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Cl(4)—Cu(2)—0(2) 93.54(15) N(3)—C(32)—C(33)  120.6(7)
Cl(4)—Cu(2)—O0(4) 105.53(12) C(32)—C(33)—C(34) 117.1(7)
0o(1)—Cu(2)—0(2) 16344 (19) C(33)—C(34)—C(35) 122.7(7)
0O(1)—Cu(2)—0(4) 7521(16) C(31)—C(35)—C(34)  1182(7)
0(2)—Cu(2)—0(4) 88.61(17) Cu()—O(4)—Cu(2)  104.18 (18)
Cu()—O(1)—Cu(2)  10495(19) Cu(1)—O(4)—C(41) 1234 (4)
Cu(1)—O0(1)—C(11) 132.5 (4) Cu(2)—0(4)—C(@d1) 1322 (4)
Cu(2)—O(1)—C(11) 122.5 (4) 0(4)—C(41)—N(4) 117.4 (6)
O(1)—C(11)—N(1) 117.1 (6) O(4)—C@1)—C@45) 1262 (6)
O(1)—C(11)—C(15) 127.0 (6) N(4)—C(@41)—C(@45)  116.3(6)
N(1)—C(11)—C(15) 115.9 (6) C@41)—N(@4)—C(@42) 1239 (6)
C(11)—N(1)—C(12) 123.5 (6) N(4)—C(42)—C(3) 1200 (6)
N(1)—C(12)—C(13)  120.0(7) C(42)—C(43)—C(44)  119.6(7)
C(12)—C(13)—C(14)  118.6(7) C(43)—C(44)—C(45)  120.1 (7)
C(13)—C(14)—C(15)  121.4(7) C(41)—C(45)—C(44)  120.1(6)

Table 3. Torsion angles (°) with standard deviations

Cl(1—Cu(1)—O(1)—Cu(2) 8420 (18)  Cu@—O(H—C(1—N()  160.9 (4)
Cl(1)—Cu(1)}—0(1)—C(11) -98.2 (6) Cu(2y—O(1)—C(11)—C(15) -20.1(9)
Cl2)—Cu(1}—0(1)—Cu(2) -91.39 (17)  O(—CUI—N(—C(12)  176.4 (6)
Cl2)—Cu(1—O(1)—C(11)  86.2 (6) C(15—C(11y—N()—C(12)  —2.7(10)
0B3)—Cu(1)—0(1)—Cu(2) 17397 2l)  O()—C(1—C(15)—C(14) —177.4 ()
0(3)—Cu(1)—O(1)—C(I11)  —8.4 (6) N(1)—C(11)—C(15)—C(14) 1.6 (10)
O —Cu(1)—0(1)—Cu(2) -240(19)  C(I1y—N(1)—C(12)—C(13) 20(11)
O@)—Cu(1)—0(1)—C(11) 1752 (6) N()y—C(12—C(13)—C(14)  —0.1 (11)
Cl(1—Cu()—O(3)—C(31) -759 (5) C(12)—C(13y—C(14y—C(15) —0.9 (11)
CI2)—Cu(1)—0(3)—C(31)  67.0 (5) C(13)—C(14—C(15)—C(I11) 0.0 (11)
O(1)—Cu(1—0(3)—C(31) 1710 (5 Cu@)y—0(2 )—CQ1—NQ2) -162.2 (5

0O(4)—Cu(1)—0(3)}—C(31) -176.0 (6) Cu@2—0(2)—CR1)—C(25)  18.0 (10)
CI(1)—Cu(1)—0(@4)—Cu(2) - 11130 (14)  OQ)—CN—N@2)—C(22)  179.7 (6)
CI(1)—Cu(1)}—0@)—C@1) 736 (5) C(25)—CQI—N@)—C(22) -0.5(10)
CI(2)—Cu(1)—O@)—Cu(2) 10576 (15)  O()—C(21)—C(25—C(4) 179.7(7)
CI(2)—Cu(1)—O(4)—C(41) —69.4 (5) N(2)—C(21)—C(25)—C(24) 0.0 (10)
O(1)—Cu(1)—0(4)—Cu(2) 199 (15)  CQI—N@)—C(22)—C(23) -04(11)
0O(1)—Cu(1)—0(4)—C(41) -173.1 (5) N(2)—C(22)—C(23)—C(24) 17 (11)
O(3)—Cu(1)—0(4)—Cu(2) -11.5(8) C(22)—C(23y—C(24)—C(25) -23(11)
0(3)—Cu(1)—0(4)—C(41) 173.4(6) C(23)—C(4)—C(Q5—C(21)  1.4(11)
CI(3)—Cu(2—O()—Cu(l) 11508 (15)  Cu(1)—O(3)}—C(31)—N@3)  166.8 (4)
CI(3)}—Cu(2—0(1)—C(11) -62.8 (5) Cu(1)—0(3)—C(31)—C(35) -139(9)
Cl@)—Cu(2—0()—Cu(l) 10298 (15)  OBR)—C(B1H—N(3)—C(32) -179.4 (6)
Cl(4—Cu2—O(1)—C(11)  79.1 (5) C(35—C(31)—N(3)—C(32) 1.2 (10)
0(2)—Cu(2)—O(1—Cu(l)  14.5(8) 0(3)—C(31)—C(35—C(34) —178.7 (D)
O(2)—Cu(2)—0(1)—C(11) - 163.4 (6) N3—C(31)—C(35)—C(34) 0.6 (10)
O(4y—Cu(2)—0(1)—Cu(1) 200 (15)  CEI—N(3—C(32)—C(33) -26(11)
0(4)—Cu(2)—0(1)—C(11) ~175.9 (5) N(3)—C(32)—C(33)—C(34) 20 (11)
Cl(3)—Cu(2)—0(2)—C(21)  65.5 (5) C(32—C(33)—C(34—C(35) —0.2(12)
Cl(4y—Cu(2)—0(2)—C(21) —76.0 (5) C(33—C(34)—C(35—C(31) — L1 (1)
O(1)—Cu(2)—0(@2)—C(21)  166.5 (6) Cu(1)—O(4)—C@1)—N@) 1738 (4)
04y —Cu(2)—0(2)—C(R1)  178.5(5) Cu(1)—0@)—C(41)—C@5) -56(9)
Cl(3)—Cu(2—0(4)—Cu(l) —88.94(17)  Cu(2—O@4)—C(41)—N(4) 0.2(9)
CI(3)—Cu(2)—0(d)—C(41)  85.6 (5) Cu(2)—O0(4)—C(41)—C(45) —179.2 (5)
Cl(d)—Cu(2)—O0@)—Cu(l)  87.87 (17)  O@)—C@E)—N@#—C@#2) -179.9 (6)
Cl(4)—Cu(2)—O0(4)—C(41) —97.6 (5) C(45—C(41)—N@)—C42) -0.5(10)
O(1)—Cu(2y—0(@4)—Cu(l) -2.37(18)  O4)—C(41)—C@45—C44) 179.2(7)
O(1)—Cu(2)—0#)—C(41) 1721 (6) N(4)—C(41}—C(45)—C(44)  -0.2 (10)
O(2—Cu(2)—0(4)—Cu(1) —178.84 (21)  C(41)—N(4)—C(42)—C(43) 0.4 (10)
0(2)—Cu(2)—0(@d)—C@l) -44(4) N(4y—C(42)—C(43)—C(44) 0.5(11)
Cu()—O(1)—C(11)—N(1) - 16.4 (9) C(42)—C(43y—C(44)—C@5) - 1.3(11)
Cu(1)—0(1)—C(11)—C(15) 162.7 (5) C(43)—C(44)—C(45)—C(41) 1.1 (11)

The figures were produced using SHELXTL PC (SAXI, 1990)
and molecular geometry calculations performed using CALC
(Gould & Taylor, 1985). Program used to solve structure by au-
tomatic direct methods: SHELXS86 (Sheldrick, 1986). Program
used to refine structure: SHELX76 (Sheldrick, 1976). Reflection
data were collected using the learnt profile method (Clegg, 1981)
and corrected for absorption by the t-scan method (North,
Phillips & Mathews, 1968). Refinement was by full-matrix least
squares with all non-H atoms being allowed isotropic motion.

Lists of structure factors, anisotropic thermal parameters, H-atom coor-
dinates and complete geometry have been deposited with the British Li-
brary Document Supply Centre as Supplementary Publication No. SUP
55759 (15 pp.). Copies may be obtained through The Technical Editor,
International Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England. [CIF reference: HA1013]
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Abstract

The Cu" ion is five coordinated in a distorted
square-pyramidal geometry with the four N atoms
equatorial and an N-bound isothiocyanate axial. It
deviates from the best plane formed by the four N
atoms towards the isothiocyanate N atom. The axial
Cu—N distance is longer than the equatorial Cu—N
distances. Comparison of the present work with
other similar complexes reveals some steric effects of
the monodentate ligand —NCS~ on the coordina-
tion geometry.

Comment

The crystal structure of bis[u-3,10-dimethyl-4,9-
diaza-3,9-dodecadiene-2,11-dione  dioximato(1 —)-
u-0,N,N',N”’ ,N""]-dicopper(Il) diperchlorate, [Cu-
(C,H5N,0,)137.2C10, has been reported (Wang,
Wang, Wang & Chung, 1990). In order to study the
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effect of the monodentate ligand on the O--O dis-
tances and the structures of this type of complex, we
have prepared the title complex and studied its
structure.

The ligand, 3,10-dimethyl-4,9-diaza-3,9-dodeca-
diene-2,11-dione dioxime, was prepared as described
in the literature (Wang, Wang, Wang & Chung,
1990). Sufficient NaOH was added to a mixture of
an acidic aqueous solution of this ligand and
CuS0,.5H,0 to make this solution neutral. Addition
of excess NaSCN solution gave reddish-brown crys-
tals which were recrystallized from a methanol
solution.

The coordination geometry about the copper ion is
distorted square-pyramidal with the four N atoms
equatorial and an N-bound isothiocyanate axial. The
equatorial N atoms undergo a slightly tetrahedral
distortion. The maximum deviation of these N atoms
from the least-squares plane formed by the four N
atoms is 0.166 (6) A. The deviation of the copper ion
from this plane towards the isothiocyanate N atom is
0.298 (2) A. The equatorial Cu—N distances are
shorter than the axial Cu—N distance [2.147 (4) A].
An oxime proton is lost from the ligand in forming
the complex and the remaining oxime proton forms
an intramolecular hydrogen bond [0-+O 2.461 (6) A,
O—H:-0 166.5 (3)°]. It is interesting to note that in
the absence of NCS™, the copper(I) complex of the
previously reported tetradentate ligand is a binuclear
complex, bis[u-3,10-dimethyl-4,9-diaza-3,9-dodeca-
diene-2,11-dione dioximato(l —)-u-O,N,N',N”" N"""]-
dicopper(Il)  diperchlorate, [Cu(C;,H,;N,0,)]3" .-
2C10;, (Wang, Wang, Wang & Chung, 1990). As in
the title complex, the copper(Il) coordination of this
complex is distorted square pyramidal. The four
Cu—N distances and the four N=C distances of this
binuclear complex are slightly shorter than those of
the title complex; however, the OO and C—C
distances in the five-membered rings of the binuclear
complex are longer than those of the title complex.
These results indicate that the monodentate ligand
—NCS™ has a significant effect on the structure of
this type of complex.

The ambidentate ligand NCS~ is N-bound and the
N—Cu bond is slightly distorted from the normal to
the N basal plane as evidenced by the N(5—Cu—
N(1), N(5y—Cu—N(2), N(5—Cu—N(3) and N(5)—
Cu—N(4) angles. The axial Cu—N distance is much
longer than the Cu—N distances of the four-
coordinated trans-[Cu(pyridine),(NCS),] (Soldanova,
Kabesova & Gazo, 1983).

The seven-membered ring is disordered at C(7)
and C(7'). The fragment CuN(3)C(8)C(9)C(10)C(11)-
C(12)N(4)O(2) is planar to *=0.120(8) A and the
fragment O(1)N(1)C(1)C(2)C(3)CHA)N()C(5) to
+0.103 (9) A. The deviation of the Cu atom from
this plane is 0.266 (5) A. The seven-membered ring is
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in a skew form, the deviations of atoms C(6), C(7),
C(7) and C(8) from the best plane formed by
N(3)CuN(2)C(5) [planar to within 0.009 (9) A] being
0.35(1), —1.07(1), —0.23(2) and —0.70(1) A,

respectively.

C(1)
-0.12

Fig. 1. A perspective view of the molecular structure with
numbering scheme, showing displacements from the best plane
formed by the four equatorial N atoms.

Experimental
Crystal data

[Cu(C12H21N402)(NCS)]
M, = 374.95
Orthorhombic

Pn21a

a=175322(7A
b=12652(2) A
c=17985(4) A

V= 17139 (5) A?
Z=4

D; = 1453 Mg m™3

Data collection

Nonius CAD-4 (graphite
monochromator) diffrac-
tometer

0/20 scans

Absorption correction:
empirical, based on
scan (North, Phillips &
Mathews, 1968)
Thin = 0.6343, Ty =
0.6391

5140 measured reflections

Refinement

Refinement on F

Final R = 0.034

wR = 0.036

S=120

1928 reflections

H-atom parameters not re-
fined

w=1

(A/0)max = 0.151

Mo Ka radiation

A=0.7093 A

Cell parameters from 25
reflections

6 =9.75-12.45°

=141 mm™!

T=298 (3)K

Square bipyramid

0.56 x 0.47 x 0.44 mm

Black

2610 independent reflections

1928 observed reflections
[122.50(D)]

R = 0.015

Omax = 29.9°

h=0- 10

k=0— 17

!l =025

3 standard reflections
frequency: 60 min
intensity variation: +2.0%

Apmax = 041 ¢ A3

Apmin = —0.35¢ A3

Extinction coefficient:
0.42(2) (length in mm)

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. IV)
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Table 1. Fractional atomic coordinates and equivalent
isotropic thermal parameters (A%)

Beg is the mean of the principal axes of the thermal ellipsoids.

x y z Beq
Cu 0.54953 (7) 0.37260 0.11812 3) 3.028 (24)
S 0.8669 (3) 041871 (16) —0.11865(10)  5.81(8)
o) 0.7430 (7) 0.5309 (4) 0.2031 (3) 4.67(19)
oQ) 0.8382 (5) 0.3486 (3) 022944 (20)  428(17)
N(1) 0.5925 (6) 0.5080 (4) 0.16713(24) 354 (17)
N@) 0.3109 (6) 0.4444 (4) 0.10058 (23)  3.42(17)
N@G) 0.5157 (5) 0.2181 (4) 0.08695 (21)  3.28(17)
N@) 0.7326 (5) 0.2989 (4) 0.18083 (22)  2.95(15)
N(5) 0.6925 (6) 0.4036 (5) 0.01715(25)  4.69(23)
(1)) 0.4981 (10) 0.6918 (5) 0.1847 (4) 5.1(3)
c@) 0.4736 (8) 0.5811 (4) 0.1575 (3) 3.68 (22)
c@3) 0.3128 (8) 0.5422 (5) 0.1208 (3) 3.89 (23)
C@) 0.1583 (10) 0.6158 (6) 0.1099 (4) 57(3)
c) 0.1453 (9) 0.4019 (6) 0.0712 (4) 54(3)
C(6) 0.1403 (8) 0.2854 (6) 0.0715 (5) 54 (3)
con: 0.2754 (15) 0.2579 (9) —0.0005 (6) 3.0 (4)
o7’y 0.2202 (21) 0.2009 (18) 0.0324 (12) 82(11)
C@®) 0.4020 (9) 0.1834 (7) 0.0244 (3) 56(3)
() 0.6233 (6) 0.1533 (4) 0.1191 (3) 3.10 (19)
C(10) 0.6347 (9) 0.0373 (5) 0.1024 (4) 52(3)
can 0.8598 (8) 0.1320 (5) 0.2242 (3) 429 (24)
c(12) 0.7410 (7) 0.1982 (4) 0.1767 (3) 2.82(19)
c(13) 0.7645 (7) 0.4094 (5) —0.0385 (3) 3.61 (20)

*Occupancy factor assumed to be 0.5.

Table 2. Selected distances (A) and angles (°)

Cu—N(1) 1.954 (5) N(@@)—C(12) 1279 (7)
Cu—N(Q) 2.039 (4) N(5)—C(13) 1.141(7)
Cu—N(4) 2,011 (4) C(1)—CQ) 1.496 (9)
Cu—N(@3) 2.049 (5) C2)—CE) 1.464 (9)
Cu—N(5) 2.147 (4) C(3)—C(4) 1.503 (9)
S—C(13) 1.639 (6) C(5)—C(6) 1474 (11)
O(1)—N(1) 1.338 (6) C6)—C(N 1.684 (13)
0(2)—N(4) 1.339 (5) C(NH—C@®) 1.413 (13)
N(1)—C(2) 1.298 (7) C(6)—C(@’) 1415 (20)
N@2)—C(3) 1.289 (8) c(7)—C(@®) 1.394 (18)
N@2)—C(5) 1.457 (8) C©)—C(10) 1.501 (8)
N(3)—C(8) 1.481 (7) C(9)—C(12) 1.476 (7)
N(3)—C(9) 1.290 (7) C(11)—C(12) 1.494 (8)
N(1)—Cu—N(2) 7991(18) Cu—N(5)—C(13) 172.8 (5)
N(1)—Cu—N(3) 168.65 (17)  N(1)—C(2)—C(1) 122.5 (5)
N(1)—Cu—N(4) 9229(18)  N(1)—C(2)—C(3) 113.1 (5)
N(1)—Cu—N(5) 97.94(20) C(1)—C(2)—C(3) 124.4 (5)
N(@2)—Cu—N(3) 10586 (17) N(2)—C(3)—C(2) 117.3 (5)
N(@2)—Cu—N(4) 153.92(16) N(@2)—C(@3)—C(4) 1233 (6)
N(@2)—Cu—N(5) 10329 (18) C(2)—C(3)—C(4) 119.4 (6)
N(3)—Cu—N(4) 7826(17)  N(2)—C(5)—C(6) 112.9 (5)
N3)—Cu—N(5) 90.31(20) C(5)—C(6)—C(7) 100.8 (6)
N(@@)—Cu—N(5) 10242 (18) C(5)—C(6)—C(7") 138.0 (12)
Cu—N(1)—0(1) 1233 (4) C(6)—C(7)—C(8) 107.6 (7)
Cu—N(1)—C(2) 116.7 (4) C(6)—C(7")—C(8) 126.1 (13)
O(1)—N(1)—C(2) 119.7 (5) N(3)—C(®)—C(T) 115.7(7)
Cu—N(@2)—C(3) 112.0 (4) N@G3)—C(@8)—C(7") 116.2 (8)
Cu—N@2)—C(5) 130.2 (4) N(3)—C(9)—C(10) 124.6 (5)
C(B3)—N(@2)—C(5) 117.8 (5) N(3)—C(9)—C(12) 116.6 (5)
Cu—N(3)—C(8) 1242 (4) C(10)—C(9)—C(12) 118.9 (5)
Cu—N@3)—C(9) 1139 (3) N(@#)—C(12)—C(9) 113.3 (5)
C(8)—N(3)—C(9) 121.1 (5) N(@)—C(12)—C(11) 123.7 (5
Cu—N(4)—0(2) 1238 (3) C(9)—C(12)—C(11) 123.1 (5)
Cu—N(@)—C(12) 117.6 (3) S—C(13)—N(5) 179.4 (5)
0(2)—N(4)—C(12) 118.5 (4)

Method used to solve and refine structure: direct and Fourier
methods, full-matrix least-squares refinement; H atoms by dif-
ference Fourier method and theoretical calculation. Program
used: NRCVAX (Gabe, Le Page, White & Lee, 1987).

The authors thank the National Science Council, ROC,
for support under grants NSC82-0208-M007-119 and
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NSC82-0208-M007-32. They are also indebted to Ms
Shu-Fang Tung for collecting the X-ray diffraction data.

Lists of structure factors, anisotropic thermal parameters and H-atom co-
ordinates have been deposited with the British Library Document Sup-
ply Centre as Supplementary Publication No. SUP 55755 (8 pp.). Copies
may be obtained through The Technical Editor, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England. [CIF ref-
erence: AS1017]
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Abstract

The two metal centres of the complex are Mo with an octa-
hedral and Zn with a tetrahedral coordination sphere. Both
metal atoms are members of chelate ring systems; the
Mo atom belongs to a four-membered non-planar MoP,C
ring and the Zn atom is part of a five-membered diamine
chelate ring.

Comment

In recent work we prepared new hetero-bifunctional lig-
ands and their bimetal complexes (Haupt, Kleineberg &
Florke, 1993). With N2-[2,2-bis(diphenylphosphino)eth-
yl]-N',N'-dimethylethane-1,2-diamine (EPP-4C2N) as
ligand, the compounds [M(CO)4(EPP-4C2N)M'Cl,] with
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