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Abstract—Crystals of the CUNO; T-complex with alyl cyanide are obtained by ac electrochemical synthesis,
and their structure is determined [DARCh diffractometer, MoK, radiation, R = 0.022 for 902 independent
reflections, F = 40(F)]. The r-complex crystallizes in space group P2,/b, a = 10.137(2), b = 9.671(2), ¢ =
6.848(1) A, a = 101.75(2)°, Z = 4. The copper coordination polyhedron is a distorted tetrahedron formed by
two O atoms, and N atom of the cyano group, and a C=C bond. The structure of the compound is compared

with those of previously studied CuNO; Te-complexes.

Recently, the first copper(l) nitrate T-complexes with
didlylcyanamide [Cu((C;H5),NCN)(NO;)] [1] and
diallylamine—molecular [Cu((C;Hs),NH)(NO;)]
(modifications A and B) [2, 3] and 2zwitterionic
[((C5H;5),NH,)Cu(NO),] [4]—were obtained and struc-
turally studied. For the purpose of the systematic stud-
ies on the trcomplexation of copper(l) nitrate, the
CuNO;—dlyl cyanide Tecomplex of equimolar compo-
sition [Cu(CH,=CH-CH,—CN)(NO;)] (I) was synthe-
sized, and its crystal structure was studied.

EXPERIMENTAL

Crystals| of prismatic habitus were prepared by the
ac electrochemical reduction (U = 0.4 V) of a solution
of copper(l1) nitratein butanol-2 in the presence of alyl
cyanide. The crystals were formed at copper €l ectrodes
during one day and retained their stability for a week.

The X-ray diffraction analysis was performed at
room temperature on aDARCh single-crystal diffracto-
meter (MoK, radiation, graphite monochromator,
0/26 mode, 26,,,, = 55°). The crystals are monoclinic,
space group P2,/b, a = 10.137(2), b = 9.671(2), ¢
6.848(1) A, a = 101.75(2)°, V = 657.3(4) A3, F
40(F).

The structure was solved by the direct method, with
the light atoms being located by difference Fourier syn-
theses. Corrections for the Lorentz, polarization, and
absorption effects were applied [U(MoK,) = 34.28 cm™
1. All atoms (including hydrogen) were refined by the
least-squares method in the full-matrix anisotropic
variant. All calculations were performed on an IBM
PC/AT 486DX2 computer using the CSD suit of pro-
grams.

The coordinates and thermal parameters of the
atomsin structure | are presented in Table 1. Theinter-
atomic distances and bond and torsion angles are pre-
sented in Table 2.

AV

RESULTS AND DISCUSSION

A fragment of structure | is shown in Fig. 1. The
complex is molecular, with the Cu—O(NO,) distances
equal to 2.020(2) and 2.421(3) A. The vertices of the
coordination polyhedron (trigonal pyramid) of the cop-
per atom are occupied by the nitrogen atom of the
cyano group of one allyl cyanide molecule, the olefinic
bond of the other C;H;CN molecule, and two oxygen

Table 1. Coordinatesof atomsand their thermal parameters*

Atom X y z B, A2
Cu 0.27602(4)| 0.18805(4)| 0.34728(5)| 3.50(1)
O(1) | 0.24082) | 0.1505(2) | 0.6221(3) | 4.25(8)
02 | 01861(3) |-0.0202(3) | 0.7621(4) | 6.9(1)
0(3) | 02137(3) |-0.0571(2) | 0.4446(3) | 6.2(1)
N() | 0.6084(3) | 0.2905(3) |-0.2122(4) | 4.1(1)
N(2) | 02120(3) | 0.0212(2) | 0.6098(3) | 3.40(8)
C(1) | 0.47043) | 0.1430(4) | 0.2871(5) | 4.7(1)
C(2) | 04105@3) | 0.1616(3) | 0.1195(5) | 3.5(1)
Cc(3) | 04177(3) | 0.2953(3) | 0.0398(5) | 4.2(1)
C@) | 05246(3) | 0.2916(3) |-0.1050(4) | 3.7(1)
H(11) | 05104) | 0.218(4) | 0.378(5) | 6(2)
H(12) | 0477(4) | 0.060(4) | 0.315(5) | 6(2)
H(21) | 0.386(3) | 0.088(3) | 0.040(5) | 5(1)
H(31) | 0.438(4) | 0.379(3) | 0.156(5) | 5(2)
H(32) | 0352(3) | 0.307(3) |-0.015(5) | 5(2)

* x, 7
* For all atoms, By = 1/322 Bija a; (aja).
P
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Fig. 1. Fragment of structurel.

atoms from different nitrate groups. The (CuNOs),
chains in the [010] direction are formed owing to the
bridging character of the NO; groups. The bidentate
alyl cyanide molecules combine the inorganic chains
into ruffled layersin the (001) plane.

Structure | issimilar to the structure of the complex
{Cu((C;H;),NCN)(NO>)} (1), regarding the formation
of the coordination sphere of copper(l). However, the
behavior of the nitrategroup in | differsfromthatinll.
In I, the NO; group functions as a bridge by virtue of
two oxygen atoms coordinated to different copper
atoms, whereasin |1 only one oxygen atom fulfills the
bridging function. As a result, only the Cu,(NO;),
dimers are formed in structure I I, unlike the (CUNO;),
chains in the compound with allyl cyanide. The role of
the organic molecule is the same in both structures: the
bidentate ligand (one of the C=C bondsin the dialylcy-
anamide molecule is uncoordinated) combines the
inorganic fragments in one dimension. The ruffled
layers are formed (Fig. 1) in the case of C;HsCN, and
ribbons are formed in the case of (C;H;),NCN
(Fig. 2). Ingtructure I, the Cu-L,, interaction is more
efficient [Cu-O 2.421(3) A] than in structure |1 [Cu-O
2.524(3) A], whilethe Cu-N distancein | [1.966(3) A] is
somewhat longer thanthat in |1 [1.922(4) A]. The copper
atom is moderately shifted from the equatoria planein |
(by 0.16 A), so that the C=C bond is only dlightly
gtretched [C=C 1.342(5) A]. The CuN(1)C(4) anglein |
[167.2(3)°] markedly differs from 180° [the correspon-
ding anglein structure 11 isequal to 176.9(4)°].

The three-dimensional structure | is formed from
individual layers with the participation of hydrogen
bonds: H(31)--0(3), 2.48(4) A; H(32)--0(2), 2.51(3) A;
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Fig. 2. Fragment of structurell.

and H(11)--O(1), 2.66(4) A. The CHO angles lie within
120°-145°, which is typical of the two-center hydrogen
bonds.

It is instructive to compare the conformation of the
organic moleculein | with thosein the previously stud-
ied alyl cyanide t-complexes of the compositions
2CuCl - C;HsCN (modifications A and B) [6, 7] and
2CuBr - C;HsCN [6]. The torsion C(1)C(2)C(3)C(4)
anglesin the structures of these compounds are equal to
9°, 94.1°, and 96°, respectively, while the correspond-
ing angle in structure | is 93.2°. The syn—anti-clinal
conformation of alyl cyanidein structure | istypical of
the T-complexes of copper halides and indicates the
structure-forming role of the inorganic fragment.

The ZINDO method (HY PERCHEM program pack-
age [8]) was used to calculate the charges on the atoms
inthe structures of T-complexes| and | | (Table 3). It can
be seen that the more efficient Cu—O interaction causes
the smaller negative charge on the oxygen atom. Owing
to the CI-Cu p—d,; interaction and formation of the
polymeric inorganic fragmentsin the 2CuCl - C;HsCN
structure (modification B) [7], the copper atoms bear
small effective charges: ¢, = 0.01&on the copper atom

coordinated by the C=C bond and g, =—-0.04& on the
copper atom coordinated by the nitrogen atom of the
cyano group. The similarity of structures | and 1, as
regards the formation of the inorganic fragments typi-
cal of the T-complexes of copper halides, is aso mani-
fested by the small absolute values of the effective
charge on the metal atom. For compounds | and 11, itis

equal to —0.19e and -0.16¢&, respectively, whereas in
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Table 2. Bond lengths (d) and bond (w) and torsion (¢) an-
glesin structure |
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Table 3. Atomic chargesin the inorganic fragments and co-
ordination polyhedra of structures| and |1

Bond* d A Angle* w, deg.
Cu-0(1) 2.020(2) | O(2)CuO(3) 96.8(1)
Cu-0(3) 2.421(3) | O(1)CuN(1) 110.0(2)
Cu—N(1) 1.966(3) | O(1)Cum(12) 125.5(1)
Cu-C(1) 2.042(4) | O(3)CuN(1) 88.2(1)
Cu—C(2) 2.048(4) | O(3)Cum(12) 99.8(1)
Cu—n(12) 1.932(4) | N(1)Cum(12) 122.0(1)

C(2)CuC(2) 38.3(1)
C(1)-C(2 1.342(5) | C(2)C(1)H(11) 122(2)
C(1)-H(11) | 0.95(4) |C(2C(HH(12) 121(2)
C(1)-H(12) | 0.87(4) |H@ALHCMH(12) 117(3)
C(2-C(3) 1.504(5) | C(1)C(2)C(3) 124.2(3)
C(2-H(21) | 0.84(3) |C(1)C(2H(21) 117(2)
C(3)C(2)H(21) 117(2)
C(3)-C(4) 1.464(5) | C(2)C(3)C(4) 112.2(3)
C(3)-H(31) | 1.03(4) |C(2)C(3)H(31) 109(2)
C(3)-H(32) | 0.79(3) | C(2)C(3)H(32) 111(3)
C(4)C(3)H(31) 107(2)
C(4)C(3)H(32) 107(3)
H(31)C(3)H(32) 111(3)
C(4)-N(1) 1.121(5) | C(3)C(4)N(1) 178.2(4)
CuN(1D)C(4) 167.2(3)
N(2)-0(1) 1.269(4) | O(1)N(2)0(2) 118.9(3)
N(2)-0(2) 1.220(4) | O(1)N(2)0(3) 118.3(3)
N(2)-0(3) 1.227(4) | O(2)N(2)O(3) 122.9(3)
Angle ¢, deg.
CuO(1)N(2)O(3) -2.0
C(1)C(2)C(3)C4) | 93.2
CuC(1)C(2)C(3) 100.2

* m(12) isthe middle of the C(1)=C(2) bond.

the CuNO;—diallylamine t-complexes of equimolar

composition it is equal to, g., = —0.30e and -0.31e
(for modifications A and B, respectively). However, in
all structures of the CuNO; Tecomplexes, a consider-
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Atom %€
| I
Cu -0.19 -0.16
c)* ~0.08 —0.04
C(2)* 0.08 0.05
N(L)* ~0.03 ~0.01
N(2) 0.75 0.74
O()** -0.35 -0.43
02 ~0.39 —0.47
0@3)* ~0.40 ~0.33

* The atom is involved in the coordination with the copper atom
in structures| and 1.

** The atom is involved in the coordination with the copper atom
in structurel.

able negative charge is concentrated on the copper
atom. It is likely that this charge stabilizes the Cu(l)
state in the presence of a strong oxidant such as the
nitrate group.
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