Russian Journal of Coordination Chemistry, Vol. 26, No. 3, 2000, pp. 220-225. Translated from Koordinatsionnaya Khimiya, Vol. 26, No. 3, 2000, pp. 229-234.
Original Russian Text Copyright © 2000 by Filinchuk, Mys'kiv.

N-Allylaldiminium Cation as a w-L igand.
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Abstract—The crystals of the [(CH;),N-C4H,~CH=NH-CH,-CH=CH,]Cu;Cl, compound were prepared by
alternating-current electrochemical synthesis from N-allyl-4-(N',N'-dimethylamino)benzaldimine (ADBA) and
an ethanol solution of CuCl, - 2H,0 in the presence of carbamide and structurally characterized [a DARCh dif-
fractometer, MoK, radiation, space group P2,/n, a= 35267, b=6.511,c=7.587 A, y=94.64°, V = 1736 A3,
Z=4,R=0.035for 1030 independent reflections with F = 40(F)]. The coordination polyhedron of the Cu(1)
atomisatrigona pyramid formed by three chlorine atomsand the C=C bond; that of Cu(2) isatrigonal pyramid
formed by Cl atoms; and that of Cu(3) isaplanar triangle formed by chlorine atoms. The length of the coordi-

nated C=C double bond is equal to 1.35(2) A. The structure is built from the (Cu;Cl 4)2_ chains Tecoordinated

to the H*ADBA cations and oriented along [010]. The geometry of the H*ADBA cation corresponds to the
purely aromatic resonance form, whereas, in the previously studied [H*ADBA]CuX, compounds (X = Cl, Br),
it is partially converted into the quinoid form due to the +M-effect of the (CH5),N group. The calculated effec-

tive charges on the atoms indicate that the positive charge on the HYADBA cation is stabilized by the hydrogen

bonds.

INTRODUCTION

Previous structural studies of thefirst copper(l) o-
complexes with N-allyl-substituted Schiff’s bases have
shown that the efficient Cu—N interaction prevents 1=
coordination to the o-coordinated copper atom [1]. One
failed to prepare Cu(l) Tecomplexes with aldimines
protonated at the azomethine nitrogen atom (as in the
case of mono- and dialylamine[2, 3]) because of their
hydrolysis [4]. For this reason, to prepare copper(l)
T-complexes with unsaturated derivatives of iminium
salts, the N-allyl-4-(N',N'-dimethylamino)benzal dimin-
ium cation (H*ADBA) stabilized by the +M-effect of
the (CH;),N group was used as a ligand. In the struc-
tures of the [H*ADBA]CuX, compounds[X = ClI (I) or
Br (11)] [5], the H*ADBA cation behaves similarly to
the alyl- and diallylammonium cations in the zwitter-
ionic copper(l) T-complexes [6, 7]. Moreover, the
geometry of the H'ADBA cation indicates its partia
transition from the aromatic form to the quinoid form
as aresult of the +M-effect of the (CH;),N group.

It was of interest to prepare 1-complexes with non-
protonated N-allyl-4-(N',N'-dimethylamino)benzal di-
mine and reveal the effect of substitution at the aro-
matic ring on the efficiency of the Cu-N interaction,
which also affects the Cu+C=C) r-coordination. To
prevent the protonation of ADBA (that occurs in the
presence of alow amount of water even in a neutral
medium), carbamide was used as a proton acceptor [8].

However, the trcomplex with protonated ADBA
[HTADBA]Cu,Cl, (I11) is formed under these condi-
tions as well. In this work, the results of X-ray struc-
tural and guantum-chemical analyses of this compound
are reported.

EXPERIMENTAL

ADBA was prepared by the condensation of allyl-
amine with 4-(N',N'-dimethylamino)benzal dehyde [9].
Complex 111 was prepared as needle-like crystals by
the method of aternating-current electrochemical
reduction of Cu(ll) to Cu(l) (U=0.25V, | =0.13 mA)
on copper electrodes in an ethanol solution (6 ml) con-
taining CuCl, - 2H,0 (~0.5 mmal), ADBA (~0.4 mmoal),
and carbamide (~1.0 mmal). The use of low concentra-
tions of the starting substances was necessary for
obtaining crystals with satisfactory sizes. The air-stable
crystals of compound I 11 were formed within aday and
during the next 10 days enlarged to the sizes necessary
for X-ray experiment. In the case of copper bromide,
wefailed to obtain crystals suitable for X-ray structural
anaysis.

After preliminary study by the photographic
method, the structure was solved using the experimen-
tal data collected on a DARCh single crystal diffracto-
meter; the intensities of reflections were corrected for
Lorentz and polarization effects. The structure was
solved by the direct method, the light and hydrogen
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Table 1. Crystallographic dataand details of data collection

for complex 111

M 521.7
F(000) 1032
Space group P2;/n
a A 35.267(8)
b, A 6.511(2)
c, A 7.587(2)
Yy, deg 94.64(2)
v, A3 1736(1)
Z 4
p(meas), g/cmd 2.02
p(calcd), g/lem® 1.995(1)
Hyor CMTL 43.76
Radiation MoK,
Diffractometer DARCh
Scan technique 6/26
No. of reflections:

measured 1124
independent with F = 4a(F) 1030
2012 deg 48
No. of parameters refined 258

R 0.035
Ry 0.037

Weighing scheme
GOOF

[0(F,)? + 0.0009F 2]

1.10

221

atoms being located from difference Fourier syntheses.
All non-hydrogen atoms were refined anisotropically
(hydrogen atoms isotropically) by the full-matrix
method. Absorption was corrected (DIFABS program)
using the CSD program package [10].

The crystallographic data and details of data collec-
tionfor structure |11 are presented in Table 1. The coor-
dinates of atoms and their thermal parametersare given
in Table 2. The interatomic distances and bond and tor-
sion angles are presented in Table 3.

RESULTS AND DISCUSSION

In the structure under study, the trigonal -pyramidal
environment of the copper(l) Tcoordinated atom is
composed of three Cl atoms and the C=C bond in one
of the equatorial positions. The axial elongation
[Cu(1)-Cl(2) 2.685(4) A] is caused by the displace-
ment of the copper atom from the plane of equatorial
ligands (A = 0.30 A). The angle between the plane of
eguatorial ligands and the C=C bond isequal to 16°. A
considerable axia deformation of the trigonal -pyrami-
dal chlorine environment of the Cu(2) atom [Cu(2)—
Cl(1) 2.962(4) A] correlates with the smaller A value
(0.22 A). A planar-trigonal coordination sphere formed
by the chlorine atoms for the Cu(3) atom is rare for the
copper(l) complexes. The displacement of the Cu(3)
atom from the plane of Cl atoms (A = 0.16 A) islikely
caused by therigidity of the polynuclear inorganic frag-

Table2. Coordinates of atoms and their thermal parameters* for structure 11

Atom X y z B, A2 Atom X y z B, A2
Cu(l) | 052567(4) | 0.0531(2) | 0.8080(2) | 3.18(4) || C(11) 0.8037(3) | 0.630(2) | 0.489(2) | 5.2(4)
cu@ | 057784(4) | 02219(2) | 0.1676(2) | 4.42(5) || C(12) 0.7962(4) | 0.311(2) | 0.6702) | 65(5)
cu@d | 059926(4) | —0.1907(2) | 0.1155(2) | 455(5) || H(L1) | 0480(2) | 0.31(1) | 0741 | 30
Cl() | 0.58715(7) | —0.0329(4) | 0.8494(4) | 2.95(8) || H(12) | 0.481(2) | 0.18(1) | 0.59(2) 2(2)
Cl(2) | 051478(7) | 0.2338(4) | 0.12004) | 2.71(8) || H(21) | 0539(2) | 0.206(8) | 0.534(8) | 1(1)
Cl(3) | 0.60318(8) | 0.0009(4) | 0.3590(4) | 369(9) ||H@E1) | 05512 | 059(1) | 0611 | 302
Cl(4) | 061902(9) | —0.5059(4) | 0.0978(5) | 4.26(9) || H(32) | 05482 | 050(1) |081Y) | 302
N(L) | 05957(2) | 0433(1) | 0676(1) | 29(2) | H(N) 0604(2) | 032(1) |0751) | 3(2)
N2 | 07794(2) | 0477(1)) | 0580(1) | 41(3) ||H@41) | 06112 | 0.6509) | 05459 | 1(2)
C(1) | 04943(3) | 02492 | 06632) | 313 |[H®E1 | 0671(2) | 0.782(9) | 04359 | 1(2)
C(2 |053093) | 02032) | 0617() | 223 |[H7LY |07402) | 076() | 0431) | 5(2)
C(3 | 05546(3) | 0465(1) | 06812 | 283 |[HO1) |07283) | 0241 |075) | 42
c@ |06199(3) | 05392 | 05952 | 293) ||H101) | 06632 | 0291) | 0.74(1) 12)
c(5) | 066213 | 05192) | 0597(2) | 29(3) |[H(1L1) |o0.798(2) | 062(1) | 0.36(2) 2(2)
c(6) | 06848(3) | 06612 | 04992 | 37(4) |[H@1L2) | 0801(2) | 0.80(1) | 0.53(1) 2(2)
c(7) | 072403 | 0650(2) | 0496(2) | 35(4) ||H(113) | 08213) | 0572 |o046(1) | 5(3)
C® | 074003) | 04942) | 05842 | 37(4) |[H@21) |0821(3) | 030() | 0641 | 4@2)
cO |07167(3) | 0347(2) | 06812 | 384) ||H(122) |0772(4) | 0142 | 0672 | 104)
C(10) | 06791(3) | 0362(2) | 0.682(2) | 384) |[H(123) |0791(2) |036(1) | 0.75() 1(2)

* For non-hydrogen atoms, By = U35 5 Ba &) (43)) .
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Table 3. Bond lengths (d) and bond (w) and torsion (¢) anglesin structure I 11

Bond d A Angle* w, deg Bond d, A Angle w, degy
Cu(1)-CI(1) |2.304(8) | ClI()Cu(1)CI(2) 99.0(2) || C(5)—C(10) 1.39(2) | C(4)C(5)C(10) 124(1)
Cu(1)-Cl(2) |2.685(4) | ClI(1)Cu(DCI(2) | 107.5(2) C(6)C(5)C(10) 119(1)
Cu(D)-Cl(2)' | 2.322(5) | CI()Cu()m(1,2) | 122.5(4) || C(6)-C(7) 1.39(2) | C(5)C(6)C(7) 120(1)
Cu(1)-C(1) |2.07(1) |cCl(2Cu(1)Cl(2) 92.6(2) || C(6)-H(6.1) 1.07(7) | C(5)C(6)H(6.1) 118(4)
Cu()-C(2) |213(1) |Cl(QCu()m(1,2) | 101.7(4) C(7)C(6)H(6.1) 123(4)
Cu(l)-m(1,2*| 1.99(1) | Cl(2)'Cu()m(1,2) | 124.2(4) || C(7)-C(8) 1.39(2) | C(6)C(7)C(8) 121(1)

C(HCu(1)C(2) 37.3(4) || C(7)-H(7.1) 1.02(9) | C(6)C(7)H(7.2) 119(5)
Cu(2)-Cl(1) |2.962(4) | CI()Cu(2)Cl(2) 92.5(2) C(8)C(7)H(7.2) 120(5)
Cu(2-Cl(2) |2.261(8) | Cl(1)Cu(2)CI(3) 95.7(2) || C(8)-C(9) 1.43(2) | C(7)C(8)C(9) 118(2)
Cu(2-CI(3) |2.277(5) | Cl()Cu(2)Cl(4)' 98.9(2) || C(8)-N(2) 1.37(2) | C(7)C(8)N(2) 122(1)
Cu(2-Cl(4)' | 2.262(6) | CI(2Cu(2CI(3) |124.1(2) N(2)C(8)C(9) 120(1)
CI(2)Cu(2)Cl(4)" | 120.4(2) || C(9)-C(10) 1.34(2) | C(8)C(9)C(10) 120(2)
CI(3)Cu(2)Cl(4)" | 112.6(2) || C(9)—H(9.1) 0.98(9) | C(8)C(9H(9.1) 120(6)
Cu(3)-CI(1) |2.321(4) | Cl()Cu(3)CI(3) | 118.6(2) C(10)C(9H(9.1) 120(6)
Cu(3)-Cl(3) |2.227(4) | CI(1)Cu(3)Cl(4) | 116.0(2) || C(10)—H(10.2) 0.84(7) | C(9)C(10)C(5) 123(2)
Cu(3)-Cl(4) |2.224(5) | CI(3)Cu(3)Cl(4) | 123.9(3) C(9)C(10)H(10.2) 126(5)
Cu(2)--Cu(3) | 2.876(4) | Cu())CI(D)Cu(3) | 115.9(2) C(5)C(10)H(10.2) 111(5)
Cu(D)CI(2)Cu(1)' | 87.4(2) ||N(2-C(11) 1.44(2) | C(8)N(2)C(11) 120(1)
Cu(1)Cl(2)Cu(2) 87.1(2) || N(2)—C(12) 1.45(2) | C(8)N(2)C(12) 121(1)
Cu()'Cl(2)Cu(2) | 118.5(2) C(11)N(2)C(12) 119(1)
Cu(2)ClI(3)Cu(3) 79.4(2) || C(11)-H(11.1) 0.97(9) | N(2C(11)H(11.2) 109(5)
Cu(2)'Cl(4)Cu(3) | 118.7(3) || C(11)H(11.2) 1.16(7) | N(2)C(11)H(11.2) 115(4)
C()—C(2 1.35(2) | C(2)C(1DH(1.2) 130(6) || C(11)-H(11.3) 0.8(1) |N(@C(AVH(11.3) 105(8)
C(1)—H(1.1) |0.88(9) |C(2C(DH(1.2) 115(6) H(11.1)C(11)H(11.2)| 107(6)
C(1)—H(1.2) |0.80(8) |H(1L1)C(1)H(1.2) | 112(8) H(11.1)C(11)H(11.3)| 81(9)
C(2—C(3) 1.43(1) | C(HC(QC(I) 125(1) H(11.2)C(11)H(11.3)| 133(9)
C(2-H(2.1) |0.91(6) |C(DHC(QH(2.1) 113(4) || C(12)-H(12.1) 0.9(1) |N(@C(12H(12.2) 113(6)
C(3)C(2H(2.1) 122(4) || C(12)-H(12.2) 1.3(1) | N(2C(12H(12.2) 109(6)
C(3)N(2) 1.48(2) | C(2)C(3)N(1) 113.4(9) || C(12)-H(12.3) 0.70(7) | N(2)C(12)H(12.3) 84(6)
C(3)-H(3.1) [0.96(8) | C(2C(3YH(3.1) 110(5) H(12.1)C(12)H(12.2)| 121(8)
C(3)-H(3.2) [0.99(9) | C(2)C(3YH(3.2) 111(5) H(12.1)C(12)H(12.3)| 121(8)
N(1)C(H(3.2) 108(5) H(12.2)C(12)H(12.3)| 103(8)
N(1)C(3)H(3.2) 107(5) Angle ¢, deg Angle ¢, deg
H(3.1)C(3)H(3.2) | 107(7) || CI(2QCu(1)Cl(1))Cu(3) | —47.2 [|C(3)N(1)C(4)C(5) 175.4
N(1)—-C(4) 1.22(1) | C(3IN(1)C(4) 125(1) || CI(2'Cu()CI(L)Cu(3)| 48.4 [|N(1)C(4)C(5)C(6) -177.5
N(D)-H(N) [0.95(8) | C(3)N(L)H(N) 117(5) ||Cl(DCu(1)Cl(QCu(2) | —10.5 [|N(1)C(4)C(5)C(10) -6.2
C(HN(DH(N) 117(5) || CI(3)Cu(Cl(QCu(1) | 106.6 || C(4)C(5)C(6)C(7) 179.6
C(4)—C(5) 1.51(2) | N(1)C(4HC(5) 127(1) ||Cl(DCu3)CI(3)Cu(2) | —12.7 || C(5)C(6)C(7)C(8) 2.0
C(4)—H(4.1) |0.89(6) |N(1HCHH(4.1) 114(4) || CuC(1)C(2)C(3) -101.1 || C(7)C(8)C(9)C(10) 1.0
C(5)C(4H(4.2) 119(4) || C(2)C(2C(3)N(D) 154.5 || C(7)C(8)N(2)C(11) 3.3
C(5)—C(6) 1.39(2) | C(4)C(5)C(6) 117(1) || C(2C(N()C(4) -120.2 ||C(7)C(8)N(2)C(12) | -178.6
* m(1,2) isthe midpoint of the double C(1)=C(2) bond.
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY Vol. 26 No. 3 2000
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ment representing the (Cu;Cl,)n~ chain along [010].

The H*ADBA cation protonated at the aldimine nitro-
gen atom is 1-coordinated to the chains solely via the
C=C bond, resulting in its elongation to 1.35(2) A
[Cu(1)-m(1, 2) 1.99(1) A, C(1)Cu(1)C(2) 37.3(4)°].
The chains (figure) are joined together by the van der
Waals forces between the H*ADBA cations to form a
structure in the [100] direction and by the C(4)-

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

structurelll.

H(4.1)---Cl(3) hydrogen bonds to form a structure
along the [001] direction (Table 4).

The conformations of the alyl groupsin I, I1, and
11 are similar [the C(1)=C(2)-C(3)-N(1) torsion
angles are equal to 156.7°, 152.7°, and 154.5°, respec-
tively], but the structures differ in the C(2)-C(3)—
N(1)=C(4) angles (-91.8° and -97.7° in | and II,
respectively, and —120.2° in 111). Thus, the geometry of
the allylaldimine fragment in structure |11 is closer to
2000
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Table4. Geometry of hydrogen bondsin structure 11

Distance, A AHB

A—H:--B bond angle,
H-B | A-B | AH deg

N(1)-H(N)--Cl(1)  |2.47(8)|3.296(9) | 0.95(8) | 144(7)
C(2)-H(2.1)--CI(3) |3.02(6)|3.84(1) | 0.91(6) | 149(5)
C(4)-H(4.1)--CI(3) |2.72(6)|3.59(1) | 0.89(6) | 166(5)
C(6)-H(6.1)--CI(3) [2.94(6)|3.92(1) |1.07(7) | 151(5)
C(12)-H(12.1)---Cl(4)| 3.00(9) | 3.76(2) | 0.9(1) | 143(8)

that in the TLo-complexes of N-allyl-2-furylaldimine
and N-allylbenzaldimine (L) with copper(l) chloride,
2CuCl - L, in which the azomethine nitrogen atom is
coordinated to Cu(l) [the C(2)—C(3)-N=C(4) angles
areequal to—-115.7° and-112.5°, respectively] [1]. The
remainder of the HYADBA cation in |11 is conjugated
and, on thewhole, is planar (seetorsion anglesin Table
3). Due to the conjugation, the cation charge is stabi-
lized by the electron lone pair of the (CH5),N group. In
structures | and 11, thisis manifested by the geometric
parameters evidencing a partially quinoid form of the
H*ADBA cation: the bond lengths in the benzene ring
are redistributed, the C(4)—C(5) bond is shortened [to
1.42(2) in | and 1.41(3) A in 11], and the N(1)=C(4)

[o0lh(11.1)

FILINCHUK, MYSKIV

bond is elongated [to 1.26(1) in | and 1.29(2) A in 11].
The resonance forms are schematically represented as

N Y — N =
/ o/ T 4 N
H H

A similar quinoidization with the stabilizing effect
of the dimethylamino group, but even to a greater
extent, is observed in the related structure of N,N-dime-
thyl-p-nitrosoaniline hydrochloride [11]. However, the
H*ADBA cation in compound |11 exhibits a purely aro-
matic form: the bond lengths in the benzene ring are not
redistributed toward the quinoid structure, the C(4)—C(5)
bond is not shortened [1.51(2) A], and the N(1)=C(4)
bond [1.22(1) A] is one of the shortest bonds observed
for the copper(l) alylazomethine complexes.

To reveal the special features of the positive charge
stabilization on the ligand cation, the charges on the
atomsin the structure of Tecomplex |11 were calculated
using the HY PERCHEM program [12] by the modified
version of the iterative SCF LCAO MO method in the
ZINDO/1 approximation. The calculations were per-
formed for a cluster containing 228 atoms and repre-
senting structure 111 (696 initial AOs were taken into
account). The charges on the atoms of the H*ADBA
cation are presented bel ow.

H(7.1 H(6.1
] 7)) ow]  foe) HED
4004 H(11.2)—C(11 C(7)—=C(6

e N =y MY P L DN )

H(A-1) HRD, foar) o) HAD

/
—_— C(5)——C(4 C(2)—C(1
o 121 [5] N O\ Gr) o], SO\ e, SB T,
1008 H(12.2)—C(12) C(O—C(10), ND—C@), H(12)
[onH(12:3) H(9.1) H10.) H(N)" H3.1) H(3.2)
[+008]  [024] [+009]
The charges on the copper atoms are different: the H H,
charge on the Cu(1) atom involved in the T-bonding is IS
equal to —0.01e, while the value of +0.08e found for N—=—N—
the charges on the Cu(2) and Cu(3) atoms surrounded H( A) ?B)

by the chlorine atomsis close to the values cal cul ated
for Cu(l) in the sphalerite structure [3]. This differ-
ence is caused by the tangible o-component
(Cu(l)=—1L), of the Cu(1)—C=C) tbond. The nega-
tive charges on the chlorine atoms are in compliance
with the strength of the hydrogen bonds formed with

their participation (Table 4): qg;, = -0.39€, Qgp) =
-0.29¢, qg3) = —0.37¢, and g4y = —0.36€. The most
significant distinction between | and Il is that the

N(1)=C(4) bond in 111 is less polarized (in I, gy =
—0.05e and ¢4, = +0.20€), indicating a smaller posi-
tive charge transfer to the carbon atom:

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 26

The fact that the contribution of form A to 11 isgreater
than its contribution to | is caused by the strengthening
of the N(1)-H(N)--CI(1) bond [2.68(5) A in 1, 2.47(8) A
in 111] polarized according to the N%-H%...C|3-
scheme and agrees with the absence of elongation for
the N=C bond. In addition, a certain contribution of
form B is stabilized, even without conjugation with the
aromatic ring, by the strong hydrogen contact C(4)—
H(4.1)---Cl(3) (absent in I) with an analogous charge
transfer to the hydrogen atom. Thus, the positive charge
of the H*ADBA cationin structure 111 isstabilized to a
great extent due to the hydrogen bonds, whereasin | it

No. 3 2000
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is stabilized owing to the +M-effect of the (CH;),N
group.

The important role of carbamide in the isolation of
the [H*L]Cu;X, compound is noteworthy. Previoudy,
two such isostructural copper(l) T-complexes were
known (with H*L = sym-triallylguanidinium) [13]
whose stoichiometry was dictated by the Cu(l) : C=C =
1: 1ratio, typical of the cuprohalide r-complexes. As
for compound I 1, the coordination environments of the
two additional copper atoms are comprised of solely
the chlorine atoms, and one of them has the planar-tri-
gona environment.
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