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Abstract—The reactions of potassium dichloro- and dibromodicyanoaurate with appropriate ethyl and
(2-bromoethyl)triphenylphosphonium halides in water gave new dihalodicyanoaurate complexes
[Ph3PEt][Au(CN)2Cl2] (I) and [Ph3PCH2CH2Br][Au(CN)2Br2] (II), which were characterized by X-ray
diffraction (CCDC nos. 1963511 (I) and 2060274 (II)). According to X-ray diffraction data, complexes I and
II consist of tetrahedral organyltriphenylphosphonium cations and two types of crystallographically indepen-
dent square planar dihalodicyanoaurate anions with similar geometric parameters. The phosphorus atoms in
the phosphonium cations have a slightly distorted tetrahedral coordination. The centrosymmetric crystallo-
graphically independent anions [Au(CN)2Cl2]– in I have a nearly undistorted square planar geometry,
whereas the geometry of the [Au(CN)2Br2]– anions in II is substantially distorted (the CAuBr cis-angles vary
in the range of 74.5(9)°–105.5(9)°). The spatial organization in the crystals of I and II is formed by the C–
H∙∙∙N≡C hydrogen bonds and, in the case of complex II, also by additional inter-ion C–H∙∙∙Br–Au contacts.
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INTRODUCTION
Currently, organometallic coordination com-

pounds are of considerable interest for researchers [1–
3]. Among the plenitude of building blocks for these
compounds, an important place belongs to cyanide
complexes, in particular, mono- and trivalent gold
derivatives, which possess a broad range of physico-
chemical properties such as luminescence [4–8], bire-
fringence [9–12], vapochromism [13–16], negative
thermal expansion coefficient [17, 18], and magnetism
[4, 19–22]. It was noted that the birefringence is
higher for dihalocyanoaurate than dicyanoaurate
complexes owing to high polarizability of Au–Hal
bonds and also to the possibility of halogen–halogen
contacts [9].

In the continuation of studies into the structure
and properties of dihalodicyanoaurates [23–28], we
synthesized the complexes [Ph3PEt][Au(CN)2Cl2] (I)
and [Ph3PCH2CH2Br][Au(CN)2Br2] (II) and investi-
gated their structural details by X-ray diffraction.

EXPERIMENTAL
Synthesis of ethyltriphenylphosphonium dichlorodi-

cyanoaurate (I). An aqueous solution of ethyltriphen-
ylphosphonium chloride (92 mg, 0.28 mmol) was
added with stirring to a solution of potassium dichlo-

rodicyanoaurate (100 mg, 0.28 mmol) in water
(10 mL). The bright yellow precipitate was collected
on a filter, washed two times with 5-mL portions of
water, dried, and recrystallized from ethanol. The
yield of bright yellow crystals of I was 151 mg (88%).
Tm = 154°C.

IR (ν, cm–1): 3082, 3059, 2990, 2940, 2907, 2878,
2216, 1638, 1616, 1587, 1485, 1454, 1439, 1406, 1385,
1341, 1317, 1265, 1238, 1190, 1115, 1076, 1038, 1015,
997, 932, 768, 752, 735, 721, 691, 665, 615, 530, 501,
488, 457, 419.

(2-Bromoethyl)triphenylphosphonium dibromo-
dicyanoaurate (II) was synthesized similarly to I. The
yield of yellow crystals of II was 84%. Tm = 110°C.

IR (ν, cm−1): 3057, 2955, 2922, 2141, 1587, 1485,
1437, 1341, 1315, 1287, 1271, 1204, 1188, 1119, 1107, 1026,
997, 916, 779, 745, 721, 687, 517, 505, 488, 449, 426.

The IR spectra of compounds I and II were mea-
sured on a Shimadzu IRAffinity-1S FTIR spectrome-
ter; the samples were prepared as KBr pellets
(4000−400 cm−1 absorption range).

X-ray diffraction study of crystals I and II was car-
ried out on a D8 QUEST Bruker diffractometer
(MoKα radiation, λ = 0.71073 Å, graphite monochro-
mator). Data collection and editing, refinement of
unit cell parameters, and applying absorption correc-
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Table 1. Crystallographic data and X-ray experiment and structure refinement details for compounds I and II

Parameter
Value

I II

M 611.24 779.06

System Triclinic Triclinic

Space group

a, Å 10.572(11) 8.341(9)

b, Å 11.384(19) 8.688(13)

c, Å 11.572(12) 17.28(2)

α, deg 114.95(4) 94.01(8)

β, deg 91.90(4) 100.71(5)

γ, deg 115.94(5) 90.02(6)

V, Å3 1094(2) 1227(3)

Z 2 2

ρ(calcd.), g/cm3 1.855 2.108

μ, mm–1 7.049 10.955

F(000) 588.0 728.0

Crystal size, mm 0.7 × 0.62 × 0.25 0.65 × 0.31 × 0.19

Data collection range of θ, deg 6.7–79.72 5.102–56.984

Ranges of reflection indices –18 ≤ h ≤ 18,
–20 ≤ k ≤ 20,
–20 ≤ l ≤ 20

–9 ≤ h ≤ 9,
–10 ≤ k ≤ 10,
–20 ≤ l ≤ 20

Number of measured reflections 81720 24858

Number of unique reflections (Rint) 13161 (0.0566) 4276 (0.0454)

Number of ref lections with I > 2σ(I) 13161 0.0454

Number of refinement parameters 257 230

GOOF 1.032 1.044

R-factors on F2 > 2σ(F2) R1 = 0.0515,
wR2 = 0.1030

R1 = 0.1000,
wR2 = 0.2783

R-factors for all reflections R1 = 0.1059,
wR2 = 0.1211

R1 = 0.1112,
wR2 = 0.2903

Residual electron density (max/min), e/Å3 1.42/–2.77 3.18/–2.74

1P 1P
tions were carried out using SMART and SAINT-Plus
programs [29]. All calculations for structure solution
and refinement were done using the SHELXL/PC [30]
and OLEX2 [31] software. The structures were solved
by direct methods and refined by the least-squares
method in the anisotropic approximation for non-
hydrogen atoms. The key crystallographic data and
structure refinement details are summarized in Table 1;
selected bond lengths and angles are given in Table 2.

The full tables of atom coordinates, bond lengths,
and bond angles are deposited with the Cambridge
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
Crystallographic Data Centre (nos. 1963511 (I) and
2060274 (II), respectively, deposit@ccdc.cam.ac.uk;
http://www.ccdc.cam.ac.uk).

RESULTS AND DISCUSSION

Complexes I and II were obtained by the reactions
of aqueous solutions of potassium dichloro- and
dibromodicyanoaurate with the corresponding organ-
yltriphenylphosphonium halides.
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Table 2. Bond lengths (d) and bond angles (ω) in the structures of I and II

Bond d, Å Angle ω, deg

I
Au(1)–Cl(1) 2.335(3) Cl(1a)Au(1)Cl(1) 179.999(1)
Au(1)–Cl(1a) 2.335(3) C(7)Au(1)Cl(1) 90.4(4)
Au(1)–C(7) 2.198(11) C(7a)Au(1)Cl(1) 89.6(4)
Au(1)–C(7a) 2.198(11) Cl(2b)Au(2)Cl(2) 179.999(10)
Au(2)–Cl(2) 2.283(3) C(8)Au(2)Cl(2) 89.89(13)
Au(2)–Cl(2b) 2.283(3) C(8b)Au(2)Cl(2) 90.11(13)
Au(2)–C(8) 2.008(5) C(1)P(1)C(21) 109.28(19)
Au(2)–C(8b) 2.008(5) C(1)P(1)C(11) 110.39(16)
P(1)–C(1) 1.788(4) C(1)P(1)C(9) 107.2(2)
P(1)–C(21) 1.790(4) C(21)P(1)C(11) 108.22(18)
P(1)–C(11) 1.800(4) C(21)P(1)C(9) 111.4(2)
P(1)–C(9) 1.790(4) C(9)P(1)C(11) 110.3(2)

Symmetry codes: (a) –x, –y, –z; (b) 2–x, 1–y, 2–z
II

Au(1)–Br(1) 2.409(7) Br(1b)Au(1)Br(1) 180.0
Au(1)–Br(1b) 2.409(7) C(10a)Au(2)C(10) 180.0
Au(1)–C(9) 1.984(8) C(9b)Au(1)Br(1) 79.2(7)
Au(1)–C(9b) 1.984(8) C(9)Au(1)Br(1) 100.8(7)
Au(2)–Br(2) 2.536(5) C(10a)Au(2)Br(2) 74.5(9)
Au(2)–Br(2a) 2.536(5) C(10)Au(2)Br(2a) 105.5(9)
Au(2)–C(10) 1.95(3) C(21)P(1)C(31) 114.7(8)
Au(2)–C(10a) 1.95(3) C(21)P(1)C(11) 106.0(8)
P(1)–C(11) 1.708(8) C(1)P(1)C(31) 116.8(9)
P(1)–C(1) 1.890(8) C(1)P(1)C(21) 94.4(7)
P(1)–C(7) 1.832(9) C(1)P(1)C(11) 115.3(8)
P(1)–C(21) 1.694(8) C(11)P(1)C(31) 107.1(8)
C(8)–Br(3) 2.17(2) C(7)C(8)Br(3) 116.2(15)

Symmetry codes: (a) 2–x, 1–y, 1–z; (b) 1–x, 2–y, 2–z
Hal = Cl, R = Et (I);
Hal = Br, R = CH2CH2Br (II).

The subsequent recrystallization of the resulting
precipitates from ethanol afforded air-stable yellow
crystals of I and II.

The IR spectra of the compounds exhibited weak
absorption bands for the C≡N bonds at 2216, 2164 (I)
and at 2141 (II) cm–1. The P–CPh bonds gave rise to
absorption bands in the characteristic ranges of
1450−1435 and 1005–997 cm–1 [32]: 1439, 997 (I) and
1437, 997 cm–1 (II).

According to X-ray diffraction data, complex I
consists of slightly distorted tetrahedral organyltriph-
enylphosphonium cations and square planar dihalod-

icyanoaurate anions, whereas the geometry of the cat-
ions and anions in complex II is significantly dis-
torted, which is untypical of this type of aurate
complexes. The general view of compounds I and II is
shown in Figs. 1 and 2 (the thermal ellipsoids are
drawn at 50% probability level).

The CPC angles in the cations of I and II vary in
the ranges of 107.2(2)°–111.4(2)° (I) and
94.4(7)°−116.8(9)° (II), respectively; the P–C bond
lengths (1.788(4)–1.800(4) Å (I) and 1.694(8)–
1.890(8) Å (II)) are close to the sum of covalent radii
of phosphorus and carbon atoms (1.88 Å [33]).

2H O
2 2 3 3 2 2K[Au(CN) Hal ] [Ph PR]Hal [Ph PR][Au(CN) Hal ] KHal+ ⎯⎯⎯→ +
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 49  No. 3  2023
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Fig. 1. General view of the complex [Ph3PEt][Au(CN)2Cl2] (I).
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Fig. 2. General view of the complex [Ph3PCH2CH2Br][Au(CN)2Br2] (II) (hydrogen atoms are omitted).
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In the centrosymmetric crystallographically inde-
pendent [Au(CN)2Hal2]− anions in complexes I and
II, the HalAuHal and CAuC trans-angles are 180°; the
CAuHal cis-angles vary in the ranges of 89.6(4)°–
90.4(4)° (I) and 74.5(9)°–105.5(9)° (II). The Au–C
bond lengths (2.198(11), 2.008(5) Å (I); 1.95(3),
1.984(8) Å (II)) do not differ much from the sum of
the covalent radii of gold and carbon atoms (2.05 Å
[33]). The Au–Hal distances (2.335(3), 2.283(3) Å
(I); and 2.536(5), 2.409(7) Å (II)) are shorter than the
sum of the covalent radii of gold and the correspond-
ing halogen (Au–Cl, 2.38 Å; Au–Br, 2.56 Å [33]).

The spatial structure of compounds I and II is
formed by the C–H∙∙∙N≡C inter-ion hydrogen bonds
(2.63 Å (I); 1.86–2.50 Å (II)). Also, additional C–
H∙∙∙Br–Au contacts (2.27–2.86 Å) are present in the
crystals of II, with their length being smaller than the
sum of the van der Waals radii of hydrogen and bro-
mine atoms (2.93 Å [34]). No Hal∙∙∙Hal or Au∙∙∙Hal
contacts were detected in these complexes.
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
Thus, ethyltriphenylphosphonium dichlorodicya-
noaurate (I) and (2-bromoethyl)triphenylphospho-
nium dibromodicyanoaurate (II), prepared from
potassium dichloro- and dibromodicyanoaurate and
ethyl- and (2-bromoethyl)triphenylphosphonium
halides in water, have a usual monomeric ionic struc-
ture. The geometry of the tetrahedral cations and the
square planar anions of complex II is markedly dis-
torted, which is unusual for aurate complexes of this
type. The spatial structure of the crystals of I and II is
formed by C–H∙∙∙N≡C inter-ion hydrogen bonds and,
in complex II, also by the C–H∙∙∙Br–Au contacts.
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