5376

The Structural and Functional Equivalence of
Aurophilic and Hydrogen Bonding: Evidence for the
First Examples of Rotator Phases Induced by
Aurophilic Bonding

Robert E. Bachman,* Michael S. Fioritto, Susan K. Fetics, and
T. Matthew Cocker

Department of Chemistry, Georgetown Wgiisity
Box 571227, Washington, D.C. 20057-1227

Receied September 19, 2000
Revised Manuscript Receéd April 26, 2001

There has been considerable interest in the attractive interaction

that exists between closed-shell gold(l) centerhis interaction,
commonly referred to as “aurophilicity” or “aurophilic bonding”,
has been estimated by both experimeantd theory to have a
strength similar hydrogen bonding (286 kJ mot?! vs 10-65

kJ moi1).* Furthermore, Desiraju and co-workers have shown
that, like hydrogen bonding, aurophilic bonding is distinctly
directional® As might be expected based on this combination of
strength and directionality, the use of aurophilic bonds to control
the supramolecular structure of gold-containing complexes is
becoming increasingly commads. The striking energetic and
structural similarities between aurophilic and hydrogen bonding
raises the question: can aurophilic bonding function as a struc-
tural and functional equivalent to hydrogen bonding? That is,
can aurophilic bonding be used to construct supramolecular
architectures that are equivalent to those created by hydrogen
bonding, and will the resulting materials exhibit physical proper-
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Figure 1. View of the antiparallel chains formed by aurophilic bonding
(dashed lines) in ¢4;NCAuCI.

Figure 2. Two views of the packing of ¢4;NCAuCI perpendicular to

ties similar to those seen for their hydrogen bond-based coun- the layer stacking direction. Left: View along tieeaxis. Right: View

terparts?

along theb-axis.

In attempting to answer these questions, we chose to examine

the behavior ofn-alkylisonitrile complexes of gold(l) chloride,
RNCAUCI (R= CHzn+1; N = 2—12), because of their geometric
similarity to the (1— n)-alcohols. In turn, the intermediate strength
hydrogen bonds formed by hydroxyl groups offer a good
comparison point for aurophilic bonds. At the supramolecular
level, the primary alcohols are known to form a well-defined
bilayer motif built from chains of molecules held together by
hydrogen bonding between the hydroxyl headgroupddition-
ally, those alcohols with medium to long alkyl chains display
rotator phases.

(1) (@) Schmidbaur, HChem. Soc. Re 1995 391-400. (b) Schmidbaur,
H. Gold Bull.199Q 23, 11-21. (c)Gold: Progress in Chemistry, Biochemistry
and TechnologySchmidbaur, H., Ed.; Wiley: Chichester, 1999.

(2) (a) Schmidbaur, H.; Graf, W.; Mier, G. Angew. Chem., Int. Ed. Engl.
1988 27, 417-419. (b) Zank, J.; Schier, A.; Schmidbaur, H.Chem. Soc.,
Dalton Trans.1998 323-324.

(3) Pyykkg P.; Li, J.; Runeberg, NChem. Phys. Lettl994 218 133—
138

(4) Aakeriy, C. B.; Leinen, D. S. IrfCrystal Engineering: From Molecules
and Crystals to MaterialsBraga, D., Grepioni, F., Orpen, A. G., Eds.; Kluwer
Academic: Dordrect, The Netherlands, 1999; pp-896.

(5) Pathaneni, S. S.; Desiraju, G. R.Chem. Soc., Dalton, Tran$993
319-322.

(6) (@) Hunks, W. J.; Jennings, M. C.; Puddephatt, Radrg. Chem1999
38, 5930. (b) Mansour, M. A.; Connick, W. B.; Lachicotte, R. J.; Gysling, H.
J.; Eisenberg, RJ. Am. Chem. S0d.998 120, 1329-1330. (c) Vickery, J.
C.; Olmstead, M. M.; Fung, E. Y.; Balch, A. [Angew. Chem., Int. Ed. Engl.
1997 36, 1179. (d) Schneider, W.; Angermaier, K.; Sladek, A.; Schmidbaur,
H. Z. Naturforsch.1996 51h 790-800. (e) Schneider, W.; Bauer, A;
Schmidbaur, HOrganometallics1996 15, 5445-5446. (f) Hollatz, C.; Schier,
A.; Schmidbaur, HJ. Am. Chem. S0d997 119, 8115-8116. (g) Tzeng, B.
C.; Schier, A.; Schmidbaur, Hnorg. Chem.1999 38, 3978-3984.

(7) (@) Wang. J.-L.; Leveiller, F.; Jacquemain, D.; Kjaer, K.; Als-Nielsen,
J.; Lahav, M.; Leiserowitz, LJ. Am. Chem. S0d.994 116, 1192-1204. (b)
Abrahamsson, S.; Larrson, G.; von Sydow,Agta Crystallogr.196Q 12,
770-774.

(8) (a) Sirota, E. B.; Wu, X. ZJ. Chem. Physl996 105 7763-7773. (b)
Yamamoto, T.; Nozaki, K.; Hara, T. Chem. Phys199Q 92, 631-641.

10.1021/ja0056217 CCC: $20.00

In this communication, we present our initial findings on the
supramolecular structure and phase behavior of the targeted
n-alkylisonitrilegold(l) chloride complexes. These simple mol-
ecules assemble into structures similar to those seen for the
(1—n)-alcohols and also show temperature-dependent polymor-
phism consistent with the formation of rotator phases. To the best
of our knowledge, these observations provide the evidence for
the induction of rotator phases by aurophilic bonding, or any type
of direct metat-metal interaction.

The isonitrile ligands, RNC (R= CHznt1; N = 2—12), were
prepared using a slight modification of the procedure developed
by Gokel et aP They were then bound to the gold chloride
fragment via displacement of the sulfide ligand from8&uCl&

This two-step process provided the gold complexes, RNCAuUCI,
in good yield (55-95%) as white crystalline solids. Crystals of
sufficient quality for structural studies were obtained for the two
shortest members of the series.

Despite crystallizing in different space groufshe G,% C,,
and G complexes display almost identical supramolecular motifs
consisting of infinite zigzag chains formed via long (3.637, 3.564,
and 3.547 A, respectively) aurophilic bonds, with adjacent mole-
cules aligned antiparallel (Figure 1). While at the long end of the
range typically associated with aurophilic bonding, there is still

(9) Gokel, G. W.; Widera, R. P.; Weber. W. Brg. Synth 1975 55, 96—
99

(10) (a) The structure of £isNCAuCl has been reported previously:
Mathieson, T. J.; Langdon, A. G.; Milestone, N. B.; Nicholson, BJKChem.
Soc., Dalton Trans1999 201—-207. Our study agrees with this report (see
Supporting Information for details). (b) Crystallographic data: Siemens
SMART CCD diffractometer, Mo k& (4 = 0.71073 A),T = —100 °C,
CsH/NCAUCI: FW 301.52, orthorhombiPnma(No. 62),a = 23.7992(14)

A, b =6.2196(4) A,c = 4.6385(3) AV = 686.60(7) R, Z = 4, 7345
reflections measured, 911 unique,( = 0.1154).wR2 = 0.2200 (all data),
R1 = 0.0880 (749 data with > 20(l)), GOF= 1.241.
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Figure 3. Layer spacing versus alkyl chain lengthe) determined by 26

XRD, (W) determined by crystallography, and (- - -) linear least-squares Figure 4. Variable-temperature XRD data for;@lsNCAUCI. Main

ft. figure: Low-angle data for all three phases with data taken on the cooling

Table 1. Transition TemperatureS¢, Heating/Cooling) and cycle. Inset: High-angle region at room temperature.

Enthalpies (kJ/mol) for RNCAUCI as Measured by DSC

indicates that while these intermediate phases are crystalline, they

chain length K=R R—I are mechanically soft and may be deformed by gentle pressure.
C; 44.5/41.8 (3.58) 54.5/51.8 (8.54) These physical traits, along with the cylindrical shape of the
Cs 48.2/46.0 (4.17) 53.7/51.4 (9.92) molecule, suggest that these phases are best described as rotator
Co 49.7/47.6 51.0/49.6 phases. This assignment is also consistent with the cross-sectional
Cio 52.2/49.0 (5.22) 54.3/51.3 (11.60) area of the alkyl chains (21.52} which is typical for rotator
Cn 49.9 (7.78Y 58.7/55.4 (25.29) phases! As with the supramolecular structure, the phase behavior
aThe enthalpies are the average of the heating and cooling cycle iS analogous to that observed for the-{1n)-alcohols.
values.” Peak overlap prevented calculation/tdflans. © An additional Variable-temperature XRD studies performed on thea@d
transition is observed in this material at 46.8/44.0 (9.38)o transition Cyo derivatives indicate that layer spacing is maintained in the
to the solid is observed during the experimeRitiransis based onthe  rotator phases (Figure 4). Unfortunately, we have been unable to
heating transition only. obtain detailed information about the supramolecular structure
within the layers. Given the constancy of the layer spacing and
a significant attractive interaction between gold atémge 1-D the rectangular packing of the crystalline phase, we favor

chains stack together to create a bilayer structure with the assignment of these materials to a tilted rectangula) (Rase;
molecules tilted approximately 4@vith respect to the basal plane  however, the tilted hexagonal phases;(Rr Ry) cannot be
(Figure 2). There are no additional aurophilic bonds between the definitively excluded.
chains. In the €and G case&'*°the tilt direction is the same These studies demonstrate that the aurophilic bond is capable
for all layers, while the @complex forms a herringbone stacking  of playing a role structurally and functionally equivalent to the
pattern. Within each layer, the molecules are arranged into ahydrogen bond. We have also provided the first evidence that
primitive rectangular lattice with dimensions of 4.646.26 A. aurophilic bonding can be used to induce the formation of
The methyl groups of adjacent layers are centered over the mesomorphic phasésthe absencef traditional mesogenic units
midpoint of this rectangle to create an ABAB-type stacking. such as aromatic rings. We are currently working to answer
Significantly, the dimensions of this lattice preclude the possibility several of the outstanding questions arising from this study,
of significant interdigitation of the alkyl chains. including the details of the intralayer packing pattern in the rotator
The structures of the £Cyo derivatives were probed by  phases.
powder X-ray diffraction (XRD). The XRD patterns are domi-
nated by a series of strong low-angle peaks that we assign to Acknowledgment. This work was supported by Georgetown Uni-
“0k0” (k =1, 2, 3, etc.), providing a direct measure of the layer versity and the donors of the Petroleum Research Fund, administered by
spacing. For the £ Cs, and G, complexes, we were also able to  the American Chemical Society (No. 31945-G3). Timothy Swager (MIT)
index the XRD patterns to monoclinic cells as follons= 4.5 SQ\?V oJIIerli:f?rgE%er: é;’gﬁﬁgiﬁgﬁ“g&“&ﬁ f?&?_?;’vgggizd;gé;; ((’étS;e"
ﬁlssbumirl;g,] (;n a6n§ f)\liign%tﬁ)i’gmﬁree Iélll(?ltr;ﬁ;%yse,rtﬁga%l%mg and Scott Sirchio (UMCP) are acknowledged for their help in collecting

. . - and analyzing the XRD data.
values correspond to a tilt angles#0°, consistent with the angle yzing
observed for the C-C; derivatives. Given the monotonic behavior  supporting Information Available: Tables of crystal and refinement
(Figure 3) of the layer spacing and the similarity of the other data, atomic coordinates, bond lengths and angles, and anisotropic
two lattice dimensions, it is likely that the supramolecular structure parameters for £and G and least-squares unit cell refinements for C
is the same in all cases. Overall, the supramolecular structure ofCs, and Go based on PXRD data (PDF); an X-ray crystallographic file
RNCAUCI can be described as a tilted bilayer composed of two (CIF). This material is available free of charge via the Internet at
alternating interfaces: interdigitated headgroups engaged inNttP://pubs.acs.org.
aurophilic bonding and methyl surfaces of the hydrocarbon tails. jago56217

This motif is strictly analogougo that of the (1— n)-alcohols,

DSC Is th £ additi Ibh b ’ h I.(glb) For comparison, the area/molecule for crystalline chain packing is
reveals the presence of additional phases between the solid pproximately 18.5 A see: Teare, P. WActa Crystallogr.1959 12, 294—

and isotropic phases for,@ C,; (Table 1). Polarized microscopy  300.




