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The reaction between (tht)AuCl (tht = tetrahydrothiophene)
and neat pyrrolidine (L) leads to the compound L ;AusCl;. An
X-ray structure determination reveals the presence of mole-

cules LAuCl and ions LyAu* and Cl7, in the ratio 2:1:1. The
packing is characterised by Au---Au contacts and N—H---Cl~
hydrogen bonds.

Gold(I) complexes with amine ligands have not been ex-
tensively studied, perhaps because of their limited stability
compared to the corresponding phosphane complexes.
Apart from cationic complexes [(phosphane)Au(amine)]*,
three types of complex with cyclic amines are known: (i)
simple covalent molecules LAuCl, e.g. L = piperidine
(pip)l'); (i) ionic compounds LAu*Cl™, eg. L = 4-
hydroxymethyl-1,5-dimethylimidazole!; and (iii) ionic
compounds L,Au* AuCl,~, which thus have the same over-
all stoichiometry as (i), e.g. I = pyridine (py)”!. The deli-
cate balance between types (i) and (iii) is illustrated by the
related imine complexes with L = diphenylmethanimine, for
which both types were obtained from the same reaction
mixture,
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Additionally, gold(I) compounds may exhibit short
gold—gold contacts, which are of approximately the same
energy as hydrogen bonds and are attributable to relativistic
effects (“auxophilicity” ¥l); in the above examples, such con-
tacts are obscrved for pipAuCl (which forms Auy squares)
and py,Au* AuCl,~ (which contains zigzag Au, chains).

We have now begun a systematic study of gold(I) amine
complexes. Here we report the preparation and structure of
a pyrrolidine complex with the unexpected and unpre-
cedented stoichiometry L4Au;Cls.

The reaction between (tht)AuCl (tht = tetrahydrothio-
phene) and pyrrolidine afforded a white product, which was
recrystallised from dichloromethane/petroleum ether. The
results of the crystal-structure analysis show that the com-
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pound is in fact 2 (LAuCl)-(L,Au*CI™), a mixture of struc-
ture types (i) and (iii). Figure 1 shows the formula unit, in
which the Aul atoms (of LAuCl) lie on general positions,
the Au2 atom (of L,Au") on an inversion centre, and the
chloride anions on twofold axes.

Figure 1. The formula unit of L,AusCl; (L = pyrrolidine) in the

crystal, showing the atom labelling scheme of the asymmetric unit;

the atom CI2 and its symmetry equivalent lie on twofold axes; C

bonded H atoms are omitted for clarity; ellipsoids represent 50%
probability levels

The gold atoms are linearly coordinated [N1—Aul—Cll
178.5(2)°, N2—Au2—N2 180°]. The Au—N bond lengths of
2.048(6) A (Aul) and 2.042(6) A (Au2) are similar to. those
in pipAuCl [2.068(18) AJlU and pyAuCl [2.08(3) A and
2.10(4) A]P!, but longer than in the imidazole complex
[2.000(5) and 2.011(5) A][Z] or in [Au(NH;3)2"Br7]
[2.01(2)—2.03(2) Al The Aul— CIl bond length of
2.257(2) A is similar to the 2.256(8) A in pipAuCI{,

The secondary bonding (Figure 2) is notable. There are
two types of gold—gold contacts, 3.2041(7) A (Aul---Aul’
related by a twofold axis) and 3.5834(4) A (Aul--Au2)

0009—2940/97/1212—1813517.50+.50/0 1813



FULL PAPER

P. G. Jones, B. Ahrens

forming chains with overall direction parallel to (101). The
chains are linear at Au2 (by symmetry) but angled at Aul
[131.188(11)°]. Further contacts involve the chiloride
anions, which are hydrogen-bonded to the NH groups of
four ligands, with the following dimensions: NI--CI2
3.179(6), N2--CI2 3.284(6) A, N1-H1-CL2 172(7),
N2—-H2--Cl2 153(6), NI1-CI2—-N1" 88.8(2), and
N2-CI2—-N2’ 173.6(2)°. The combination of aurophilic
and hydrogen bonding has previously been observed by
Schmidbaur!”. Finally, there are very weak contacts of
4.018(2) A between CI2 and two Aul.

Figure 2. Packing diagram of L4AusCly (L = pyrrolidine); view

parallel to the z axis; H atoms are omitted for clarity; radii are

arbitrary; thick dashed bonds represent Au--Au interactions, thin
dashed bonds secondary interactions involving CI~ (see text)

We are currenily extending our investigations to other
(amine)chlorogold(l) species, for which we expect the stoi-
chiometry to be determined, at least in part, by similar sys-
tems of secondary bonding.
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Experimental Section

{ Pyrrolidine) 4AusCly: (tht)AuCl (162 mg, 0.5 mmol) was dis-
solved in neat pyrrolidine (5 ml). The solution was stirred for 1 h
with exclusion of light at room temperature; a white precipitate
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formed. Petroleum ether was added and after cooling for 1 h, the
precipitate was filtered off and recrystallized from dichlorometh-
ane/petroleum ether to give LyAusCly as colourless crystals, not
stable at temperatures >0°C except in the presence of mother
liquor; dec. 68 °C. — C sHagAu;Cl3N, (981.74): caled. C 19.57, H
3.70, N 5.71; found C 19.15 H 3.63 N 5.64, — IR: v(AuCl) = 348
cm~! w, — 'H NMR (CDCl;): 3 = 1.85 (br., 16 H, B to N in both
species), 3.08 (br., 8 H, ¢ to N in L,Au*), 3.50 (br., 8§ H, x to N
in LAuCl). The broad signals imply dynamic processes in solution,

Crystal-Structure  Determination of LsAu;Cl;: Crystal data:
C,6H1Au5Cl3N,, M, = 981.74, monoclinic, space group C2/c, a =
18.250(2), b = 11.1156(12), ¢ = 13.0643(14) A, B = 114.835(8)°,
¥ = 2405.1(4) A>, Z =4, D, = 2711 Mg m™3, ( = 18.6 mm,
F(000) = 1792, T = —100 °C. Colourless prism 0.36 X 0.12 X (.08
mm. Data collection and reduction: The crystal was mounted in
inert oil on a glass fibre. Data were collected to 20, = 50° using
monochromated Mo-K,, radiation (A = 0.71073 A) with a Siemens
P4 diffractometer fitted with an LT-2 low-temperature attachment.
4277 intensities were collected, of which 2125 (R;,, = 0.035) were
independent. Absorption correction based on y scans gave trans-
mission factors of 0.580—0.926. Cell constants were refined from
setting angles of 63 reflections in the 26 range of 6—23°. — The
structure was solved by direct methods and subjected to full-matrix
least-squares refinement on 7 (program SHELXL-93)i. All non-
hydrogen atoms were refined anisotropically. The hydrogen atoms
at N were refined with a restrained N—H bond length, other H
using a riding model. The final wR(F?) was 0.0537 for all data, 128
paramcters and 2 restraints, conventional R(F) = 0.0249, § =
0.922, maximum Ap = 1.162 eA~3 — Crystallographic data (ex-
cluding structure factors) have been deposited at the Cambridge
Crystallographic Data Centre under the number CCDC-100613.
Copies may be obtained without charge from: The Director,
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [Fax: internat.
+44(0)1223/336033; E-mail: deposit@chemcrys.cam.ac.uk].
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