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Abstract: Anyorganic crystal structure can be simplified to a network wherein the molecules are the nodes and the
supramolecular synthons are the node connections. This approach to crystal engineering is illustrated in this paper
with reference to organic structures based on the diamond network. By introdueind@iNsynthons into this
network, a 2-fold-catenated structure is obtained for the 1:1 complex between hexamethylenetetramine (HMT) and
CBrs. The use of GH---N mediated synthons in the same network results in the 1:2 complex of 1,3,5,7-
tetrabromoadamantane (AdBwith HMT. Further structural flexibility is achieved by the interchange of molecular

and supramolecular synthons. Accordingly, the diamond-based crystal structures of tetrakis-(4-bromophenyl)methane
and the 1:1 molecular complex of tetraphenylmethane and @®rvery similar. This near-identity arises because

of the structural equivalence of the GBnolecular synthon and the Bsupramolecular synthon and the ability of

the CBr molecule to participate in Br -phenyl interactions. In general, there is much topological correspondence
between organic and inorganic crystal structures, and this can be utilized in the description of organic crystal structures
as networks. Such a depiction is of much practical utility and is different from Kitaigorodskii's model which
distinguishes fundamentally between molecular and crystal structure. In the network model, molecular and
supramolecular synthons are interchangeable within the same network structure.

Introduction materials tests the robustness of several supramolecular syn-

_ thons, particularly those constituted with the weaker intermo-
‘Supramolecular synthons are the smallest structural units|ecylar interactions. (iii) They are aesthetically appealing
within which is encoded all the information inherent in the synthetic targets.

mutual recognition of molecules to yield solid state supermol-
ecules, that is, crystals. A key aspect of crystal engineering is
therefore the dissection of a target network into supramolecular
synthons and the not so critical fragments (molecular synthons)
which connect the supramolecular synthénSuch a dissection

Organic diamondoid networks were first discussed by Ermer
who showed that the crystal structures of adamantane-1,3,5,7-
tetracarboxylic acid], and methanetetraacetic acare based
on self-assembly via carboxylic acid dimer synthorfs It is
possible to substitute other synthonsfan adamantyl or other

simplifies the analysis of a target network and is important in tetrahedral templates and generate similar diamondoid structures
crystal engineering because it recognizes the |nterchangeabll|tyWuest and co-workers have used this concept and introduced

of supramolecular synthons in a family of structures. From such : . ; .
interchangeability follows the well-known observation that ;hitrﬁéitfogf'igffhi'rgirtii?/rgpe%" dlir;srﬁi?jgif dthr?eﬁz;tr)li’;(y;re
molecules with widely differing functionalities can have rather yhi ved throuah centr m% trie-Mi- - -O hvdrogen bond
similar crystal structure%. At a higher level, supramolecular ac Seze O;Jkg ced osy ke h )(; tﬁgeﬁ) -O-N )
synthons may be interchanged witiolecularsynthons so that Ing.” ~£aworotko and CO-WOrkers have use &

synthonlll in a similar manner, witl&-symmetry organome-

even more widely dissimilar compounds can be predicted to li defining the tetrahedral nod d riid. i
have closely related crystal structures. These ideas are discusseﬁ1 IC precursors detining the tétrahedral nodes and rigid, inear

in this paper with reference to diamondoid networks formed Spacer molecules connecting these nodes (as in tmm‘? .

by SomeS symmetry molecles. |  Giamondon snicres based on the metC aymhony
hal\?g?:vngr:atlh;?);%gt]gr]\z?Qarlngfé\;\ilglr'skzgz\r/\gg lallzrgf:grlr?;se F.rom the;e examples., it is clear tha.t the synt.hesis of organic
Such Solds cold act e ogaic Zenies. ATOng (1656, 1t msear moecios s e v s
suprgmolecula_r synthesis of organic diamqnqoid materials has'Iecular synthons used aré based on “strong” hydr,ogen bonds or
;e(;:z\\llve?a?:ﬁ;tgngféézifﬂg’s‘?smignrﬁgﬂshe(avg'keyarseggﬁym coordinate covalent bonds. We have used a similar strategy
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Structure Simplification and Synthon Interchangeability

with weaker interactions. By replacing any of the synthons
=1V in the diamond network with theN -Br synthonV, one
obtains the 1:1 molecular compl&of hexamethylenetetramine
(HMT) with CBr4. This complex has a network structure similar
to that in the Zn(CN) structure?
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Extending this strategy, synthovi in complex3 may be
replaced with an appropriate-&- - -N synthon,VIl , which
is constituted with three equivalent-Ei- - -N hydrogen bonds,
as node connectiofs.This then is the structure of the 1:2
complex4 of 1,3,5,7-tetrabromoadamantane, Agemnd HMT
and of the 1:1:1 comples of AdBr, , HMT, and CB. Itis
relevant to note that in these ZnS-based structures, four AdBr
molecules converge tetrahedrally to give six identical-BBr
contacts of around 4.08 A (Figure 1). This,Biuster (synthon
VIII ) occupies face-centered cubic (FCC) octants at (3/4, 1/4
1/4) leaving the alternate octants for the HMT (1/4, 1/4, 1/4)

molecules, and one can connect these clusters with the ada;
mantyl molecular synthons to obtain an alternative diamondoid

network (Figure 2). The BrclusterVIll is the starting point
for the crystal engineering exercise described in this paper.

Experimental Section

Crystal data were collected at room temperature on an Enraf-Nonius ture

CAD-4 diffractometer. The structures were solved with MULTANBO
and refined with BLOCKLS?! All non-H atoms were refined aniso-
tropically?> The crystallographic information is deposited in the
supporting information.

Results and Discussion

Diamondoid Networks Based on Bf--Br and Br- - --
Phenyl Interactions. It was noted that, in both complexds
and5, clusterVIll has a shape and size which matches well
with those of HMT and, in particular, CBr The occurrence
of VIII in the crystal structures of and 5 indicates its
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Figure 1. Formation of the Brcluster in complexed and5 by the
convergence of four AdBmolecules. Notice the Br -Br interactions.
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Figure 2. Networking of the Bj clustersVIIl in complexes4 and5
via the adamantyl molecular synthons to generate a complementary
superadamantoid cage. The,Blusters are shaded.

robustness and potential use as a design element in the crystal
engineering of other diamondoid networks. Because of the size
similarity between clusteWIll and the CBs molecule, the
possibility arises that these entities can be mutually exchanged
with little change in the overall crystal packing. According to
the well-known principle of structural mimicry, molecules of
the same size and shape have similar crystal structéiréée
have shown in the preceding paper in this issue that supramo-
"lecular fragments of the same size and shape confer similar
effects on crystal structures. A powerful extension to these ideas
is thatmolecular and supramolecular synthons are interchange-
able in a family of crystal structuresThe following example
shows how this principle as applied to GEnd synthorVIll
may be used to generate new diamondoid networks.

With this background, we examined the crystal structure of
tetrakis(4-bromophenyl)metharg, From the molecular struc-
it was anticipated that the crystal packing should be
controlled by the Br- -Br interactions. It was further expected
that there could be two possibilities for the packing. The first
is through the formation of a diamondoid network similar to
acid1 but with Br- - -Br interactions. The second possiblity is
via the formation of the CBrsynthonVIIl by the aggregation
of four molecules ob.

In reality, it is the second possibility which is adopted.
Compound6 crystallizes in the tetragonal system, and thg Br
clusterVIIl is shown in Figure 3. In this cluster, four Br atoms
are arranged in a tetrahedral fashion, and the distance between
any two bromine atoms is 3.91 A. If the empty centroid in
VIII is considered as a phantom “carbon” atom, the cluster
becomes a super-CBmolecule. The €&Br bond distance in
this super-CByis 2.146 A, and B+ C—Br angles are 108.35
(four angles) and 110.04(two angles). These parameters
compare well with those of the CBmolecule in comple8 in
which the G-Br distance is 1.926 A and the B€—Br angles

(11) Rae, A. D. RAELS89: A Comprehensive Constrained Least Squares are 108.92 (two angles) and 110.88(four angles). The

Refinement Program, University of New South Wales, Kensington, 1989.
(12) For all crystal structure data fd@ and 8, see the supporting

information.6: 14, a=12.713(2) Ac=7.114(2) A.8: 14, a=12.638(2)

A, c=7.298(2) A.

structure of6 is easily understood in terms of the combination

(13) Jones, W.; Theocharis, C. R.; Thomas, J. M.; Desiraju, Gl.R.
Chem. Soc., Chem. Commui983 1443.
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Figure 3. Formation of the BrclusterVIIl from four molecules 06
in its crystal structure.

Figure 6. Br- - -phenyl interactions (synthdiX) in the crystal structure
of complex8. Notice that the CBrmolecule (shaded) is surrounded
by four tetraphenylmethane molecules.

Figure 7. Schematic representation of the network structure in complex
8. Shaded and unshaded circles represent @Bt tetraphenylmethane

. . . . ) . molecules.
Figure 4. Three interpenetrating diamondoid networks in the crystal

structure of6. Both super-CByand tetraphenyl moities are shown as
alternating circles.

Figure 8. Stereoview of the structure of compl&with the same
molecules that are depicted schematically in Figure 7. The,CBr
molecules are shaded.
® 9 ® 9
Figure 5. Stereoview of the structure of compouddThe super-CBr positions of the tetraphenyl moieties, the Br atom positions in
molecules are shaded. Note that the tetrahedral topologies of thestructures and8 are nearly inverted about the centroid to take
tetraphenyl and Brmoieties define a superadamantoid cage. The into account the different geometrical requirements of thd8€
molecules in this figure define one out of the three diamondoid networks covalent bond and the Br -phenyl intermolecular interaction.
depicted schematically in Figure 4. However, there are no major differences in these crystal
structures, and ir8 too, the centroids of the CBrand 7
molecules may be taken as spheres and joined to form a distorted
éiiamondoid network? The schematic view of such a network
is shown in Figure 7, and the stereoview of the actual structure

is shown in Figure 8.

of the two tetrahedral moieties, the tetraphenylmethane molec-
ular synthon and the Bsupramolecular synthovilll . If these

tetrahedral moieties are reduced to spheres lying at their center
and the spheres joined, distorted diamondoid networks are the
result. Figure 4 is a schematic view of the structure, and Figure

5 is a stereoview of the actual structure. Though the crystal structures 6fand8 appear to be formed
We are now in a position to interchange molecular and from widely different component$(s a one-component crystal
supramolecular synthons. 16, the Br clustersVIll are while 8 is a two-component crystal), they have close similarities

connected to the tetraphenyl moieties throughBE covalent at the supramolecular level and identical distorted diamondoid
bonds. It was expected that these-f8ir molecular synthons ~ networks mediated, respectively, by-BrBr and Br - -phenyl
could be replaced with the supramolecular syntiénwhich supramolecular synthons. It is clear that synthdi in the

is based on the Br -phenyl interaction. In other words, the structure of6 is the supramolecular equivalent of the GBr
replacement of/lll with CBr4 accompanied by the concomitant ~molecule in comple, while synthonX in 8is the equivalent
rep]acement ob by tetrapheny|methan§” should lead to no of the covalent PkBr bond in6. Finally, the intermolecular
major structural change. In practice, cocrystallization of £Br Br+ - *Br interaction in6 is equivalent to the covalent BIC—
and7 led exclusively to the formation of complekwhich is Br connection in comples.

nearly isostructural witl6.22 In this structure (Figure 6), four A final common feature of interest in structur&sand 8 is
molecules of7 are linked to a CBrmolecule through synthon  the phenw - -phenyl supramolecular synthongl. These

IX (Br- - -phenyl ring center 3.67 A). With reference to the herringbone synthons are ubiquitous and are found in the crystal
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structure of the parent hydrocarb@rmlso*5 The robustness Though the development of network theory to organic crystal
of this synthon in this structural family is manifested by the chemistry is recent, this is hardly the case for inorganic crystal
constancy of the tetragonal axis length6in7, and8 with the structures which have traditionally been viewed in this fasifon.

phenyt - -phenyl interactions operating along this direction. Thus, the next logical step after depicting an organic crystal
Indeed, the importance of this geometry results in an anisotropy structure as a network is to search for its inorganic counterpart.
of the interaction arrangement with the result that these These comparisons are not just chemical curiosities but play a
tetrahedrally shaped molecules adopt tetragonal rather than cubicvery important part in the development of a proper theory of
space groups. The crystal structures6of7, and 8 are all crystal engineering because one is able to draw from the very
tetragonal, with the andb axes in6 and8 being enlarged to  considerable literature which exists in the inorganic structural
accommodate the Br groups, but in an overall sense, there aredomain to choose new target networks. In this context, the
many similarities in these structures with regard to the phenryl structures described in this paper are especially interesting.
phenyl interactions.

Topological Equivalences between Organic and Inorganic Conclusions
Crystal Structures. Implicit in the supramolecular synthon ) S )
approach to crystal engineering is the consideration of an organic  1his paper shows that the simplification of an organic nyStGl'_
crystal structure as a netwdré rather than as a collection of ~ Structure as a network and the subsequent dissection of this
(molecular) objects assembled with forces which are much nNetwork into nodes and node connections are.helpful for the
weaker than the forces within the objéétThis earlier classical ~ development of general strategies of crystal engineering. Node
depiction owes mainly to Kitaigorodskii, and even as consider- connections or_supramolec_:ular synthons are sub_structural units
able advances were made in our understanding of molecularOf the greatest importance in crystal structure design. Supramo-
crystals based on this earlier model, it is becoming more evidentlecular synthons can be interchanged in a given network so that
that the network model for an organic crystal is of much molecules with different fl_mctionalitie_s can have very similar
utilitarian value in crystal engineering, especially if more Crystal structures. At a higher level, it is seen that molecular
complex crystal packings are to be construdfedSuch a apd_supramolecular synthons YVIth similar shap(_as and sizes have
conceptualization has been greatly facilitated by the developmentSimilar effects on crystal packing and may be interchanged so
and growth of supramolecular chemistry which looks beyond that substar)ce_s with extr_emely different mole_cular funct|onallt|e$
the molecule in all sensé8. Kitaigorodski's model is es- ~ can have similar, even isomorphous, packing arrangements in
sentially “molecular” in concept because it distinguishes the crystal. The analysis of an organic crystal structure as a
fundamentally between a molecule and what is outside the Network leads to natural comparisons between organic and
molecule (the intermolecular interactions). In the network Inorganic crystal structures. Such comparisons are expected to
model, however, there need be no critical distinctions between Pe of value in the establishment of general methods of crystal
molecular and supramolecular fragments. What is important €ngineering of complex networks.
here are nodes (notice that the molecules have been reduced to
points!) and node connections, that is, the supramolecular Acknowledgment. We thank the DST and UGC (Govern-
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