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The discrete complex [(Cul)2 (pyzCN)4] (1) and the coordination polymers ^ [CuI(pyzCN)]
(2) and 3 [(CuX)3 (pyzCN)2] (3, 4; X = Br, Cl) may be prepared from the respective copper(I)
halide CuX and 2-cyanopyrazine (pyzCN) by self-assembly in acetonitrile solution at 100120°C. Whereas 2 exhibits 1 [Cul] staircase double chains as its characteristic substructure,
the three-dimensional netwo'rks of 3 and 4 contain single zigzag CuX strings. The influence
of the copper(I) halide on both the connectivity pattern and the dimensionality of a resulting
coordination network is particularly apparent for the 1:1 complexes ^ [CuI(pymMe)] (5),
3 [(CuBr)3(pymMe)_3] (6) and ^ [CuCl(pymMe)] (7), which were generated by reaction of
öaX with 4-methylpyrimidine (pymMe) under reaction conditions similar to those above.

Introduction
The feasibility of controlling the topology of co
ordination networks by employing tailored ligands
to connect tetrahedral or octahedral metal centres is
a recurring theme in the rapidly expanding field of
inorganic crystal engineering [1 -4 ], Many of the re
cently reported examples contain cationic coordina
tion polymers with linear rodlike bridging N-donor
ligands such as pyrazine (pyz) or 4, 4'-bipyridine
(4,4'-bpy), whose void spaces are filled by structuredirecting counterions and occasionally also by guest
molecules or interpenetrating networks [5]. How
ever, as demonstrated in earlier work by Healy and
White [e.g.s 6 - 9], copper(I) or silver(I) halides and
pseudohalides can readily participate as oligomeric
or polymeric building blocks in the self-assembly
of uncharged infinite chains or sheets with such aro
matic spacer molecules. We ourselves have shown
that copper(I) halides can also be employed to
gether with flexible alkylcycloarsoxanes (RAsO )4
(R = Me, Et) to construct neutral or anionic porous
lamellar and three-dimensional coordination poly
mers capable of hosting alkali cations or polar guest
molecules [ 1 0 - 1 2 ],
Although a number of copper(I) halide based
neutral coordination polymers with linear bidentate
bridging N-donor ligands have recently been re
ported, their structural motifs are restricted to chains

or layers [8 , 13 - 16]. For instance the pyrazine
ligands in ^ [CuCl(jU-pyz)] link single ^ [CuCl]
strings into sheets [14], whereas in ^ [(CuCl^O^pyz)] they adopt a similar function for ^ [(CuCl) 2 ]
staircase double chains [16]. In contrast, the solid
state structure of ^[CuC1(/j-4, 4'-bpy)] consists
of interwoven honeycomb-like sheets, in which
(CuCl ) 2 rhomboid dimers are joined by 4, 4'-bipyridine bridges [15], As framework integrity of
such coordination polymers at higher temperatures
or during guest molecule exchange could play an
important role in any envisaged practical appli
cation, we considered it to be of interest to de
vise general approaches towards the construction
of three-dimensional copper(I) halide based coor
dination polymers with bridging N-donor ligands.
The current paper presents two possible strategies:
the employment of (a) 2-cyanopyrazine (pyzCN)
as a molecular rod with an additional nitrile donor
function, and (b) 4-methylpyrimidine (pymMe)
as an obtuse bridging ligand, the steric require
ments of whose asymmetric 4-methyl substituent
might be expected to prevent the assembly of sim
pler polymeric chains or sheets. A different ap
proach has very recently been reported by Hubberstey and Schröder, who constructed the threedimensional frameworks of ^ [(CuX)3 (^ 3 -tri)] and
^ [(CuX) 2 (^ 3 -tri)] (X = Br, I) with the tridentate 1,
3, 5 - triazine (tri) molecule [17].
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Fig. 1. Molecular structure of [(CuI)2(pyzCN)4] (1).
Selected bond lengths (A) and angles (°): C u(l)-I(l)
2.619(1), C u(l)-I(la) 2.641(1), Cu(l)-N(41), 2.085(4),
Cu(l)-N(42) 2.070(4), C u(l)-I(l)-C u(la) 59.47(4), 1(1)C ud)-I(la) 120.53(4).

Results and Discussion
Treatment of copper(I) halides (X=I, Br,Cl) with
2-cyanopyrazine at 100-120 °C in acetonitrile at stoichiometries in the range 2 :1 to 1 :2 has yielded
four crystalline coordination polymers 1 - 4 on
slow cooling of the respective reaction solutions to
room temperature. Whereas the potentially tridentate heterocyclic diazine exhibits only monodentate
k N4 coordination in both the discrete molecules
of [(CuI)2 (pyzCN-/dV4 )4] (1) and the polymeric
chains of j. [CuI(pyzCN-/v/V4)] (2), all three Ndonor atoms do indeed participate in the coordi
nation of the copper(I) atoms of J. [CuX] chains in
the isostructural compounds ^[(C uX )3 (pyzCN) 2 ]
3 and 4 (X = Br, Cl), leading thereby to the genera
tion of three-dimensional frameworks.
Complexes 1 and 2, which are depicted in Figs 1
and 2 , contain respectively (Cul )2 rhomboid dimers
and ^ [(C u l) 2 ] staircase double chains as typical
copper(I) halide substructures [12, 18]. The steri
cally more accessible nitrogen atom N4 is employed
by the 2 -cyanopyrazine ligand as its donor atom in
both cases. Cu-I distances within the (Cul )2 rings of
1 and 2 lie in the narrow range 2.619(1) - 2.645(1)
A. Fusion of these building units to generate the
double chains of 2 leads to a widening of Cu-I-Cu'
from 59.47(4) to 63.43(3)°, a change that is accom
panied by a concomitant narrowing of I-Cu-I' from
120.53(4) to 116.57(3)°. Individual [CuI(pyzCN)]
slices of these staircase chains lie on the crystallo
graphic mirror planes at y = 0.25 and 0.75 of the
monoclinic space group P2\/m.
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Fig. 2. The staircase-like double chains of
1 [CuI(pyzCN)] (2). Selected bond lengths (Ä) and
angles (°): C u(l)-I(l) 2.621(1), Cu( 1)-I( 1b) 2.645(1),
Cu(l)-N(4) 2.061(5), I(l)-C u(l)-I(lb) 116.57(3), 1(1)C u(lb)-I(la) 101.57(4), C u(l)-I(l)-C u(lb) 63.43(3),
C u(l)-I(lb)-Cu(la) 101.57(4).

Fig. 3. A schematic representation of component layers of
the 3D framework polymers 3 [(CuX)3(pyzCN)2] 3 and
4 (X = Br, Cl) with the numbering of the Cu and X atoms.
2-cyanopyrazine ligands are depicted as molecular rods,
Cu and X atoms as filled or open circles.

The influence of ligand geometry on the selfassembly of coordination polymers has been dis
cussed by many authors [e.g. 1 - 5, and 18] and
is clearly self-evident. When the relatively compli
cated three-dimensional frameworks of ^ [(CuX )3
(pyzCN) 2 ] in 3 and 4 (X = Br, Cl) are compared with
the simpler structural m otif of 2 , then it is apparent
that both size and the proclivity towards an increase
in coordination number of X (X = I, Br, Cl) must also
play an important role in promoting the formation of
a particular CuX substructure during construction of
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Fig. 4. The crystal structure of 3 in projection perpendic
ular to [010],

copper(I) halide based networks. A schematic repre
sentation of the connectivity pattern in 3 and 4 is pro
vided in Fig. 3. Single zigzag ^ [CuX] chains can
be recognised, that are linked together in a manner
characteristic for molecular rods ( p - N l, N4 coordi
nation mode) by bridging 2-cyanopyrazine ligands.
Individual copper(I) halide strings contain two inde
pendent Cu atoms with strikingly different coordi
nation environments. Whereas Cu(2), which lies on
a crystallographic twofold rotation axis, is bonded
to the N4 atoms of two symmetry-related pyzCN
ligands, Cu( 1) contains both the remaining ring ni
trogen NI and, as hoped, a nitrile N2 atom from the
substituted diazine molecule of an adjacent layer
in its tetrahedral coordination sphere. This leads
to the presence of 14-membered [CuX(pyzCN-/iN l , N4) C ub rings with linear pyzCN molecular
rods within the sheets of Fig. 3 and 10-membered
[Cu-(pyzCN-ji/-A7, N2)]2 rings with obtuse pyzCN
bridging ligands as connecting building blocks be
tween such layers. The larger pores exhibit a 4.2 x
6.9 A cross-section perpendicular to [010]. Alter
nating Cu-X distances are observed within the CuX
strings with two shorter C u(l) - X (l) bonds (X =
Br, 2.443(2); X = Cl, 2.321(1) A) being followed
by four longer C u(l) - X(2) (X = Br, 2.503(2); X =
Cl, 2.371(1) A) and Cu(2) - X(2) linkages (X = Br,
2.489(1); X = Cl, 2.342(1) A).
Relatively few examples of copper(I) halide
based coordination polymers with obtuse bridg
ing bidentate ligands L displaying Cu-L-Cu angles
close to 120° have previously been reported and
these exhibit a diversity of structural motifs. For

Fig. 5. Molecular structure of the 1-dimensional
coordination polymer 1 [CuI(pymMe)] (5). Selected
bond lengths (A) and angles (°): C u(l)-I(l) 2.676(1)
Cu(l)-I(la) 2.611(1), Cu(l)-I(lb) 2.707(1), C u(l)-N (l)
2.039(6), Cu(l)-I(l)-Cu(la) 66.31 (4), Cu(la)-I(l)Cu(lb) 104.27(4), Cu(l)-I(l)-Cu(lb) 65.43(4), I(la)C u(l)-I(lb) 104.27(4), I( 1)-Cu( 1)-I( 1a) 113.69(4), 1(1)C u(l)-I(lb) 114.57(4).

instance, whereas the sheets of ^ [(CuBr)2(//-pym)]
(pym = pyrimidine) contain both ^ [CuBr] strings
and (CuBr)2 rhomboid dimers as substructures
[19], the likewise lamellar compound ^ [(Cul)2(//pym)] displays Jc [(CuI)2] staircase double chains
[18], In contrast, 2-cyanoguanidine reacts with
CuCl and CuBr to afford parallel ^ [(C u X 2 )Cu]
rack chains [20], that are connected by the bridg
ing spacer ligands. We ourselves have very re
cently demonstrated that a three-dimensional net
work ^ [CuCN(^-pymMe)] may be prepared by
self-assembly from CuCN and 4-methylpyrimidine
in acetonitrile solution at 100°C [21]. Because this
coordination polymer contains JJC uC N ] single
chains as a substructure, we considered it to be rea
sonable to expect that copper(I) halides might also
be capable of affording framework topologies with
such an asymmetrically substituted obtuse bridging
heterocyclic diazine.
During the course of this work we were, in fact,
successful in isolating three crystalline 1:1 com 
plexes [CuX(^-pymMe)] (X = I, Br, Cl) 5 - 7. To
our surprise these exhibit not only different connec
tivity patterns but also contrasting dimensionalities
(respectively 1, 3, and 2), although the networks of
^[(C uB r)3(pymMe)3] (6) and MCuCl(pymMe)]
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Fig. 6. The 24-membered [Cu6(pymMe)6] macrocycles
in the framework structure of ^ [(CuBr)3(pymMe)3] 6.
Selected bond lengths (A) and^angles (°): Cu(l)-Br(l)
2.508(3), Cu(l)-B r(la) 2.428(2), Cu(l)-N(31) 2.090(9),
Cu(l)-N(13a) 2.065(10), Cu(2)-Br(2) 2.589(2), Cu(2)Br(3) 2.601(2), Cu(3b)-Br(2) 2.489(2), Cu(3b)-Br(3)
2.493(2), B r(l)-C u(l)-B r(la) 110.51(8), Br(2)-Cu(2)Br(3) 101.30(8), Br(2)-Cu(3)-Br(3) 107.33(7), N(11)Cu(2)-N(12a) 141.0(4).

(7) are both based on (CuX )2 rings. Our results,
therefore, once again emphasise that not only the
ligand geometry but also the nature of the partici
pating halide can play a decisive role in controlling
self-assembly routes to CuX-containing coordina
tion polymers.
^ [CuI(pymMe)] 5 contains staircase ^ [Cul]
double chains (Fig. 5) and exhibits a polymeric
structure similar to that of 2 (Fig. 2). Individual
participating (Cul ) 2 rings have crystallographic C\
symmetry and are connected to similar translationrelated building blocks to generate one-dimensional
polymers, that run parallel to the x direction in
the monoclinic space group P2[/n. As observed for
2 , the copper atoms are coordinated by the sterically more accessible ring nitrogen NI. The endocyclic I(l)-C u (l)-I(la) and I(l)-C u (l)-I(lb ) an
gles [113.69(4), 114.57(4)°] of the individual fused
(Cul ) 2 rhomboid dimers in 5 are significantly nar
rower than in the analogous staircase chains of
2 [116.57(3)°] and this state of affairs, taken to
gether with the marked increase in the C u(l)-I(l)
and C u(l)-I (lb ) distances [2.676(1), 2.707(1) A]
in comparison to those in 2 [2.621(1), 2.645(1) A],
leads to the presence of much longer transannular Cu(l)- • C u (la) and Cu(l)- • C u(lb) distances
[2.892(1), 2.910(2) A] in the 4-methylpyrimidine
bridged polymer. In contrast a value of 2.768(1) A
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Fig. 7. Schematic representation of the connectivity pat
tern in the framework structure of 3. Copper atoms
are represented as filled circles, (C u(l)B r(l))2 and
[Cuö(pymMe)6] substructures as lozenges and parallel
ograms.

is observed for the (Cul ) 2 building units of the 2cyanopyrazine complex.
(CuX ) 2 rhomboid dimers with X = Br are also
present in the likewise 1 :1 coordination polymer
^ [(CuBr)3 (pymMe) 3 ] 6 , albeit in this case as dis
crete substructures. The three independent copper(I)
atoms C u(l) - Cu(3) of this complex are coordi
nated in differing k 2 NI, N3, k 2 NI, N I and k 2
N3, N3 modes by bridging 4-methylpyrimidine lig
ands and participate together with these diazines
in the [Cu 6 (pymMe)ö] units that are depicted in
Fig. 6 . Individual centrosymmetric 24-membered
rings of this type are linked by [C u (l)B r(l ) ] 2
dimers into ^ [{Cu 6 Br2 (pymMe)6}4+] ribbons that
run in alternating [llO ] and [110] directions. As
illustrated in a schematic manner in Fig. 7, the
[Cu 6 (pymMeö)] macrocycles are also connected by
[Cu(2)Br(2)Cu(3)Br(3)] rings to afford a unique
three-dimensional framework. The dimensions of
the individual (CuBr ) 2 lozenges are strongly de
pendent on the nature of the nitrogen coordination
partners of the participating copper(I) atoms. For in
stance, long Cu(2)-Br(2) and Cu(2)-Br(3) distances
of 2.589(2) and 2.601(2) A accompany the short
Cu(2)-N(lol) and Cu(2)-N(12a) bonds [1.987(9),
1.985(9) A] to the preferred 4-methylpyrimidine
donor atom NI. This bonding pattern leads to
a remarkably wide N(11)-Cu(2)-N(12a) angle of
141.0(4)°. An opposite state of affairs is apparent for
Cu(3), where shorter Cu(3)-Br(2) and Cu(3)-Br(3)
bond lengths of 2.489(2) and 2.493(2) A are as
sociated with longer Cu(3)-N(32) and Cu(3)-N(33)
separations of 2.057(10) and 2.083(9) A.
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Fig. 8. 20-membered [Cu^C^pym M e^] rings in the 2dimensional network of 2 [CuCl(pymMe)] 7. Selected
bond lengths (Ä) and angfes (°): C u(l)-C l(l) 2.539(2),
C u(l)-Cl(la) 2.447(2), C u(l)-N (la) 1.992(2), Cu(l)N(3) 1.997(2), C u(l)-C l(l)-C u(la) 70.54(6), Cl( 1)Cu(l)-Cl(l)-Cl(la) 109.46(6).

Self-assembly from an equimolar CuCl/pymMe
reaction mixture in acetonitrile at 100°C leads to for
mation of [CuCl(pymMe)] sheets 7, whose con
nectivity pattern is depicted in Fig. 8. On regarding
the (CuCl)2 rhomboid dimers as junctions in the
lamellar network it is possible to recognise a sim
ple 44 net similar to that previously observed in
* [Cu2X2{cydo-(CH3 AsO)4}2] (X = Cl, Br, [10]).
Parallel sheets stack in the crystallographic [100]
direction to generate open approximately rectan
gular channels with a 5.0 x 11.1 A cross section
(Fig. 9). Whereas both Cu( 1)-N( 1a) and Cu( 1)-N(3)
exhibit similar distances [1.992(2), 1.997(2) A], a
marked distortion is apparent for the centrosymmetric (CuCl)2 rings, which contain Cu-Cl bond lengths
of 2.539(2) and 2.447(2) A. As for 6 the presence of
short Cu-N bonds leads to a wide N( 1a)-Cu( 1)-N(3)
angle, whose very large value of 148.49(9) must
presumably also be required to reduce transannular steric interactions between pyrimidine 4-methyl
substituents (Fig. 8). Our findings, therefore, con
firm that both tridentate 2-cyanopyrazine and bidentate 4-methyl-pyrimidine are capable of generating
three-dimensional copper(I) halide based coordina
tion polymers. However, as illustrated by the 1:1
complexes [CuX(pymMe)] 5 - 7, both the connec
tivity pattern and the dimensionality of networks
formed self assembly conditions are also clearly
dependent on the nature of the employed copper(I)
halide.

Fig. 9. Proiection of the crystal structure of 7 perpendic
ular to [100].
Experimental
IR spectra were recorded of KBr discs on a Perkin
Elmer 1760 spectrometer. Elemental analyses for C, H
and N were performed on a VarioEL (Elementar Analy
sensysteme GmbH), for Cu on an AAS6 vario atom ab
sorption spectrometer (Carl Zeiss Technology). Syntheses
were performed in sealed glass tubes using carefully dried
acetonitrile as solvent.
[Cul2(pyzCN)4] (I)
120 mg Cul (0.65 mmol) and 137 mg (1.30 mmol)
2-cyanopyrazine (pyzCN) in 1.5 ml CH3CN were heated
to 100 °C for 20 h in a sealed glass tube. Slow cooling to
room temperature at 1 °C h_l afforded red needle-shaped
crystals of 1 in 71 % yield (184 mg).
C2oHi2Cu4l4N,2 (M = 801.3)
Calcd. C 29.9 H 1.4 N 20.9 %,
Found C 29.9 H 1.5 N 19.6%.
l[C uI(pyZCN) ](2)
174 mg Cul (0.91 mmol) and 96 mg 2-cyanopyrazine
(0.91 mmol) in 1.5 ml CH3CN were heated to 100 °C
for 20 h in a sealed glass tube, which was subsequently
allowed to cool to room temperature at 1 °C h_ 1 to afford
red crystals of 2 in 85 % yield (230 mg).
C5H3CuIN3 (M = 295.5)
Calcd. C 20.3 H 1.0 N 14.2%,
Found C 19.7 H 0.9 N 13.9%.

^ [(CuBr)j(pyzCN)2] (3)
After heating at 120 °C for 20 h, a solution of 204 mg
CuBr (1.42 mmol) and 149 mg 2-cyanopyrazine (1.42
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Table I. Crystal and Refinement Data for 1 - 7 .
Compound

1

2

3

4

5

6

7

Formula
M
Space group
a [Ä]
b [Ä ]
c [A ]

C 2 0 H 1 2 CU4 I4 N 12 C 5 H 3 Q 1IN 3 C ioH 6 Br3 Cu 4 N 6 C |oH 6 C l 3 Cu 4 N 6 C 5 H 6 CuIN 2 C , 5 H 1 8 Br 3 Cu 3 N 6 C 5 H 6 C1CuN
712.7
193.1
801.3
295.5
640.6
507.8
284.6
P 2\/c
P 2 \/n
P 2\/c
F I (bar)
P 2 \/m
P ile
P2/c
8.292(5)
8.049(4)
7.295(2)
8.506(4)
8.264(1)
4.198(1)
9.168(5)
11.122(5)
8.584(4)
6.609(4)
12.891(8)
4.099(1)
6.525(1)
10.893(3)
18.296(11)
7.778(8)
13.895(7)
13.541(1)
16.360(5)
9.571(3)
12.590(3)
90
a [°]
90
90
90
93.82(3)
90
90
112.15(6)
96.78(4)
93.30(2)
97.29(3)
101.01(3)
96.26(3)
95.70(1)
ß[°]
90
90
99.89(4)
90
90
90
90
7 t°l
664.4(9)
2145(2)
374.2(1)
775.8(7)
726.6(1)
746.9(3)
636.05(5)
V [A ]
4
Z
4
1
2
2
2
4
2.207
1.931
ß caictg-cm “ 3 ]
2.092
2.742
2.623
2.318
2.531
384
272
492
1368
F (0 00)
380
600
528
0.14
0.46
Crystal size[m m ]
0.36
0.4 4
0.42
0.42
0.36
0 .1 2
0 .2 2
0.26
0.42
0.08
0 .1 0
0.30
0.24
0 .2 2
0 .1 2
0 .2 0
0.08
0 .1 2
0.08
8.54
3.59
fi( M o - K a ) [ m m " 1]
4.13
6.96
11.80
4.90
6.97
0.57/0.34
0.0 7 /0 .0 4
0.26/0.13
m ax./min. trans.
0.12/0.09
0.17/0.09
0.28/0.22
0.09/0.01
-1 0 ,9
-5 ,4
0,9
h / k / l Ranges
- 1 0 ,1 0
- 9 ,9
- 1 1 ,1 0
0,9
- 1 4 ,0
0,14
0,13
0 ,1 1
- 5 ,0
0 ,8
0,7
0 ,1 0
- 1 2 ,1 2
0 ,2 1
-1 9 ,1 9
- 1 6 ,1 6
0,18
-1 6 ,1 6
4-45
5-55
29 Range [°]
4-55
5-60
5-55
5-50
4-55
Reflections
2979
1617
collected
2434
1377
1666
3040
1855
1508
2874
1284
1621
2778
independent
1217
1781
0.027
R \ [ / > 2cr(/)]
0.040
0.064
0.044
0.032
0.042
0.043
0.074
0.097
w R 2 [all data]
0.141
0.087
0.082
0.104
0.113
1.057
1.082
0.707
S [goodness-of-fit]
1. 118
1 .1 1 0
1 .0 1 1
1.068
0.81 /—0.77
0 .4 5 /-0 .3 9
min./max. res.
0 .6 7 /-1 .3 8
1 .48/-3.45
0 .6 7 /-0 .6 2
0 .3 6 /-0 .7 0
0 .6 8 /-0 .9 8

[eA -3]

mmol) in 1.5 ml CH3CN was cooled to room temperature
at a constant rate over 80h to provide black crystals of 3
in 49 % yield (0.149g).
CioHöBr^CußNö (M = 640.6)
Calcd. C 15.3 H 0.7 N 10.2% ,
Found C 15.7 H 0.8 N 10.3 %.
l[(C u C l)3(pyzCN)2l

(4)

Black crystals of 4 in 51% yield (0.078g) were pre
pared from 90 mg CuCl (0.91 mmol) and 96 mg 2-cyanopyrazine (0.91 mmol) in an analogous manner to 3.
(M = 507.8)
Calcd. C 23.6 H 1.2 N 16.6%,
Found C 23.7 H 1.1 N 16.7% .

C ,o H ,6 C 1 3C u 3 N 6

^[C u I(p ym M e)] (5)

270 mg Cul (1.4 mmol) and 129 mg 4-methylpyrimidine (pymMe) were heated to 120 °C for 20 h in
1.5 ml CH3CN. 5 crystallised as yellow needles in 41 %

yield (165 mg) on cooling the solution over a period of
80 h to room temperature.
C5H6CuIN2 (M = 284.6)
Calcd. C 21.1 H 2.1 N 9.8 Cu 22.3 %,
Found C 29.9 H 1.5 N 19.6 Cu 23.4 %.
^ [(CuBr)3(pymMe)3] (6)
185 mg CuBr (1.2 mmol) and 117 mg 4methylpyrimidine (1.2 mmol) in 1.5 ml CH3CN were
heated to 120 °C for 20 h. Slow cooling to room tempera
ture over 80 h afforded brown crystals of 6 in 41 % yield
(121 mg).
C 15H,8Br3Cu3N6 (M = 712.7)
Calcd. C 25.3 H 2.5 N 11.8 Cu 26.7 %,
Found C 24.5 H 2.5 N11.5 Cu 25.8 %.
CuCl(pymMe)] (1)

73 mg CuCl (0.74 mmol) and 70 mg 4methylpyrimidine (0.74 mmol) were heated for 20h at
100 °C in 1.5 ml CH3CN. Orange coloured 7 crystallised
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from the solution in 42 % yield (60 mg) on slow cooling
to room temperature at 1 °C h_ l.

Crystal and refinement data are listed for compounds
1 - 7 in Table I. Unit cell constants were obtained from
least-squares fits to the settings for 25 reflections centered
on a Siemens P4 diffractometer. Intensity data were col
lected in the oj mode at 293 K. Significant deviations in

intensity were not registered for the three control re
flections monitored during the course of data collec
tion for each compound. Semi-empirical absorption
corrections were performed on the basis of ip scans
for 8 - 10 chosen reflections with high x angles.
After structure solution with SHELXS 86, posi
tional parameters and anisotropic temperature fac
tors were refined with SHELXL93 [22], Hydro
gen atoms were included with group isotropic tem
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