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Data collection
Enraf-Nonius CAD-4

[CoCly(C14H3:N4)]CIO,

932 reflections with

diffractometer I > 20(D)
6/20 scans Rin = 0.027
Absorption correction: Omax = 27.42°

1 scan (North et al., h=-6—>17

1968) k=0—10

Trin = 0.637, Tax = 0852 1=0— 22

1376 measured reflections
1209 independent reflections

Refinement

Refinement on F2

RIF? > 20(F%)] = 0.039
wR(F?) = 0.133

S =1.318

1209 reflections

98 parameters

All H atoms refined

3 standard reflections
frequency: 60 min
intensity decay: 1%

(A/0)max = 0.023

Apmax = 0.663 e A7°

Apmn = —0.644 ¢ A™°

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

w = U[o?(F2) + (0.0435P)°
+ 1.5088P]
where P = (F2 + 2F)/3

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A’)

Ueq = (1/3)L:2;UVa' da; a;.

X y Z ch
Col 12 0 0 0.0275(3)
cn 0.2851 (2) 0.1968 (2) 0 0.0389 (4)
N1 0.6270 (4) 0.1234 (4) 0.0856 (2) 0.0338(7)
Cl 0.5291 (6) 0.0927 (6) 0.1592(2) 0.0421 (9)
2 0.6709 (6) 0.3103 (5) 0.0743 (2) 0.0412 (10
c3 0.7741 (9) 0.3335(8) 0 0.0446 (14)
C4 0.7664 (11) 0.3865 (8) 0.1446 (4) 0.0693 (17)
c12 0 0 1/4 0.0433(5)
01 0.1143 (5) 0.0997 (5) 0.2026 (2) 0.0712 (1D
Table 2. Selected geometric parameters (A, °)

Col—N1 2.001 (3) cl—C1' 1.498 (9)
Col—ClIl 2.2466 (14) C2—C3 1.509 (6)
N1—Cl 1.484 (5) C2—C4 1.525 (7)
N1—C2 1.492 (5) CI2—O! 1.422 (3)
NI"—Col—NI1 180.0 C2—N1—Col 118.4(3)
N1—Col—NI* 93.9(2) NI—C1—Cl' 107.7(3)
NI—Col—NTI* 86.1(2) N1—C2—C3 110.1 ()
N1 —Col—N1' 180.0 N1—C2—C4 112.3(4)
N1—Col—Cl1" 87.72(10) C3—C2—C4 HE2(5)
N1—Col—Cll 92.28(10) C2"—C3—C2 114.6 (5)
Cl"—Col—Cl1 180.0 o1*—CR—o1* 108.9 (2)
C1—N1—C2 112.3(3) o1"—CI2—O0l 110.7 (4)
C1—N1—Col 107.0 (2) o1"—CI2—O0l 108.9(2)
Symmetry codes: (1) 1 — x, —y,z (i) | — x, —y, —2: (iil) x, ¥, —=2: (iv)
—X, =%, (V) =y, x, 3 —z(vi) ¥, —x, § — 2.

Data collection: CAD-4 Software (Enraf-Nonius, 1989).

Cell refinement: CAD-4 Software. Data reduction: NRC-
VAX (Gabe et al., 1989). Program(s) used to solve struc-
ture: SHELXS86 (Sheldrick, 1990). Program(s) used to refine
structure: SHELXL93 (Sheldrick, 1993). Molecular graphics:
NRCVAX. Software used to prepare material for publication:
SHELXI93.

The authors thank the National Science Council for
support under grants NSC87-2112-M007-009, NSC87-
2811-M007-0048 and NSC87-2113-M007-041.
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Abstract

Linear complexes of cyanogold with cyclohexyldi-
phenylphosphine {cyano(cyclohexyldiphenylphosphine)-
gold(I), [Au(CN)(C3H3,P)]} and tri(m-tolyl)phosphine
{cyanol[tri(m-tolyl)phosphine]gold(I), [Au(CN)(CaHp:-
P)]} were synthesized and their crystal structures were
compared with those of similar complexes. Irrespective
of the differences in the anions (CN~ versus Cl7) or
in the steric and electronic requirements of the various
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phosphines, the Au—C and Au—P distances are similar
in all the compared AuCN complexes. The CN~ ligand
in each of the two complexes reported here is tilted
with respect to the P—Au—C axis, with the Au—C—
N angle deviating by about 7.0 (1)° from linearity.

Comment

In recent years the synthesis, X-ray structures and
solution equilibria of cyanogold complexes of a series
of phosphines having general formula R;P, with R =
alkyl, aryl, cyclohexyl or 2-cyanoethyl, have been
reported (Al-Arfaj et al., 1997; Hussain et al., 1996;
Akhtar et al., 1995). All phosphines studied so far (Al-
Arfaj et al., 1996; Harker & Tiekink, 1991) formed
linear monomeric complexes with AuX (X = CN—,
CI~ or Br™), except tris(2-cyanoethyl)phosphine (CEP),
which formed an ionic complex [(CEP);Au][Au(CN),]
(Hussain er al., 1996), although it formed a linear
species when AuCN was replaced by AuBr or AuCl
(Al-Arfay er al., 1996; Fackler er al., 1994). A large
formation constant of [Au(CN),]- (Hancock er al.,
1972), aided by the unique electronic characteristics of
CEP, are believed to cause ligand disproportionation
of the initially formed monomer [CEPAuUCN] to give
the ionic complex of CEP. In addition to the steric
and electronic requirements of phosphines, other factors,
such as the concentration of the complex and the nature
of the anion, also play a role in determining the extent
of disproportionation.

The present study, dealing with the synthesis
and X-ray structures of cyano(cyclohexyldiphenyl-
phosphine)gold(I), (I), and cyano][tri(m-tolyl)phosphine]-
gold(I), (II), was undertaken in order to investigate the

@ P — Au —C=N
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influence of steric and electronic characteristics of the
ligands on the formation of monomeric versus ionic
species.

The synthesis and characterization of complexes of
AuCN is significant from a biological point of view
(Sadler & Sue, 1995). Administration of anti-arthritic
gold drugs to smokers is known to produce a higher
concentration of gold {in the form of [Au(CN),]"}
in their red blood cells compared with non-smokers
(Graham et al., 1982, 1984; James et al., 1982). Several
recent studies were directed toward the determination
of solution equilibria in R,PAUCN complexes, where
[Au(CN);]~, generated as a result of ligand scrambling,
is believed to enter the red blood cells (Hormann-Arendt
& Shaw, 1990; Isab, 1992). '3C, 'H, '*N and/or *'P
NMR studies in solution (Akhtar er al., 1996, 1997)
could not differentiate between the monomers and the
ionic species, prompting us to perform the single-crystal
structure analyses of the title complexes.

Fig. 1. View of [{Phy(cyclohexyl)P}AuCN] showing the labelling
of the non-H atoms. Displacement ellipsoids are shown at 50%
probability levels and H atoms are drawn as small circles of
arbitrary radii.

The Au atom in each complex has linear coordina-
tion (Figs. 1 and 2) with an P1—Aul—ClI angle of
177.0(4)° in (I) and 174.3(3)° in (II). The Cl atom
of the CN~— ion is at 207(1)A from Aul in (I) and
at 2087(10)A from Aul in (II). The Aul—P1 dis-
tance is 2.284 (3)A in (I) and 2.286 (3) Ain (II). These
distances are not significantly different from the cor-
responding distances in other tri(alkyl/aryl)phosphine
complexes of AuCN or AuCl (Hancock et al., 1972). For
example, the Au—C and Au—P distances are, respec-
uvely, 1.85(4) and 2.27 (3) A in Ph;PAuCN (Bellon et

. 1969), 1.97 (2) and 2.288 (5) A in Et;PAUCN (Hor-
mann et al., 1986), and 2.00 (2)-2.06 (3) and 2.268 (6)-
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Fig. 2. View of [{(m-t0lyl);P}AuCN] showing the labelling of the
non-H atoms. Displacement ellipsoids are shown at 50% probability
levels and H atoms are drawn as small circles of arbitrary radii.

2.279 (6) A in Me;PAUCN (Ahrland ez al., 1992). The
P1 atom in each phosphine ligand [cyclohexyldiphenyl-
phosphine and tri(m-tolyl)phosphine] has the usual tetra-
hedral bonding geometry. The cyclohexyl group in (I)
has the usual chair conformation, similar to that found
in tri{(cyclohexyl)phosphine sulfide (Reibenspies et al.,
1996) and in ({tri(cyclohexyl)phosphine]gold cyanide
(Al-Arfaj et al., 1997). The phenyl rings in complex
(I) and the m-tolyl rings in (II) are planar, as expected.
Contrary to the ligand disproportionation observed in
the case of [CEPAuCN] forming an ionic [(CEP),Au]-
[Au(CN),] complex in the liquid state as well as in
the solid state, the crystal structures of (I) and (II) re-
vealed no ionic species in the crystalline state. Neither
any significant changes in the coordination sphere nor
in the Au—P and Au—C distances were observed as
a function of changing the functional groups of the
phosphines.

Experimental

Initially, the chloro complexes [{Ph(cyclohexyl)P}AuCl] and
[(m-tolyl);PAuCl] were prepared by the addition of cyclo-
hexyldiphenylphosphine or tri(m-tolyl)phosphine to ethanolic
solutions of NaAuCls, as reported earlier (Duddell et al.,
1970). The cyano complexes were then synthesized by adding
solid KCN directly to ethanolic solutions of the corresponding
chloro complex. In another method, a slurry of Me:SAuCl in
acetone, and the phosphine ligand and KCN, both in the solid
state, were mixed in the dark, resulting in the title complexes
in about 60-70% yield.

Compound (I)
Crystal data

[Au(CN)(C sH,, P)]
M, = 491.30

Mo Ko radiation
A=0.71073 A

[Au(CN)(CigH2 P)] AND [Au(CN)(Cy Hx P)]

Monoclinic
P2|/n
a=93842) A
b=17237(3) A
11.307 (2) A
94.50(3)°
1823.2 (6) A*
4

ON<®O
o h

= 1.790 Mg m™*

D, =170 Mg m™

D,, measured by flotation in
dibromoethane—CCl,

Data collection
Siemens R3m diffractometer
w scans
Absorption correction:
refined from AF
(DIFABS; Walker &
Stuart, 1983)
Toin = 0.152, Thax = 0.196
6424 measured reflections
3241 independent reflections

Refinement

Refinement on F-
RIF* > 20(F")] = 0.047
wR(F?) = 0.132
S =1.042
3241 reflections
199 parameters
H atoms not refined
w = 1/[c (F3) + (0.0521P)°
+ 11.409P)
where P = (F; + 2F)/3

Cell parameters from 25
reflections

6 = 15-30°
u=8153 mm™'
T=293(2)K
Plate

0.40 x 0.38 x 0.20 mm
Colourless

2340 reflections with

I > 20D
Riny = 0.088
Omax = 25.11°
h=-11 — 11
k=0-— 20
I=—-13 - 13

3 standard reflections
every 97 reflections
intensity decay: <1%

(A/)max = —0.009

Apma = 068 ¢ A~

Apmin = =093 e A™*

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (/s, °) for (1)

Aul—Cl1 2.073 (13)
Aul—P1 2.284 (3)
P1—C8 1.806 (12)
Cl—Aul—P1 177.0 (9
C8—Pl—Aul 1133 (%
Cl4—Pl—Aul 1122

Compound (II)
Crystal data

[Au(CN)(CaHx P)]
M, = 527.33
Orthorhombic
P2,2,2,
a=11312(2) A
b=1299% (3) A
c=13308(3) A
V=19564 (7) A®
Z=4
D, =1.790 Mg m™*
D,=171Mgm™
D,, measured by flotation in
dibromoethane—CCl,

PI—Cl4 1.813 (1)
P1—C2 1.841 (1D
N1—C1 1.04 (2)

C2—Pl—Aul 110.5 (4)
N1—Cl—Aul 173.1 (4)

Mo Ko radiation

A=071073 A

Cell parameters from 25
reflections

6 = 18-25°

u = 7.605 mm™'

T=293(2)K

Needle

0.5 x 0.1 x 0.1 mm

Colourless
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Data collection

Siemens R3m diffractometer  Rin = 0.064

w scans Omax = 25.00°

Absorption correction: h=0-—13
1y scan (North er al., k=0 —15
1968) =015

Tmin = 0.305, Thax = 0.467
1974 measured reflections
1972 independent reflections
1806 reflections with

I >20()

3 standard reflections
every 97 reflections
intensity decay: <1%

Refinement

Extinction correction:
SHELXL93 (Sheldrick,

Refinement on F? -
R[F? > 20(F%)] = 0.033

wR(F?) = 0.091 1993)
S = 1.060 Extinction coefficient:
1959 reflections 0.0008 (3)

227 parameters
H atoms niding
w = 1/[c3(F2) + (0.0562P)°
+ 1.0P]

where P = (F; + 2F2)3
(A/0)max = 0.008_
Apmax = 0736 ¢ A7
Apmin = —0.811 ¢ A™*

Scattering factors from
International Tables for
Crystallography (Vol. C)

Absolute structure: Flack
(1983)

Flack parameter = —0.01 (2)

Table 2. Selected geometric parameters (A, °) Sfor (1)

Aul—Cl 2.087 (10) P1—C2 1.826 (10)
Aul—P1 2.286 (3) P1—Cl16 1.833 (10)
PI—C9 1.814 (10) NI—Ci 1.02 (2)
Cl—Aul—PI 174.3 (3) Cl6—P1—Aul 107.5 (3
C9—P1—Aul 113.8 (3) NI—Cli—Aul 1729 (13)
C2—Pl1—Aul 116.9 (3)

w scans of several intense reflections were used to indicate
acceptable crystal quality. The 26 scan width was 2.0° +
Koo separation with a variable scan rate in 6 between 1.5
and 14.6° min~'. Background measurement was made by
stationary crystal and stationary counter techniques at the
beginning and end of each reflection for half the total scan time
(Siemens, 1990a). Intensities were corrected for absorption
using the AF empirical method (Walker & Stuart, 1983) in the
case of compound (I) and by using % scans (North et al., 1968)
for compound (II). Correction of absorption in compound (I)
was carried out by the AF method because the shape of the
crystal was not suitable for using crystal faces and the i scan
was unsuccessful. C-bound H atoms were placed in idealized
positions [C—H = 0.96 A and U(H) = 0.08 A® (fixed)]. The
H-atom parameters were not refined.

For both compounds, data collection: P3VAX (Siemens,
1990a); cell refinement: P3VAX; data reduction: XDISK
(Siemens, 1990b); program(s) used to solve structures:
SHELXS86 (Sheldrick, 1985); program(s) used to refine struc-
tures: SHELXL93 (Sheldrick, 1993); molecular graphics: XP
(Siemens, 1990c); software used to prepare material for pub-
lication: CIFTAB in SHELXL93.

We are thankful to the KFUPM Dhahran, Saudi
Arabia. Thanks are also due to Dr N. Akhtar for
synthesizing the compounds and the National Science
Foundation (USA) for grant CHE-8513273.
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Supplementary data for this paper are available from the IUCr
electronic archives (Reference: NA1329). Services for accessing these
data are described at the back of the journal.
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