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Self-Assembly of 1-D Chains of Different Topologies Using the Hydrogen-Bonded Inorganic
Supramolecular Synthons N-H---CI;M or N —H---CIz;M
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Crystal Engineerinf has as its ultimate goal the synthesis of acceptors and suitable donors in the construction of transition
crystalline solids from molecular units connected in such a way metal-containing hydrogen bonded networks.
as to convey desirable macroscopic physical properties. In this paper we report the successful application of trifurcated
Achieving this goal requires not only choice of the right N—H:ClM (A) and bifurcated N-H---Cl,M hydrogen bonds

molecular building blocks but an understanding, and ultimately (B) (here M= Pt) asinorganic supramolecular synthons in the
some degree of control, of the interactions between molecules, construction of linear and ziagag assemblies in the solid state.

Thus, the common types of intermolecular interactions and Cl—Pt I Pt
geometries, termed “supramolecular synthons” by Desfrajust N
be identified and studied carefully in conjunction with the H';;:::’_'.C_{_ I N=HL /P‘ N‘H'==:::.CLL
energetics of these interactions. Hydrogen bonds, regarded as -~ el

the strongest and most directional of intermolecular interactions, A B-1 B-2

have been widely exploited in organic crystal engineetibgt

less so in systems involving organometallic or coordination
compounds. Nevertheless, transition metal-containing systems
offer a wide selection of ligands with available hydrogen bond
donor and/or acceptor sités.The range of accessible metal
oxidation states also leads to the ready availability of anionic and

cationic species, Wh'_Ch ha_lve been shown to be adva_nta%jééus under different solution conditiort8,and characterized by el-
(but are less accessible) in hydrogen-bonded organic systems. ¢ antal analysis and X-ray crystallography.The crystal
Recently we have demonstrated the dramatic enhancement oftructures show that 1-D self-assembly of either linear or zigzag
the acceptor capabilityof chlorine imparted by coordination to  chains has been achieved through the dominance of hydrogen
metal centers, relative to organochlorine, and the anisotropy of bonds formed between strong donors and acceptors using the
the metal chloride acceptor group, which shows strong preferenceaforementioned supramolecular synthons. WeakeH@onors
for H:--CI-M angles of 96-130°.8 Van Koten has reported a  provide cross-linking between the chains using chloride ligand
1-D zigzag chain arrangement based upeaH®--Cl—Pt hydro- acceptors, as well as the sterically accessible Pt accept@s in
gen bonds? Crabtree has reported a bifurcated-N-+-Cl,M and3.

hydrogen bond in the salt 2,6-diphenylpyridinium tetrachloroau- -
(9) (a) Davies, P. J.; Veldman, N.; Grove, D. M.; Spek, A. L.; Lutz, B. T.

rate(lll) and suggested basicity of the Cl p-lone pairs favors this G.; van Koten, GAngew. Chem., Int. Ed. Engl99 35, 1959. (b)
arrangement? Bernstein has also noted that such bifurcated Yap, G. A. P.; Rheingold, A. L.; Das, P.; Crabtree, R.lkbrg. Chem

i 1995 34, 3474. (c) Dadon, H.; Bernstein, (horg. Chem 1997, 36,
hydrogen t.)ond§ are relatlvely. Cor.nm?srbased upon a CcsD 2898. (d) Allen, F. H.; Kennard, GChem. Design Automation News
search. With this background in mind we have sought to explore 1993 8, 1, 31-37.
the applicationof double (C}M) or triple (ClzM) metal chloride (10) Compoundl can be prepared from a 1:1 mixture of DABCO and
K[PtCly] in 12 M aqueous HCI solution but is most readily prepared
from a 1:1 molar mixture of aqueous [(DABCO)EI, and Ky[PtClg].

Our design strategy was to choose simple systems containing
only (strong) metal chloride acceptors and (strongyHNand
(weak) C-H groups as potential donors. The three systems
studied, [([DABCO)H][PtClg] (1), [(DABCO)H,][PtCl4] (2), and
PtCL{ (DABCO)H} (3) (DABCO = 1,4-diazabicyclooctane), were
prepared from common starting materials and stoichiometry, but

* Corresponding author. E-mail: lee.brammer@umsl.edu. Yellow crystals of 1 suitable for X-ray diffraction were grown by

(1) (a) Desiraju, G. RCrystal Engineering: The Design of Organic Solids evaporation of the solvent (2&) after preparation by the latter method.
Elsevier: New York, 1989. Compounds2 and 3 were prepared from addition of 1 equiv of

(2) For an emphasis on crystal engineering using hydrogen bonds, see: (a) [(DABCO)H,]CI; to an aqueous solution of ftCls]. This results in
Aakergy, C. B. Acta Crystallogr 1997, B53 569. (b) Subramanian, S.; precipitation of2 as a pink-cream-colored solid, which upon recrystal-
Zawarotko, M. JCoord. Chem. Re 1994 137, 357. lization yields red crystals. Over periods of days the initial produist

(3) Desiraju, G. RAngew. ChemInt. Ed. Engl 1995 34, 2311. converted in solution int8 by reaction of [[DABCO)H]?" with [PtCl,)?>~

(4) Forexample, see: (a) Etter, M. C.; Adsmond, DJAChem. Sa¢cChem. with loss of HCI. This conversion can be accelerated by heating the
Commun199Q 589. (b) Lehn, J.-M.; Mascal, M.; DeCian A.; Fischer, suspension o, to remove HCI from solution. Yellow crystals &
J. J. Chem. Sa¢ Chem. Commun199Q 479. (c) Zerkowski, J. A.; with crystalline2 as a minor product, were obtained by evaporation of
MacDonald J. C.; Whitesides, G. NChem. Mater1994 6, 1250. (d) water from such a heated (8C) solution. Elemental analyses concur
Aakergy, C. B.; Hughes, D. P.; Nieuwenhuyzen, M.Am. Chem. Soc. with expected values. _
1996 118 10983. (11) Crystal data:1, M = 521.98, rhombohedraR3m, a = 9.286(1) A,o. =

(5) For example, see: (a) Burrows, A. D.; Chan, C.-W.; Chowdry, M. M.; 67.85(1), U = 660.81(1) B, Z = 2, D, = 2.623 Mg m3, Ry(F) =
McGrady, J. E.; Mingos, D. M. RChem. Soc. Re 1995 24, 329. (b) 0.0178, WiRy(F?) = 0.0547,3F?) = 1.68 for 722F? > 20(F?). 2, M =
Copp, S. B.; Subramanian, S.; Zawarotko, MJJChem. Sa¢cChem. 451.08, triclinic,P1, a=6.7139(1) Ab = 6.8680(1) Ac = 13.4628(1)
Commun1993 1078. (c) Braga, D.; Grepioni, F.; Byrne, J. J.; Wolf, A. A, a.=79.000(1}, 8 = 83.517(13, y = 71.672(1J, U = 577.53(1) A,
J. Chem. SagChem. Commurl1995 1023. Z=2,D. = 2.594 Mg n73, Ry(F) = 0.0241, WR,(F?) = 0.0545,5F?)

(6) Braga, D.; Grepioni, F.; Desiraju, G. R.Organomet. Cheni997 548 = 1.083 for 30082 > 20(F?). 3, M = 414.62, monoclinicP2;/n, a =
33. 6.5973(1) Ab = 11.8324(2) Ac = 13.6331(1) A = 102.035(1), U

(7) The termsdonorandacceptorare used in the sense of hydrogen bond =1040.83(2) R, Z = 4,D. = 2.646 Mg n73, Ry(F) = 0.0281, WRy(F?)
donor and hydrogen bond acceptor throughout the paper. = 0.0552,9F?) = 1.051 for 3052F? > 2¢(F?). Distances and angles

(8) (a) Aullon, G.; Bellamy, D.; Brammer, L.; Bruton, E. A.; Orpen, A. G. involving hydrogen atoms are calculated assumirg-Nand C-H bond
Chem. Commurl998 653. lengths normalized to neutron values of 1.01 and 1.08 A, respectively.
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Figure 1. View of 1 perpendicular to linear chains based uponHi
--ClsPt hydrogen bonds (synthok): H-:-Cl, 2.535, 2.565 A; N-H--+

Cl, 132.4,132.83 H---CI—Pt, 78.3, 78.6, Cl---H---Cl, 79.6, 78.9. Atoms
comprising synthoi\ are shaded. View along the [111] direction showing
columnar arrangement provided in the Supporting Information.

Figure 3. View of 3 perpendicular to the corrugated layers in the (101)
plane. Layers comprise zigzag chains based upetiN-Cl,Pt hydrogen
bonds (synthoiB, pertinent atoms shaded):-+Cl, 2.602, 2.418 A; N-H-
--Cl, 134.2, 128.3 H---Cl—Pt, 92.8, 98.3 Cl---H-:-Cl, 79.4. Chains
are cross-linked by additional longer-¥---Cl hydrogen bonds (H-

Cl, 2.901 A; N-H::-Cl, 120.F, shown as open dashed lines) and by
C—H---Pt hydrogen bonds (see text).

Compound3 (Figure 3) is a zwitterion with a cationic™N-H
donor group and three chloride acceptors at the anionic (opposite)
end of the molecule<{PtCk~). Bifurcated N-H---Cl,Pt hydro-
gen bonds lead to zigzag chains astride the crystallograpiiide
planes. TheB synthon conformation is intermediate (43.1
between theB-1 (0°) and B-2 (90°) extreme¥ due to weak

Figure 2. View of 2 showing layers comprising zigzag chains based
upon N-H---Cl,Pt hydrogen bonds. Synth@1: H---Cl, 2.218, 2.844

A: N—H-+-Cl, 152.7,125.8, H++-Cl—Pt, 104.1, 87.9 Cl-+-H---Cl, 78.2. trifurcation (H--Cl 2.418, 2.602, 2.901 A) involving a third
SynthonB-2: H-+-Cl, 2.480, 2.475 A; N-H---Cl, 141.7, 127.2 H--- chloride acceptor from an anion in a neighboring chain. Cross-
Cl—Pt, 78.8, 78.7, Cl-++H---Cl, 81.3 and cross-linked by €H-:-Pt linking of chains (into corrugated sheets parallel to the (101)

hydrogen bonds (see text). Atoms of synth@$ andB-2 are shaded. planes) also involves short-@4+--Pt hydrogen bonds (++Pt

o _ 2.677 A; C-H---Pt 161.3).
Compoundl crystallizes in the uncommon space grdegm ) .
as linear chains of alternating cations and anions linked via '1uS, we have shown that metal chloride hydrogen bond

trifurcated N-H--ClsPt hydrogen bonds (synthok) along the acce_ptors, and in par_ticular polychlorometal(late) compounds, can
crystallographic 3-fold axis (Figure 1). Cations and anions are Provide a good basis for supramolecular assembly and crystal
staggered with respect to each other, necessitating a staggere@ndineering of transition metal-containing systems. Specifically,
configuration of consecutive cations. The set of three mutually inorganic supramolecular synthons based upon bifurcated and
orthogonal chloride ligands are optimally positioned for interaction trifurcated hydrogen bonds involving these acceptor groups have
with the ammonium hydrogen (HCI—Pt ca. 80). Each chain been successfully applied to the synthesis of linear and zigzagged
is surrounded equidistantly by six other chains in a columnar 1-D assemblies. These further assemble into columnar stacks (
manner, but without short or directional interactions. Interchain or sheetsZ and3). In the latter systems, which contain square-
H---Cl separations lie in the range 2:78.10 A. planar metal coordination geometries with sterically accessible
The interaction between strong donors—(N) and acceptors  filled metal orbitals (g), intermolecular G-H---Pt hydrogen

(CI—Pt) is maximized in2 (see Figure 2) by the formation of  bonds are involved in assembling the 1-D chains into 2-D sheets.

bifurcated N-H---Cl:Pt hydrogen bonds (synthoB). The We are currently exploring the use of the synthons presented
conformational flexibility of synthor (i.e. pivoting of the N-H herein to develop metal-containing supramolecular systems.
bond about the C1-Cl vector) is illustrated at the two independent

anions, where hydrogen bond conformations lie withiri &2 Acknowledgment. Partial support of this work from the
the extremes of paralleB¢1) and perpendicularB-2), respec-  petroleum Research Fund, administered by the American Chemi-

tively, to the metal coordination plarté. This gives rise to @ ¢a| Society, and a UMSL Research Award is acknowledged.
zigzag chain of alternating cations and anions with alternate anionsp,rchase of the Siemens SMART diffractometer was funded by
mutually orthogonal (855angle between Pt¢imean planes).  NSE Grant No. CHE-9309690. J.C.M.R. thanks the UMSL

Compound? also exhibits cross-linking of chains into layers via Department of Chemistry for an Alumni Graduate Summer
C—H---Pt hydrogen bondé(H"'Pt 2.601 A, C-H---Pt 1573), Fe”OWShlp in Support of this work.

which comprise a centrosymmetrie-€i---M---H—C arrangement

involving two hydrogen bond donors with one metalatbital * Supporting Information Available: X-ray crystal structure deter-
These Iaye.rs are further linked by-@i---Cl hydrogen bonds. mination details and figures are available (3 pages), as well as tables of
(Twelve unique, H-Cl range 2.58-2.95 A.) crystal data, atomic coordinates, displacement parametets frand

3, in CIF format, which are available on the Internet only. Ordering and
(12) Angles are defined between the-N vector and the normal to the RtL access information is given on any current masthead page.
plane.
(13) A CSD¥™ search (April 1998 version) identified 41-GH---Pt contacts 1C9805269
with H---Pt < 2.8 A and C-H---Pt > 120°. For discussion of EH--
-Pt hydrogen bonds see refs 13t (b) Brammer, L.; Charnock, J. M.;

Goggin, P. L.; Goodfellow, R. J.; Koetzle, T. F.; Orpen, A.J3Chem. (14) (a) An O-H---M---H—0 arrangement has been discussed in IR studies
Soc., Dalton Trans1991 1789. (c) Gao, Y.; Eisenstein O.; Crabtree, R. of hydrogen bonds involving the CpMlsystem (M= Co, Rh, Ir)}®
H. Inorg. Chim. Actal997 254, 105. (d) Braga, D.; Grepioni, F.; (b) Kazarian, S. G.; Hamley, P. A.; Poliakoff, M. Am. Chem. Soc.

Tedesco, E.; Biradha K.; Desiraju, G. Brganometallics1997, 16, 1846. 1993 115 9069.



