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Cystal structures of Ni(X)(NO)(P(CgHs)3), have been analyzed in terms of the
supramolecular interaction of multiphenyl embraces to increase understanding of their
structural chemistry. One type of supramolecular motif is the concerted attractive
directional interaction between phenyl rings which are able to engage in offset face-
to-face (off) stacking interactions between ring hydrogen atoms and the n system of
the adjacent aromatic ring and in the edge-to-face (ef) “herringbone” stacking
interactions between hydrogen atoms of the C—H groups of one ring and the & system
of another. An individual off or ef interaction is only a few kcal/mole. In the most
common motif the six phenyl groups of two adjacent triphenylphosphine (TPP)
ligands can arrange such that there are six concerted ef interactions alternating from
ligand A to ligand B, B to A, A to B, etc. The concerted six fold phenyl embrace
(6PE) thus formed will often be the strongest intermolecular interaction in a molecular
crystal. Sextuple phenyl embraces result when the phenyl rings of two TPP ligands
are arranged in interlocking Cs; propeller configurations, usually related by an
inversion center. The supramolecular structure interactions were identified by a
combination of distance and angle calculations along with examination of graphical
images of molecules and fragments of molecules. Six-fold phenyl embraces are
characterized by intermolecular d[P---P] < 8 A and Z[M-P---P-M] colinearity in the
range 160-180°.

Additional potential intermolecular contacts were identified by calculating
contact distances to the idealized hydrogen atom positions (edge-to-face contacts), to
the phenyl carbon atoms (face-to-face contacts), and to the hydrogen bond acceptors
for other nonbonded contacts. Ring C--H contact distances less than 3.4 A were
examined graphically to determine if they were face-to-face contacts. Remaining ring
C--H contact distances less than 3.2 A were examined to determine if they were edge-
to-face contacts or van der Waals edge-to-edge contacts.

The multiple phenyl-phenyl edge-to-face (ef) C—H: & attractive interactions of
the concerted 6PE give a sum of interaction energy sufficient to make it a dominant
supramolecular motif for TPP complexes. The title complexes Ni(X)(NO)(P(CsHs)s)a,
with X = NCS’, N3, or CI'; while closely related have quite different supramolecular
structures.

The primary extended interactions in the isothiocycanato complex are the
expected 6PE between adjacent TPP ligands which occur in parallel chains made up of
alternating; d[P--P] = 7.087 A, colinearity = 176.9° and d[P-+-P] = 7.246 A,
colinearity = 173.0°, 6PE. Adjacent chains are joined by four phenyl ring regions to
form layers dominated by ef C—H--m interactions. Layers are joined together by
nitrosyl-phenyl and phenyl-phenyl interactions.

The chloro complex contains a benzene solvate which can be viewed as lying
within a cavity with one end inserted into the cleft of a bis-TPP nickel fragment
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located on a pseudo two-fold axis utilizing one complex-to-benzene ef and one
benzene-to-complex ef interaction to each of the TPP ligands. The central region of
the cavity is occupied by six additional ef interactions, and the cavity is completed by
the chloro and nitrosyl ligands of another molecule. Thus, the benzene molecule, able
to form considerably more C—H-m interactions, becomes the major link between
surrounding molecules. 6PE also contribute to the supramolecular structure.

The shortest intermolecular P--P distances in the azido complex are 7.411 A
and 7.825 A with colinearities of 86.9° and 117.7°, thus not 6PE. The strongest
nonbonded interaction is a 2.493 A intramolecular C-H---n interaction to the lone
pair on the N bonded to Ni destroying the pseudo three-fold symmetry of one TPP
ligand, while another strong intramolecular C—H--w interaction to the azido ligand &
cloud involves the other TPP ligand, thus disrupting the both possibilities to form
6PEs. The azido ligand is also involved in intermolecular nonbonded interactions.
Thus, as the strongest hydrogen bond acceptor, the azido ligand becomes the most
important determiner of the supramolecular structure.
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