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Copper(I) halides form complexes with electron-pair
donor ligands such as phosphines, arsines, and nitrogen
bases, which show a variety of structural features in the sol-
id state.™ The stoichiometry of copper(I) complexes varies
in several ways such as L;CuX, L,CuX, L,sCuX, LCuX,
and etc. (L=PRy; AsR;; N-donor ligands, X=Cl; Br; I). Com-
plexes of copper(l) halides with phosphorus and arsenic li-
gands of general formula (MXL,), and MXL, have been stu-
died structurally.>

In this paper we report the synthesis and molecular struc-
ture of a novel copper(I) dimer bridged by two chlorine
atoms, [{(CsHs);As},CuCl},-2CDCl;, having a general for-
mula (MXL,),, where in our work the ligand L is the tri-
phenylarsine and X the chloro ligand.

Experimental

Materials. [{(C,H;);As},CuCl], was synthesized by
CuCl,:2H,0 (1 mmol, 71 mg) and triphenylarsine (1.5
mmol, 459 mg) in 30 mL of ethanol. The reaction mixture
was refluxed for 12 hr and was then cooled to room tem-
perature. The white power formed was filtered and dis-
solved in 20 mL of chloroform. The solution was filtered to
remove any solid materials. 10 mL of n-pentane was added
to the filtrate. At this point, the solution became cloudy.

The solution was filtered and the filtrate was stored in a
refrigerator maintained at 20 °C for 2 days. The white pre-
cipitates formed were filtered and were washed with ethyl
ether. Yield:330 mg (20%). The product is very stable in
air. However, the product, when dissolved in chloroform
containing n-pentane, decomposes after about 10 days in air.

X-ray data collection and refinement. A crystal
of [{(CsHs)sAs},CuCl],-2CDCl,; suitable for X-ray analysis
was grown by dissolving the white powder in CDCl; and
by layering n-pentane in a S mm NMR tube in air at ca.
—20 °C. Large colorless transparent crystals were readily
formed in the tube after a day.

A crystal (0.45%0.45x0.50 mm) was sealed in a Lin-
demann glass capillary and mounted on an Enraf-Nonius
CAD4 diffractometer equipped with a monochromator and
molybdenum radiation. Unit cell dimensions were determin-
ed by least-squares refinement of 25 intense reflections
(2.98<20<49.94). Data were collected at ambient tem-
perature [293 (2) K] in ®/208 scan mode using variable rates
for the range 0<h<24, 0<k<21, —22<1<22, and three
standard reflections measured after every hour did not re-
veal any systematic variations in intensity. 2943 reflections
were collected, 2844 unique intensities observed. Intensities
were corrected for Lorentz and polarization effects but not
for absorption.

The crystal structure was determined by the conventional

Table 1. Crystal data and structure refinement for [{(C¢Hs);As},

CuCli],-2CDCY,

Empirical formula
Formula weight
Temperature, K
Crystal system
Space group

a A

b, A

¢ A

B, deg

v, A

N

dcalc, g/ Cm3
Radiation
Wavelength, A

Absorption coefficient, mm '

F(000)

Crystal size, mm

6 range for data collection
Index ranges

Reflections collected
Independent reflections
Refinement method
Data/restraints/parameters
Goodness-of-fit on F°
Final R indices [I>20(1)}
R indices (all data)

CHgpAs,CLCu,- 2CDCl,
1661.71

293 (2)

Monoclinic

C2/c (No. 15)

21.251 (4)

17.877 (3)

19.288 (4)

91.81 (2)

7324

4

1.507

graphite monochromated Mo Ko
0.71073

2.706

3328

0.45x0.45%x0.50

1.49 to 24.97 deg.

0<h<24, 0<k<2], - 22<I<22
2943

2844 [R(int)=0.0235]
Full-matrix least-squares on F
2844/0/386

0.967

R;=0.0595, wR,=0.1478
R,=0.0638, wR,=0.1522

Largest diff. peak and hole, e.A* 1.028 and - 0.616

R,;=Z| Fo|-|Fc||/Z|Fo|. wR,={Zw(Fo’-Fc’y’/ZwFo'}'?, where
w=1/{0°Fo’+(aP)’+bP}, P={Max(Fo’, 0)+2Fc’}/3 and a, b were

determined by the program.

heavy atom method and Fourier techniques. All nonhy-
drogen atoms were refined anisotropically and hydrogen
atoms were located in the calculated positions. All the cal-
culations were performed on IBM PC 486 computer using
SHELXS® and SHELXL-93° and atomic scattering factors
for all nonhydrogen atoms were supplied by the SHELXS-
86 system. Crystal parameters and procedural information
corresponding to data collection and structure refinement
are collected in Table 1.

Results and Discussion

Copper(I) complexes can be obtained by a reduction reac-
tion of copper(ll) complexes in the presence of excess PR,
and AsR, acting as a reducing agent.' The stoichiometry
and chemistry of copper(l) and analogous silver(I) com-
pounds containing both halogen bridges and terminal phos-
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phine or arsenic ligands are delicately dependent on the
kind of the bridging halogen atoms as well as the type of
phosphine or arsenic ligands,” though, in general, there is
no strict rules governing the geometry.

The stoichiometry of LCuX and LAgX corresponding to

Table 2. Atomic coordinates (X 10*) and equivalent isotropic
displacement parameters (Azx 10%) for non-hydrogen atoms of
[{(CsH;);As},CuCl),- 2CDCI,. U, is defined as one-third of the
trace of the orthogonalized U; tensor

Atom x y z U,

Cu 2731 75821 2572(1) 46(1)
cy 5000 6580(2) 2500 57(1)
cly 5000 8581(2) 2500 51(1)
As(l)  36431)  7581)  1522(1) 45(1)
As2)  3683(1)  7583(1)  3598(1) 43(1)
C()  3085(7)  8422(7)  1391(7) 54(4)

CQ) 3015(10)  8893(10)  1947(8) 106(7)

cQ3) 2614(14)  9520(12)  1886(11)  168(13)
C(4) 2313(10)  9655(9) 1246(11)  105(7)
c(5) 2418(8) 9221(9) 706(9) 76(5)
C(6) 2812(7) 8630(8) 770(7) 69(4)
ot)) 3096(6) 6708(7) 1415(6) 44(3)
c(@) 3337(7) 6022(7) 1575(7) 55(4)
C(9) 2970(8) 5395(8) 1515(8) 69(4)
C(10)  2355(8) 5455(9) 1276(8) 71(5)
c(11)  2106(7) 6125(8) 1128(7) 65(4)
C(12)  2465(7) 6761(8) 1184(7) 64(4)
C(13)  4028(5) 7580(8) 629(6) 49(3)
C(14)  4490(6) 8084(8) 494(7) 65(4)
C(15)  4758(7) 8129(10)  -138(9) 86(5)
C(16)  4595(8) 7631(12)  -646(8) 104(7)
C(17)  4134(9) 7094(10)  -529(8) 95(6)
C(18)  3860(7) 7075(10) 119(8) 76(5)
C(19)  2776(5) 7528(7) 3426(5) 44(3)
C(20)  2546(6) 6921(8) 3080(6) 52(3)
c(l)  1911(7) 6840(10)  2907(8) 81(5)
C(22)  1504(8) 7412(12)  3105(9) 98(6)
c(23)  1733(7) 8009(11)  3464(10)  98(6)
C(24)  2365(6) 8069(8) 3614(9) 74(5)
C(25)  3743(6) 8429(7) 4234(7) 48(3)
Cc(26)  3502(7) 8406(8) 4891(7) 60(4)
C@27)  3557(7) 9023(9) 5318(8) 69(4)
C(28)  3862(7) 9658(9) 5101(8) 72(5)
C(29)  4119(7) 9664(8) 4471(8) 67(4)
C(30)  4054(6) 9063(7) 4034(7) 52(3)
C(31)  3804(6) 6733(7) 4219(6) 45(3)
Cc(32)  3320(7) 6430(8) 4600(7) 61(4)
C(33)  343009)  5836(8) 5026(8) 70(5)
C(34)  4009(10)  5543(10)  5085(9) 94(6)
C(35)  4497(8) 5832(10)  4732(10)  105(7)
C(36)  4401(8) 6431(9) 4289(8) 78(5)
a@E)y  4566(7) 576(9) 1703(8) 172(6)

cl@d)y  5763(8) 621(10) 2249(9) 192(6)
Cl5)  5312(6) 1027(7) 1891(7) 138(4)
cl6)y  4740(5) 4318(6) 1753(6) 183(4)

CI(7)  5818(8)  4470(10)  2143(9)  307(8)
c1) 5000 430(12) 2500 78(7)
c2) 5000 4662(21) 2500 157(14)

Symmetry transformations used to generate equivalent atoms: -x+
1, y, -z+1/2. Solvate molecules.

Notes

the tetrameric (phosphine or arsine) copper(I) halides and
(phosphine or arsine) silver(I) halides usually have two pos-
sible geometrically different structures : cubane-like and chair-
like (sometimes called step-like) tetrameric isomers. For ex-
ample, both [(Et;As)Cul], and [{(CHs)As}Cull, have been
found as the cubane-like isomer,”® while the chair-like structure
is observed for [{(C¢Hs)sP}CuBr],** and [{(C¢H;);P}Cul],.”
On the other hand, both the cubane-like and the chair-like
structures have been characterized for [{(C¢H;s):P}Agl],."!
The coexisting two isomers of [{(C¢H;):P}Agl], give the
very useful information about the possible transformation of
the highly distorted cubane-like isomer to the less stressed
chiar-like isomer owing to the intramolecular van der Waals
repulsions involving the bulky terminal ligands and the bridg-
ing halides. Moreover, sometimes the tetrameric complex un-
dergoes cleavage to a dimeric complex by good coordinating
solvent like acetonitrile. [{(CsH;);As}Cul], was cleaved by
acetonitrile to form dimeric [{(C¢H;);As}(MeCN)Cull,,
which have been confirmed by ‘a single-crystal X-ray dif-
fraction study by Churchill and Missert.” In case of the
stoichiometry 1,CuX, the above-mentioned structure with
tetrahedral dimeric geometry is common. It seems probable
that the preference for L,MX dimeric stoichiometry relative
to LMX tetrameric one must have something to do with the
size of L and X as previously pointed out by Lippard.’
Triphenylarsine reacted with CuCl,-2H,0 (molar ratio 1.5:
1) in refluxing ethanol for 12 h. As shown in the work by
the Healy group, the nature of the copper(I) halide ggre-
gation with bases in solution is very complex and variable.’
However, in this work the dinuclear species 1 having chlo-
rine bridges has been nicely isolated as pure colourless sin-
gle crystals suitable for X-ray diffraction study. The crystal
structure of solvated 1-2CDCI; has been unequivocally con-
firmed by X-ray diffraction. The crystal of complex 1 con-
sists of discrete molecular units of the dimeric species
{(C¢Hs):As},CuCl], which are separated by normal van der
Waals distances. There are no abnormally short in-
termolecular contacts. Selected interatomic distances and an-
gles for 1-2CDCI; are collected in Table 3. A perspective

Table 3. Selected interatomic distances (A) and angles (deg) for
[{(CsHs);As},CuCl],- 2CDCl,

Cu(1)-As(1) 23912)  As(2)-C(19) 1.948(11)
Cu(1)-As(2) 2376(2)  As(2)-C(25) 1.949(13)
Cu(1)-CI(1) 2373(4)  As(2)-C(31) 1.946(12)
Cu(1)-CI(2) 2369(4)  Cu(l)--Cu(l) 3.1134)
As(1)-C(1) 1.923(13)  CI(1)--CI(2) 3.578(6)
As(1)-C(7) 1.955(12) C-C(Ph, avg.) 1.37(2)
As(1)-C(13) 1.931(11)

As(1)-Cu(1)-As(2) 114.18(7)
As(1)-Cu(1)-C1)  107.42(7)
As(1)-Cu(1)-C{2)  107.42(7)
As(1)-Cu(1)-Cu(ly 117.16(7)
As(2)-Cu(1)-C(1)  114.23(8)
As(2)-Cu(1)-CI(2)  114.21(8)
As(2)-Cu(1)-Cu(ly 128.67(8)
CI(1)-Cu(1)-CI(2)  97.96(11)
Cu(1)-CI(1)-Cu(l)  82.0(2)
Cu(l)-As(1)-C(1)  116.0(4)
Cu(1)-As(1)-C(7)  113.9(4)

Cu(1)-As(1)-C(13)  99.3(5)
Cu(1)-As(2)-C(19) 113.8(3)
Cu(1)-As(2)-C(25) 119.9(4)
Cu(1)-As(2)-C(31) 116.7(4)
C(1)-As(1)-C(7)  104.4(5)
C(1)-As(1-C(13)  99.3(5)
C(7)-As(1)-C(13)  99.9(5)
C(19)-As(2)-C(25) 101.0(5)
C(19)-As(2)-C(31) 100.1(5)
C(25)-As(2)-C(31) 102.4(5)




Notes

Bull. Korean Chem. Soc. 1997, Vol. 18, No. 6 675

Figure 1. ORTEP (50% probability) views of [{(CsHs);As},CuCl],- 2CDCIl, with main atom numbering, a front view (a) and a side view
(b). Hydrogen atoms and solvated two CDCl; molecules are omitted for clarity.

view of complex 1 with atom-numbering appears in Figure 1
and the core of the molecule in Figure 2.

The copper(l) centers are in pseudo-tetrahedral environ-
ments and are connected via two bridging chlorine atoms
[Cu(1)-CI(1)=2.373(4) A, Cu(1)-Cl(2)=2.369(4) A] Aso,
each copper(i) atom is bonded asymmetrically to two tri-
phenylarsine ligands [Cu(1)-As(1)=2.391(2) A, Cu(1)-As(2)=
2.376(2) A]. The Cu,Cl, core planar, with a intramolecular
Cu(1) --- Cu(1)' distance of 3.113(4) A and a CI(1) --- CI(2)
distance of 3.578(6) A, represents no direct interactions
between two copper atoms and between two chlorine atoms,
respectively. Two disordred solvent CDCl; molecules are lo-
cated above and below the Cu,Cl, plane in the middle of
two asymmetric triphenylarsine ligands but they are el-
iminated in Figure 1 for the sake of clarity.

The structure in Figure 1 and Figure 2 has a crystallo-
graphic twofold rotation axis with CI(1) --- CI(2) axis that
requires Cu,Cl, moiety to be strictly planar. The most in-
teresting feature is that (1) the As(1)-Cu(1)-Cl(1) angle and
the As(1)-Cu(1)-Cl(2) angle are same with 107.42(7)°, and
(2) the As(2)-Cu(1)-Cl(1) angle and the As(2)-Cu(1)-Cl(2)
angle are same with being 114.41(8)°. So the angle between
As(1)-Cu(1)-As(2) plane and CI(1)-Cu(1)-Cl(2) plane is ex-
actly 90°. Except Cu(1)-As(1)-C(13) [99.3(5)°], all the Cu-
As-C(ipso) angles are larger than the regular tetrahedral an-
gle of 109.47°, with values ranging from 113.8 (3)° to 119.

Figure 2. Core structure of {{(CH;),As},CuCl},-2CDCl, with
atom numbering.

Table 4. Comparisons of the selected interatomic distances (A)
and angles (deg) for [{(CsH;);As},CuCl],-2CDCl; (1) and
[{(CeHs)(CH,),As},CuCl],- CH, (2)

1-2CDCYL, 2-CH,
This work. Reference [2).

Cu(1)-As(1) 2.391 (2) 2.350 (2)
Cu(1)-As(2) 2.376 (2) 2.367 (2)
Cu(1)-CK(1) 2373 @) 2374 (4)
Cu(1)-CI(2) 2.369 (4) 2.385 (4)
As(1)-C(1) 1.923 (13) 197 (2)
As(1)-C(7) 1.955 (12) 1.97 (2)
As(1)-C(13) 1.931 (11) 1.94 (1)
As(2)-C(19) 1.948 (11) 1.97 (2)
As(2)-C(25) 1.949 (13) 1.97 (2)
As(2)-C(31) 1.946 (12) 1.94 (1)
Cu(1)--Cu(l) 3.113 (4) 3.029 (4)
Cl(1)--CI(2) 3.578 (6) 3.671 (7)
C-C (Ph, avg.) 137 (2) 139 (2)
As(1)-Cu(1)-As(2) 114.18 (7) 118.00 (9)
As(1)-Cu(1)-Cli(1) 107.42 (7) 105.3 (1)
As(1)-Cu(1)-CK2) 107.42 (7) 115.8 (1)
As(1)-Cu(1)-Cu(1y 117.16 (7) 123.4 (1)
As(2)-Cu(1)-CI(1) 114.23 (8) 115.1 (1)
As(2)-Cu(1)-CI(2) 114.21 (8) 100.7 (1)
As(2)-Cu(1)-Cu(1y 128.67 (8) 118.6 (1)
Cl(1)-Cu(1)-Cl(2) 97.96 (11) 100.9 (1)
Cu(1)-CI(1)-Cu(1y 82.0 (2) 79.1 (1)
Cu(1)-As(1)-C(1) 116.0 (4) 113.7 (6)
Cu(1)-As(1)-C(7) 1139 (4) 118.2 (6)
Cu(1)-As(1)-C(13) 99.3 (5) 118.2 (4)
Cu(1)-As(2)-C(19) 113.8 (3) 114.8 (5)
Cu(1)-As(2)-C(25) 1199 (4) 117.0 (6)
Cu(1)-As(2)-C(31) 116.7 (4) 120.0 (5)
C(1)-As(1)-C(7) 104.4 (5) 101 (1)
C(1)-As(1)-C(13) 99.3 (5) 100.7 (7)
C(7)-As(1)-C(13) 99.9 (5) 1022 (7)
C(19)-As(2)-C(25) 101.0 (5) 100.5 (8)
C(19)-As(2)-C(31) 100.1 (5) 1009 (7)
C(25)-As(2)-C(31) 102.4 (5) 100.6 (7)
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9(4)°. Thus, the C(1)-As(1)-C(13) and C(7)-As(1)-C(13) an-
gles are compressed, to be 99.3(5)° and 99.9(5)°, respec-
tively. Other C(ipso)-As-C(ipso) angles are also compressed,
ranging from 100.1(5)° to 104.4(5)".

To the best of our knowledge, the only one previous ex-
ample of dinuclear copper (I) complex bridged by halogen
atoms with four same terminal arsenic ligands fully charac-
terized by X-ray study is [{(CsHs)(CH;),As},CuCl], (2).> Al-
though it has the same geometry of Cu,Cl, rhomboid and
the necessary axial arrangements of four terminal arsenic li-
gands relative to the rhomboid, their interatomic distances
and angles are strongly influenced by the characteristics of
the bridging halogen atoms and terminal arsenic ligands as
summarized in Table 4. The steric size of two arsenic li-
gands increases in the order of (C¢H;)(CH;),As<(C¢Hs);As.
Resultant copper (I)-arsenic distances 2.376(2) and 2.391(2)
A of complex 1 are much longer than those of complex 2
[2.350(2) A], and furthermore, longer than 2.361 A for
tetrameric [(Et;As)Cul],.” However, the values of 2.376(2) A
and 2.391(2) A for complex 1 are within the sum of the
relevant van der Waals radii of typical copper (Td) and ar-
senic (Td) atom (1.35 A+1.18 A=2.53 A)." The lengthening
of the copper (I)-arsenic bonds also reflects the relative
weakness of the bonds and affects the bond strength of the
copper-chlorine bonds. Copper (I)-chlorine bond lengths of
complex 1 [2.369(4) and 2.373(4) A] are slightly shorter
than those of complex 2 [2.374(4) and 2.385(4) A].

In Figure 2, the d'° copper (I) atom has a highly distorted
tetrahedral geometry. The As(1)-Cu(1)-As(2) angle of 114.
18(7)°, compared with 97.96(11)° for the CI(1)-Cu(1)-Cl(2)
angle, also shows the greater bulk of the triphenylarsine li-
gands compared with the chlorine ligands.

Previously it was predicted by Teo and Calabrese™ that
for [{(CeHs);As}CuX], series (X=Cl; Br; I) the tetrameric
cubane — chair isomerism or transformation would take
place between the [{(C,H;);P}AgX], and the [{(CsHs);As}
CuX], series, especially in the vicinity of [{(C;H;);As}CuBr]
+ However, the structure of the [{(CsHs);As}Cul], has been
proved to be cubane-like form by Churchill and Youngs®
and [{(CsH;);As}CuCl], has not been isolated yet. It is no-
teworthy that the [{(CsH;s)As},CuCl], structure does exist
as a dimeric form rather than tetrameric one like
[{(C.Hs);As}Cul], and [{(C¢Hs);P}CuCl},.™* But at this
stage we cannot rule out possible formation of homologous
tetrameric [{(CsH;);As}CuCl],.

Notes

Acknowledgment. We thank Dr. KM. Kim and Mr.
K-M. Sung for assistance with the crystallographic work.
We are grateful to the Basic Science Research Institute Pro-
gram, Ministry of Education of the Republic of Korea,
Grant No. BSRI-95-3426 for financial support.

References

1. Hathaway, B. J.; in Wilkinson, G. (ed.), Comprehensive
Coordination Chemistry; Vol. S, Pergamon, Oxford,
England, 1987; pp 536-599.

2. Gill, J. T.; Mayerle, J. J.; Welcker, P. S.; Lewis, D. F.;
Ucko, D. A,; Barton, D. J.; Stowens, D.; Lippard, S. J.
Inorg. Chem. 1976, 15, 155.

3. (a) Healy, P. C.; Pakawatchai, C.; Raston, C. L.; Skel-
ton, B. W.; White, A. H. J. Chem. Soc., Dalton Trans.
1983, 1905. (b) Healy P. C.; Pakawatchai C.; White A.
H. J. Chem. Soc., Dalton Trans. 1983, 1917.

4. Rath, N. P.; Holt, E. M.; Tanimura, K. J. Chem. Soc.,
Dalton Trans. 1986, 2303.

5. (a) Sheldrick, G. M. SHELXS-86, A Program for Struc-
ture Determination, University of Gtingen, Germany,
1986. (b) Sheldrick, G. M. SHELXL-93, A Program for
Structure Refinement, University of Gétingen, Germany,
1993,

6. Allen, F. H.; Kennard, O.; Watson, D. G. J. Chem. Soc.,
Perkin Trans. IT 1987, S1.

7. Churchill, M. R.; Kalra, K. L. Inorg. Chem. 1974, 13,
1899.

8. Churchill, M. R.; Youngs, W. J. Inorg. Chem. 1979, 18,
1133.

9. Churchill, M. R.; Missert, J. R. Inorg. Chem. 1981, 20,
619.

10. Teo, B. K.; Calabrese, J. C. Inorg. Chem. 1976, 15,
2467.

11. Teo, B. K.; Calabrese, J. C. Inorg. Chem. 1976, 15,
2474,

12. Churchill, M. R.; Kalra, K. L. Inorg. Chem. 1974, 13,
1427.

13. Churchill, M. R.; DeBoer, B. G.; Donovan, D. J. Inorg.
Chem. 1975, 14, 617.

14. Pauling, L. The Nature of the Chemical Bond; Cornell
University Press: Ithaca, New York, 1948; p 179.

15. Churchill, M. R.; Kalra, K. L. Inorg. Chem. 1974, 13,
1065.



