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REACTION OF
BISOSOPROPYLXANTHATO)NICKEL(II)
WITH NITROGEN DONOR LIGANDS 1V

ZDENEK TRAVNICEK #* RICHARD PASTOREK?,
ZDENEK SINDELAR? and JAROMIR MAREK®

2 Department of Inorganic and Physical Chemistry, Palacky University,
77147 Olomouc, Czech Republic; ° Department of Inorganic Chemistry,
Masaryvk University, Kotlarska 2, 611 37 Brno, Czech Republic

( Received 14 October 1997)

The coordination compounds [Ni(i-prxa)(L;)] (i-prxa) and [Ni(i-prxa),(L2)] (i-pr =i-C5H5,
xa=S8,CO~, L;=tris(2-aminoethyl)amine (raa), L,=N-(2-aminoethyl)-1,3-diaminopropane
(apa), bis(3-aminopropyl)amine (baa), 2-(aminomethyl)pyridine (amp), 2,2'-dipyridylamine (dpa)
or 2.27:6’,2"-terpyridine (tpy)) have been synthesized by reaction of bis(isopropylxan-
thato)nickel(IT) with the corresponding nitrogen donor ligands. The complexes have been char-
acterized on the basis of analytical data, magnetochemical and conductivity measurements,
electronic and infrared spectroscopies as octahedral nickel(IT) compounds. The structures of
[Ni(i-prxa),(dpa)]-dmso (/) and [Ni(i-prxa)(amp)] (2) have been determined by a single-
crystal X-ray analysis. In both structures nickel is coordinated by four sulfur atoms of two
isopropylxanthato ligands and by two nitrogen atoms of the other N-donor ligand. The coor-
dination of donor atoms around nickelin (7) and (2) is distorted cis-octahedral with an S4N> donor
set. For (I): C3oH2oN3NiO38s, monoclinic..P2/c, a=11.330(2), b= 14. 890(3) c=16. 940(3)A
G=104.653)7°, V=2764.99)A%, Z=4, M,=578.5, Deye=1.390 g/em’, A=071073A, p=
1.104mm ™", F(000) = 1208, R=0.053, R, =0. 131. For (2): C4H2N;NiO,S,, monocllmc P2,/
¢, a=19.395(4), b=9. 977(2) ¢=20. 305(4)A 3=98.14(3)°, V=3889.5(14) Al Z=3,
M,=4733. Duye=14%gjem®, A=0.71073A, ;1=1.435mm"', F000)=1820, R= 0.0527,
R, =0.1432,

Keywords: Nickel(IT); xanthates; syntheses; X-ray structure
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INTRODUCTION

Although nickel(1I) xanthate complexes have been known since the early
1800s they are still extensively studied for their possible applications in
several branches of industry,' as fungicides, insecticides, antioxidants, efc.
In previous papers we have described and discussed the preparation and
a physicochemical study of a number of nickel(1I) xanthates with homo-
or heteroueneous coordination spheres.>”’ These compounds were studied
mainly by single-crystal X-ray structure analysis and were characterized as
square planar or octahedral nickel(11) complexes. This paper represents the
continuation of our systematic study of nickel complexes with hetero-
geneous coordination spheres containing a combination of sulfur and
nitrogen ligands. The work is focussed on the study of the reaction prod-
ucts of bis(isopropylxanthato)nickel(11) with aliphatic and aromatic amines.

EXPERIMENTAL

The elemental analyses were performed on an EA1108 instrument (Fisons).
IR spectra were measured on a Specord M80 (Carl Zeiss, Jena) using the
Nujol mull technique in the region 4000-400cm™!. Solid-state electronic
absorption spectra (diffuse-reflectance) of the complexes were recorded on a
Specord M40 (Carl Zeiss, Jena) in the region 33000-11000cm™"'. The
magnetic susceptibilities of the complexes were measured by the Faraday
method with Hg[Co(NCS),] as calibrant. Corrections for diamagnetism
were made using Pascal’s constants.® Conductivities were measured on an
OK 102/1 instrument (Radelkis, Budapest) at 25°C and the concentration of
solutions was 1 x 10™° moldm 3.

X-ray Crystallographic Analyses

Data were collected on a KUMA KM-4 diffractometer with graphite-
monochromated MoK, radiation (0.71073 A) using the /20 scan mode.
Crystals of [Ni(i-prxa),(dpa)]-dmso (I) suitable for a single-crystal X-ray
analysis were obtained by recrystallization of the substance from dimethyl
sulfoxide. Unit cell dimensions were determined from 24 reflections in the
range 15.1° <26 <24.4°. Three standard reflections (00-2, 020, 100)
were monitored after every 300 measurements; no significant changes of
intensities were detected. The phase problem was solved by the heavy-
atom method (SHELXS-97).® All non-hydrogen atoms were refined
anisotropically by the full-matrix least-squares procedure (SHELXL-97)°
with weighting scheme w = 1/[o3(F2) + (0.0654P)" + 2.5406P], where
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P = (F!+2F?)/3. The H atoms bonded to C7, C8 and C16 were posi-
tioned theoretically. Hydrogen atoms of dimethyl sulfoxide were not
located. The other hydrogen atom positions were found from differ-
ence Fourier maps and all their parameters were refined. Crystals of
[Ni(i-prxa),(amp)] (2) applicable to X-ray study were obtained by recrys-
tallization from ethanol. Unit cell parameters were obtained from 32 reflec-
tions in the range 16.30° <26 <25.8°, Three standard reflections (002,
200,0—-40) were checked after every 400 measurements; no significant
changes of intensities were detected. The data were corrected for absorption
effects using an empirical absorption correction involving DIFABS"!
(Tmin = 0.301, T, =1.000). The structure was solved by direct methods
(SHELXS-97).° All non-hydrogen atoms were refined anisotropically by
the full-matrix least-squares procedure (SHELXL-97)'° with weight
w=1/[c2(F2) + (0.0995P)* + 7.3034P], where P = (F2+2F2)/3. All
hydrogen atoms were found from difference Fourier maps. Hydrogen
atoms bonded to C7, C8, C17 and C18 were refined using AFIX 137 and
their U values were held at 1.5 times the equivalent isotropic U of the above
mentioned carbon atoms.

Refinements of both structures were based on F2. The weighted R factors,
R,., and all goodnesses-of-fit S were based on F2. The conventional R factor,
R, was based on F. The calculations were performed on a PC AT Pentium.
Crystal data and structure refinement parameters for both structures are
summarized in Table I. Atomic coordinates of non-hydrogen atoms and
equivalent isotropic displacement parameters for [Ni(i-prxa),(dpa)]-dmso
(1) and [Ni(i-prxa),(amp)] (2) are given in Tables I and III, respec-
tively. Selected bond lengths and angles are listed in Tables VI and VII.
The structures are shown in Figures | and 2. Preliminary data for
[Ni(i-prxa),(dpa) - dmso were previously published in the literature.'?

Syntheses
Preparation of [ Ni(i-prxa),]

The complex was obtained according to the procedure described in the lit-
erature.'® Nitrogen donor ligands were supplied from Aldrich Chemical Co.
or Fluka Co. and were used without further purification.

Preparation of [ Ni(i-prxa)(taa) ] (i-prxa), [ Ni(i-prxa),(apa)] and
[ Ni(i-prxa) (amp)]

An amine (taa, apa or amp) (2mmol) was added to imperfectly dissolved
[Ni(i-prxa),} (2 mmol) in EtOH (15 cm?®). After a few minutes a solid formed.
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TABLE [ Crystal data and structure refinement details for [ Ni(i-prxa).(dpa)]-dmso (I) and

[Ni(i-prxa)y(amp)] (2)

(n @
Empirical formula CypH2oN3NiO;Ss C14HoNoNiO,S,4
Formula weight 578.47 437.29
Temperature (K) 293(2) 150(2)
Wavelength (A) 0.71073 0.71073

Crystal system, space group
Unit cell dimensions (A,°)

Volume (A)

Z, Calculated density (Mgm )
Absorption coefficient (mm™")

F(000)

Crystal size (mm)

0 range for data collection (°)
Index ranges

Reflections collected/unique
Data/restraints/parameters
Goodness-of-fit on F2
Final R indices [/ > 2a({)]
R indices (all data)
Largest diff. peak

and hole (¢ A™Y)

monoclinic, P2,/c
a=11.330(2), a =90
b=14.890(3), 3=104.65(3)
¢ =16.940(3), v=90
2764.9(9)

4,1.390

1.104

1208

0.60 x 0.60 x 0.10
1.85—25.06

0<h<13

~17<k<0

-20<I<19

5194/4902 [R(int) = 0.0473)]
4902/0/365

1.041

R=0.0533, R, =0.1305
R=0.2018, R, =0.1723
0.530 and —-0.500

monoclinic, P2,/¢
a=19.395(4), « =90
b=9977(2), 3=98.14(3)
¢ =20.305(4), y=90
3889.5(14)

8, 1.494

1.435

1824

0.80 x 0.80 x 0.60

1.06 - 25.10

0<h<23

~11<k<0

-24<1<23

7094/6876 [R(int) = 0.0836]
6876/0/535

1.038

R=0.0527, R,=0.1432
R=0.0996, R, =0.1734
1.093 and -0.775

The mixture was stirred at room temperature for 3h. The product was
filtered off, washed with EtOH and Et,O and dried under an infrared lamp at
40°C.

Preparation of [ Ni(i-prxa),(baa)]

The complex was prepared by a similar procedure as described above but with
petroleum ether (20 cm?) added to the reaction mixture. This led to formation
of the solid which was filtered off, washed with petroleum ether and dried
under an infrared lamp at 40°C.

Preparation of [ Ni(i-prxa),(dpa)]

2.2/-Dipyridylamine (dpa) (2 mmol) in acetone (5cm’) was added with stir-
ring at room temperature to a solution of [Ni(i-prxa),] (2mmol) in acetone
(10 cm?). The color of solution changed to green immediately. Green micro-
crystals formed after a few minutes. Then, the reaction mixture was stirred
for 2h. The green solid was filtered off, washed with petroleum ether and
dried under an infrared lamp at 40°C.
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TABLE 11 Atomic coordinates (x10% and equivalent isotropic displacement parameters
{AZx 10°) for [Ni(i-prxa)(dpa)i-dmso (I). U, is defined as one-third of the trace of the
orthogonalized U;; tensor

Atom x/a /b zfe Ueg

Ni (1) 1412 (1) 523 (1) 2307 (1) 46 (1)
S 2171 (2) —803(2) 3186 (1) 68 (1)
S2) 3623 (2) 584 (1) 2669 (1) 55(1)
S (3) ~T17(2) 373 (1) 2361 (1) 57(1)
S (4) 1216 (2) 1304 (2) 3532(1) 66 (1)
N(1) 1158 (4) 1638 (4) 1553 (3) 43 (1)
N(2) 2169 (5) 927 (4) 670 (3) 49 (1)
N (3) 1281 (5) 216 (4) 1267 (3) 48 (1)
C(1) 3536 (6) —359 (5) 3213 (4) 49 (2)
o 4583 (4) —660 (4) 3665 (3) 68 (2)
CcC® 4615 (8) -1453 (7) 4187 (6) 76 (2)
c3) 4842 (16) ~2235(9) 3744 (8) 116 (4)
C (4) 5646 (11) —1280(9) 4932 (6) 94 (3)
0(2) —906 (4) 1095 (4) 3771 (3) 65 (1)
C(5) —215(6) 926 (5) 3250 (4) 52(2)
C (6) =2177 (9) 822 (7) 3572 (6) 79 (3)
cm —2907 (8) 1501 (8) 3048 (7) 114 (4)
C(8) —2483 (10) 751 (8) 4386 (7) 119 (4)
C® 590 (7) 2393 (6) 1717 (5) 59(2)
C(10) 559 (8) 3172 (6) 1318 (5) 67 (2)
c (1 1165 (8) 3225 (6) 698 (5) 63 (2)
C(12) 1702 (7) 2490 (5) 496 (4) 53(2)
C(13) 1675 (5) 1693 (5) 924 (3) 44 (2)
C(14) 1759 (6) 74 (5) 669 (4) 48 (2)
C(15) 1912 (9) -527(7) 52(5) 70 (2)
C(16) 1496 (9) —1376 (6) 40 (6) 81 (3)
c{7 954 (9) -1655 (N 633 (7) 81 (3)
C(18) 862 (7) —1064 (6) 1223 (5) 63 (2)
S (5 4355(7) 1250 (5) 8996 (4) 98 (3)
S (5) 3637 (18) 925 (8) 8680 (8) 111 (5)
C(19) 4491 (17) 145 (12) 8671 (10) 208 (9)
C(20) 3401 (16) 1649 (11) 8034 (7) 179 (7)
0®3) 3562 (7) 1253 (5) 9528 (4) 112 (2)

Preparation of [ Ni(i-prxa),(tpy)]

2,2':6'2 "-Terpyridine (zpy) (1 mmol) in EtOH (5cm?) was added to a solu-
tion of [Ni(i-prxa),} (1 mmol) in CHCl; (5cm?). The reaction mixture was
stirred at room temperature for 2 h. Then, it was allowed to stand overnight
and microcrystals of the complex were separated by filtration, washed with
Et,0 and dried under an infrared lamp at 40°C.

RESULTS AND DISCUSSION

The reactions of bis(isopropylxanthato)nickel(II) with neutral nitrogen
donor ligands give compounds which can be readily isolated as octahedrally
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TABLE III Atomic coordinates (x10%) and equivalent isotropic displacement parameters
(A% x 10%) for [Ni(i-prxa)(amp)] (2). U, is defined as one-third of the trace of the
orthogonalized U;; tensor

Atom x/a yib zfe U,

Ni (1) 1639 (1) 7146 (1) 4478 (1) 25(1)
S 1547 (1) 9599 (1) 4354 (1) 29 (1)
S(2) 917 (1) 7556 (2) 3440 (1) 35(1)
S 2673 (1) 7105 (1) 3915(1) 31 (D)
5@ 1863 (1) 4791 (1) 4227 (1) 28(1)
o) 940 (2) 10022 (4) 3101 (2) 36 (1)
0 () 2939 (2) 4552 (4) 3639 (2) 32(hH)
N ) 869 (2) 6792 (4) 5062 (2) 29(1)
N2 2226 (2) 7061 (5) 5413 (2) 27(1)
C() 1123 (2) 9177 (6) 3593 (3) 30(1)
CcQ 1180 (3) 11418 (6) 3146 (3) 36(1)
C(3) 1881 (3) 11460 (9) 2919 (4) 51(2)
CH4 637 (4) 12197 (8) 2714 (4) 49 (2)
C(5) 2539 (3) 5458 (5) 3899 (2) 27 (1)
C(6) 3510 (3) 4997 (6) 3297 (3) 38 (1)
c( 4161 (3) 4797 (9) 3729 (4) 70 (2)
C@®) 3460 (5) 4133 (17) 2695 (4) 151 (7)
Cc© 1859 (3) 6263 (6) 5862 (3) 35(H
Cc(10) 1088 (3) 6376 (5) 5671 (3) 32(1)
C (i) 628 (3) 6031 (7) 6112 (3) 41 (1)
C(12) -78 (3) 6158 (7) 5907 (3) 45(2)
C(13) —306 (3) 6598 (6) 5275 (3) 40 (1)
C(14) 175(3) 6912 (6) 4865 (3) 33
Ni (2) 6652 (1) 7655 (1) 4491 (1) 27(1)
S5 6514 (1) 5252 (1) 4621 (1) 28 (1)
S(6) 6112(1) 6769 (2) 3410 (1) 50 (1)
S 6880 (1) 9916 (2) 4143 (1) 36 (1)
S(®) 7805 (1) 7626 (1) 4117 (1) 31 (1)
0O (3) 6101 (2) 4092 (5) 3516 (2) 47 (1)
04 8054 (2) 10122 (4) 3726 (2) 36 (1)
N (3) 5753 (2) 8072 (4) 4893 (2) 33 (1)
N (4) 7077 (2) 8107 (4) 5458 (2) 27 (1)
C(15) 6222 (3) 5284 (6) 3804 (3) 38 (1)
C(16) 5943 (4) 4004 (11) 2796 (3) 71(3)
C(17 6626 (4) 3979 (10) 2517 (4) 77(3)
C(18) 5550 (5) 2698 (12) 2673 (4) 103 (4)
C(19) 7638 (3) 9250 (6) 3972 (3) 30 (1)
C(20) 8715(3) 9684 (6) 3521 (3) 39(1)
cQ@n 9284 (4) 9871 (8) 4087 (4) 46 (2)
C(22) 8795 (4) 10507 (8) 2917 (4) 52(2)
C(23) 6594 (3) 8997 (6) 5749 (3) 35 (1)
C(24) 5861 (3) 8629 (5) 5497 (3) 33(1)
C(25) 5319 (3) 8835 (6) 5856 (4) 48 (2)
C (26) 4654 (4) 8440 (7) 5595 (5) 57(2)
C27) 4547 (3) 7880 (7) 4981 (5) 54 (2)
C (28) 5102 (3) 7689 (6) 4636 (4) 40 (2)

coordinated complexes. Analytical data and some properties of the com-
pounds are given in Tables IV and V. The magnetic moments of the nickel
complexes indicate two unpaired electrons and thus confirm an octahedral
arrangement around Ni(II).
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TABLE IV Colors and analytical data for the complexes
Compound Found (Calcd.) (%)
Color M, C H N S

[Ni(-prxa)(taa))(i-prxa) light-violet 4754  35.8(35.4) 7.0(6.8) 11.4(11.7) 27.0(26.0)
[Ni(i-prxa);(apa)] green-gray 446.3  33.9(35.0) 6.5(6.5) 9.0(9.4) 28.2(28.7)
[Ni(i-prxa),(baa)] green-gray  460.3  36.2(36.5) 7.1(6.8) 8.9(9.1) 27.627.9)
[Ni(i-prxa),(amp)] green 4373 38.6(38.4) 5.2(51) 6.4(6.4) 29.3(29.3)
[Ni(i-prxa)(dpa)] green 5004  429(432) 48(4.6) 8.1(8.4) 25.5(25.6)
[Ni(i-prxa),(tpy)] dark-green 5624  49.1(49.1) 4.5(4.5) 6.8(7.5) 22.6(22.8)

cagy

S5 SI5)

Cr20

FIGURE 1 Perspective view of the structure of (7).

Electronic absorption spectra of the complexes are similar. The absor-
bance at 15800-18000cm™! can be related to the 3A2g—>3 T,(F) transi-
tion, while the maxima observed in the 20400-21000cm™' region are
probably connected with spin forbidden 3A2g——> lTlg transitions. The absor-
bance maximum at 27400cm™" in the spectrum of [Ni(i-prxa)(taa)](i-prxa)
is attributable to the 3A2g—>3T e (P) transition.' The bands with wave-
number over 29000cm™' are probably caused by the charge transfer or

m— 7" transitions.

IR spectra of the complexes show characteristic bands for xanthate anions
(see Table V).'* The v(C-0-C) stretching bands are near 1260, 1210 and
1150cm™', while the bands belonging to v(C—S) are in the 1026-1038 and
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FIGURE 2 Perspective view of the structure of (2).

TABLE V Magnetic, diffuse-reflectance, IR and conductance data for the complexes

Compound Wert/  Diff.-reflect. IR data jem™1) Am Donor
Hp spectra [Sem®mol '] atom
[x10% cm 1] AUC-0-C)s H{C-0-C); HC-8) sets

{Ni{i-prxa)(taa)}(i-prxa) 3.07 18.0 1260m 1148m 1030w 59.2% N4S.
274 620m

[Ni(i-prxa)s(apa)] 3.35 17.4 [276s 1140s 1026m 3.7° N;S;
20.8 1206vs 612s
31.6

[Ni{i-prxa)s(baa)) 3.20 16.8 1260m 1144m 1038m 11.5° N3S;
20.4 1202w 630w
32.0

[Ni(i-prxa),(amp)] 3.14 16.0 1264s 1140s 1030s 49° N,S4
21.0 1214w 638s
310

[Ni(i-prxa)a(dpa)] 319 15.8 1262m 1140s 1038s 5.4b N,S,
32.0 1202s 6265

[Ni(i-prxa)s(tpy)] 3.28 17.4 1260w 1152s 10365 10.6" N3S;
29.0 1216s 636m

*Measured in DMFA.
"Measured in acetone.

612-638 cm ™' regions. The v(N--H) modes in complexes conlaining primary
amines are observed at 3250-3325cm ™' and between 910-770 cm ™", Bands
found at 1065cm™' confirm the presence of ¥(C-N).'"® The maximum at
1310cm ™" can be attributed to the aromatic C—N stretch and it was observed
in complexes with the amp, dpa or tpy ligand.
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Molar conductance values given in Table V indicate that the complexes,
except for [Ni(i-prxa)(taa)](i-prxa), have non-ionic character.'” The molar
conductivity of the above complex was studied in DMFA solution owing to
its poor solubility in acetone. Its molar conductance (Ay = 59.2S cm? mol 1)
corresponds to a | : 1 electrolyte, even if the obtained value is somewhat lower
than the value interval given in the literature (65-90 Scm?mol™").!” This
means that one of two xanthate anions is situated outside of coordination
sphere.

The metal configurations in complexes of (1) and (2) are cis-octahedral with
NiS4N; cores. Bond lengths and S—Ni—S angles in the coordination spheres
of (I) and (2) (see Tables VI and VII) show small differences and are com-
parable with those found for the other cis-octahedral nickel(I1) xanthates
containing the abovementioned chromphore.* However, the N-Ni—N angles
in (1) and (2) differ significantly, being 86.1(2), and 79.36(17) and 80.01(18)°,
respectively. The structure of (1) is composed of discrete molecules (Figure 1)

TABLE VI Selected bond lengths [A] and angles [°] for [Ni(i-prxa)y(dpa)] - dmso (I)

Ni (1)-N (1) 2.071 (5) C(9-N (H)=Ni (1) 122.4 (5)
Ni (=N (3) 2.051 (6) C(13)-N (1)-Ni (1) 128.2(5)
Ni (1)--S (1) 2.491 (2) C (14)-N (3)-Ni (1) 121.5 (5)
Ni (=S (2) 2.4254 (19) C (18)-N (3)-Ni (1) 120.0 (5)
Ni(1)-S(3) 2.4468 (19) C(13)=-N (1)-C (9) 116.0 (6)
Ni (1)-S (4) 2.437 (2) C(14)-N (2)-C (13) 127.4 (6)
S()-C (1) 1671 (7) C (14)-N (3)-C (18) 117.8 (6)
S (2)-C (1) 1.695 (7) O ()=-C (D)-S (1) 124.9 (5)
S(3) C(5) 1.685 (7) O (H-C (1)-S () 115.4 (5)
S (4)-C (5) 1.667 (1) S(1)-C (1)=S (2) 119.6 (4)
N (1)-C (13) 1.342 (7) C (-0 (H=C (2) 120.2 (6)
N (13-C (9) 1.359 (9) C (3)-C (2)-0 (1) 108.4 (8)
N (2)-C (14) 1.352 (9) C (3)-C (2)-C (4) 111.7 (10)
N(2)-C (13) 1.386 (8) 0 (1)-C(2)-C (4) 105.2 (8)
N (3)-C (14) 1.336 (8) C(5)-0 (2)-C (6) 120.2 (6)
N (3)-C (18) 1.344 (10) 0(2) C(5-S @) 115.7 (5)
C(-0(N 1.318 (8) 0 (2)-C (5)-S(3) 123.9 (5)
0 (1)-C2) 1.470 (10) S (4)-C (5-S(3) 120.4 (4)
C(2)-C(3) 1.444 (15) 0@2)-C(6)-C(7) 108.9 (7)
C(2)-C (4) 1.509 (12) 0 (2)-C (6)-C (8) 104.6 (8)
0 (2)-C (5) 1.345 (7) C(7)-C (6)-C (8) 112.3 (9)
0 (2)-C (6) 1.451 (10) C (10)-C 9) -N (1) 124.5(7)
C (6)-C(7) 1.457 (13) N (1)-C (I3)-N (2) 119.2 (6)
C(6)-C (%) 1,509 (12) N(1)-C(13) C(12) 122.3(7)
C(9)-C (10) 1.338 (11) N (2)-C (13)-C (12) 118.4 (6)
N (3) -Ni (I)-N (1) 86.1 (2) N (3)-C (14)-N (2) 120.5 (6)
S (4)-Ni(1)-S(3) 73.09 (7) N (3)-C (14)-C (15) 120.2(7)
S (2)-Ni (D-S (1) 72.53 (7) N (2)~C (14)-C (15) 119.2(7)
N (3)-Ni (1)~S (4) 170.11 (16) N (3)-C (18)-C (17) 124.0 (9)
N (D=Ni (1)-S (1) 167.81 (15) 1 1

S(2)-Ni(l) S(3 161.53 (6}
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TABLE VIl Selected bond lengths [A] and angles [°] for [Ni(i-prxa)(amp)] (2)

Ni ()-N (1)

Ni (1)-N (2)

Ni (1)-$ (1)

Ni (1)-S (2)

Ni (1)-S (3)

Ni (1)-S (4)

S (H)=C (1)

S (2)-C (1)
S(3)-C (5

S (4)-C (5)
o-C 1)

0 (H-C Q)

0 (2)-C (5)

0 (2)-C (6)

N (1)-C (10)

N (1)-C (14)

N (2)-C (9)
C(2)-C4)
C(2)-C(3)
C(6)-C (7)

C (6)-C (8)

C (9)-C (10)

N (1)-Ni (1)-N (2)
S (3)-Ni (1)-S (4)
S (2)-Ni (1)-S (1)
N (2)-Ni (1)-§ (2)
N (1)-Ni (1)-S (3)
S (4)-Ni (1)-S (1)
C (1)-S (1)-Ni (1)
C(1)-S(2)-Ni (1)
C (5)-S(3) Ni (1)
C(5)-S (4)-Ni (1)
C (1)-0 ()-C (2)
C (5)-0 (2)-C (6)
C (10)-N (1)-C (14)
C (10)-N (D)-Ni (1)
C (14)-N (1)-Ni (1)
C (9-N (2)-Ni (1)
0 (1)-C (1)-S (2)
0 (1)-C (1)-S (1)
$(2)-C (1)-S (1)
O (1)-C (2)-C (4)
0 (1)-C(2)-C (3)
C (4)-C (2)-C (3)
0(2)-C(5)~S(3)
0 (2)-C (5)-S (4)
S$3)-C(5)-S4)
C(N-C(6)-0 (2)
C(7)-C (6)-C (8)
0 (2)-C (6)-C (8)
N (2)-C (9)-C (10)
N (1)-C (10)-C (11)
N (1)-C (10)-C (9)
C (11)-C (10)-C (9)

2.065 (4)
2.074 (4)
2.4636 (16)
2.3934 (16)
2.4459 (15)
2.4559 (15)
1.697 (5)
1.684 (6)
1.663 (6)
1.690 (5)
1.317 (6)
1.467 (7)
1.347 (6)
1.458 (6)
1318 (7)
1.353 (6)
1.468 (7)
1.491 (8)
1.497 (8)
1.446 (9)
1.486 (10)
1.494 (7)
79.36 (17)
72.91(5)
73.49 (5)
171.98 (14)
166.75 (13)
160.31 (5)
823 (2)
84.72 (18)
83.67 (18)
82.82 (18)
120.8 (4)
120.1 (4)
118.8 (5)
115.4 (3)
125.8 (4)
109.8 (3)
116.4 (4)
125.1 )
118.5(3)
105.5 (5)
107.5(5)
113.6 (6)
125.0 (4)
114.4 (4)
120.6 (3)
109.0 (5)
111.7 (7)
104.4 (6)
110.7 (5)
121.9 (5)
116.5(5)
121.6 (5)

Ni (2)-N (3)

Ni (2)-N (4)

Ni (2)-S (7)

Ni (2)-8 (5)

Ni (2)-S (6)

Ni (2)-S (8)

S (5)-C (15)

S (6)-C (15)

S (7)-C (19)

S (8)-C (19)

0 (3)-C (15)

0 (3)-C (16)

O (4)-C (19)

0 (4)-C (20)

N (3)-C (24)

N (3)-C (28)

N (4)-C (23)
C(16)-C (17)

C (16)-C (18)

C (20)-C (21)

C (20)-C (22)

C (23)-C (24)

N (3)-Ni (2)-N (4)
S (7)=-Ni (2)-5 (8)

S (5)-Ni (2)-S (6)

S (7)-Ni (2)-S (5)
N (4)-Ni (2)-S (6)
N (3)-Ni (2)-S (8)
C(15)-S (5)-Ni (2)
C (15)-S (6)-Ni (2)
C(19)-S (7)-Ni (2)
C(19)-S (8)-Ni (2)
C(15)-0 (3)-C (16)
C (19)-0 (4)-C (20)
C (24)-N (3)-C (28)
C (24)-N (3)-Ni (2)
C (28)-N (3)-Ni (2)
C (23)-N (4)-Ni (2)
0 (3)-C (15)-S (5
0 (3)-C (15)-S (6)
8(5)-C(15)-S (6)
0 (3)-C (16)-C (17)
0 (3)-C (16)-C (18)
C (17)-C (16)-C (18)
0 (4)~C (19)-S (8)
0 (4)-C (19)-8 (7)
S (8)-C (19)-S (7)
O (4)-C (20)-C (21)
0 (4)-C (20)-C (22)
C (21)-C (20)-C (22)
N (4)-C (23)-C (24)
N (3)-C (24)-C (25)
N (3)-C (24)-C (23)
C (25)-C (24)-C (23)

2.070 (5)
2.068 (4)
2.4230 (16)
2.4311 (16)
2.4583 (18)
2.4602 (15)
1.676 (6)
1.683 (7)
1.694 (5)
1.670 (6)
1.331(7)
1.452 (8)
1.331 (6)
1.469 (6)
1.335(7)
1.351(7)
1.473 (7)
1.514 (9)
1.512(12)
1.488 (10)
1.502 (9)
1.488 (8)
80.01 (18)
73.14.(5)
72.71 (6)
167.77 (6)
171.05 (13)
167.70 (14)
84.3 (2)
83.3(2)
83.91 (19)
83.22(18)
119.7 (6)
120.7 (4)
119.3 (5)
114.5 (3)
125.7 (5)
108.7 (3)
115.6 (5)
125.1 (4)
119.3 (4)
107.9 (6)
1043 (7)
111.8 (8)
126.1 (4)
114.2 (4)
119.7 (3)
109.0 (5)
105.2 (5)
114.2 (6)
110.2 (5)
121.1 (6)
115.9 (5)
123.1 (6)
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separated by dimethyl sulfoxide units. While the Ni—S bond lengths differ
significantly and their values vary from 2.4254(19) to 2.491(2) A, the Ni-N
distances are similar and are equal to 2.071(5), and 2.051(6) A, respectively.,
The structure of (2) consists of two crystallographically independent mole-
cules in the asymmetric unit (Figure 2). The ranges of Ni—S and Ni~N lengths
are 2.3934(16)-2.4636(16) A and 2.065(4)-2.074(4) A, respectively.

In the complexes [Ni(i-prxa),(apa)], [Ni(i-prxa),(baa)] and [Ni(i-prxa),-
(tpy)] it is difficult to define unambiguously the coordination mode of the
ligand due to the lack of crystallographic data. However, on the basis of our
results, mainly through conductance data, we assume that the complexes
containing apa, baa or tpy ligands in combination with isopropylxanthate
anions also have NiN3S; cores. This means that one of the two xanthates is
coordinated as a bidentate while the second is a monodentate ligand.

Supplementary Material

A complete list of bond distances and angles, anisotropic displacement
parameters, hydrogen coordinates, and observed and calculated structure
factors is available from Zdenék TravniCek upon request.
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