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Abstract—The alkylation of ethylenediamine with allyl bromide in the presence of a fourfold (with respect to
ethylenediamine) molar amount of NaHCO; in acetone with an ethanol admixture (15 : 1) affords LBr, - 2H,0

(I), where L* is the N,N,N,N',N',N'-hexaallylethylenediaminium cation. Single crystals of complexes
L[Cu"(Bry 45Cl; 55)] (D), L[ Cui (Bry 55Cl4 45)] (IIT), and L[Cuzt Brg] (IV) are prepared by ac electrochemical syn-
thesis from an ethanolic solution of LBr, - 2H,0, CuCl, - 2H,0 (or CuBr,) at copper wire electrodes. The crystal
structures of compounds I-IV are determined by X-ray diffraction analysis. The crystals of complex I are mon-
oclinic: space group P2,/n,a =8.544(3), b =10.404(3), ¢ = 13.350(4) A, B=97.29(3)°, V=1177.2(6) A3,Z=2.The
bromine anions in compound I are bonded to the L>* cations and water molecules through hydrogen contacts
(E)H--Br (E = O, C) of 2.57(3)-2.86(3) A. The crystals of compounds II-IV are triclinic: space group P1 . For
II: a=8.762(4), b =9.163(4), c = 16.500(6) A, 0= 95.62(4)°, B = 96.39(4)°, Y= 111.46(4)°, V= 1211.4(9) A?, Z=2;
for III: a = 9.074(4), b =9.435(4), ¢ = 9.829(5) A, 0. = 116.12(4)°, B = 104. 14(4)°, v=100.22(4)°, V= 692.3(6) A3,
Z = 1; for IV isostructural IIL: a = 9.084(4), b = 9.404(4), ¢ = 9.8369(4) A, o = 116.31(3)°, B = 104.00(3)°, v =

100.37(3)°, V=692.1(5) A3, Z= 1. Unlike the isolated tetrahedral Cu Xif anion in structure I1, an original chain

anion (Cu4X27 ), is observed in the structures of © complexes III and IV.

DOI: 10.1134/51070328409060037

INTRODUCTION

Ethylenediamine (En) has been known long ago as
a chelate ligand in a number of both copper(Il) com-
plexes (for example, [Cu(En)(Bipy)CI]JOH - H,O [1],
[Cu(En),CI]|PF; [2], and [Cu(En),CI(H,0)]CI [3]) and
copper(l) compounds ([Cu(En)(CO)][B(Phen),] [4] and
[Cu,(En(CHy),),15] [5]). Continuing the studies on the
stereochemistry of the copper(l) © complexes with the
acyclic allyl-containing ligands [6—8] and regarding the
problem of using crystals in technology, it was interest-
ing to study the behavior of ethylenediamine modified
by allyl bromide with respect to Cu(I).

This work presents the results of the synthesis and
X-ray diffraction analysis of the copper complexes
wich contain the N,N,N,N',N',N'-hexaallylethylenedi-

aminium cation (L2?*) with the quaternary nitrogen

atoms inactive toward copper: L[Cu(Br,45Cl; 55)] (II),

L[ Cu} (Br, ssCl, 45)] (IT), and L[ Cu}, Br,] (IV), as well
as the starting compound LBr, - 2H,0 (I).

EXPERIMENTAL

Synthesis of complex I was carried out by the inter-
action of preliminarily dried and distilled ethylenedi-
amine and allyl bromide in the presence of a fourfold
(with respect to ethylenediamine) molar amount of
NaHCO; with vigorous stirring and reflux of the mix-
ture in acetone with an ethanol admixture (15 : 1) for
28 h. After a NaBr precipitate was separated, a solution
of LBr, in acetone was evaporated at room temperature.
Light yellow crystals with 7,, = 77°C were obtained.

405



406

MONCHAK et al.

Fig. 1. Fragment of structure I and selected geometric characteristics: C(3)=C(4) 1.327(2), C(6)=C(7) 1.323(2), C(9)=C(10)
1.328(2) A; OH(1)---Br2.57(3) A, OH(1)Br 171(2)°, OH(2)--Br 2.64(3) A, OH(2)Br 167(2)°, C(1)H(1A)---Br 2.84 A, C(1)H(1A)Br 162°

and C(2)H(2B)--0 2.39 A, C(2)H(2B)O 175°.

Red crystals of compound II were formed on the
copper wire electrodes of the electrochemical reactor
containing an alcoholic solution of CuCl, - 2H,0 and
LBr, - 2H,0 for one day without the electric current.

Yellowish crystals of complex III grew on the cop-
per electrodes of the reactor containing an ethanolic
solution of CuCl, - 2H,0 and LBr, - 2H,0 as a result of
the ac electrochemical synthesis [8] (U =04V, I, =
0.3 mA) for a week.

Orange crystals of complex IV were also obtained
by the above described electrochemical method from
an alcoholic solution of CuBr, and LBr, - 2H,0 for two
days.

X-Ray diffraction analysis. After preliminary
studies of compounds I-IV by the photomethod, dif-
fraction sets obtained on Xcalibur XPS and KUMA-
KM4/CCD single-crystal diffractometers (CCD detec-
tor, MoK, radiation, graphite monochromator, ® scan
mode, OXFORD-Cryosystem low-temperature attach-
ment) were used to determine their structures. Correc-
tions to the Lorentz and polarization factors were
applied to reflection intensities. The X-ray diffraction
data were processed using the CrysAlis RED program
[9]. Structures I-1V were solved by direct methods, and
light atoms were revealed from the difference Fourier
syntheses. An absorption correction was applied by the
analytical method [10]. The structures were solved
using the SHELX program package [11]. The hydrogen

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 35

atoms were found in the difference Fourier syntheses
and refined in the riding model along with the non-
hydrogen atoms. The crystallographic data for com-
pounds I-IV and details of X-ray experiment are col-
lected in the table. Selected bond lengths and bond
angles are listed in the figure captions.

The coordinates of atoms and other parameters for
compounds I-IV were deposited with the Cambridge
Structural Database (nos. 695 093, 695 094, 695 095,
and 695 096; http://www.ccdc.cam.ac.uk/conts/retriev-
ing.html).

RESULTS AND DISCUSSION

In structure I, the electrostatic attraction between
the centrosymmetric hexaallylethylenediaminium L**
cations and bromide anions is supplemented by the
(O)H--Br hydrogen bonds (2.58-2.65 A) and weaker
(CO)H---Br contacts of 2.68 A lenght (Fig. 1). Due to the
bridging function of the H,O molecules forming the
hydrogen bonds with the Br~ anions and the hydrogen
atoms of the allyl groups of hexaallylethylenediamin-
ium, no disordering of the C atoms in the C;H5 groups
of the cation is observed.

The L?* cation contains the inactive nitrogen atoms
and, hence, in structure II the Cu(Il) atoms are local-
ized inside the tetrahedral anion [CuBry 45Cl; 55>
(Cu—X 2.260(1)-2.303(1) A); i.e., only the electrostatic
interaction enforced by the (C)H:-X hydrogen bonds

No. 6 2009



407

NEW 7 LIGAND N,N,N.N'.N',N-HEXAALLYLETHYLENEDIAMINIUM (L**)

AT+ ) =d wx

‘parjdde sem siojoej uonezue[od pue Z)ualoT Y} 0} UOHIALIO Y],  :SIION

Y1 €~/18°€ 86°0—/L6'1 €0—/01°1 0€°0-/€6°0 Yy 2 Mdy/ iy
901 $6°0 660 €01 11J-JO-SSQUPOOD)
2020 SLO0 82L00 1%90°0 ym
€L00 960°0 €€50°0 €LT00 Doy <) (DY
-ld¥€65°9 -d216070
+(d6911°0) + (34)0] -L(d0020°0) + (34)-0] -L(d0120°0) + (34).0] + (d8TP0°0) + (24);0] 2 SSYDS TUFIOM
969 '8 TH8 9¢L 3op "oz
SPl L¥1 08¢ 9CI1 s1jowered paulyoy
G8LE ST9¢ 7819 LSHE #(1)OF < o YIM SUONII[FY
9%CS 1206 TI91 2Ly SUOTIOAJAI JO JOqUINU [EJ0,
600 1500 LEO0 ¥220°0 "y
11>1>61- LT >1>81— 0€>1>67— wC>1>yI-
vI >y >yl LI>Y> L]~ pI>Y>L]1- LI>Y> L]~
€r>y>¢l- 91 >y > L]— SI>Y>9]- cr>Y>ql- Y
v6v 69t €LT 86T (000)4
0L Tl LL'6 +0'C 9p'¢ -
LY €T A or'1 Juo/3 ‘(seawn)d
98T 1€€7C €St'1 90t 1 (wo/3 ‘(pores)d
I I z z Z
(91269 (9)€°269 ©r1icl (QTLLIT YA
(€)LE001 (#)TT 001 P 111 06 3op ‘A
(£)00+01 P10l (#)6£96 (Q6T'L6 3op °g
©1€911 #1911 #2966 06 39p ‘0
(£)698°6 (96786 (9)00S°91 (r)oseel Y
H)ror'6 (P)SEr'6 #)€91°6 (©¥0t°01 v ‘q
Pr80°6 PIrLO'6 ()eoL's (©rs'8 Yy
wumuoe.mbw& 1[99 11Uy
Id Id Id u/led dnoig soedg
swstd a3ueIQ sare[d NUNAR| syoorg adeyg
(2001 (2001 (2001 (2001 S L
900 X ¥1°0 X ST'0 [10XTI0X91°0 61°0 X 20X 870 170X SE0XSH0 ww ‘az1s [eIsK1D)
TI'9¢01 99°1L6 98°LTS vE 861 md
meonhmwmIomU Nszme.:Umm.vammomU NZBUmm.mﬁUmw.SmeIowU NONZN._mwmIomU BInuIoJ _NQCEEW
Al I I I

JIopouwerled

AI-T seamonus 10J s[rejop [ejuowriodxe pue ejep oyderSoers£i)

2009

No. 6

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 35



408 MONCHAK et al.

Fig. 2. Fragment of structure IT and selected geometric characteristics: Cu—X(1) 2.302(1), Cu-X(2) 2.278(1), Cu-X(3) 2.264(1), Cu—X(4)
2.261(1) A; C(2)H(2B)--X(1) 2.87 A, CQH2B)X(1) 147°, C(1)H(1A)--X(1) 2.81 A, C(DH(1A)X(1) 155°, C(1H(114)-X(3) 2.71 A,
C(11H(114)X(3) 169°, and C(18)H(18A4)--X(3) 2.74 A, C(18)H(184)X(3) 153°.

Fig. 3. Fragment of structure I'V and selected geometric characteristics: Cu(1)-Br(1) 2.390(2), Cu(l)—Br(Z)ii 2.372(1), Cu(1)-Br(2)

2.806(2), Cu(1)}—m* 1.964(14), and C(3)=C(#) 1.371(10) A, C(3)Cu(1)C(4) 38.5(3)°, Cu(2)-Br(3)' 2.453(2), Cu(2)-Br(3) 2.507(1),
Cu(2)-Br(2) 2.527(2), and Cu(2)-Br(1) 2.453(1) A (*m is the middle of the C=C bond); C(8)H(84)--Br(3) 2.82 A, C(8)H(84)Br(3)
170° and C(1)H(1B)--Br(1) 2.76 A, C(1)H(1B)Br 163°.

exists between the cations and anions in both structures IT Isostructural @ complexes III and IV are built-up
and I (Fig. 2). Except for one position with the ratio C1 ~ quite differently than complexes I and II: each of them

Br = 0.786(2) : 0.214(2), other regular systems of contains two of the six C=C bonds of the allyl groups in
points with the halogen atoms contain almost “pure” the L?* centrosymmetric cation, wich are coordinated
chlorine atoms: G(Cl) = 0.919(2)-0.965(3). by two Cu(I) atoms (Fig. 3). Thus, the L?* cation acts as
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Fig. 4. Packing of the (Cu4Br27 ), anions and hexaallylethylenediaminium cations in structure IV.

a bridge between two chain anions [Cu4X§7 ],.- The cen-

trosymmetric fractal Cu4X§_ of the original infinite

anion (Fig. 4) contains two independent Cu(I) atoms,
one of which m-coordinates the C=C bond of one of the
three independent allyl groups of the L?** centrosym-
metric cation and another is tetrahedrally coordinated
by the halogen atoms. The m-coordinated Cu(I) atom
has a trigonal pyramidal environment with the C=C
bond in the pyramid base and three X atoms in other
vertices of the polyhedron. The C=C coordination bond
length is 1.351(5) A in IIT and 1.371(10) in IV.

The L>* centrosymmetric cation in structures III and
IV is a bridging 7 ligand joining two parallel chains of

the anions (Cu4X§_ ),, through the Cu(I)-(C=C) bond.
The (Cu4Xéf ), anion is somewhat structurally similar to

its stoichiometric analog of the compound [N-allylquino-
linium]Cu,Br; (V) [12]. However, the [Cu,Br¢ ],

anion in IIl and IV is somewhat deformed because of
the m-coordinated Cu(I) atom. This is a distinction of

this anion from the [Cu4Bré_ ], anion in V, where the

C=C bond of the allyl group of the organic cation does
not interact with the metal atom. Note that in structures
ITX and I'V only two of the six C=C bonds of the hexaal-
lylethylenediaminium cation m-interact with the Cu(l)
atoms. This indicates a moderate competitive ability of
the C=C bond to incorporate into the coordination trig-
onal pyramidal environment of the Cu(l) atom com-
pared to the X halogen atoms. A similar situation was

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 35

observed earlier for the structures of several cuproha-
lide © complexes, such as [(diallylammonium)CuX,],
where X = Cl1 [13], Br [14], [(N,N,N',N'-tetraallylpiper-
azinium)CuCl,] [15]. In these complexes, only 50% of
the C=C bonds of the allyl groups are coordinated by
the Cu(I) atoms. To the contrary, the both allyl groups
are n-coordinated with the Cu* ion by the C=C bonds in
the structures of the m complexes with the ionic cop-

per(I) salts, namely, [Cu(diallylamine)BF,] [16],
[Cu(diallylamine)NO5;] [17], and [(diallylammo-
nium)Cu(NO;),] [18].
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