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Crystals of a new clathrate [&nmtd)CU(CN)s][CH,CI, were afforded from a MEO-EtOH—

CH,Cl, solution of a macrocyclic complex &nmtd)CU(CN);2 H,O (hmtd = 5,7,7,12,14,14-hexa
methyl-1,4,8,11-tetraazacyclotetradeca-4,11-diene). It crystallizes in the monoclinic space
P2)/n, a = 7.936(5),b = 18.717(4),c = 17.783(6) AB = 98.55(4), Z = 4, R = 0.0558 for 1 870
reflections. Unprecedentedly, only one of the three nitrogen-ends d{@NJymoiety is coordinated
to the square-pyramidal Cu(ll) center. The guest@kimolecules are captured in the channel k
tween the potlid-shaped [¢(hmtd)CU(CN)s] molecules.

Key words: Copper complexes; Copper(l,Il) cyanide; Macrocyclic ligands; Werner complex |
Clathrates; Crystal structure.

A number of transition metal cyanide complexes involved with various am(m)ine lig
have been developed as hosts of inclusion compéuAdsong them, the three-dimen
sional host structures of the Hofmann-diam-type clathrates [Cd(diam)Nj(&Xp) (diam
= NH,(CH,),NH,, n = 2-9,x = 0.5-2, G is aromatic guest specidsive topologies
identical to the two-dimensional Hofmann-type host [CA{NNi(CN),], in which tetra-
cyanonickelate anions coordinate to the octahedral Cd cations through all of th
cyano groups to form the electrically neutral network. Without enclathration of ¢
molecules but KO, a series of the complexes CdNi(GI)dianiX H,O (= 2-7 and 9,
x = 0-2) have crystallized in variegated multidimensional structures owing to the
ferences in the number of their methylene gréups

Cyanocuprate(l) complexes have been known to have various multidimens
structures since the structure determination of K[CugCRY Cromef in 1957. We
have recently reported the crystal structure of [(aepigaliFu,(CN),] (aepipz =N-(2-
aminoethyl)piperaziné) a dimeric guest of [(aepipzkH]3* cations protonated at eac
4-NH end of piperazine ring and 2-Nbf 2-aminoethyl group sharing*tdre captured
in the three-dimensional framework. At this stage we attempted to obtain other
tively-charged cyanocuprate(l) skeletons including some macrocyclic Cu(ll) comp
as larger countercations,g. 5,7,7,12,14,14-hexamethyl-1,4,8,11-tetraazacyclotetrad
4,11-diene (hmtd), which is one of the macrocyclic ligands developed by®CAdisom-
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modation of a Cu(ll) complex of hmtd, followed by recrystallization from gQ0e-
EtOH-CH,CI, solution gave a new inclusion compound [Cu(hmtd)Cu(®H.,Cl,
(1). The discrete molecular host tfconsists of square-pyramidal [hmtd)] and
trigonal [CU(CN),] moieties spanned by one of the three cyano groups.

EXPERIMENTAL

Preparation

CuSQB H,0 (2.50 g, 0.010 mol) and hniRdHBr (5.30 g, 0.012 mol; réf) were dissolved in kO
(50 ml) and KOH pellets (1.30 g) were added. The resulting solution was poured into 50 ml
aqueous solution containing CuCN (0.90 g, 0.010 mol) and KCN (1.96 g, 0.030 mol); after ste
overnight at 5°C, the purple precipitate of Cu(hmtd)Cu(GR)H,O was obtained; yield 2.14 ¢
(0.0041 mol, 41%). For gH3;sCWwN;O, (521.6) calculated: 43.75% C, 6.96% H, 18.80% N; four
43.34% C, 6.88% H, 18.73% N.

The precipitate (0.50 g) was dissolved in a 1 : 1 (v/v) mixture ofQ@and EtOH (100 ml)
and CHCIl, (50 ml) was added to the resulting solution. Blue plate-like crystals
[Cu'(hmtd)CU(CN)S][CH,Cl, (1) were obtained after a few days standing at°G. For
Cyg H33N,CICu, (528.1) calculated: 44.35% C, 6.30% H, 18.57% N; found: 44.32% C, 6.29Y
19.26% N. The partial liberation of the guest LCH appears to cause discrepancies in the analyt
results. Hence, the composition was determined from the density value and the results of the
structure.

X-Ray Crystallography

A thin plate-like single crystal of with dimensions 0.0% 0.10x 0.25 mm coated with epoxy resir
was subjected to intensity data collection on a Rigaku AFC-7R diffractometero(Mok 0.71069 A)
at 293 K by B—w technique. The cell dimensions were refined using 25 reflections in 8@&%% 34.09.
The crystal data are: ,gH3,Cl,CuwLN,, M = 570.52, monoclinicP2;/n (No. 14),a = 7.936(5),b =
18.717(4),c = 17.783(6) AB = 98.55(43, U = 2 584(2) R, Z = 4,D,,, = 1.436 g cm? (flotation
method in bromoform-mesitylenel, = 1.466 g cm®, u(MoKa) = 1.874 mm. Three standard
reflections were monitored after every 150; no remarkable decay was observed during data
tion. The intensity data were corrected for Lp and absorfitimansmission factors range fron
0.6516 to 0.9121.

The structure was solved by the direct method using SHELXS86)(réfon-H atoms were
refined anisotropically with H atoms at calculated positions through the full-matrix least-squar
F2using SHELXL93 (ref). The final values are’\(0)may= 0.000,Apa,= 0.758,Apy, = —0.838 e A3
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the peak and the hole are located at 0.99 and 1.08 A from Cul, respedivel(.0558 and
WR(F?) = 0.0994 for 1 870 observed reflections with > 20(F2), andR = 0.2008 andvR(F?) =
0.1458 for 4 546 independent reflections among the 4 901 measured inB4<<5% for 280
parameters. Atomic scattering factors including those for real and imaginary anomalous disg
corrections were taken from r&f.

RESULTS AND DISCUSSION

The interatomic distances and angles are listed in Table I. ORTEF)(drhwings of
the asymmetric unit and the crystal structuré afe illustrated in Figs 1 and 2, respe
tively.

As shown in Fig. 1, the crystal structure bfis composed of host [Cu(hmtd)
Cu(CN);] molecules and guest GBI, molecules. Like as the handle of a potlid, tl
trigonal CU(CN); moiety coordinates to the square-pyramidal' @mtd) through one
nitrogen-end of the three cyano groups in the host complex. The trigoH&NJu
moieties have been found in a number of cyanocuprate(l) complexes; th
Na,Cu(CN)B H,0 (ref!?) behaves as the discrete anion whereas those in K[Cyi(C
(ref4) and K[Cu(CN)Z]H,O (ref!® span the Cu atomga two of the three and all
three cyano groups, respectively. However, compduigithe first example that only
one nitrogen-end of the three cyano groups ligates to the other coordination
centers and the two others remain terminal.

The Cul-N21 distance, 2.494(8) A, in the apical disposition about square-pyra
Cu(ll) center is remarkably longer than the equatorial Cul-N distancest P.0G A.
The elongation of the apical or axial bond length(s) due to the Jahn—Teller effect
Cu(ll) center has been often observed in such cyanometallate compoun
[Cu"(H,0)(en)][Cu,(CN),] (ref.r%) and [CUf(en),Ni(CN),] (ref.r®); the relatively small
Cul-N21-C21 angle, 125.5(7was also similar to that of the latter (123.8J4An-

N23

cisqc10 ci6
c23

Fe. 1
o N22 Asymmetric unit of [Cu(hmtd)Cu(CN)TH,Cl,
cn ) at the 30% probability ellipsoids along witl
CI2

the atomic notations
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TaBLE |
Interatomic distances (A) and anglé$ for 1

Distances
Cul-N1 2.029(5) N1-C10 1.495.(9) C9-C10 1.532(1(
Cul-N2 1.970(6) N2-C2 1.469(9) C3-Cl1 1.495(1(
Cul-N3 1.970(6) N2-C3 1.266(9) C5-C12 1.530(1(
Cul-N4 1.980(6) N3-C5 1.491(9) C5-C13 1.514(1C
Cul-N21 2.494(8)  N3-C6 1.429(9) C8-Cl4 1.500(1(
Cu2-C21 1.929(9) N4-C7 1.463(9) C10-C15 1.522(1
Cu2-C22 1.933(2) N4-C8 1.259(9) C10-C16 1.535(1
Cu2-C23 1.921(12) C1-C2 1.510(10) C11-C30 1.729(1
N21-C21 1.133(9) C3-C4 1.507(10) C12-C30 1.755(1
N22-C22 1.128(4) C4-C5 1.525(10) Cul..IN22 2.978(12)
N23-C23 1.143(12) C6-C7 1.493(10) N3..N22 2.911(12)
N1-C1 1.475(9) C8-C9 1.508(10) C30...N23 3.281(13)

Angles
N1-Cul-N2 85.1(2) Cul-N2-C2 110.0(5) N3-C5-C13 109.0(6)
N1-Cul-N3 175.4(3) Cul-N2-C3 128.9(5) N3-C6-C7 110.6(7)
N1-Cul-N4 94.8(2) Cul-N3-C5 122.1(5) N4-C7-C6 109.7(6)
N2-Cul-N3 94.8(3) Cul-N3-C6 108.4(5) N4-C8-C9 121.7(7)
N2-Cul-N4 175.0(3) Cul-N4-C7 110.9(5) N4-C8-C14 124.5(8)
N3-Cul-N4 84.9(3) Cul-N4-C8 127.8(6) C4-C3-C11 115.0(7)
N1-Cul-N21 89.3(3) C1-N1-C10 117.5(6) C3-C4-C5 120.6(6)
N2-Cul-N21 98.0(3) C2-N2-C3 121.1(6) C4-C5-C12 107.7(6)
N3-Cul-N21 95.3(3) C5-N3-C6 119.3(6) C4-C5-C13 110.1(7)
N4-Cul-N21 87.0(3) C7-N4-C8 121.0(7) C12-C5-C13 110.2(7)
Cul-N21-C21  125.5(7) N1-C1-C2 107.3(6) C9-C8-C14 113.8(7)
C21-Cu2-C22  119.5(4) N1-C10-C9 107.7(6) C8-C9-C10 118.7(6)
C21-Cu2-C23  113.6(4) N1-C10-C15  109.9(6) C9-C10-C15 111.6(7)
C22-Cu2-C23  126.9(5) N1-C10-C16  110.5(6) C9-C10-C16 107.3(7)
Cu2-C21-N21  171.3(8) N2-C2-C1 107.1(6) C15-C10-C16 109.9(7)
Cu2-C22-N22  178.1(4) N2-C3-C4 119.4(7) C11-C30-C12 111.1(5)
Cu2-C23-N23  176.0(11) N2-C3-C11 125.5(8) Cul.'N223  172.0(10)
Cul-N1-C1 105.8(4) N3-C5-C4 107.8(6) N3-H8..N22 139
Cul-N1-C10  117.1(4) N3-C5-C12 112.1(7) C30-H33.1N23173

Symmetry codes: (i)x — 1/2, y + 1/2,z+ 1/2; (ii): x+ 1/2,y—1/2, z+ 1/2.
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other nitrogen-end N22 is relatively close to Cul and N3; thellBi2P distance,
2.978(12) A, is too long for coordination bond while thel®2, 2.911(12) A, is
short enough but the N3—-HBI22 angle, 139 is a little acute for hydrogen bond. Th
competition of these electrostatic interactions seems to cause the larger displa
parameter of N22. The disordered model of the cyano group was not adopted b
of its worse convergence. An electrostatic interaction is also observed between tt
and the guest: C3N23 = 3.281(13) A and C30-HEmM23 = 173.

The host molecules accommodating the,CE guest in the channel (Fig. 2) can
considered to belong to a kind of the Werner complexes. The host complexes
so-called “Werner-type” clathrates have'X4A, (X = SCN, I, etc, A = pyridine
derivatives) compositions in the octahedral geoméftieBoth hosts ofl and the
general “Werner-type” clathrates are so bulky that their three-dimensional structu
the crystalline state have the void space favourable for accommodation of some
molecules, although they do not form multidimensional infinite structures such a
Hofmann-type and analogous hosts. Therefore the compbwath be regarded as
member of a new family of the inclusion compounds involved with the Werner ¢
plex hosts.

Fic. 2
The perspective view of [Cu(hmtd)Cu(GNFH,Cl,
along thea axis
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