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A Gold(1) [2]Catenane**

D. Michael P. Mingos,* John Yau, Stephan Menzer,
and David J. Williams

Recently we have described the charcterization of some linear
gold(1) complexes with nitrogen donor ligands,!* ~3! which are
very labile and therefore provide excellent precursors for the
development of the coordination and organometallic chemistry
of gold. When [Au(NH;),]* ™ is treated with PhC=CH the
colorless crystalline compound 1 is obtained in excellent yield

[(H;N)JAWC=CPh)] 1

and has been characterized by elemental analyses and IR spec-
troscopy. When the reaction is repeated with tBuC=CH the
resultant compound is yellow and the elemental analysis sug-
gests that the ammonia is no longer coordinated to the gold
and that it is best formulated as [Au(C=CtBu)],. Coates and
Parkin!* have reported an identical compound and proposed
that it is probably polymeric and have tentatively suggested the
tetrameric structure shown in Scheme 1.

Single crystals of [Au(C=CrBu)], can be obtained from EtOH
from the above-mentioned synthesis, starting from [Au(NH,),]".
The yellow color of the crystals is unusual for linear gold(r)
ethynyl compounds, the compound also has W(C=C) stretching
modes at 2002, 1983, and 1964 cm ™! suggesting three inequiva-
lent triple bond environments.
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Scheme 1. Possible structure of a [Au(C=CrBu)] oligomer.

The single-crystal X-ray crystallographic analysis of the
oligomer®™ has demonstrated that it actually has a novel cate-
nane structure based on two interlocked rings each containing
six gold atoms and thus has the formula [{Au(C=CtBu)},], (2)
(Fig. 1). A crystallographically imposed C, axis passes through

Fig. 1. Molecular structure of [2]catenane-[{Au(C=CrBu)}4},. For reasons of clar-
ity the methyl groups have been excluded. The crystallograhic C, axis is perpendic-
ular to the page and passes through the mid-point of Au(1)-Au(1A).

the midpoint of the Au(1)—Au(1A) vector. The ethynyl ligands
in 2 adopt both ' and #? coordination modes, a feature which
has been noted previously in Group 11 ethynyl complexes. !
Each ring of (2) contains pairs of gold(1) atoms with the different
ligand arrangements and formal charges (Scheme 2) because

Bu tBu

|
1o i

Au |(|:l—Au—C =C—1Bu
1

-

o
M (l: i

tBu
fBu

T-Au—nt n-Au— 1! r)z‘Au— 7

Scheme 2.
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some of the ethynyl ligands
in [Au(C=C¢Bu)] have mi-
e grated in the oligomeriza-
u-n s, tion process. The arrange-
L ment of these coordination
; modes around the ring is
n shown in Scheme 3.
il ”12 Within each ring the gold
atoms form an almost regu-
lar hexagon (Au—Au con-
tacts between 3.304(2)-
u 3.361(2) A) and define a
© plane (maximum deviation
| 0.1 A). The two interlock-
ing rings make a dihedral
angle of 64.5° and inter-
ring gold-gold contacts lie in the range between 3.215(2)—
3.351(2) A, leading to a symmetrical [2]catenane structure. The
individual rings have approximately C, symmetry as a result of
the ethynyl ligand bonding modes described above, and if one
ignores the ligands the central Au,, core has approximately D,
symmetry.

The #?-#* coordination mede, not previously observed in
gold(1) chemistry, results in the ethynyl ligands being mutually
perpendicular in a manner similar to that reported previously
for [Pt°ethyne),] complexes.!”? The utilization of orthogonal
C=C = orbitals is also evident in the #'-5' and #?-5' coordina-
tion centers, (see Fig. 1).

The gold~gold distances within the rings and between the
rings are significantly longer than those in the bulk metal
(2.88 A) but are nonetheless in the range where weak “au-
rophilic"®! interactions may occur. The narrow range of the
Au-Au contacts and the symmetrical nature of the structure
suggests that the “‘aurophilic™ interactions may contribute sig-
nificantly to the self-assembly of the catenane.

The manner in which the basic [Au(C=CrBu)] fragments re-
arrange their coordination environments in solution and self-as-
semble in order to realize the observed solid-state structure re-
mains a mystery. IR studies on the [2jcatenane in solution have
indicated that the three v(C=C) bands observed in the solid are
also observed in solution (IR (CCl,): v(C=C) 2003, 1985,
1965 cm ~ ') suggesting that the ring structure is maintained in
solution. Two *H resonances for the Bu groups in the ratio of
2:1 in the '"H NMR spectrum at room temperature (see experi-
mental) are also consistant with the C, symmetry of the individ-
ual rings.

The observation of such an interesting catenane structure
based on such simple homoleptic organometallic complex 1is
really most unexpected and novel. Previous examples of
[2]catenane complexes have the metal atoms involved in much
more complex polyaromatic nitrogen ligand systems!®) and in
some cases two different metal ions.['% We are currently investi-
gating similar compounds in order to establish the extent to
which the “aurophilicity” of the gold atoms is contributing to
the spontaneous formation of the [2]catenane.

Scheme 3.

Experimental Procedure

1: PhC=CH (0.025mL. 0.228 mmol) was added dropwise to {Au(NH,),]BF,
(0.065 g. 0.204 mmol) dissolved in pre-dried, degassed acetonitrile (10 mL). The
colorless solution was allowed to stir for 1 h, after about 10 minutes a white micro-
crystalline solid separated, which was eventually collected by filtration, washed with
acetonitrile (3x 5mL), and dried under reduced pressure. Yield 54 % ; elemental
analysis for CqH,AuN; found: C 30.0, H 2.4, N 4.4; caled: C 30.5, H 2.6, N 4.5;
IR(KBr): v(NH) bands at 3318 and 3239cm™!, v(CH) at 3078, 3050, and
3030 cm ™! and wW(C=C) at 2112 cm ™ L.
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2: tBuC=CH (0.06 mL, 0.487 mmol) was added dropwise to [Au(NH;),]BF,
(0.10 g, 0.487 mmol) dissolved in pre-dried., degassed acetonitrile (10 mL). After
about 30 min a pale yellow solution was observed, the solution was then allowed to
stir for a further 30 min, after which time the volume was concentrated under
reduced pressure to give a dark yellow precipitate. This was filtered, dissolved in a
minimum volume of hot EtOH and left in a refrigerator at about 4°C, to give pale
yellow cubes after about 2 days. Yield 65%; elemental analysis for [(C,HoAu)y],:
found: C 25.6, H 2.4; caled: C 25.9. H 3.2; IR(KBr): WCH) bands at 2966, 2945,
2922, 2895, and 2864 cm ™' and »(C=C) at 2002. 1983 and 1964 cm ™ '; '"H NMR
(270 MHz, C;D,, 25°C. TMS): § =1.2 (8. 36H:; 4/Bu), 0.5 (5. 18H; 2:Bu).
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Novel Networks of Unusually Coordinated
Silver(i) Cations: The Wafer-Like Structure of

[Ag(pyz),lIAg,(pyz)s|(PF¢);-2 G and
the Simple Cubic Frame of [Ag(pyz);](SbF¢)**

Lucia Carlucci, Gianfranco Ciam,*
Davide M. Proserpio, and Angelo Sironi

The crystal engineering of two- (2D) and three-dimensional
(3D) coordination polymers is of great current interest,!' =3
both for the theoretical aspects related to the topologies of novel
networks, and for their potential physicochemical properties,
such as electrical conductivity,*! magnetism,1°? and applications
in host—guest chemistry,!'- ® and catalysis.(”! In the supramolec-
ular chemistry of hydrogen-bonded organic molecules,’® coor-
dination polymers offer a higher potential because of the variety
of coordination modes and the peculiarities of the metallic cen-
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[**] pyz = pyrazine, G = CH,Cl,, CHCl,;, CCl,.
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