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Abstract—Crystals of the compounds 4CuCl - 6CH,=CH-CH,~-NHCSNH, () and [(CH,=CH-CH,-NH),C-
SC,H;]Cu,ClLBr; _y (X=0.765) (I1) were synthesized by the ac electrochemica method, and their crystal struc-
tures were determined (CuK, and MoK, radiation, 2575 and 1090 unique reflectionswith F > 40(F), R=0.050
and 0.028 for | and |1, respectively). Complex | crystallizesin space group C2/c, a=17.230(7) A, b=12.258(5) A,
c=42.95(2) A, B=97.48(4)°, V=8994(7) A3, Z = 8. The structure of T-complex || isdescribed by space group
P2,/n, a=10.633(5) A, b=9.280(5) A, c = 16.024(4) A, y=102.16(3)°, V = 1546(1) A3, Z = 4. Complex | is
built from isolated units of the aforementioned composition; every allylthiourea molecule coordinates two
metal atoms through the sulfur atom. The distorted tetrahedral surrounding of every Cu(l) atom involves three
S atoms and one Cl atom. The N,N'-diallyl-S-ethylisotiouronium cation coordinates two copper atoms through
the C=C bonds, 1.32(1) and 1.35(1)A, uniting the cuprohalide chains in layers. The structure of complex |1 is

very close to the structure of the previously studied r-complex of diallylammonium [H*L]Cu,Cl;.

In our previouswork [1], using analysis of the crys-
tal structures of the copper(l) nitrate complexes with
functional derivatives of olefins, we established the
order of the increasing ability of ligands to coordinate
copper(l): NO; < C=C £ N(H) £ N(=C) < CI" = §(=C).
The thiourea sulfur atom having a unique affinity to
Cu(l), iscoordinated to two copper(l) atomsin an usual
manner [1-3] and effectively competes even with chlo-
rine atoms for the site in the coordination sphere of the
metal [4, 5]. Only one case of coordination of the C=C
double bond to Cu(l) in the presence of the S(=C)
group is known in the Tecomplex of copper(l) nitrate
with alylthiourea (ATU) [Cu(ATU)(CH,CN)|NO; [3]
as a result of competition between the C=C bond and

labile NOj3 group for the remaining site in the coordi-
nation sphere of the copper(l) atom.

The S-alyl derivatives of thiourea, by contrast, have
the properties of solely 1rligands, since the sulfur atom
is deactivated due to the cationic nature of the species.
In the copper(l) halide complexes with S-allylisothio-
uronium, [CH,=CH-CH,-SC(NH,),]CuX, (X = Cl or
Br), the metal atom coordinates three halogen atoms
and the C=C bond [6].

As a continuation of our studies into the stere-
ochemistry of the copper(l) complexes and the compe-
tition of ligands in the Cu(l) coordination sphere, we
synthesized and structurally characterized the com-

plexes of N- and S-allyl derivatives of thiourea 4CuCl -
6CH,=CH-CH,-NHCSNH, (I) and [(CH,=CH-CH,—
NH),C-SC,H;]Cu,CLBr;_, (x=0.765) (11).

EXPERIMENTAL

N-Allylthiourea and N,N'-diallylthiourea (DATU)
were prepared by treating a water—alcohol mixture of
allyl isothiocianate with an aqueous solution of ammo-
nia or an ethanol solution of allylamine, respectively
[7]. Complex | (as edged colorless monoclinic prisms)
was synthesized by the ac electrochemical method on
copper electrodes (U =0.20V, | =0.13 mA) in an eth-
anol solution (6 ml) of CuCl, - 2H,0O (2 mmol), 1 ml of
36% HCI, and ATU (4 mmol). The relatively stable
crystals of | were grown over the course of 40 h. A
strongly acidic medium was necessary to prevent the
reaction of Cu(ll) with ATU followed by the formation
of a powdered complex.

N,N'-Diallyl-S-ethylisothiouronium (DAEITU) bro-
mide was synthesized from DATU and ethyl bromide
asin[7, p. 580]. Complex |1 (aswell edged plates) was
prepared by the ac electrochemical reduction of Cu(ll)
to Cu(l) on copper electrodes (U =0.30V, | =0.23 mA)
in an ethanol solution (6 ml) of CuCl, - 2H,0O (3 mmol)
and DAEITU bromide (1.5 mmol). The crystals of 11,
relatively stable in air, were grown over a week; they
were stable during the X-ray diffraction experiment.
The yield was almost quantitative. The density of the
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Table 1. Crystallographic and intensity collection datafor complexes| and 11

Parameter I I
Empirical formula Co4H4gN15S5Cl 4Cuy CgH17N,SBr; 535Cl g 765CUs
M 1093.1 452.8
Crystal size, mm 04x0.3x%x0.15 0.35x0.3x0.2
F(000) 4448 895
Space group C2/c P2;/n
a, A 17.230(7) 10.633(5)
b, A 12.258(5) 9.280(5)
c, A 42.95(2) 16.024(4)
B, deg 97.48(4)
y, deg 102.16(3)
vV, A3 8994(7) 1546(1)
Z 8 4
p(exp), glem® 1.61 1.94
p(calcd), g/lem?® 1.614(2) 1.946(3)
Radiation CuK, MoK,
Diffractometer KM-4 DARCh-1
Monochromator Graphite Zr filter
Scan mode w/26 6/26
26,2, deg 130.3 49.82
g, mmt 8.45 (CuK,) 5.23 (MoK,)
Number of reflections:
measured 7248 1279
unique 6849 1107
unique with F = 40(F) 2575 1090
Number of parameters/restrictions 451/90 158/0
R(F) cF = 4a(F)/R,(F?) 0.0499/0.1943 0.0280/0.0696
Weight scheme*: A, B 0.1026, 0 0.0456, 1.1276
GOOF in F? 0.973 1.070
A max/min, e/A3 0.65/-0.66 0.35/-0.31

* w=[0%(F2) + (AP)2+BP L, P=[F2 +2F2]/3.

crystals was measured by the flotation method in a bro-
moform—chloroform mixture.

After the preliminary photographic study, the struc-
tures were solved using diffraction arrays collected on
KM-4 and DARCh-1 single-crystal diffractometers.
Intensities of reflections were corrected for the Lorentz
and polarization effects. The structures were solved by
direct methods; light and H atoms were located from
difference Fourier syntheses. Absorption correction
was applied with the DIFABS program. The sol ution of
the structures and the absorption correction were per-
formed using the CSD program package [8]. All non-
hydrogen atoms were refined for F? in the full-matrix
anisotropic variant with the use of the SHEL XL 97 pro-
gram [9]. The hydrogen atoms were refined in the rider
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model with isotropic thermal parameters equal to 1.2U
of the neighboring non-hydrogen atom. While refining
structure |, mild restrictions were applied: the gradual
increase of anisotropic thermal parameters for the car-
bon atoms of the allyl group and geometric restrictions
of the C-C distances (the SIMU, DFIX, and DANG
instructions). In structure | I, the parameters of occupa-
tion of the halogen X positions with the Cl and Br
atoms were refined. Extinction was not corrected. The
peaks of the residual electronic density were localized
near the copper, sulfur, and halogen atoms.

Crystallographic data, a summary of the X-ray dif-
fraction experiment and refinement parameters are pre-
sented in Table 1. Atomic coordinates and thermal
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Table 2. Atomic coordinates and thermal parameters* in structures| and I

FILINCHUK et al.

Atom X y z U, A2 Atom X y z U, A2
| |
Cu(l) | 0.63629(9) | 0.2313(1) | 0.66647(4)| 0.0556(5) || C(11) | 0.424(2) | 0.455(2) | 0.7076(8) | 0.30(2)
Cu(2) | 0.50995(9) | 0.3252(1) | 0.59566(3) | 0.0510(4) || C(21) | 0.4742(9) | 0.919(1) | 0.6719(4) | 0.121(6)
Cu@d) | 0.72413(9) | 0.2661(1) | 0.59368(4) | 0.0527(4) || C(31) | 0.546(1) |—0.084(2) | 0.5882(5) | 0.168(9)
Cu(4) | 0.66752(8) | 0.5091(1) | 0.64139(3)| 0.0475(4) || C(41) | 0.372(1) | 0.414(3) | 0.4760(8) | 0.31(2)
Cl(1) | 063882 | 0.1087(2) | 0.71540(6) | 0.0587(8) || C(51) | 0.895(1) | 0.159(2) | 0.7657(5) | 0.20(1)
Cl(2) | 03792(1) | 0.3383(2) | 0.56938(6)| 0.0518(7) || C(61) | 0.900(2) | 0.505(2) | 0.4956(6) | 0.37(2)
Cl(3) | 081002) | 0.2089(3) | 0.55742(6) | 0.0687(9) || H(11) | 0.499 0192 | 0.699 0.09
Cl(4) | 0.7006(1) | 0.6933(2) | 0.65909(6) | 0.0490(7) || H(21) | 0.552 0669 | 0.648 0.09
S(1) | 05160(1) | 0.2046(2) | 0.63766(6) | 0.0452(7) || H(3L) | 0.721 0037 | 0588 0.06
S(2) | 05526(1) | 05027(2) | 0.60809(6) | 0.0468(7) || H(41) | 0.480 0323 | 0527 0.09
S(3) | 07327(1) | 0.1622(2) | 0.63944(6) | 0.0400(6) || H(51) | 0.730 0268 | 0.726 0.10
S(4) | 05979(2) | 0.2423(2) | 0.56806(6) | 0.0508(7) || H(61) | 0.830 0411 | 0.564 0.08
S(5) | 06493(1) | 0.4039(2) | 0.68479(6) | 0.0440(6) || H(12A) | 0.351 0316 | 0.660 0.10
S(6) | 0.7639(1) | 0.4288(2) | 0.61686(6) | 0.0475(7) || H(12B) | 0.380 0312 | 0.629 0.10
N(11) | 04581(6) | 0.2278(8) | 0.6909(2) | 0.071(3) || H(22A) | 0.372 0601 | 0.620 0.09
N(21) | 05027(5) | 0.6601(8) | 0.6419(2) | 0.071(3) || H(22B) | 0.394 0506 | 0.602 0.09
N(31) | 0.7058(5) | —0.0065(7) | 0.6015(2) | 0.048(2) || H(32A) | 0.668 | -0.099 | 0.647 0.08
N(41) | 0.5185(6) | 0.3202(9) | 0.5160(2) | 0.074(3) || H(32B) | 0679 | -0.007 | 0.670 0.08
N(51) | 0.7569(7) | 0.3274(7) | 0.7287(2) | 0.086(4) || H(42A) | 0.641 0302 | 0.495 0.11
N(61) | 0.8296(6) | 0.4803(7) | 0.5670(2) | 0.063(3) || H(42B) | 0.693 0265 | 0523 0.11
N(12) | 0.3861(6) | 0.2981(9) | 0.6483(2) | 0.084(4) || H(52A) | 0.808 0513 | 0.730 0.11
N(22) | 0.4079(5) | 05599(8) | 0.6140(2) | 0.075(3) || H(52B) | 0.751 0563 | 0.705 0.11
N(32) | 0.6810(6) | —0.0319(7) | 0.6513(2) | 0.068(3) || H(62A) | 0.818 0668 | 0.585 0.09
N(42) | 0.6477(6) | 0.2849(9) | 0.5142(2) | 0.091(4) || H(62B) | 0.777 0646 | 0613 0.09
N(52) | 0.7678(6) | 05073(8) | 0.7161(2) | 0.088(4) || H(13A) | 0.351 0234 | 0.704 0.15
N(62) | 0.7977(6) | 0.6227(8) | 0.5967(2) | 0.077(3) || H(13B) | 0.417 0229 | 0733 0.15
C(1) | 04495(6) | 0249(1) | 0.6609(2) | 0.053(3) || H(23A) | 0.415 0769 | 0.634 0.12
c() |04821(6) | 05791(9) | 0.6231(2) | 0.046(3) || H(23B) | 0.413 0699 | 0.665 0.12
C(3) | 0703405 | 0.0323(8) | 0.6296(2) | 0.039(2) || H(334) | 0.711 |-0.167 | 0.606 0.09
C@4) |05882(7) | 0.2890(9) | 0.5307(3) | 0.054(3) || H(33B) | 0.705 | -0.127 | 0571 0.09
c(B) | 07313(7) | 0412(1) | 0.7119(2) | 0.060(3) || H(43A) | 0.526 0420 | 0.480 0.14
C(6) | 0.7989(6) | 0.5164(8) | 0.5908(2) | 0.045(3) || H(43B) | 0.523 0296 | 0.470 0.14
c(13) | 0.402(2) 0263(2) | 0.7124(4) | 0.125(7) || H(53A) | 0.860 0386 | 0.749 0.15
c(23) | 04472(7) | 0737(1) | 0.6525(4) | 0.096(5) || H(53B) | 0.812 0329 | 0773 0.15
C(33) | 0.6850(7) | —0.115(1) | 0.5908(3) | 0.076(4) || H(63A) | 0.835 0617 | 0543 0.13
C(43) | 05015(8) | 0.350(1) | 0.4832(3) | 0.116(6) || H(63B) | 0.917 0563 | 0.553 0.13
cs3) | 0.827(2) 0324(1) | 0.7517(4) | 0.132(7) || H(12) | 0.357 0400 | 0.731 0.23
C(63) | 0.863(1) 0548(1) | 0.5447(3) | 0.104(5) || H(22) | 0.529 0801 | 0.685 0.11
C(12) | 0.393(2) 0381(2) | 0.7173(6) | 0.19(1) || H(@E2) | 0588 |-0210 | 0581 0.14
C(22) | 04869(8) | 0.824(1) | 0.6713(4) | 0.095(5) || H(42) | 0.400 0208 | 0.462 0.22
C(32) | 0600(1) | —0.138(2) | 0.5863(4) | 0.118(6) || H(52) | 0.875 0214 | 0728 021
C42) | 0.418(1) 0.359(2) | 0.4737(4) | 0.179(9) || H(62) | 0.817 0456 | 0.509 0.23
c(52) | 0.868(2) 0227(2) | 0.7485(5) | 0.18(1) || H(11A) | 0.462 0444 | 0.694 0.36
C(62) | 0.860(1) 0500(2) | 05147(5) | 0.19(1) || H(11B) | 0.412 0525 | 0713 0.36
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Atom X y z U, A2 Atom X y z U, A2

| I
H(21A) | 0.433 0.949 0.659 0.15 C(5) |-0.3381(6) | 0.2498(7)| 0.5004(4)| 0.035(2)
H(21B) | 0.505 0.964 0.685 0.15 C(6) | -0.2448(6) | 0.3952(7)| 0.5120(5)| 0.037(2)
H(31A) | 0552 ~0.011 0.594 0.20 C(7) |-0.1922(7)| 0.4889(8)| 0.4508(6)| 0.046(2)
H(31B) | 0.496 ~0.114 0.584 0.20 C(8) |—0.5284(7)| 0.1455(9)| 0.2596(5)| 0.059(3)
H(41A) | 0.381 0.478 0.487 0.37 C9) |-0.6041(9)| 0.006(1) | 0.2973(7)| 0.094(4)
H(41B) | 0.321 0.397 0.467 0.37 HL) |-0159 |o0178 |o0421 | 005
H(51A) | 0.890 0.164 0.787 0.24 H(2) —-0.450 0.233 0.399 0.05
H(51B) | 0.920 0.100 0.758 0.24 H(1A) 0.037 0.330 0.379 0.07
H(61A) | 0.945 0.547 0.499 0.44 H(1B) | 0174 | 0208 | 0351 | 007
H(61B) | 0.888 0.466 0.477 0.44 H(2A) 0.080 0.086 0.298 0.06

I H(3A) |-0143 | 0078 |0262 | 007
Cu(l) | 0.0827(9)| 0.1062(1) | 0.44009(7)| 0.0498(3) || H(3B) | -0.125 |-0.028 | 0336 | 0.07
Cu@) | 034422(9)| 0.4287(1) | 0.49731(7)| 0.0476(3) || H(5A) | -0209 | 0171 | 0521 | 0.04
X(1)** | 03067(1) | 0.1697(1) | 0.51419(9)| 0.0533(6) || H(SB) | -0.415 | 0.250 | 0533 | 0.04
X(2) |-00494(1) | 0.1506(2) | 0.5570(1) | 0.0444(7) || H(6) |-0.221 | 0423 | 0567 | 004
X(3) 05202(1) | 0.5098(2) | 0.61754(9)| 0.0465(7) || H(7A) |-0213 | 0465 |0395 | 005
s ~0.3575(2) | 0.1523(3) | 0.2528(1) | 0.0592(6) || H(7B) | -0.135 | 0577 |0464 | 005
N(1) |-0.1911(5) | 0.1491(6) | 0.3733(4) | 0.039(1) || H(8A) |-0542 | 0220 |0203 | 007
N(2) |-0.3748(5) | 0.2200(6) | 0.4137(4) | 0.039(2) || H(8B) |-0561 | 0156 | 0204 | 007
c(1) 0.0847(8) | 0.269(1) | 0.3540(5) | 0.059(2) || H(9A) |-0591 |-0077 |0265 |o0.11
c) 0.0262(8) | 0.1414(9) | 0.3218(5) | 0.051(2) || H(9B) |-0.694 | 0009 | 0297 | 0.1
C(3 |-01131(7) | 0.0749(9) | 0.3191(5) | 0.055(2) || H(9C) |-0576 |-0002 | 0354 |01
C4) |-03040(6) | 0.1755(8) | 0.3556(5) | 0.035(2)

* For non-hydrogen atoms, Ugq = 1/35 . Zj Ujalal (aa)) .

** The values of the factor of occupation of the X (1-3) positions with the Cl and Br atoms:
X(1) = 0.535(5)Cl + 0.465(5)Br;
X(2) = 0.897(5)Cl + 0.103(5)Br;
X(3) =0.802(5)Cl +0.198(5)Br.

parameters are given in Table 2, and bond lengths,

angles, and torsion angles are listed in Table 3.

RESULTS AND DISCUSSION
In structure |, the olefin bond of the alyl group is

the trigonal pyramid; the Cu—Cl bond is elongated to
2.579(3) A. The extension of the Cu(1)-Cu(4) atoms
from the plane of the coordinated sulfur atomsis0.614,
0.826, 0.798, or 0.831 A, respectively. The powerful
coordination activity of the thiol groups is of interest;
they displace the chlorine atoms from the Cu(l) coordi-

not involved in the interaction with the copper(l) atom.
Every ATU molecule coordinates two metal atoms
through the sulfur atom in such a manner that the dis-
torted tetrahedral environment of every Cu(l) atom
includes three S atoms and one Cl atom. Thus, in this
structure, a Cu,SCl, core is formed in which the cop-
per and sulfur atoms form the tetrahedral and octahe-
dral voids, respectively (Fig. 1a). In the case of Cu(l),
the coordination polyhedron is most distorted toward
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nation sphere, allowing them to form only isolated Cu—
Cl units that are not characteristic for structures of
cuprohalide complexes. The chlorine atoms occupy the
distant axial positions, Cu—Cl 2.828(5) and 3.164(6) A
[4], in the copper(l) chloride complex with thiourea of
1: 2 composition and are entirely removed from the
Cu(l) coordination sphereinthe 1 : 3 complex [5].

Since the metal atoms are not coordinated by the
C=C bonds of the ATU molecules, these molecules are
Vol. 27

No. 2 2001
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Table 3. Selected bond lengths (d), bond angles (w), and torsion angles (¢) in structures | and I

Bond d, A Anglet w, dey Bond d A Angle w, dey
I

Cu)-S(5) | 2258(3) | SGB)CU®)S(L) | 111.3(1) || Cu()-X(1)' | 2.385(2) | X(L)CuL)X(2) 99.70(7)

Cu)-S(1) | 2295(3) | SEICUDSE) | 1183(1) || Cu(l)-X(2) | 2.604(2) | X()CUDLX(@2) | 105.97(6)

Cu)-S(3) | 2:308(3) | SE)ICUDCI(L) | 1058(1) || Cum)=xX(@) |2333@) | X()CuLm(L2) | 127.5(2)

Cu()-Cl()) | 2579(3) | S(Cu(D)S(3) | 109.6(1) || cum-cr) | 2.100(8) | X@)CuDX (2’ | 95.96(6)

SWCu(L)CI(L) | 105.9(1) || cu@@)-c(2) | 2.141(8) | X(QCuL)m(L2) | 105.2(2)

S3)CU)CI(L) | 105.0(1) || Cu()-m(1,2)? | 2.0158) | X(2'Cu()m(L2) | 116.2(2)

Cu(2-S(4) | 2.2803) | S(4)Cu(®)S(1) 98.9(1) C(1)Cu(1)C(2) 36.3(3)

CuU@-S(1) | 2324(3) | S@Cu@S2) | 1089(1) | cu@-Xx(D) | 2368(2) | X()CUR)X(3) 99.27(6)

Cu@-S(2) | 2337(3) | S@CURCI() | 1157(0) | Cu@-X(3) |26812) | X()CURX@) | 107.55(6)

Cu@-CI(2) | 2390(3) | S(HCURSE) | 1157(1) || Cu@X@) | 23332 | X()Cu@m6E,7) | 126.7(2)

SWCu@E)CI(2) | 110.7(0) || cu@-ce) | 2.1306) | XER)Cu@X@E) | 98.02(7)

SCu@)C(2) | 107.10) || cu@-c@) | 2.0097) | X(3)Cu@m(6,7) | 103.0(2)

Cu(3-S(6) | 2.294(3) | S(B)Cu@)S(4) | 121.5(2) || Cu(2-m(6,7)? | 2.004(6) | X(3)'Cu(@m(6,7) | 116.3(2)

Cu®)-S(4) | 2325(3) | SE)ICURSB) | 97.3() C(6)Cu(2)C(7) 37.3Q3)

Cu®)-S(3) | 2330(3) | SE)CUBR)CI(3) | 111.3(2) cuX()cu@) | 98.33(6)

cu®)-Cl(3) | 2.388(3) | S4)Cu(3)S(3) | 106.5(2) Cu()X()Cu(l)y | 84.04(6)

S(@4)Cu(3)CI(3) | 106.0(2) Cu@X@3)Cu2)’ | 81.98(7)

SE)ICU@)CI@) | 11440 || c@)-c) 1.32(1) | C(1)C@)C) 128.8(8)

Cu(4)-S(2) | 2.288(3) | S@)cu@)se) | 10850 || c-c@) 1.48(1) | C(2)CB)N(L) 113.7(7)

Cu4)-S(6) | 2.301(3) | SCu@)S(E) | 106.6(1) || C(3)-N(L) 1.468(9) | C(3N(L)C(4) 126.3(6)

Cud)-S(5) | 2322(3) | SCu@CI(d) | 112.1(1) || N(L)-C(4) 1.306(8) | N(L)C(4N(2) 121.0(7)

Cud)-Ci(4) | 2.426(3) | SB)CU@S(E) | 108.1(1) || C@A)-N(2) 1.317(8) | N(HC(@4S 118.1(6)

S(B)Cu4)Cl(d) | 112.8(1) || C(4)-S 1.742(8) | N(2)C(4)S 120.9(5)

S(B)CU@)CI(4) | 108.4(1) || S-C(8) 1.808(8) | C(4)SC(8) 104.4(4)

C(1)-S(2) 170(0) | cu@s@cu@) | 10590 || c®)-c) 150(1) | SC(8)C(9) 114.1(7)

C()O-N(11) | 130(1) | COSWCu®) | 1056(4) || N@)-C(5) 1.453(9) | C(AN(2)C(5) 125.9(6)

C()-N(12) | 130(1) | COSCuR) | 106.7(4) || C(5)-C(6) 1.509(9) | N(2)C(5)C(6) 112.9(6)

C2-S(2) 172(0) | cu@s@cu@ | 11330 | ce—cm) 1.35(1) | C(5)C(6)C(7) 126.2(7)
C@-N(21) | 130(1) | Cc@s@cu@) | 110.00)
CQN(22) | 131() | C@S@Cu? | 112.1(4)
C(3)-S(3) 1710) | cu@s@)cu@) | 104.7(0)
CR-NGEY | 131(1) | C(3)SEICu) | 1049(3)
CR-N@E2) | 131(1) | C(3)S3)Cu@) | 1085(4)
C(4)-S(4) 169(1) | cu@s@cu®) | 110.000)
C(A-N@41) | 1.341) | c@s@cu@ | 110604)
C(4-N(42) | 132)) | Cc@Ss@cu@) | 112.2(4)
C(5)-S(5) 1711) | Cu()S(B)Cud) | 105.000)
CB)-N(BL) | 131(1) | CE)SE)CU) | 109.2(4)
CB)-N(B2) | 132(1) | C(B)SE)CU@) | 109.0(4)
C(6)-S(6) 172(0) | cu@s®e)cu@) | 112.2(1)
C(e)-N(6L) | 129(1) | c(6)S6)Cu@®) | 111.8(4)
C(6)-N(62) | 1.33() | C(6)S(6)Cu(d) | 111.5(4)

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY Vol. 27 No.2 2001



Table 3. (Contd.)

THIOUREA N- AND SDERIVATIVES AS LIGANDS

131

Torsion angles, deg;

3 3
Angle ¢ *e ¢ O ® and
I (X=0l) I X=1)
X—Cu-S-Cu’ 164.7(1)-176.3(1) 171.1(3.5) 173.7(1)-179.42(9) 177.2(2.0) 180
S-Cu-S-Cu' 38.9(2)-75.5(1) 59.8(11.3) 40.6(2)—72.5(2) 59.4(8.6) 60
X—Cu-S-C 38.6(4)-64.1(4) 51.4(8.6) 8.7(6)—70.2(4) 48.4(24.3) 60
SCu-S-C 51.2(4)-87.3(4) 69.3(12.6) 37.8(4)-113.2(5) 72.7(30.0) 60
S'—Cu-S-C 158.3(4)-179.8(3) 170.9(6.7) 137.8(5)-180.0(4) 162.5(16.9) 180
Cu-S-CN 23.1(9)48.5(8) 32.5(7.0) 6(1)—40(2) 26.4(13.1)
Cu-S-CN 134.5(7)-159.9(7) 151.6(7.4) 143(1)-176.3(8) 156.1(13.0)

Angle ¢ Angle ¢
X(3)—Cu(2)—X(1)—Cu(1) —95.65(7) N(1)-C(4)-N(2)—-C(5) 2(1)
X(3)—Cu(2)—X(1)—Cu(1) 162.82(5) C(4)-N(2—C(5)—C(6) 76.7(9)
X(2)—Cu(1)—X(1)—Cu(2) 178.32(7) N(2)-C(5)-C(6)—C(7) =3(2)
X(2)'-Cu(1)—-X(1)—Cu(2) —82.55(7) C(5)-C(6)-C(7)—Cu(2) 100.5(6)
X(1)—Cu(1)-X(2)—Cu(1) —107.37(7) C(3)-N()-C4)-s -12(1)
X(1)—Cu(2)—-X(3)—Cu(2)' 109.36(6) N(1)-C(4)-S—C(8) 163.8(6)
Cu(1)-C(1)-C(2-C(3) 102.1(9) C(5)-N(2-C(4)-s -176.9(5)
C(1)—C(2)—C(3)-N(1) -13(1) N(2)-C(4)-S—C(8) —16.9(7)
C(2-C(3)N(1)—<C4) 140.4(8) C(4)-5-C(8)—C(9) —71.9(7)
C(3)N(1)-C(9—N(2) 168.4(7)

Note: 1 TheBr : Cl ratioisgivenin Table 2.

2m(1,2) or m(6,7) is the midst of the C(1)=C(2) or C(6)=C(7) bond, respectively.

3 ¢ , sisthe mean value and root mean square for the angles.

4 The ¢ ganq angles characterize the standard fragment (the adamantane molecule).

not fixed in the structure, as aresult of which a signifi-
cant increase in the thermal parameters of the carbon
atoms (Table 2), an apparent distortion of the geometry
of the allyl groups, and a higher divergence factor are
observed. The conjunction of the lone electron pairs of
the nitrogen atoms with the double bond of the neigh-
boring thiourea group of the ATU molecule makes the
amide group planar. The copper atoms are coordinated
by the >C=S group at one side of the plane of the thio-
ureagroup; the thioureagroup forms asignificant angle
with the corresponding CuSCu' plane (47.7°-62.6°).
This evidences the transfer of the electronic density
from the nitrogen atomsto the sulfur atom with a partial
transformation of the >C=S double bond into the >C-
S- ordinary bond permitting coordination to Cu(l)
through the sp* hybrid electronic pairs (coordination of
the sulfur atom to even three meta atoms can be
expected); this is evidenced aso by the tetrahedra
CSCu and CuSCu' angles (Table 3). The plane of the
thiourea group is fixed by hydrogen bonds of the N—
H---Cl type formed within the cluster (Table 4). The tet-

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

ranuclear fragmentsin structure | arejointed by van der
Waals forces and several intermolecular H bonds.

A fragment of similar structure was found earlier in
the copper(l) iodide complex with N-ethylthiourea of
the 4Cul - 6C,Hs—NHCSNH, - H,0 (III) composition
[10]. For comparing the geometry of | and 111, torsion
angles containing copper atoms are given in Table 3.
The values of the X—Cu-S-Cu' (X = Cl, 1) angles are
closeto 180° in the case of 111 due to less influence of
weak N-H:---I hydrogen bonds on the geometry of the
coordination cores. The only significant distinction in
structures | and 111 is the less rigid orientation of the
thiourea group relative to the CuSCu' 111 plane in 111
(the corresponding dihedral angles are 23.9° and 9.1°
for two ethylthiourea molecules and 52.2°-64.7° for
the other four), which is responsible for the wide scat-
tering inthevalues of thetorsion anglesin structurel 1.

In contrast to the neutral ATU molecule, the sulfur
atom of the isothiouronium cation shows no donor
properties toward copper(l). Hence, the coordination
activity of the halide ligands in structure 11 is restored
and Tecoordination Cu—C=C) isrealized. Thetrigonal-
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are shown.

Fig. 1. (8) Asymmetric unit in structure | and (b) fragment of structure I1. Schemes of numbering and ellipsoids of 30% probability
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Distance, A
N-H---B bond NHB angle, deg
H---B N---B N—H
N(11)-H(11)---Cl(1) 2.63 3.48(1) 0.86 168
N(21)-H(21)---Cl(4) 2.57 3.419(9) 0.86 172
N(41)-H(41)---CI(2) 2.68 3.54(1) 0.86 171
N(51)-H(51)---Cl(1) 2.51 3.37(1) 0.86 174
N(61)-H(61)---CI(3) 251 3.36(1) 0.86 171
N(12)-H(12B)---CI(2) 2.56 3.41(1) 0.86 171
N(22)-H(22A)---S(3)2 2.75 3.569(9) 0.86 160
N(22)-H(22B)---CI(2) 2.47 3.32(1) 0.86 170
N(32)-H(32A)---Cl(4)° 2.65 3.397(9) 0.86 146
N(32)-H(32B)---Cl(1) 2.58 3.407(9) 0.86 161
N(42)-H(42A)---CI(3)° 2.49 3.25(1) 0.86 148
N(42)-H(42B)---Cl(3) 244 3.28(1) 0.86 169
N(52)-H(52A)---CI(1)¢ 2.68 3.40(1) 0.86 143
N(52)—-H(52B)---Cl(4) 2.60 3.43(1) 0.86 164
N(62)—-H(62A)---Cl(2)¢ 2.47 3.281(9) 0.86 158
N(62)-H(62B)---Cl(4) 2.59 3.45(1) 0.86 172
N(1)—-H(2)---X(2) 251 3.305(6) 0.86 155
N(2)-H(2)---X(3)f 2.67 3.250(6) 0.86 126

Note: Symmetry operations; 2x—1/2,y + 1/2, z P x, y =1, z C—x + 3/2, =y + 1/2, =z + 1; 9—x + 3/2, y + 12, -z + 3/2; Ex + U2,y + 1/2, Z,

f—x,—y+ 1,-z+ 1.

pyramidal environment of both copper atomsisformed
by two halogen atoms and the C=C bond in the equato-
rial plane and one halogen atom in the apical position
(Fig. 1b). The extension of the metal atom from the
equatorial plane correlates with the removal of the axial
ligand; its value is 0.158 A for Cu(1) and 0.323 A for
Cu(2). It is noteworthy that the T angle formed by the
plane of the equatorial ligands and the C=C bond aso
decreases from 18.3° for Cu(1) to 12.5° for Cu(2). The
C=C bond lengths are 1.32(1) and 1.35(1) A, respec-
tively.

The Cu, X3 anions in structure 11 play the role of

inorganic fragments; through the pairs of elongated
Cu—X contacts, they are united in chains oriented along
the [110] direction. These chains are jointed by bridg-
ing (through the C=C bonds) DAEITU species, show-
ing high conformational flexibility, into the (001) layers
(Fig. 2). In three-dimensional structure |1, the individ-
ua [(DAEITU)Cu,X;], chains are linked by hydrogen
bonds of the N-H---X type (Table 4). Interestingly, the
random occupation of the X positions with Cl and Br
atoms (see the note to Table 2) depends on their struc-
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tural functions. The X(2) and X(3) halogen atoms
forming dimeric Cu,X, fragments undergo el ectrostatic
repulsion from the nearby X' atom fixed by the center
of symmetry. This seems to be responsible for the
smaller number of larger Br atoms in these positions.
Similar behavior is found in the structure of the cop-
per(l) tecomplex with N,N'-diallylguanidine ligand
[(CH,=CH-CH,-NH),CNH,]Cu,Cl;_,Br, (X = 1.36)
[11] built from the (Cu,X; )3~ centrosymmetric dimers;

the fraction of the bromine atoms in the position of a
halogen atom forming the Cu,X, fragment is twice as
small asin the two other positions. Structure || is quite
similar to the structure of the previously studied Tecom-
plex of diallylammonium [H*L]Cu,Cl; [12]. However,
the bridging cations of the Teligand in the latter com-
plex unite similar inorganic fragments in a somewhat
different manner than in 11, but still show a noticeable
conformational flexibility.

Structures | and |1 demonstrate coordination capac-
ities of the allyl derivatives of thiourea and isothiouro-
nium salts that agree well with the aforementioned
series of ligand capacity to coordinate copper(l) [1].
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Fig. 2. Organometallic layersin the (001) plane in structure 1.
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