A remar kable example of co-crystallisation: the crystal structure of the
mononuclear and dinuclear diphenyl[2.2]paracyclophanylphosphine
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The reaction of [Pd(cod)Cl,] (cod = cycloocta-1,5-diene)
with rac-diphenyl[2.2]paracyclophanylphosphine
PPh,(Ci¢Hs) affords trans-[Pd{PPh,(CsH;5)},Cl;] and
[Pd{PPh,(C¢H;5)}Cl;], in approximately equal yield which
co-crystallise to form an unusual solid-state material.

Crystallisation of organic compounds is a common phenome-
non and often of commercia value.l In inorganic/organome-
tallic chemistry many anion—cation pairs? and to alesser extent
conformational isomers and polymorphs® have been recog-
nised. However, co-crystals composed of two different neutral
molecules are very rare and most can be classified as those
which have two or more very similar molecules, often differing
in a substituent on a ligand* or by the presence of dlightly
different ligand such as replacement of one halide for another.5
Some co-crystals contain an inorganic/organometallic species
inwhich asmall or cylindrical ‘ solvent-like' molecule has been
co-crystalised, for example, HgX, (X = 1, Cl, F) and
metallocenes.® We have also found one example of a co-crystal
containing a neutral mononuclear and dinuclear complex” and
one example involving clusterss in the literature.

We have been investigating the synthesis of [2.2]paracyclo-
phanyl-phosphine ligands and studying their coordination
chemistry.® This substituent was chosen as[2.2] paracyclophane
has unusual nucleophilic behaviour with respect to its coordina-
tion chemistry.10 Another group have also recently reported the
synthesis of a chira diphosphine with a [2.2]paracyclophane

Fig. 1 Molecular geometry of 1; selected bond lengths (A) and angles (°):
Pd2)-P(2) 2355(2), Pd(2-Cl(3) 2.301(2), P(2)-C(30) L1.826(7),
Pd(2)--H(41) 2.853, CI(3)-Pd(2)-P(2) 88.07(7)

backbone which has some very impressive applications in
catalysis.11 We report here the synthesis of a new [2.2]para-
cyclophane containing phosphine and the discovery that it
reactswith [Pd(cod)Cl] to afford two Pd!'Cl, complexeswhich
form a co-crystalline material in the solid-state.

The reaction of CigH;sL1,22 with PPh,Cl, added dropwisein
diethyl ether, affords diphenyl[2.2]paracyclophanylphosphine
PPhy(C16H1s) in 62% yield after recrystallisation from ethanol.
Reaction of this phosphine with [Pd(cod)Cl;] in dichloro-
methane at room temperature for 1 h affords an orange solution
which exhibits two singlets of approximately equal intensity at
0 33.93 and 33.53 in its 3P NMR spectrum. From later
observations we assume these to be due to the two complexes
trans-[Pd{ PPho(C16H15)} 2Cl5] 1 and [Pd{ PPhy(C16H15)} Clo]2
2 and not from diastereomers of the same complex. Thecis- and
trans-platinum(m) chloride complexes of rac-PPhy(CigH1s)
aso show only one main resonance in their 3P NMR spectra
excluding the 195pt satellites.?3 Crystals were grown by
removing the solvent and redissolving the solid in dichloro-
methane—diethy! ether. After allowing the solution to evaporate
at room temperature for several days orange crystals formed
which were suitable for single crystal X-ray diffraction
analysis.t This reveads the remarkable co-crystalline structure
described below.

The structures of 1 and 2 are shown in Figs. 1 and 2,

Fig. 2 Molecular geometry of 2; selected bond lengths (A) and angles (°):
Pd(1)-P(1) 2.229(2), Pd(1)-Cl(1) 2.280(2), Pd(1)-ClI(2) 2.332(2), Pd(1)—
Cl(2a) 2.429(2), P(1)-C(2) 1.816(7), Pd(1)---H(13) 2.933, P(1)-Pd(1)—
Cl(2a) 177.29(8), Cl(1)—-Pd(1)—CI(2) 177.29(8)
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respectively, together with principal bond parameters. In both 1
and 2 one of each enantiomer of PPh,(Cy6H3s) is present. The
phosphines adopt a trans-conformation in 1 presumably due to
the steric bulk of the [2.2]paracyclophanyl-substituent. The
axial sites above and below the square plane are occupied by
intramolecular interactions involving a proton on the [2.2] para-
cyclophane rings of each phosphine ligand (Pd--H 2.85 A). The
structure of 2 comprises a chloro-bridged dimer in which each
palladium centre is approximately sguare planar. Asin 1 and
other similar square planar complexest4 the axial sites form
weak intra- or inter-molecular interactions in the solid state. In
2 the [2.2]paracyclophanyl group of each phosphine occupies
one site on each of the palladium(i) centres (Pd---H 2.93 A).
The other siteis occupied via an intermolecular interaction and
itisthisthat possibly givesriseto theformation of the co-crystal
(see below).

The crystal is composed of alternating layers of 1 and 2
intercalated with dichloromethane solvent molecules. There is
one direct, abeit weak, hydrogen bond between 1 and 2
involving the Cl atoms on 1 with a phenyl ring proton on 2
(Cl--H 2.83 A), shown in Fig. 3. Perhaps more importantly,
compounds 1 and 2 are linked indirectly via one of the two
CH.Cl, solvent molecules as shown in Fig. 4. There is a
bifurcated hydrogen bonding interaction between the H atom on

Fig. 4 The indirect solvent bridging interaction, 1:--CI-C-H---2
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the solvent with one terminal Cl (H--Cl 2.83 A) and one
bridging Cl (H---Cl 2.80 A) of 2. A Cl atom of this same solvent
molecule aso interacts with the H atom of a cyclophane
attached to the phosphine in 1 (Cl---H 2.86 A) thereby forming
a 1--Cl-C—H--2 linkage (see Fig. 4). The second CH.Cl,
connects molecules of 1 via two interactions involving the H
and Cl atoms of both the solvent and the complex. At this stage
we can only speculate as to the precise role of the solvent but
sinceit links 1 and 2 it may play a part in the co-crystallisation
process. In this material partial desolvation has taken place but
the co-crystal still retainsits structure. We intend to examinethe
influence of solvents with various hydrogen bonding capabil-
itiesaswell asthe influence of the halide coordinated to the Pd!!
centre.
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Notes and References
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t Structural characterisation of 1 and 2 orange crystal,
Ci12.6H101.2Cl17.2P4Pds, [Cs6Hs0Cl4P,Pd2-CsgHs0Cl2P,Pd-0.6CHCI 2l ,
M = 2152.66, 0.20 x 0.20 X 0.20 mm, T = 180(2) K, triclinic, P1,
a = 12.033(3), b = 18673(2), ¢ = 11.871(2) A, o = 95.20(2),
B = 94.73(1), y = 100.04(1)°, U = 2602.5(8) A3, Z = 1, F(000) = 1097,
D. = 1.374Mgm-3, A = 0.71069 A, R1 = 0.0555 [9152 intensity data
with | > 20(l)] and wR2 = 0.1673 for 9156 independent reflections
corrected for adsorption [u(Mo-Ka) = 0.805 mm—1] and 598 parameters
(al non-H atoms anisotropic except solvent molecules). CCDC 182/882.
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