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Reaction of methanolic copper(Il) acetate solution with
oxazolidine 21 (HL?) led to the formation of the one-
dimensional coordination polymer 1D-1[CuL?] 23. On the
contrary, reaction of copper(Il) acetate in methanol with
pyrrolidine 24 (HL® vyielded the two-dimensional
coordination polymer 2D-2[CulL§] 26. A common feature of
23 and 26 are the Cy,-symmetric coordinatively unsaturated
building blocks 22 and 25. In 1D-1[Culj] 23, the cyano
groups are linked to copper in a side-on fashion and the
monomers 22 are oriented parallel to one another, whereas
in 2D-2[CuL8] 26 the cyano groups are bound to copper in
the end-on mode and the monomers 25 are oriented at an
angle of 117° to one another. In both 1D-23 and 2D-26,
copper has a distorted octahedral coordination sphere. On

the other hand, reaction of methanolic copper(ll) acetate
solution with enantiomerically pure (5S)-pyrrolidine 27
(HL°®) led to the formation of the diastereomeric helical
strands (M)-/(P)-1D-1[CuL3®] 29. (M)- and (P)-29 are present
in pairs in the infinite unit cell. In helical 1D-29, copper is
tetragonal-pyramidally coordinated and the C,-symmetric
monomers 28 (CuL3®) are linked through only one cyano
group. Moreover, it has been shown that the reaction of
chiral racemic pyrrolidine 30 (HL!°®S) with copper(ll)
acetate via the intermediate C;-symmetric building blocks 31
(CuL!°®L10)y  furnishes one-dimensional 1D-1[CulL!0®-
L19®)] 32. Single-crystal X-ray diffraction analyses of the
supramolecular species 23, 26, 29, and 32 unequivocally
establish the structures of these coordination polymers.

Introduction

With the growing understanding of supramolecular
chemistry,[ it might ultimately become feasible to routinely
design and control solid-state architectures and therefore
function.?! Increasingly, solid structures are being invented
and created rather than discovered. Realisation of such
macromolecular targets requires the ability to assemble
small supramolecular units that can be further aggregated
in a controlled fashion. In order to construct such assem-
blies, we have developed coordinatively unsaturated build-
ing blocks of copper(Il) and iron(II) with two additional
ligating sites that do not interfere with the monomer as-
sembly process but facilitate controlled aggregation.

We have recently shown that reaction of methanolic cop-
per(I1) acetate solution with tetrazole 8 (HL') leads to the
formation of the three-dimensional coordination polymer
3D-3[CuL}] 1, whereas under exactly the same conditions
pyrrolidine 9 (HL?) forms the two-dimensional coordi-
nation polymer 2D-2[CuL3] 2.1 A prerequisite for the for-
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mation of 3D-1 and 2D-2 is the intermediate generation of
the coordinatively unsaturated copper(Il) building blocks
14 (L = L") and 15 (L = L?). The monomers 14 and 15 are
bidentate and coordinate through the two cyano groups.
This leads to perpendicular linking of the monomers and to
coordinative saturation at the copper(IT) centers of 14 and
15 with formation of the corresponding three- and two-di-
mensional coordination polymers 1 and 2. Thus, during the
crystallization of the polymers 1 and 2, the role of the build-
ing blocks 14 and 15 is twofold. They react both as metals
and as ligands.! The exact structures of 1 and 2 were estab-
lished by single-crystal X-ray analyses. In both polymers,
the coordination sphere about the copper(Il) atoms is a
slightly distorted tetragonal bipyramid.

Unexpectedly, reaction of methanolic copper(Il) acetate
solution with tetrazole 10 (HL?) furnished the coordination
polymer 1D-L[CuL3] 3. In the case of 3, a parallel rather
than a perpendicular orientation of the building blocks 16
(L = L) leads to one-dimensionality.[®! A one-dimensional
zigzag coordination polymer 1D-L[Culi] 4 was also ob-
tained starting from benzoxazolidine 11 (HL?*). The reduced
dimensionality of 4 allows 17 (L = L% to coordinate to
copper(I1) through one cyano group only.!”!

In contrast to the C,,-symmetric monomers 14—17, the
C,-symmetric building block (S,S)-18 (L = L>®), generated
from (S)-methoxycarbonylpyrrolidine 12 (HL>®), is steri-
cally shielded at one side and thus couples only through
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one cyano group. This leads to the helical one-dimensional
coordination polymer 1D-L[CuL3®] 5. According to the X-
ray diffraction analysis, the crystal is composed of two al-
most identical helix strands, (P)-1D-L[CuL3®] 5 and (M)-
1D-L[CuL3®™)] 5,81 which generate pairs of diastereoiso-
mers.[) It is noteworthy that the stereogenic centers in
(S,5)-18 do not lead to asymmetric induction. Racemic
mixtures of single-stranded coordination polymers with
(P)- and (M)-helicity were also obtained with achiral li-
gands and copper(I). 10

To date, only a few examples of chiral, non-racemic heli-
cal coordination polymers have been reported, where the
chirality is induced by a stereogenic center.!!'1l!2] For ex-
ample, reaction of a methanolic solution of enantiomer-
ically pure oxazolidines 13 (HL®®) with copper(II) acet-
ate and crystallization from chloroform afforded single-
crystals suitable for X-ray diffraction analysis. This analysis
showed the crystals to be composed of identical, palin-
dromic one-dimensional strands (P)-1D-L[CuL$®®] 6 and
(M)-1D-L[CuL8®] 6.[81031 Each cylindrical strand is

1860

formed by a set of C,-symmetric copper(Il) building blocks
(R,R)-19 (L = L5M®) and (S,5)-19 (L = L®),

Regardless of steric considerations, by using a Group 1
metal, the zigzag one-dimensional coordination polymer

D-L[(PMDETA)NaL?] 7 was formed. The polymer 7 is
generated from the coordinatively unsaturated building
block [(PMDETA)NaL?] 20.[!4

We report here on the synthesis of the one-dimensional
coordination polymers 1D-L[CuL}] 23 and 1D-L[CuL!'0®-
L1997 32, the two-dimensional coordination polymer 2D
-2[CuL§] 26, and the helical coordination polymer strands
(P)-I(M)-1D-L[CuL3®®] 29, which generate pairs of dia-
stereoisomers in the infinite unit cell.['!

23,32 26 29

Results and Discussion

One-Dimensional Coordination Polymer
1D-L[CuL]] (23)

Reaction of a solution of NH-acidic oxazolidine 21

(HL7)UOI7 with copper(Il) acetate in methanol yielded
dark-green microcrystals.

CN MeO,

1D-][Cul)] 23

On the basis of elemental analysis data and an X-ray dif-
fraction study, the product was identified as the one-dimen-
sional coordination polymer 1D-L[CuLJ] 23. The construc-
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Figure 1. Top: structure of monomeric unit 22 of one-dimensional coordination polymer 1D-L[CuLj] 23 showing atomic numbering; H
atoms omitted for clarity; bottom: stereoview of 23 in the infinite unit cell

tion of 23 becomes clear if one assumes the formation and
linkage of the self-complementary building blocks 22 (Cu
LJ). Intermediate 22 is coordinatively unsaturated and is
also bis-monodentate with respect to the two CN groups.
Specifically, the C,,-symmetric monomers 22 are aligned
parallel to one another. The equatorial cyano groups are
coupled to copper in a side-on fashion with a
Cu(lc)—N(2)—C(5) angle of 99.84° (Figure 1). The d°-Cul!
ions are six-fold coordinated and are located in the center
of a square-planar bipyramid. The Cu(lc)—N(2) distance
amounts to 291.0 pm.

Two-Dimensional Coordination Polymer
2D-%[Cul§] (26)

In order to study the effect of the ligands on the dimen-
sionality of the coordination polymers, we treated a
methanolic solution of pyrrolidine 24 (HL3)!611!81 with cop-
per(Il) acetate and isolated a green precipitate, which dis-
solved most readily in coordinating solvents. According to
the microanalytical data and a single-crystal X-ray diffrac-
tion analysis, the two-dimensional coordination polymer
2D-2[CuL$] 26 was formed.

Polymer 26 is generated from the coordinatively unsatu-
rated C,,-symmetric building blocks 25 (CuL$) along the
two cyano groups. This leads to coordinative saturation at
the copper(II) centers through distorted tetragonal bipyra-
mids (Figure 2). The Cu(a)—N(10) distance measures 277.1
pm. The cyano groups of monomer 25 are bound to copper
with a Cu(a)—N(10)—C(9) angle of 117.0°. The Cu—Cu

Eur. J. Inorg. Chem. 1999, 1859—1867

2D -Z[cull] 26

distances amount to 759.9 pm (coplanar) and 992.3 pm (in-
terplanar).
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Figure 2. Top: structure of monomeric unit 25 of two-dimensional coordination polymer 2D-2[CuL§] 26 showing atomic numbering; H
atoms omitted for clarity; bottom: stereoview of 26 in the infinite unit cell

Helical Strands (M)-/(P)-1D-L[CuL®)] (29)

Reaction of a methanolic copper(I) acetate solution and
(S)-isopropyloxycarbonylpyrrolidine 27 (HL?®)[16] in the
presence of triethylamine furnished light-green needles. Ac-
cording to the stoichiometric composition and an X-ray
crystal structure analysis, the product obtained consisted of
the helical coordination polymer (M)-/(P)-1D-L[CuL3®)]
29,19

The formation of the one-dimensional coordination poly-
mer 29 can be rationalized if one assumes the intermediate
generation of the coordinatively unsaturated C,-symmetric
building block [CuL3®] 28, which is sterically shielded at
one side by two isopropyloxycarbonyl groups. Therefore, in

oN
OMe
= Cu(OAC),
—_—

NH O

ROC
aAS) S
WS g7 R = ChMe, culs® 28 (My-£(P) -1D- [cuLy” ] 29
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contrast to 1D-L[CuLJ] 23, where copper displays tetrag-
onal-bipyramidal coordination, attack of 28 through only
one cyano group is possible. This leads to tetragonal-pyr-
amidal coordination at the copper(Il) centers with forma-
tion of 29. The infinite unit cell is composed of helix strands
made up of pairs of the diastereoisomers (M)-/(P)-1D-L[Cu
L3$] 29.

It is noteworthy that the stereogenic centers of the chiral
C>-symmetric monomers [CuL3®] 28 did not induce asym-
metry in favour of either an (M)- or a (P)-helix. Each strand
is composed of a set of identical monomeric building blocks
28, which differ considerably in their bond lengths and
angles. The available structural data for the monomeric units
(M)-28 [Figure 3 (a)] and (P)-28 [Figure 3 (b)] reveal that
each of the Cu atoms of the helical diastereoisomers (M)-29

[Figure 3 (c)] and (P)-29 [Figure 3 (d)] is linked through the
nitrogen atom of only one neighbouring cyano group of the
monomers. The central Cu atoms in (M)-29 and (P)-29 are
almost tetragonal-pyramidally coordinated, with the planes
of the two ligands L (HL*® = 27) twisted with respect
to one another to form angles of 7.97° and 13.64° [torsion
angles: angles between the perpendiculars of the planes
O(1)—Cu(1)—N(1), O(5)—Cu(1)—N(3), and O(9)—Cu(1)—
N(5), O(13)—Cu(1)—N(7), respectively]. The distances

Cu(1)—N(2a) and Cu(2)—N(8a) are 259.3 pm in (M)-29 and
265.3 pm in (P)-29. The bond angles C(3Aa)—N(2a)—Cu(1)
and C(301a)—N(8a)—Cu(2) are found to be 114.0° in (M)-
29 and 127.4° in (P)-29, respectively. The main difference
between (M)-28 and (P)-28 is the short distance of 301.8 pm
between Cu(2) and O(12) in (P)-28.

Figure 3. Top: structure of the monomeric units (M)-28 (a) and (P)-28 (b) showing atomic numbering of the helical diastereoisomers
(M)-/(P)-1D-L[CuL3®®] 29; H atoms omitted for clarity; bottom: stereoview of 29 in the infinite unit cell (c) (M)-29, (d) (P)-29

Eur. J. Inorg. Chem. 1999, 1859—1867
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One-Dimensional Coordination Polymer
1D-L[CuL*®L19S)] (32)

In contrast to enantiomerically pure pyrrolidine 27
(HL®®), which led via the C,-symmetric intermediate 28 to
the helical strands (M)-/(P)-1D-L[CuL3)] 29, reaction of a
methanolic solution of NH-acidic, chiral, racemic pyrroli-
dine 30 (HL'*®®-9) with copper(Il) acetate afforded the C;-

CN
/
NH O
MeOsC “CoMe
10(R), 10(S)
HLORS) 59 cul MBS g4

10(R), 10(S).

1D - lcu " FL) 32

symmetric coordinatively unsaturated building block
(CuL'0(®L199) 31, Dipole—cation interaction between the
CN groups and the copper(Il) centers of the key intermedi-
ates 31 yielded the one-dimensional coordination polymer
1D-L[CuL 01097 32,

The monomers 31 are aligned parallel to one another and
the equatorial cyano groups of 31 are directed towards the
copper in a side-on fashion with a Cu(la)—N(2)—C(4) an-
gle of 111.6° (Figure 4). The d°-Cu(Il) ions are six-fold co-
ordinated and are located in the center of a square plane.
The Cu(1)—N(2b) distance of 354.6 pm in 32 is rather long
compared with that of 291.0 pm in 23 (Figure 1).

Conclusions

The high degree of symmetry of the coordination poly-
mers obtained through spontaneous organization of the
self-complementary building blocks 22 and 25 (C,,), 28
(C,), and 31 (C)) is surprising. However, we are far from
being able to foresee structures such as the one-dimensional
coordination polymers D-L[CuL]] 23 and
ID-L[CuL!O®L1%] 32 the two-dimensional sheets
2D-2[CuLf§] 26, or the helical strands (M)-/(P)-1D-L[Cu
L3™] 29, which generate pairs of diastereoisomers in the
infinite unit cell. The present study on the use of self-comp-
lementary building blocks for the construction of coordi-
nation polymers suggests that more experimental endeavour
is necessary in order to be able to predict the dimensionality
of these potential materials.

i .. -
"1‘:’"

(“

g5

'ﬂfﬁr"
E
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Figure 4. Top: structure of monomeric unit 31 of one-dimensional coordination polymer 1D-L[CuL!®®L19)] 32 showing atomic numbe-
ring; H atoms omitted for clarity; bottom: stereoview of 32 in the infinite unit cell
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Experimental Section

Materials and Methods: All common reagents and solvents were
purchased from commercial suppliers and were used without
further purification unless otherwise indicated. — Melting points
were determined on a Wagner—Munz apparatus and are uncor-
rected. — Infrared spectra were recorded on a Beckman Acculab
or on a Perkin—Elmer 1420 ratio recording infrared spectrophoto-
meter. — 'H- and '3C-NMR spectra were recorded on a JEOL
JNM-GX-400 spectrometer at 400 and 100.5 MHz, respectively.
The carbon atoms were assigned with the aid of the DEPT tech-
nique. All chemical shifts are based on the § scale, referenced to
TMS as an internal standard. — Mass spectra were recorded on
a Varian MAT311 A (EIMS) or on a micromass ZabSpec (ion-
desorption from a m-nitrobenzyl alcohol matrix: 8 keV, caesium
atoms FAB-MS).

General Procedure for the Synthesis of the Vinylogous Amide Li-
gands 21, 24, 27, and 30:!'°1 A stirred mixture of a cyclic imino
ether and the corresponding B-oxo nitrile (for quantitative pro-
portions, refer to specific cases) was heated for 24 h at 100°C. Etha-
nol, formed during the reaction, was distilled off (in a stream of
nitrogen in the case of 27 and 30). The hot reaction mixture was
then filtered, cooled to 20°C, and the excess starting materials were
recovered by distillation under reduced pressure. The brownish
crude product was washed with cold methanol. Colourless crystals
were obtained from methanol.

Methyl (E)-2-Cyano-2-(oxazolidine-2-ylidene)acetate (21): Prepared
from 4,5-dihydro-2-ethyloxyoxazole['®! (4.6 g, 40 mmol) and methyl
cyanoacetate (15.8 g, 160 mmol). Yield: 4.2 g (62%); m.p. 144°C. —
'"H NMR (400 MHz, CDCl5/[Dg]DMSO, 5:1, 25°C): § = 3.75 (s,
3H, CHj), 3.93 [t, 3J(H,H) = 83Hz, 2H, CyH,l, 4.72 [t,
3J(H,H) = 8.3 Hz, 2 H, C(5)H>], 8.72 (br. s, 1 H, NH). — 3C NMR
(100.5 MHz, CDCI4/[Dg]DMSO, 5:1, 25°C): § = 43.67 (C4)), 51.56
(CHj3), 55.92 (=C—CN), 69.50 (Cs)), 116.67 (CN), 168.34, 172.07
(C=0 or C()). — IR (CHBr3): v = 3320 (NH), 2940 (CH), 2200
(C=N), 1670 (C=0), 1590 cm ' (C=C). — MS (70 eV, EI): m/z
(%): 168 [M*] (30).

(Z)-2-Cyano-2-(pyrrolidine-2-ylidene)-1-phenylethanone (24):0181
Prepared from  5-ethyloxy-3,4-dihydro-2 H-pyrrole!'® (4.1 g,
36 mmol) and benzoylacetonitrile (1.3 g, 9 mmol). Yield: 1.7 g
(89%); m.p. 145°C. — '"H NMR (400 MHz, CDCls, 25°C): § =
2.09 (br. q, 2 H, CigyHa), 3.02 (br. t, 2 H, Ci3)H,), 3.72 (br. t, 2 H,
CisHy). 7.40—7.49 (m, 3 H, Ar Ciz45)H). 7.79—7.87 (m, 2 H, Ar
Ca.eH), 10.89 (br. s, 1 H, NH). — '3C NMR (100.5 MHz, CDCl;,
25°C): § = 2023 (Cygy), 34.13 (Ci3)), 49.80 (C.5)), 77.63 (= C—CN),
121.00 (C=N), 127.78, 128.09 (Ar Caas). 13125 (Ar Cug),
138.91 (Ar Cyp)). 176.03 (Cp)), 190.88 (C=0). — IR (KBr): v =
3280 (NH), 3030 (CH), 2190 (C=N), 1620 (C=0), 1585, 1490
cm~! (C=C). — MS (70 eV, EI): m/z (%): 212 [M*] (50).

Methyl (Z£)-2-Cyano-2-|(25)-2-isopropyloxycarbonylpyrrolidine-5-yl-
idene]acetate (27): Prepared from (2S)-5-ethyloxy-2-isopropyloxy-
carbonyl-3,4-dihydro-2 H-pyrrole (15 g, 75 mmol) and methyl cy-
anoacetate (30 g, 300 mmol). Yield: 15.6 g (82%); m.p. 130°C. —
'H NMR (400 MHz, CDCl;, 25°C): 6 = 1.28, 1.29 [d, 3J(H.H) =
6.0 Hz, 3 H, CH;], 2.18—2.27 (m, 1 H, C3)HA), 2.43—2.52 (m, 1 H,
Ci)Hp), 2.93—-3.08 (m, 2 H, C4)H,), 3.77 (s, 3 H, OCH;), 4.54 [dd,
3J(H,H) = 8.8Hz 3J(HH) = 5.5Hz, 1 H, CyH], 5.07 [sept.,
3J(H,H) = 6.1 Hz, 1 H, CH], 9.16 (br. s, 1 H, NH). — *C NMR
(100.5 MHz, CDCl;, 25°C): & = 21.81 (2 CH3), 25.44 (C3)), 32.60
(C)), 51.77 (OCH3), 62.60 (C(5)), 68.83 (=C—CN), 70.15 (OCH),
118.27 (C=N), 167.93, 170.01, 173.63 (2 C=0 or Cgs). — IR
(CHBr3): v = 3332 (NH), 2980, 2950 (CH), 2207 (C=N), 1736,

Eur. J. Inorg. Chem. 1999, 1859—1867

1677 (C=0), 1592 cm~! (C=C). — MS (70 eV, EI): m/z (%): 252
M*] (12).

(Z)-1-Cyano-1-(2-methoxycarbonylpyrrolidine-5-ylidene)propan-2-
one (30): Prepared from B-oxobutyronitrile” (7.1 g, 86 mmol) and
(25)-5-ethyloxy-2-methoxycarbonyl-3,4-dihydro-2 H-pyrrole

(29.6 g, 173 mmol). Yield: 2.8 g (16%); m.p. 117°C. — '"H NMR
(400 MHz, CDCl;, 25°C): & = 222-232 (m, 1 H, CgHy),
2.41-2.51 (m, 1 H, C3Hp), 2.33 (s, 3 H, CH3), 2.94—3.10 (m, 2 H,
CwH,), 3.78 (s, 3H, OCH;), 4.63 [dd, 3J(HH) = 8.9 Hz,
3J(H,H) = 5.3 Hz, 1 H, CH], 10.61 (br. s, 1 H, NH). — '3C NMR
(100.5 MHz, CDCl;, 25°C): § = 24.60 (C3)), 27.80 (CHs), 32.59
(Cay), 52.87 (OCHy3), 62.53 (C(z)), 80.09 (=C—CN), 119.79 (C=N),
170.38, 173.32 (O—C=0 or C), 195.12 (C=0). — IR (CHBr3):
v = 3230 (NH), 2990, 2940 (CH), 2180 (C=N), 1750, 1640
(C=0), 1580 cm ™! (C=C). — MS (70 eV, El): m/z (%): 208 [M*]
(29).

General Procedure for the Synthesis of the Coordination Polymers
23 and 26: A solution of vinylogous amide ligand 21 (336 mg,
2 mmol) or 24 (442 mg, 2 mmol) in 40 mL methanol was added to
a stirred solution of 1 mmol copper(Il) acetate monohydrate in
50 mL methanol. After 1 h, the analytically pure precipitate was
filtered off, dried in vacuo (oil pump), and crystallized.

1D-L[CuLJ] (23): Yield: 397 mg (100%) as dark-green crystals from
chloroform/diethyl ether; m.p. > 250 °C. — IR (CHBr3): ¥ = 2960
(CH), 2190 (C=N), 1625 (C=N), 1535 cm ! (C=C). — MS (FAB):
mlz (%) 628 [CuLs*] (17), 460 [CusL,*] (16), 398
[CuL,*] (11).

1D-L[CuL§] (26): Yield: 422 mg (97%) as turquoise-green crystals
from chloroform/diethyl ether; m.p. > 250°C (dec.). — IR (CHBr3):
vV = 2940, 2870 (CH), 2190 (C=N), 1590 (C=N), 1490, 1480
(C=C). — MS (70 eV, EI): m/z (%): 485 [CuL,"] (56).

General Procedure for the Synthesis of the Coordination Polymers
29 and 32: A solution of vinylogous amide ligand 27 (336 mg,
2 mmol) or 30 (442 mg, 2 mmol) in 40 mL methanol was added
to a stirred solution of copper(Il) acetate monohydrate (200 mg,
1 mmol) in 50 mL methanol. Triethylamine (0.27 mL, 2 mmol) was
then added and after 15 min the solvent was removed in vacuo.
The residue was dissolved in 100 mL chloroform and the resulting
solution was washed with water (3 X 50 mL) and dried with mag-
nesium sulfate. The solvent was then removed and the product was
crystallized. In the case of coordination polymer 29 it proved im-
portant to carry out all reaction steps at room temperature and to
adhere strictly to the reaction time in order to prevent partial race-
mization.

(P)-I(M)-1D-L[Cul3®] (29): Yield: 380 mg (67%) as light-green
crystals from chloroform/diethyl ether; m.p. 213°C (dec.). — IR
(CHBr3): v = 2980, 2880 (CH), 2200 (C=N), 1730, (C=0), 1605
(C=N), 1510 cm~!' (C=C). — MS (FAB): m/z (%): 1510 [CusLs*]
(1), 1258 [CuyLy ™1 (25), 1195 [CusL,™] (68), 944 [CusL; 1] (44), 881
[Cu,L;*] (47), 630 [Cu,L,*] (17), 566 [Cul,™] (100).

1D-L[CuL"*®L1S)] (32): Yield: 233 mg (49%) as dark-green crys-
tals from chloroform/diethyl ether; m.p. 209°C (dec.). — IR
(CHBr3): ¥ = 2990, 2920 (CH), 2190 (C=N), 1740 (C=0), 1590
(C=N), 1480 cm~! (C=C). — MS (FAB): m/z (%): 1019 [CusL4*]
(6), 957 [Cu,L,*] (0.3), 812 [Cu3L5™] (1), 749 [Cu,L5™] (15), 540
[Cu,L,%] (6), 478 [CuL,*] (100).

Crystal Structure Determination of Compound 23: C,4H,4,CuN,Oy,
M, = 397.83, monoclinic space group P2,/n, a = 674.53(8) pm,
b = 898.31(24) pm, ¢ = 1312.53(10) pm, B = 96.182(8)°, V =
0.7907(2) nm?, Z = 2, peaea = 1.671 Mgm™3, F(000) = 406, A =
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71.073 pm, T = 293(2) K, p(Mo-K,,) = 1.422 mm~', crystal dimen-
sions 0.40%0.040x0.30 mm, 5.5° = 20 = 52.6°; 1671 measured
reflections, of which 1603 were independent (R;,; = 0.0221) and
were employed in the structure refinement (116 parameters, 0
restraints). The R values are R1 = X |F, — F./|F,| = 0.0306 [I >
26(0)] and wR2 = [EW(F,2 — F2)IEwF4"? = 0.0897 (all data);
residual electron density (peak/hole): 391/—415 e/nm?.

Crystal Structure Determination of Compound 26: C,cH,,CuN,O,,
M, = 486.05, monoclinic space group P2,/a, a = 1054.0(2) pm,

= 1094.8(1) pm, ¢ = 992.2(2) pm, f = 102.57(1)°, V' = 1.1176(3)
nm?, Z = 2, peaea = 1.444 Mg m=3, & = 71.073 pm, p(Mo-K,) =
1.01 mm~!, crystal dimensions 0.5X0.55X0.1 mm, 0 range: 1.75°
to 27.5° 2563 measured reflections, of which 2316 were indepen-
dent; data/parameter ratio 12.50. The final reliability indices based
on 1888 reflections with F > 3c(F) were R = 0.039 and wR =
0.037 using the weighting scheme w = 1/6%(F); min./max. residual
electron density: 370/460 e/nm3.

Crystal Structure Determination of Compound 29: C,,H;,CuN,Og,
M, = 566.06, monoclinic space group P2, a = 1241.2(3) pm, b =
1181.6(2) pm, ¢ = 1905.7(4) pm, B = 105.28(3)°, V = 2.6962(9)
nm?, Z = 4, peaiea = 1.394 Mg m—3, F(000) = 1180, A = 71.073
pm, T = 293(2) K, p(Mo-K,) = 0.862 mm™!, crystal dimensions
0.50%0.30X0.20 mm, 5.6° = 20 = 49.2°; 7900 measured reflec-
tions, of which 4791 were independent (R;,, = 0.0406) and were
employed in the structure refinement (667 parameters, 1 restraint).
The R values are R1 = 0.0369 [I > 26(])] and wR2 = 0.1039 (all
data); residual electron density (peak/hole): 300/—424 e/nm?.

Crystal Structure Determination of Compound 32: C,,H,,CuN4Og,
M, = 477.96, triclinic, space group PI; a = 767.00(5) pm, b =
871.04(11) pm, ¢ = 858.66(6) pm, a = 108.142(7)°, B = 94.301(6)°,
vy = 103.008(8)°, V = 0.52459(8) nm?, Z = 1, peaiea = 1.513 Mg
m~3, F(000) = 247, . = 71.073 pm, T = 293(2) K, p(Mo-K,) =
1.086 mm~!, crystal dimensions 0.30x0.30%0.10 mm, 5.1° = 2©
= 48.1°;, 1775 measured reflections, of which 1636 were indepen-
dent (R, = 0.0234) and were employed in the structure refinement
(143 parameters, 0 restraints). The R values are R1 = 0.0373 [I >
20(0)] and wR2 = 0.1084 (all data); residual electron density (peak/
hole): 643/—655 e/nm3. — Crystallographic data for 23, 29 and 32
were collected on Nonius CAD-MACH3 diffractometers equipped
with graphite-monochromated Mo-K,, radiation by use of 0 and ®
scans. The structures were solved by direct methods (SHELX-86)
and refined by full-matrix least-squares treatment against F> using
the SHELXL-93 program system.[??! All non-hydrogen atoms were
refined anisotropically. The positions of the hydrogen atoms were
fixed in ideal positions (riding model) and were included without
refinement and with fixed isotropic U. — Crystallographic data for
26 were collected on a Siemens R3m/V diffractometer equipped
with graphite-monochromated Mo-K, radiation using the Wyckoff-
scan technique. The structure was solved by direct phase determi-
nation and refined by full-matrix least-squares treatment using the
SHELXTL-PLUS program system. The positions of the hydrogen
atoms were included as a riding model without refinement and with
fixed isotropic U. — Two-dimensional 2D-Z[Cul}'] 33 and
2D-2[CuL}?] 34 were also obtained with ethyl (Z£)-2-cyano-2-(pyr-
rolidine-2-ylidene)acetate (HL'") and (£)-2-cyano-2-(oxazolidine-2-
ylidene)-1-phenylethanone (HL'?). — Crystallographic data (ex-
cluding structure factors) for all structures reported in this paper
have been deposited with the Cambridge Crystallographic Data
Centre as supplementary publication nos. CCDC-111706 (23),
CCDC-111831 (26), CCDC-111702 (29), CCDC-111703 (32),
CCDC-111704 (33), and CCDC-111705 (34). Copies of the data
can be obtained free of charge on application to the CCDC,
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