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Supramolecular Assemblies Based on Table 1. Crystallographic Data for £&H70ClaN24026S5W3 (1) and
Cucurbituril Adducts of Hydrogen-Bonded CaH10L1MOeN2504Ss (2)
Molybdenum and Tungsten Incomplete Cuboidal 1 2
Aqua Complexes formula GeH70ClaN24026S:W3  Ca1H10:CleM06N2504:Sg
fw 2124.75 2768.65
space group P2;/c (No. 14) P-1 (No. 2)
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The designed construction of highly ordered supramolecular ,,g» 0.1610 0.1350

architectures with well-defined structures and functions will be . . A

greatly facilitated if a diverse set of molecular building blocks _°¢onventionalR on Fu: 2[IFo| ~ [FdI/ZIF|. ® WeightedR on
leading to highly specific/controlled intermolecular interactions [Frncl®s {ZIW(Fo™=FYYIWES)

becomes available. Hydrogen bonds have attracted the mostrable 2. Selected Bond Distances (A) and Angles (deg) in
attention in mediating the self-assembly of supramolecular {[W3Ss(H20),Cl2](CseH36N24012)} Cl>10H,0 (1)

structures. If the number of relatively weak hydrogen bonds Bond Distances
associated with each molecular building block is small, the  w(1)-w(2) 2.727(2) W(2)-S(23) 2.268(7)
interaction usually is not very specific. To increase the strength,  W(1)-W(3) 2.705(2) W(2)-Cl(21) 2.509(8)
directionality, and specificity of hydrogen-bonding interactions, w(?:g(ﬂ ggiz(? \\//Vv(&g(ggm) g'ig(g)
there is currently intense interest in designing arrays of hydrogen ngg—sglsg 2:28556; W%S((I) ) 2'_332()6)
bond donor and acceptor sites to control solid-state organization. w(1)—cl(11) 2.481(8) W(3)-S(13) 2.281(7)
Here we report syntheses of examples of a potentially large  W(1)—0O(12M) 2.19(2) W(3)-S(23) 2.266(8)
class of supramolecular architectures based on cucurbituril  W()=OCLSM) — 2.23(2) weroEtw - 2180
adducts of hydrogen-bonded incomplete cuboidal aqua cluster wgzng((l)) 2'.332((7)) W((3§Og33M; 2:208
complexes. It is now well established that molybdenum and  \(2)-s(12) 2.296(7)
tungsten in oxidation state IV form stable triangular incomplete Bond Angles
cuboidal aqua ions [Mus-E)(uz-E)s (H20)e]*" (M = Mo, W; S(1)-W(1)—Cl(11) 160.02) O(23MyW(2)-S(12)  90.8(5)
E = O, S, Se) ofCs, symmetry with six coordinated D S(12-W(1)—-S(1) 105.7(3) O(23MyW(2)—S(23)  164.8(5)
molecules which are cis to the comes-E2 Cucurbituril S(12-W(1)—Cl(11) 87.0(3) O(23MYW(2)—Cl(21)  80.9(5)
(C36_H36N240_12) is_ a macrocyclic_ cavitand witBgp symmetry, 282)):%8;:28)2) 183-1% g((lzganz(W's)(E)s_(?)(ZZM) 13)77-3((3))
having two identical carbonyl-fringed portasts capability of S(13-W(1)—Cl(11) 86.. 4(3) S(23yW(3)-5(1) 106:0(3)
O(12M)—W/(1)—S(1) 83.9(5) S(23yW(3)—S(13) 96.7(3)
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"Institute of Inorganic Chemistry. O(12M)-W(1)—-S(13)  164.4(5) O(31MyW(3)—S(13) 84.5(5)
* The University of Newcastle upon Tyne. O(12M)-W(1)—Cl(11) 80.5(5) O(31M)}W(3)—S(23) 90.3(5)
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1997 119 4777. (f) Russell, V. A.; Evans, C. C.; Li, W.; Ward, M.

O(13M)-W(1)-S(13)  89.4(5) O(32MyW(3)-S(23)  162.4(5)
O(13M)-W(1)—Cl(11)  80.5(5) O(32M}W(3)—O(31M) 75.6(7)

; . 3 0(22M)-W(2)—S(1) 83.8(5) O(32M}W(3)—-0(33M) 77.7(7)
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Table 3. Selected Bond Distances (A) and Angles (deg] [iM03Ss(H20)sCl3][Mo 3S4(H20),Cl2] (PyH)(CssH3eN24012)} Clael 7HO (2)
Bond Distances

Mo(1)—Mo(2) 2.7448(8) Mo(2)-S(23) 2.274(2)
Mo(1)—Mo(3) 2.7460(8) Mo(2)-Cl(21) 2.509(2)
Mo(1)—S(123) 2.339(2) Mo(2)O(22M) 2.174(4)
Mo(1)—S(12) 2.274(2) Mo(2)0(23M) 2.190(4)
Mo(1)—S(13) 2.285(2) Mo(3} S(123) 2.344(2)
Mo(1)—X(11)? 2.369(3) Mo(3)-S(23) 2.272(2)
Mo(1)—0O(12M) 2.202(4) Mo(3)-S(13) 2.275(2)
Mo(1)—0O(13M) 2.185(4) Mo(3)-CI(31) 2.503(2)
Mo(2)—Mo(3) 2.7394(8) Mo(3)-0(32M) 2.142(4)
Mo(2)—S(123) 2.345(2) Mo(3)O(33M) 2.215(4)
Mo(2)—S(12) 2.277(2)
Bond Angles
S(123)-Mo(1)—X(11) 160.74(9) O(22M)yMo(2)—S(23) 93.3(1)
S(12)-Mo(1)—S(123) 105.89(6) O(22M)Mo(2)—Cl(21) 79.7(1)
S(12)-Mo(1)—S(13) 95.38(6) O(22M)Mo(2)—0(23M) 79.5(2)
S(12)-Mo(1)—X(11)? 86.23(9) O(23M)-Mo(2)—S(123) 85.7(1)
S(13)-Mo(1)—S(123) 105.68(6) O(23M)Mo(2)—S(12) 88.7(1)
S(13)-Mo(1)—X(11)? 87.6(1) O(23M)-Mo(2)—S(23) 166.0(1)
O(12M)—Mo(1)—S(123) 87.0(1) 0O(23MYMo(2)—Cl(21) 82.0(1)
O(12M)—Mo(1)—-S(12) 91.1(1) S(123)Mo(3)—CI(31) 161.57(6)
0O(12M)—Mo(1)—S(13) 163.5(1) S(23)Mo(3)—S(123) 105.98(6)
O(12M)—Mo(1)—X(11)? 77.7(2) S(23)-Mo(3)—S(13) 95.48(6)
O(13M)—Mo(1)—S(123) 86.9(1) S(23)Mo(3)—CI(31) 86.20(7)
O(13M)—Mo(1)—S(12) 163.1(1) S(13)Mo(3)—S(123) 105.84(6)
O(13M)—Mo(1)—S(13) 91.6(1) S(13yMo(3)—CI(31) 86.23(7)
O(13M)—Mo(1)—X(11)? 78.7(1) O(32M)-Mo(3)—S(123) 85.7(1)
O(13M)—Mo(1)—0(12M) 78.4(2) O(32M)-Mo(3)—S(23) 161.6(1)
S(123)-Mo(2)—CI(21) 162.37(6) O(32MyMo(3)—S(13) 94.9(1)
S(12)-Mo(2)—S(123) 105.60(6) O(32M)Mo(3)—ClI(31) 79.3(1)
S(12)-Mo(2)—Cl(21) 86.81(6) O(32M)yMo(3)—0O(33M) 78.3(2)
S(23)-Mo(2)—S(123) 105.93(6) O(33M)Mo(3)—S(123) 86.0(1)
S(23)-Mo(2)—S(12) 95.45(6) O(33MyMo(3)—S(23) 88.2(1)
S(23)-Mo(2)—Cl(21) 84.83(6) O(33M)Mo(3)—S(13) 166.0(1)
0O(22M)—Mo(2)—S(123) 85.6(1) O(33M)yMo(3)—CI(31) 80.5(1)
O(22M)—Mo(2)—S(12) 163.2(1)

aX =1/2Cl+ 1/2 O.

{[W3S4(H20)7C|2](C35H35N24012)}Clz‘lOHzO (1) To a solution of
cucurbituril decahydrate (0.0589 g, 0.050 mmol) in 10 mL of 2.5 M
HCI was added 1.00 mL of 50 mM [V84(H20)q]** (0.050 mmol) in
2 M HCI. The final solution was mixed thoroughly and allowed to
stand at room temperature over 4 days. During this time, blue plate
crystals ofl suitable for crystallography formed and were filtered off
and dried in air. Yield: 0.047 g (42%). Anal. Calcd fore870-
ClsN2402654W3: C, 20.35; H, 3.32; Cl, 6.67; N, 15.82; S, 6.04. Found:
C, 20.55: H, 3.15; CI, 6.98; N, 15.76; S, 6.00.

{ [MO3S4(H 20)6C|3] [MO 3S4(H 20)7C|2](PyH)(C36H 35N24012)} C|4‘
17H;0 (2). To a solution of cucurbituril decahydrate (0.147 g, 0.125
mmol) in 25 mL of 2.5 M HCl was added 2.00 mL of 125 mM [M&-
(H20)q]** (0.250 mmol) h 2 M HCI and pyridine (0.0395 g, 0.500
mmol). The final solution was mixed thoroughly and allowed to stand
at room temperature over 2 days. During this time, green plate crystals
of 2 suitable for crystallography formed and were filtered off and dried
in air. Yield: 0.318 g (91%). Anal. Calcd for&H10ClsM0sN25042Ss:

C, 17.79; H, 3.71; Cl, 11.52; N, 12.65; S, 9.27. Found: C, 17.63; H,
3.70; Cl, 11.41; N, 12.39; S, 9.38.

X-ray Crystallography. A dark blue plate (0.028 0.30 x 0.40 Figure 1. Drawing of { [W3Ss(H20)7Cl2](C3eH3eN24012)} >+ in 1, with
mm?) of 1 was mounted at the end of glass fiber. Intensity data were partial atom-numbering scheme. Thermal ellipsoids are given with 50%
collected atT = 293 K on Enraf-Nonius CAD4 diffractometer, Mo  probability. Hydrogen atoms are omitted for clarity. Hydrogen bonding
Ko (A = 0.7107 A),u = 5.268 mnTt. Total 12640 reflections were  interactions are indicated by dashed lines.

(4) Reviews: (a) Mock, W. LTopics Curr. Chem1995 175, 1. (b) measured up (@may = 257, of \.NhiCh 12282 uniqueRn = 0'1050'.
Cintas, P.J. Inclusion Phenom. Mol. Recognit. Chet894 17, 205. The structure was solved by direct method (SHELXS-97) and refined

(5) (a)Jeon, Y.-M.; Kim, J.; Whang, D.; Kim, Kl. Am. Chem. So¢996 against? in anisotropic approximation (SHELXL-97). Final residuals
118 9790. (b) Whang, D.; Heo, J.; Park, J. H.; Kim,Angew. Chem., are: R1=0.0689, wR2=0.1610 for 3388 > 40(F), R1=0.1777,
Int. Ed. 1998 37, 78. (c) Heo, J.; Kim, S.-Y.; Whang, D.; Kim, K: WR2 = 0.2235, GOF= 0.744 for all unique data.
Angew. Ch_em., Int. Edggg 38, 641. (d) R’_)h’.s"G" Park, K.-M.; A dark green plate (0.2& 0.09 x 0.02 mnd) of 2 was mounted at
Park, G.-J.; Sakamoto, S.; Yamaguchi, K.; Kim, Kngew. Chem., ) .
Int. Ed. 1999 38, 638. (€) Whang, D.; Jeon, Y.-M.; Heo, J.; Kim, K. the end of glass fiber. I_ntensny data were collected at 160 K on
J. Am. Chem. Sod.996 118 11333. Bruker SMART CCD diffractometer, MoK (1 = 0.71073 A),M =

(6) Fedin, V. P.; Sykes, A. @norg. Synth 200Q 33, in press. 1.317 mntt. Total 19815 reflections were measured ugte = 28.6,
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Figure 2. Structure 0{ [\NsSa(HzO)7C|2](C35H36N24012)} n2n+ polymeric
chain inl. All hydrogen atoms, chloride ions, and water molecules in
the lattice are omitted for clarity. Hydrogen bonding interactions are
indicated by dashed lines.

Figure 4. Structure of{[M03Ss(H20)sCls][M0 3S4(H.0),Cl;](PyH)-
(CaeH36N24012)} *™* polymeric chain ir2. All hydrogen atoms, chloride
ions, and water molecules in the lattice are omitted for clarity. Hydrogen
bonding interactions and SS interactions are indicated by dashed lines.

Cl3]* and [Ma;Sy(H20),Cl,]?". The final residuals are: R 0.0508,
WR2 = 0.1350 for 675ZFnhq = 40(F), R1 = 0.0936, wR2= 0.1479,
GOF = 1.043 for all unique data.

Crystallographic information fot and2 can be found in Table 1.
Bond distances and angles can be found in Tables 2 and 3.

Results and Discussion

The triangular cluster aqua ions §{ds-E)(u2-E)s (H20)g]*"
(M = Mo, W; E = O, S, Se) and macrocyclic cavitand
cucurbituril (GgH3zeN24012) can be regarded as promising
building blocks in the construction of supramolecular as-
semblies: six cis to the copes-E coordinated KO molecules
of [M3(us-E)(uz-E)s (H20)g]*" (hydrogen bond donors) comple-
mentary to six cucurbituril portal oxygen atoms (acceptors). The
shape and symmetry of the building blocks can induce specific
crystal structures.

Blue crystals O'{ [\/\/354(H20)7C|2](C36H36N24012)} C|2'10Hzo
(1) were obtained in 42% yield by reaction of cucurbituril with
1 equiv of [W5S4(H20)q]** in 2.5 M HCI aqueous solution. The
(CaeH3eN24012)} #* in 2, with partial atom-numbering scheme. Thermal .X_ray structure ort rgveals a on.e—dlmenspnall organic
ellipsoids are given with 50% probability. The cucurbituril molecule inorganic hybrid material (.)f alternating cucurbituril molecules
has a crystallographically impose inversion center. Disordered position and [WsSy(H20)7Clo]** cations assembled through hydrogen
O11M = 1/2Cl + 1/20. Disordered position of 5/6& 1/6N in the bonds (Figure 1, 2). There are two coordinated Gh the
pyridine molecule are not distinguished. Hydrogen atoms are omitted [W3S,(H,0)Cl,]2" cation which are trans to the cqug-S. Each
for clarity. Hydrogen bonding interactions are indicated by dashed lines. tungsten atom of the cation ihis coordinated by two water

of which 10584 uniqueR;,x = 0.0374). The structure was solved by molecules in cis position to the con_@-S. These six cis water
direct method and refined againg in anisotropic approximation ~ molecules form hydrogen bonds with portal oxygen atoms of
(SHELXTL). One of the terminal chlorine atoms on Mo appeared to cucurbituril (O--O, 2.638-2.826 A) (Figure 1). A trans water
be disordered with kO with 1:1 ratio corresponding with coexistence Mmolecule (O31M) and cis water molecule (O32M) bound to
of two cluster cations in the same crystallographic position ;fbl,O)s- one of the tungsten atoms (W3) of the triangular cluster form

c131 13 S12 oM
Figure 3. Drawing of {[M03Ss(H20)sCls][M0 3Ss(H20);Cl,](PyH)-



2230 Inorganic Chemistry, Vol. 39, No. 10, 2000 Notes

hydrogen bonds to portal oxygen atoms of adjacent cucurbituril molecules that form a complicated hydrogen-bonding network
(O-+-0, 2.644 and 2.812 A) resulting in formation of robust among themselves. No pyridine molecules are found in the
infinite chains running along the axis (Figure 2). channels.

Green crystals gf[M03S4(H20)6Cls][M0 3S4(H20),Cl2](PyH)- The supramoleculed and 2 are rather stable. They are
(CaeH36N24012)} Clar 17H,0 (2) were obtained in high yield when  insoluble in water or hydrochloric acid.
pyridine was added to the reaction mixture of cucurbituril and
2 equiv of [M3S4(H20)e]*" in 2.5 M HCI aqueous solution.  Conclusion
The FT-IR spectrum a2 clearly shows that the pyridine N atom
is protonated (characteristi¢N—H) bands at 3320 and 3171 We present two examples of a new family of supramolecular
cmY). The X-ray structure analysis reveals a PyiMolecule assemblies based on cucurbituril adducts of hydrogen-bonded
encapsulated in the cucurbituril cavity (Figure 3). The binding mMolybdenum and tungsten incomplete cuboidal agua complexes.
of the guest molecule is controlled by effective blocking of two The novel molecular container assemblies are capable of

portals of the molecular containéEach portal of cucurbituril  encapsulation of guest molecules in solution. We are continuing
in 2 is effectively covered with cluster ions such as a “lid” on to investigate supramolecular assemblies based on cucurbituril
a “barrel”. Six water molecules in cis position to the careS adducts of other hydrogen-bonded transition metal cluster aqua

form hydrogen bonds with portal oxygen atoms of cucurbituril complexes (homo- and heterometallic).

(O---0, 2.648-2.731 A). The cavity of the cluster lidded This work was supported by the Russian Foundation for Basic

cucurbituril is large enough to accommodate a pyridine mol- Research (research grant 99-03-32788) and an EU INTAS

ecule. Furthermore, cucurbituril and triangular agua complexes collaboration (research grant 96-1256). One of us (A.V.V.)

form a one-dimensional supramolecular assembly in the solid thanks the Royal Society for financial supporting of his visit to

state in which lidded cucurbituril molecules stack atop one the University of Newcastle upon Tyne. We thank EPSRC (UK)

another through noncovalent-85 (2.984-3.330 A) interactions for equipment funding.

between two adjacent clusters (Figure 4). The observe®S ] ) ) ] ]

distances are substantially shorter than the sum of van der Waals _SUPPOrting Information Available: - Experimental details of X-ray

radii (~3.6 A) and intramolecular distances of 3.37 A between crystal structure determination, tables of X-ray data collection/refine-
. . . . ment parameters, atomic position parameters, and anisotropic dlsplace-

pairs ofuz-S atoms in the same cluster cation. This phenomenon ment parameters fd, 2. This material is available free of charge via

has been already found in the crystal structures of othduM e |nternet at http://pubs.acs.org.

complexes$. Supramolecular chains form layers in tyeplane.

The interchain space is filled with chloride anions and water ©000026R
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