J. A. K.; Bruce, A. E.; Bruce, M. R. M. Am. Chem. Soc.
1999 121, 9225.

(5) (@) Yam, V. W. W.; Chan, C. L.; Li, C. K.; Wong, K. M. Coord.
Chem. Re. 2001, 216-217, 173. (b) Forward, J. M.; Fackler, J. P.,
Jr.; Assefa, Z. IrDptoelectronic Properties of Inorganic Compounds

Roundhill, D. M., Fackler, J. P., Jr., Eds.; Plenum Press: New York,

1999; pp 195-239. (c) Yam, V. W. W.Pure Appl. Chem2001 73,

543. (d) Watase, S.; Nakamoto, M.; Kitamura, T.; Kanehisa, N.; Kali,

Y.; Yanagida, SJ. Chem. Soc., Dalton Tran200Q 3585.
(6) Gold: Progress in Chemistry, Biochemistry and Technal&phmid-
baur, H., Ed.; Wiley: New York, 1999.

The reaction of [[AUGCCR),(u-LL)], with LL = PhP(CH).-
PPh, led to double deprotonation of the 2-thiobarbituric acid
to give the stable, colorless, cyclic compl&x with the
bridging N,S-bonded [¢H,N,O,SF ligand, as shown in eq

1, X = CRCOQO,. In the case with LL= PhP(CH,)sPPh,

the reaction occurred with displacement of the diphosphine
ligand and single deprotonation of the 2-thiobarbituric acid
to give the interesting cluster compled&u(u-CsHaNO2S)} ],

4, according to eq 2. This produédtwas also formed when

(7) (a) Al-Sa’ady, A.K. H.; Moss, K.; McAuliffe, C. A.; Parish, R. \J.
Chem. Soc., Dalton Trand984 1609. (b) Vicente, J.; Chicote, M.
T.; Rubio, C.Chem. Ber1996 129, 327. (c) Aarts, A. J.; Desseyn,
H. O.; Herman, M. ATransition Met. Chem(Dordrecht, Neth.)198Q
5, 10. (d) Colacio, E.; Romerosa, A.; Ruiz, J.; Rom&.; Gutierez-
Zorrilla, J. M.; Vegas, A.; Mafhez-Ripoll, M. Inorg. Chem 1991,
30, 3743. (e) Cookson, P. D.; Tiekink, R. 3. Chem. Soc., Dalton
Trans 1993 259. (f) Vicente, J.; Chicotte, M. T.; Huertas, S.; Regml
de Arellano, M. C.; Jones, P. &ur. J. Inorg. Chem1998 511. (g)
Stocco, G.; Gattuso, F.; Isab, A. A.; Shaw, C. F., Iflorg. Chim.
Acta 1993 209 129. (h) Cingi, M. B.; Bigoli, F.; Lanfranchi, M.;
Leporati, E.; Pellinghelli, M. A.; Foglia, Gnorg. Chim. Actal995
235 37. (i) Nah, H.; Beck, W.; Burger, KEur. J. Inorg. Chem1998
93. (j) Jones, P. G.; Friedrichs, S.; Chem. Soc., Chem. Commun
1999 1365. (k) Tzeng, B. C.; Che, C. M.; Peng, S. MChem. Soc.,
Dalton Trans 1996 1769. (I) Raper, E. SCoord. Chem. Re 1996
153 199. (m) Zaki, Z. M.; Mohamed, G. Gepectrochim. Acta, Part
A 200Q 56, 1245. (n) Youssef, N. S.; Eid, A. EEgypt. J. Chem.
1991 34, 305. (0) Aoki, I.; Kawahara, Y.; Sakaki, T.; Harada, T.;
Shinkai, SBull. Chem. Soc. Jpri993 66, 927. (p) Kim, Y.-Z.; Lim,
J.-C.; Yeo, J.-H.; Peng, C.-S.; Kim, W.-S.; Kim, S.-S.; Woo, Y.-M.;
Yang, D.-H.; Oh, H.; Nahm, KJ. Med. Chem1994 37, 3828. (q)
Jerkowski, J. A.; Whitesides, G. M. Am. Chem. Sod. 994 116,
4298. (r) Bonati, F.; Burini, A.; Pietroni, B. R.; Giorgini, Enorg.
Chim. Actal987, 137, 81. (s) Tzeng, B. C.; Cheung, K. K.; Che, C.
M. J. Chem. Soc., Chem. Comm@A9§ 1681. (t) Tzeng, B. C.; Che,
C. M., Peng, S. MJ. Chem. Soc., Chem. Commu®897, 1771.

(8) (a) Hoskins, B. F.; Zhenrong, L.; Tiekink, E. R. lhorg. Chim. Acta
1989 158 7. (b) Harker, C. S. W.; Tiekink, E. R. T.; Whitehouse, M.
W. Inorg. Chim. Actal991, 181, 23.

(9) Brandys, M.-C.; Jennings, M. C.; Puddephatt, RJ.JChem. Soc.,
Dalton Trans.200Q 4601.
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2¢, LL = trans-Ph,PCH=CHPPh,

LL = PhhPCHPPh under some experimental conditions.
The stable, pale yellow complet was insoluble in all
common solvents, and this probably accounts for the
unexpected formation of the compound (phosphines are not
easily displaced from gold(l) by sulfur-donor ligands).
Complex4 was characterized only by structure determina-
tion, because solution characterization was impossible.

L—Au—X (0]

HO o (L—Au—X L—A“_NWOH
\(\l‘f o ( N )
- \ﬂ/ ~H -2HX L—Au—s
S 3, LL = Ph,P(CH,),PPh,
0.5 [AuX(p-LL)
HOW LL = PhyP(CH,)sPPh,
——————— U6 [(AuSCsH3N,02)]  (2)

-HX, -LL 4
=$§_ N
74l
\ .7 Structure of 4
"'\ Only the NCS atoms of the ligand
Au—o\-N a1 shown, for clarity

The complexesl—3 were sparingly soluble in DMSO,
which is presumed to break down the intermolecular
hydrogen bonding that makes the compounds insoluble in
other solvents. It is, of course, possible that this solvation
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by DMSO could give different tautomers or even different
complexes compared to the solid state structures, but the
spectra were consistent with molecular structures determined
crystallographically fod, 2b, 2c, and3 and described later.
For example, thé'P spectra forl and2 each contained a
single resonance, as expected for complexes with equivalent
phosphorus atoms trans to sulfur donors, whereas complex
3 gave two*'P resonances for the nonequivalent phosphorus
atoms trans to sulfur and nitrogen in the macrocyclic
structure. No crystals suitable for structure determination
were obtained fo2a, but the observation of a singféP
resonance, as well as the analytical data, supports its
characterization as shown in Scheme 1, rather than as the
possible structure analogous3olt is not obvious why the
chemistry for the diphosphine ligands is so different for
varying PhP(CH,),PPh, giving 2 whenn = 1 or 3, but3
whenn = 2. Itis likely that strain in the macrocyclic structure
3 is minimized whem = 2, but the effect could not have
been predicted. In th#H NMR spectra, the CH resonance
of the thiolate ligand was observed in the rarge 4.7—
5.0, exchange between-NH and/or O-H protons with water
impurity in the solvent DMSQ3s occurred, and so, useful
structural information was not obtained from these reso-
nances. The tautomeric forms shown in Scheme 1 and eq 1
for the solution structures are therefore tentative.

Structures of the Complexes and the Supramolecular
Association. “Molecular Tape” Structure of Complex 1.
The structure of the complex [BPAUSGH3N,O;], 1, which
crystallized as a tetrahydrofuran solvate, is shown in Figure
1la, with selected bond parameters in Table 1. The gold(l)
center has roughly linear stereochemistry—fu—S =
170.67(5%], with the distortion away from the adjacent
nitrogen atom N(6). However, the orientation of the nitrogen
is not suited for covalent bonding, and the distance MN(6)
= 3.54 A is longer than the sum of the van der Waals radii
of 3.25 A, so secondary AuN bonding is not likely to be
the cause of the distortion. The distances/Au= 2.254(1)
A and Au—S = 2.300(1) A are normal for linear phosphine-
(thiolato)gold(l) complexe¥’ The C-S distance of 1.737(5)
A is consistent with a single bond, and the angle €&
Au = 105.1(2} is also in the normal range for a thiolate
complex®

There are no intermolecular AuAu interactions, but the
molecules of complexXt self-assemble by intermolecular
hydrogen bonding as shown in Figure 1b. The pyrimidine
groups associate through hydrogen bonding to give an
approximately planar tape structure, with alternate phosphine-
(thiolato)gold(l) groups oriented on either side and above
or below the plane of the “tape”. There also significant aryl
aryl interactions between phenylphosphorus groups of neigh-
boring tapes, but these are not illustrated. The association
between pyrimidine groups occurs in a head-to-tail, pair-
wise fashion (Figure 1b), with distances N®(8A) =
N(6A)---O(8) = 2.71 A and N(2)--O(7B) = N(2B)---O(7)
=275 Al

(10) Ahmed, L. S.; Clegg, W.; Davies, D. A.; Dilworth, J. R.; Elsegood,
M. R. J.; Griffiths, D. V.; Horsburgh, L.; Miller, J. R.; Wheatley, N.
Polyhedron1999 18, 593.
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Figure 2. Structure of {u-(CHy)3(PPh)2} (AuSCH3N20,)2], 2b: (a)
structure of the digold(l) molecule with intramolecular -Av\u interaction
and (b) part of the sheet structure formed by intermolecular hydrogen

bonding. Only tha@pso-carbon atoms of the phenyl groups are shown for
Figure 1. Structure of [PBPAUSGH3N2O,], 1: (a) molecular structure clarity.

and atom labeling and (b) polymeric tape structure formed by intermolecular

hydrogen bonding. Table 2. Selected Bond Distances (A) and Angles (deg) for Complex
2b
Table 1. Selected Bond Distances (A) and Angles (deg) for Complex
Au—P 2.269(2) Au-S(1) 2.314(2)
Au—P 2.254(1) C(3y0(7) 1.247(6) Au—Au(A) 3.1621(5) C(2y-S(1) 1.740(7)
Au-S 2.300(1) C(5r0(8) 1.247(6) P—C(31) 1.817(7) C(2YN(3) 1.331(8)
S—C(1) 1.737(5) C(LyN(6) 1.326(6) C(2)-N(9) 1.323(8) N(9¥-C(7) 1.411(9)
N(6)—C(5) 1.430(6) C(4rC(5) 1.389(7) C(7)-0(8) 1.265(8) C(7rC(6) 1.388(9)
C(3)-C(4) 1.395(7) C(3rN(2) 1.414(6) C(6)—C(4) 1.383(10) C(4Y0(5) 1.247(8)
N(2)—C(1) 1.325(6) P-C(11) 1.800(6) C(4)-N(3) 1.426(9) N(3}C(2) 1.331(8)
P—Au-S 170.67(5) C(LyS—Au 105.1(2) P—AU—S(1) 173.94(7)  PAu—Au(l) 84.11(5)
C(11)-P-Au 113.1(2) N(6)-C(1)-S 121.4(4) S(1)-Au—Au(l) 101.59(4)  C(3BP-Au 117.2(3)
C(1)-N(6)—-C(5) 122.0(4) N(6)-C(5)-0(8) 116.6(5) C(2)-S(1)-Au 103.5(2) N(3)y-C(2)-S(1) 122.7(5)
N(6)—C(5)-C(4) 116.9(5) C(5rC(4)-C(3) 121.4(5) C(2)-N(3)—-C(4) 122.1(6) N(3FC(4)-0(5)  116.9(6)
C(4)-C(3)-N(2) 116.3(2) C(3yN(2)—C(2) 123.3(4) N(3)—C(4)—C(6) 116.7(6) C(4yC(6)-C(7) 121.7(7)

C(6)-C(7)-N(9)  116.4(6) C(T¥N(9)-C(2)  123.2(6)

The molecular structure of, as described previously,  N©-C@-N@)  1197(6)  NErC(7)-0@E)  115.6(6)

suggests a gold(l) thiolate derived from either tautomeric
form A or B of Chart 1. FormA has aromatic character

whereasB has more localized single and double bonds. oo e .

Because the hydrogen atoms were not directly located in theContrIbUtlon fromB. In the limit of strong hydrogen bonding,

structure determination, the criteria are based on the degredith the hydrogen atom midway between----O atoms,
of symmetry of the pyrimidine group. I, there is no the tautomer#\ andB become effectively equivalent, and

significant asymmetry from side to side. For example, the this appears to be the approximate structure for complex

distances C(BN(2) = 1.325(6) A and C(LN(6) _ in the solid state. These conclusions apply also to complexes
' 2 and4.

1.326(6) A, and C(3y0(7) = 1.247(6) A and C(5Y0(8)

= 1.247(6) A are effectively equal, consistent with foAn Sheet Structures of Complexes 2b and 2dhe structure

However, inA, all CN bonds should be approximately equal of complex 2b IS shown in Figure 2, and selec_ted bond

whereas the distances C{A)(2) = 1.414(6) A and C(5) parameters are in Table 2. The complex crystallizegkas

_ ; 2THF2DMF, with solvent molecules occupying cavities in
N(6) = 1.430(6) A are longer than the two noted previously. . . .
© © g P y the lattice. There is a 2-fold axis through the central carbon

(11) Jeffrey, G. AAn Introduction to Hydrogen Bondin@xford University atom of the diphOSphine |igand_ baCkane, C(32), so all gold
Press: Oxford., 1997. atoms are equivalent. The diphosphine adopts a twisted

This observation, along with the short-© bond distances
that suggest double bond character, indicates a strong

Inorganic Chemistry, Vol. 41, No. 17, 2002 4593
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Figure 3. Structure of [{i-transPhhPCH=CHPPh)(AuSCiH3N205)],

2c. (a) dimer of digold(l) complexes formed by intermolecular-AAu
bonding and (b) part of the sheet structure formed by a combination of
hydrogen bonding and aurophilic attractions. Phenyl groups are omitted
for clarity.

conformation [torsion angle AuPP(A)Au(4y 86.6°] that
allows a close intramolecular gotdjold contact with
Au-+-Au = 3.1621(5) A as shown in Figure 2a. Each gold(l)
center has roughly linear stereochemistry withAu—S =
173.94(73, with the distortion allowing a closer gokdgold
contact. The distances AP = 2.269(2) A and Au-S =
2.314(2) A are normal values.

The hydrogen bonding between individual pyrimidine units
is similar to that in compleX, though the crystallographic
symmetry is different (Figure 2b). Each pyrimidine unit is
involved in four strong hydrogen bonding interactions with
distances N(3}0(8B) = N(3A)—0O(8) = 2.76 A and N(9)-
O(5A) = N(9B)—0O(5) = 2.66 A, giving an extended tape
structure similar to that in complek However, in2b, each

Hunks et al.

Table 3. Selected Bond Distances (A) and Angles (deg) for Complex
2c

Au(1)—P(1) 2.264(4) Au(1¥S(11) 2.314(4)
Au(1)-Au(2) 3.2175(9) Au(2-P(2) 2.252(4)
Au(2)-S(21) 2.310(4) P(1HC(1) 1.800(14)
S(21)-C(22) 1.74(1) C(22N(23) 1.33(2)
N(23)-C(24) 1.37(2) C(24y0(28) 1.34(2)
C(24)-C(25) 1.34(2) C(25)C(26) 1.39(2)
C(26)-0(29) 1.28(2) C(26)N(27) 1.38(2)
N(27)-C(22) 1.32(2) C(1¥C(2) 1.33(2)
P(1-Au(1)-S(11)  176.9(1) P(BAu(l)-Au(?)  104.7(1)
S(11-Au(l)-Au?)  78.3(1) P(JrAu(2-S(21)  176.2(1)
P()-Au(2)—-Au(l)  107.8(1) S@BAu@)-Au(l)  76.0(1)
C(1)-P(1)-Au(l) 108.2(5) Au(2FS(21)-C(22)  100.3(6)

ligands and have a U-shape as shown in Figure 3a. However,
the conformation of the more rigid diphosphine liganet (P
= 4.50 A, Au(1)P(1)P(2A)Au(2A)= 48°] does not allow
close intramolecular contact between the gold(l) centers (the
intramolecular AuAu distance is 6.65 A) of the type observed
in 2b. Instead, pairwise, intermolecular AvAu bonding
occurs to form a tetragold complex with Auf:Au(2) =
Au(1A)---Au(2A) = 3.217(2) A. Because there is a center
of symmetry in the center of the tetragold assembly, the
equivalent thiolate groups are oriented at 1&80each other.
The intermolecular torsion angle, P(1)Au(1)Au(2)P&)
108, is close to the ideal angle of 9@or maximizing the
Au(1)---Au(2) aurophilic attraction.

Complex2cforms a sheet structure, but of a very different
form compared t@b. A section of the sheet structure 2¢
is shown in Figure 3b. Each pyrimidine unit takes part in
only one pairwise, intermolecular hydrogen bonding interac-
tion with a similar unit. The heavy atoms involved are
N(13)O(18) of one pyrimidine and N(27)O(29) of the other
(see Figure 3a), while the other potential hydrogen bonding
heavy atoms N(17)O(19) and N(23)O(28) do not participate.
The relevant distances are N(13D(18B) = 2.73 A and
N(27)---O(29D) = 2.70 A. The hydrogen bonding between
the U-shaped dimers leads to sinusoidal chain structures, but
these are cross-linked to two adjacent chains through the
aurophilic attractions, and this arrangement yields an unusual
sheet structure (Figure 3b). The chains are not flat, and they
cross alternately above and below adjacent chains. Overall,
each digold(l) unit takes part in four intermolecular hydrogen
bonds and two intermolecular aurophilic attractions, giving
a strongly bound supramolecular structure. The sheet struc-

tape is connected to a parallel one through the bridging ture contains large cavities that are occupied by solvate
diphosphine ligand, to give an overall sheet structure, of molecules, that are not shown in Figure 3b. The pyrimidine
which only a small section is shown in Figure 2b. Because nhitrogen atoms that are not involved in interdimer hydrogen
each digold(l) unit is involved in eight strong intermolecular bonding are oriented toward the adjacent gold atom with
hydrogen bonds (two pairs for each pyrimidine), it is not Au(1)N(17)= 3.37 A and Au(2)N(23)= 3.03 A similar to
surprising that the network is strongly bonded together and the sum of the van der Waals radii of 3.25 A, but the gold(1)
that the compound is insoluble in most organic solvents. The atoms are close to linear, and so, any interaction must be
Au---Au interaction in2b affects the conformation of the weak. There is a short contact N(1#D(35A) involving an

digold(l) unit but otherwise is not involved in the supra-
molecular association.
The structure of complegc is shown in Figure 3, and

oxygen atom of a DMF solvate molecule, and this probably
represents a NH-O=CHNMe, hydrogen bond. The CH
group of this DMF molecule may also give a hydrogen bond

selected bond parameters are listed in Table 3. The covalentlyto the adjacent oxygen atom of the pyrimidine, withO
bonded molecules are the expected digold(l) complexes with= 2.83 A. However, the pyrimidine nitrogen atom N(23) is

thiolate and bridgindrans-bis(diphenylphosphino)ethylene
4594 Inorganic Chemistry, Vol. 41, No. 17, 2002
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The angles PAu—N = 179.2(2) and P-Au—S = 176.18(8)

are approximately linear. Examples of N,S-coordination to
two gold(l) centers by other N-heterocyclic thiolates are
known/% and exchange between N- and S-coordinated
gold(l) centers has been reported. The nine-membered
macrocycle ir3 is twisted, with the angle C(2)S(1)Au(®
104.3(3) and torsion angle PAu—Au—P = 34.5.

Because the thiolate ligand Bis doubly deprotonated,
[C4HN2O,SP, only one pairwise MN-H---O hydrogen
bonding unit is possible, and this occurs to give “dimer of
digold” units [Figure 3b, N(7}-O(9A) = N(7A)---O(9) =
2.737 A]. However, a second pairwise hydrogen bonding
interaction of the type €H---O is also formed [Figure 3b,
C(5)---O(8A) = C(5A)---O(8) = 3.181 A}, and although such
CH---O hydrogen bonds are usually weak, this one is toward
the short end of the range for such bonds 6#3A.15 The
presence of this CH-O hydrogen bond, along with the
pattern of bond distances in the thiobarbiturate ring, suggests
a strong component of the resonance fa8mhaving an
anionic oxygen center (eq 3).

0
L—Au—NWOH
=

L—Au—S§

L—AJ—NM—OH

L—Au—S§

3, LL = Ph,P(CH,),PPh, 3', LL = Ph,P(CH,),PPh,
Figure 4. Structure of { u-(CHy)2(PPh)2} Aux{ u-SCH2N205)], 3: macro-
cyclic structure with intramolecular AuAu bonding and (b) part of the The two pairwise H-bonding interactions lead to the self-
polymeric tape structure formed by intermolecular hydrogen bonding. . . . .
assembly to give a one-dimensional tape structure, with
Table 4. Selected Bond Distances (&) and Angles (deg) for Comglex  digold(l) units alternating on either side as shown in Figure

Au(1)-N(3) 2.072(7) Au(Ly-P(1) 2.234(2) 3b. The tapes are arranged side by side and stack above one

Au(2)—S(1) 2.315(3) Au(SP(2) 2.266(2) another through phenytphenyl interactions, with solvent

Au(1)-Au(2) 2.9536(5) C(2rS(1) 1.743(9) molecules filling the voids.

28}:8((;‘)) igg&g 2@8%’ iiéﬁg Network Structure of Complex 4. The structure of the

C(6)—0(9) 1.25(1) C(6)-N(7) 1.36(1) hexagold cluster {[AuSCH3N2O2} ¢], 4, is shown in Figure

N(-C@) 1.35(1) C(4y0(8) 1.27(1) 5, with selected bond parameters in Table 5. The complex
N(3)—Au(1)—P(1) 179.2(2) N(3)}Au(1)—Au(2) 83.8(2) crystallized in the approximate formukk11DMF-6H,0.
Eg)):ﬁugg—ﬁugg 132-3‘;((2; 2%/’1”%_?(1()1) 1;3-112((%) There was considerable disorder of some of the many solvate

u(Z)—Au . u(Z)—Au . .

C2)-S()-Au@)  1043@3)  S(LC@)-N@3) 123.4(6) molecules that was only pgrtly resolved, leading to poor
C(2-N(3)-Au(l) 123.2(6) C(2rN(3)-C(4) 117.7(7) agreement factors, but the important structural features are

clear. The six gold atoms adopt a trigonal antiprismatic
old—nitrogen secondary bond arrangement with inversion symmetry relating the two halves.
9 9 Y ' Each gold(l) center is trigonally coordinated to a pyrimidine

Structure of the Cyclic Compound 3. The molecular . _ .
: nitrogen [Au-N = 2.25(2)-2.29(2) A] and by two bridging
structure of [A(u-SCHNO,)(u-PRP(CH)-PPR)], 3, is sulfur atoms [Au-S = 2.451(6)-2.522(7) A6 Furthermore,

ShOW” n l_:lgure 4, and selected bond_d|stances and angleséach gold atom exhibits secondary-Aéu bonding to two
are listed in Table 4. The complex exists as a macrocycle

. . other gold atoms forming a triangle [Au(1)Au(2) 3.062(3
with t_he _two gold(l)_ ce_nters having PAuS and I_DAuN A Au?l) Au(3) = 2.960(%) A Aug(2),[6\u(g))= 3('1)03(3) 'g\])
c:o.r.d.ﬂatlcln, Zaggggvgh g\wtlrzarjlw_ﬁlecglarbfcugu botndlntg d indicated by broken lines in Figure 5a. The other golgbld
[Au--Au = 2.9536(5) AL.* The doubly deprotonated i, coq TAU(1)AURAR 3.617 A, Au(1)Au(3A)= 3.746
thiobarbituric acid ligand bridges the two metal centers A, Au(2)Au(3A) = 3.512 A] are about equal to the sum of
through its sulfur and nitrogen donor atoms. The distances ' q

Au—N = 2.072(7) A and Au-S = 2.315(3) A are un- (13) (a) Hao, L.; Lachicotte, R. J.; Gysling, H. J.; Eisenberg/rRrg.

exceptional, while the distance-RAu = 2.234(2) A trans Chem.1999 38, 4616. (b) Tzeng, B. C.; Chan, C. K.; Cheung, K. K.;

. . _ Che, C. M.; Peng, S. MJ. Chem. Soc., Chem. Commad897, 135.
to N is slightly shorter than PAu = 2.266(2) A trans to S. (14) (a) Hunks, W. J.: Jennings, M. C.. Puddephatt, Rndrg. Chem

1999 38, 5930.

distance Au(2)N(23¥ 3.03 A may be indicative of a weak

(12) Puddephatt, R. J. l@omprehensie Coordination Chemistrywilkin- (15) (a) Desiraju, G. RAcc. Chem. Red.996 29, 441. (b) Calhorda, M.
son, G., Gillard, R. D., McCleverty, J. A., Eds.; Pergamon Press: J.J. Chem. Soc., Chem. Comm@@0Q 801.
Oxford, 1987; Vol. 5, pp 861923. (16) Gimeno, M. C.; Laguna, AChem. Re. 1997, 97, 164.
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Figure 5b, which shows a central hexagold(l) unit, sur-
rounded by only four of its six nearest neighbors, and just
one face of one of the resulting “cubes”. Each ligand takes
part in only one pairwise hydrogen bonding interaction
(Figure 5b), with one ligand binding to its crystallographi-
cally equivalent group [O(16)-N(17B) = O(16B)..N(17)

= 2.65 A] and two to nonequivalent ligands [O(26N(37D)

= O(36D):*N(27) = O(36)--N(27F) = O(26F)--N(37) =

2.79 A)]. There are large channels in the structure (cross-
channel distances of #5 A), which contain the dimethyl-
formamide and water solvate molecules. The free hydroxyl
groups (those not involved in the intermolecular association
between hexagold clusters) are each hydrogen bonded to a
water molecule [O(13)-0O(101)= 2.51 A, O(23)--(041)
=2.56 A, O(33):-0O(100)= 2.60 A]. Bridging sulfur atoms
have been used before in the formation of multinuclear gold
aggregate¥’ but this highly porous and very stable structure
4 (Figure 5b) is particularly interesting in providing a lattice
structure reminiscent of a zeolite but held together by
coordinate bonds, hydrogen bonds, and aurophilic attractions.

(@)

03s)  N37)
@

Conclusions

This work shows clearly how the combination of coordi-
nation chemistry, aurophilic interactions, and hydrogen
bonding can give a very rich chemistry of gold(l) with
ligands derived from deprotonated thiobarbituric acid. Several
complexes of the mono-deprotonated ligand and one complex
of the bis-deprotonated ligand were obtained in crystalline
form. The thiolate complex with triphenylphosphine forms
a tape structure while, with the diphosphine co-ligands, two
Figure 5. Structure of [Aw(u-SCH3N202)e], 4: (a) hexagold(l) cluster very different sheet structures are formed, and with no co-
complex and (b) cross section of the distorted face-centered cubic lattice ligands, a roughly face-centered cubic network of hexagold
formed by intermolecular hydrogen bonding. T . . L

clusters is formed. Double deprotonation of the thiobarbituric

Table 5. Bond Lengths [A] and Angles [deg] for Complek acid leads to formation of a macrocyclic complex, and it
Au(1)-Au(2) 3.062(3) Au(LyAu(3) 2.960(3) too undergoes intermolecular hydrogen bonding to give a
Au(2)—Au(3) 3.103(3) Au(1yN(11) 2.25(2) different type of polymeric tape structure. Clearly, the system
ﬁﬂgg:ﬁg’% 5.-33(72()6) ﬁ&g;gggg %flggg% studied here of gold(l) with phosphines and thiobarbituric
Au(2)-S(39A) 2.499(7) Au(3¥N(31) 2.28(2) acid demonstrates the value of combining aurophilic and
Au(3)—S(19) 2.451(6) Au(3)S(29A) 2.522(7) hydrogen bonding in the construction of supramolecular

N(11)-Au(1)-S(@39)  130.4(5) N(IBAU(L)-S(29)  120.4(5) entities by ;elf—assembly. The phptolqminescent properties

S(39-Au(1)-S(29)  105.6(2) N(BAU(2)-S(19)  127.2(5) of gold thiolates suggest promise in the synthesis of

N(21)-Au(2)—-S(39)  103.6(5) S(19Au()—S(39)  123.5(2) i i imi .
NGL-AUG)-S(9)  130.6(3) NELAUE)-SEOA) 1047(5) functional materials, and preliminary study of these com

S(19y-Au(3)-S(29A) 120.9(2) Au(3)}S(19)-Au(2) 78.4(2) pounds shows that they give strong emission at room
Au(1)—S(29)-Au(3) 96.8(2) Au(1}»S(391-Au(2A)  93.0(2) temperature (see Experimental Section).

the van der Waals radii (3.6 A) and are not shown as sec- Experimental Section
ondary bonds irt, though there could still be weak attrac-

tions at such distances. Only one unique gotgbld bonded The reagents [AUCI(SM#, and [(CH)(PRPAUCI)] were

L . prepared as previously describeMR spectra were recorded by
edge of the hexagold unit is bridged by a sulfur atom, and using a Varian Mercury 400 MHz spectrometer, with NMR

it naturally gives a smaller angle at sulf_ur [Au(Z)S(lQ)Au(3) chemical shifts reported relative to TMS aPi® chemical shifts
= 78.4(2)] than the angles at sulfur bridging between gold  eported relative to an 85%:FA0; external standard. The complexes
atoms with no aurophilic attraction [Au(1)S(29)Au(34) were only slightly soluble in DMSQ@i, and the N-H and O-H
96.8(2F, Au(1)S(39)Au(2A)= 93.0(2)]. The cluster stereo-  protons underwent rapid exchange with protons of impurity water
chemistry also leads to considerable distortions from trigonal in the solvent. IR spectra were recorded as Nujol mulls by using a
stereochemistry at gold(l), with angles NA&S103.6(5)-
130.6(5) and SAuS= 105.6(2)-123.5(2) (Table 5). (17) (a) Yam, V. W. W.; Cheng, E. C. Gingew. Chem., Int. E®00Q
Hydrogen bonding (N-H-+-O) assembles these aggregates 39, 4240. (b) Schuerman, J. A.; Fronczek, F. R.; Selbin]. JAm.

. 8 - . . A Chem. Soc1986 108 336. (c) Yam, V. W. W.; Cheng, E. C. C;
into a distorted face-centered cubic lattice, as illustrated in Zhu, N. Angew. Chem., Int. EQ001, 40, 1763.
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Table 6. Crystallographic Data for Complexds 2a, 2b, 3, 4

1-THF 2b-2THF2DMF 2c-:3DMF-MeOH 3-2.5THF0.5DMF 4-11DMF-6H,0

formula GeH22AUN03PS GoHsaAUNGOsP2S,  Caz 73H52AUN7O7 7S, Ca1 H3oAUN25005P,S  Gs7Hg2AUsN 2302056
fw 640.45 1374.97 1319.92 1140.69 2927.61
TIK 294(2) 150(2) K 200(2) 200(2) 200(2)
MA 0.71073 0.71073 0.71073 0.71073 0.71073
cryst syst monoclinic orthorhombic _triclinic _triclinic monoclinic
space group P2(1)h Pbcn R P1 C2lc
cell dimens: a/A 8.9262(1) 19.5868(6) 14.262(2) 9.0232(3) 31.150(4)

b/A 27.9619(3) 11.8261(3) 14.799(2) 11.7995(9) 22.367(3)

c/A 11.0625(2) 22.2825(6) 15.027(3) 21.6567(9) 14.469(2)

o/deg 90 90 60.664(7) 83.222(2) 90
pldeg 108.679(1) 90 65.330(7) 79.145(2) 111.407(7)
yldeg 90 90 69.976(7) 85.193(2) 90
VIA3 2615.69(6) 5161.4(2) 2474.1(7) 2244.2(2) 9386(2)
z 4 4 2 2 4
d(calcd)/Mg/n? 1.703 1.769 1.772 1.688 2.072
abs coeff/mm? 5.794 5.879 6.128 6.690 9.559
F(000) 1304 2696 1291 1099 5548
cryst size/mm 0.10x 0.08x 0.02 0.60x 0.21x 0.18 0.15x 0.10x 0.03 0.43x 0.24 x 0.07 0.10x 0.08 x 0.03
indep reflns 4547[R(intyF 0.070]  5909R(int) = 0.076]  9378R(int) = 0.073] 12823R(int) = 0.059] 5324R(int) = 0.130]
abs corr integration integration integration integration integration
data/restraints/params ~ 4547/0/282 5909/4/290 9378/24/456 12823/34/388 5324/3/262
GOF onF? 0.961 0.977 0.912 0.997 1.264
R1[l > 20(1)] 0.0354, 0.0490 0.0753 0.0697 0.1109
WR2 [I > 20(1)] 0.0673 0.1431 0.1415 0.1893 0.3342

Perkin-Elmer 2000 FTIR. Emission spectra were recorded at room »(NH---O) = 2607 cnt?® (br). Anal. Calcd for GsH2gN404P>S,-
temperature by using a Fluorolog-3 spectrofluorometer using a 3 Au,: C, 37.9; H, 2.6; N, 5.2. Found: C, 37.8; H, 2.6; N, 5.2

nm slit width and with excitation at = 350 nm. Many of the
intermediate gold(H-trifluoroacetate complexes are light sensitive
and should be handled with minimum light exposure.
[PhsPAUSC4H3N,0;], 1. Silver trifluoracetate (0.163 g, 0.707
mmol) in MeOH (2 mL) was added to a solution of BPAuCI]
(0.350 g, 0.707 mmol) in THF (10 mL). The mixture was stirred
for 30 min and then filtered through Celite. A solution of
thiobarbituric acid (0.102 g, 0.707 mmol) in DMF (5 mL) was

= 457 nm. Crystals oRc6DMF-1.5MeOH were grown from a
solution of THF, DMF, and methanol as colorless plates.
[{p-(CH)2(PPhy) 2} Auy(u-SC4HLNLO,), 3. Prepared similarly
to 1, from [{u-(CH,)2(PPh)2} (AuCl),]. Yield: 77%. NMR (ds-
DMSO): 6(*H) = 7.87-7.52 [m, 20H, PP}, 5.18 [s, 1H, ArH],
2.97, 3.00 [m, 4H, PCHa)CHy(b)P]; 6(3'P) = 36.67 [s, P-Au—
S], 28.97 [s, P-Au—N]. IR (Nujol): »(C=0)= 1640, 1617 cm’,
v(NH-+-O) = 2680 cnt1? (br). Anal. Calcd for GoH26AUNOLP,S

added. The mixture was stirred for 1 h, and the resulting colorless 2H,0: C, 37.1; H, 3.1; N, 2.9. Found: C, 36.8; H, 2.5; N, 2.7%.

solid was collected by filtration, and washed with DMF, £CHp,
acetone, and ether. Yield: 0.392 g (92%). NMigDMSO): 6(*H)

= 7.62-7.60 [m, 15H, PP}, 4.94 [s, 1H, ArH];0(3P) = 38.18
[s]. IR (Nujol): »(C=0) = 1677, 1652, 1604 cni; v(NH---O) =
2611 cn?® (br). Anal. Calcd for GoH1gN,O,PSAu: C, 43.9; H,
3.0; N, 4.6. Found: C, 44.2; H, 3.4; N, 4.9%¢, = 450 nm.
Crystals ofl-THF were grown from a solution of DMF, THF, and
MeOH as colorless needles.

[{p-CH2(PPhy)2} (AuSC4H3N,05),], 2a. This compound was
prepared similarly tol, from [{u-CHy(PPh)s} (AuCl),]. Yield:
74%. NMR (@ds-DMSO): 6(*H) = 7.78-7.37 [m, 20H, PP}, 4.73
[s, 2H, ArH], 3.42 [m, 2H, dppm]p(3P) = 32.40 [s]. IR (Nujol):
v(C=0) = 1645, 1608 cm?; ¥(NH---O) = 2710 cnt? (br). Anal.
Calcd for GaHogN4O4P-SAu,: C, 37.2; H, 2.6; N, 5.3. Found: C,
37.1; H, 2.7; N, 5.3%4cm = 478 nm.

[{u-(CH2)3(PPhy)2} (AuSC4H3N205),], 2b. This compound was
prepared similarly tdl, from [{u-(CH,)s(PPh)2} (AuCl),]. Yield:
84%. NMR @s-DMSO): 6(*H) = 7.83-7.51 [m, 20H, PP}, 4.94
[s, 2H, ArH], 2.99 [m, 4H, dppp], 1.85 [m, 2H, dpppd(3P) =
31.60 [s]. IR (Nujol): »(C=0) = 1648, 1612 cm?; »(NH---O) =
2700 cn1? (br). Anal. Calcd for GsHzN4O4P,SAu,: C, 38.5; H,
2.9; N, 5.1. Found: C, 37.9; H, 2.8; N, 5.4%,, = 468 nm.
Crystals of2b-2THF -:2DMF were grown from a solution of THF,
DMF, and methanol as orange plates.

[(trans-1,2-PhPCH=CHPPh,)(AuSC,4H3N,0,),], 2¢. This com-
pound was prepared similarly tb, from [(trans1,2-PhPCH=
CHPPB)(AUCI);]. Yield: 64%. NMR ds-DMSO): 6(*H) = 7.80-
7.57 [m, 20H, PP4, 7.70 [br, 2H, CH=CH], 4.93 [s, 2H, ArH];
0(3%P) = 35.00 [s]. IR (Nujol): »(C=0) = 1640, 1597 cmi;

em = 467 nm. Crystals of{[u-dppg Au{u-SGN,O,H,}]-2.5THF
0.5DMF were grown as colorless, rectangular plates from a solution
of THF, DMF, and methanol.

[(AU(SC4H3N202)6], 4. Crystals of [Al.é(/,{ySQHgNzOgHz)s]‘
11DMF6H,0 were grown by layering a solution of thiobarbituric
acid in DMF with [(u-(CHy)(PPh)2} (AuO,CCHR);] in THF/MeOH
forming yellow, rectangular plates. The small crystal diffracted
weakly and easily lost some of the occluded solvent. The compound
was insoluble in all common organic solvents. Anal. Calcd for
Co4H18N1,012SsAUs*8DMF: C, 22.0; H, 2.8; N, 10.7. Found: C,
22.1; H, 2.4; N, 11.4%.

X-ray Structure Determinations. Crystals were mounted on
glass fibers, and data were collected using a Nonius Kappa-CCD
diffractometer using COLLECT (Nonius, 1998) software. The unit
cell parameters were calculated and refined from the full data set.
Crystal cell refinement and data reduction were carried out using
the Nonius DENZO package. The data were scaled using
SCALEPACK (Nonius, 1998), and structure solution and refinement
were carried out using the SHELXTL 5.1 (Sheldrick, G. M.,
Madison, WI) program package. The hydrogen atoms were not
located directly but were riding on their respective C, N, or O atoms.
The crystal data and refinement parameters are listed in Table 6.

Complex 1-THF. The heavy atoms were refined anisotropically,
except for those of the solvate THF molecule, which were modeled
isotropically. The largest residual electron density peak (0.828 e/A
was associated with the gold atom.

Complex 2b2THF-2DMF. There was an axis of symmetry
through the center of each molecule2t All non-hydrogen atoms
of 2b were refined anisotropically. Hydrogen atoms involved in
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H-bonding were modeled as four-half-occupancy atoms, riding on residual electron density peak (5.265 &/as associated with one
each of the oxygen and nitrogen atoms. The atoms of the THF andof the gold atoms.
DMF solvate molecules were modeled isotropically, and some bond Complex 411DMF-6H,0. There was a center of symmetry at
lengths of the disordered DMF were fixed [G©1.21 A, CN= the center of the hexagold cluster complex. The small, highly
1.31 A, N-Me = 1.45 A]. The largest residual electron density insoluble crystal diffracted weakly, and the lattice contained many
peak (2.433 e/A was associated with a disordered solvent solvate molecules, some of which were disordered. The residuals
molecule. were therefore high. Only the gold atoms were refined anisotro-
Complex (2c}-6DMF-1.5MeOH. There was a center of sym-  pically. Five of the DMF molecules were refined isotropically with
metry at the center of the dimer. The hydrogen atoms involved in hydrogen atoms included. The remaining DMF molecule was
intermolecular H-bonding were riding on the N-atom while, for straddling a 2-fold axis, and was poorly resolved, so H-atoms were
the NCOH groups not involved in such bonding, the H atom was not included, and the bond lengths were fixed. The water molecules
riding on the O-atom. The solvent molecules were modeled Were modeled as isotropic oxygen atoms, and H-atoms were not
isotropically, and hydrogen atoms were included. Some of the DMF included. The largest residual electron density peak (3.068) e/A
molecules were disordered and were treated as rigid groups. Thewas associated with one of the sulfur atoms.
methanol molecules were modeled at 75% occupancy. The largest  Acknowledgment. We thank the NSERC (Canada) for
residual electron density peak (1.936 &/vas associated with one  financial support and for a scholarship to W.J.H. and the
of the gold atoms. Government of Canada for a Canada Research Chair to R.J.P.
Complex 32.5THF-0.5DMF. All the non-hydrogen atoms of
3 were refined anisotropically. The THF molecules of solvation
were modeled isotropically with hydrogen atoms included, and with
some geometrical constraints. The DMF was modeled isotropically
at 0.5 occupancy and with constrained bond distances. The largestC020178H

Supporting Information Available: Tables of X-ray data for
complexesdl, 2b, 2¢, 3, 4. This material is available free of charge
via the Internet at http:/pubs.acs.org.
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