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The synthesis of the tris(triflate) 4 (Scheme 1) has been
achieved by means of a straightforward three-step reaction
sequence. After initial lithiation of mesitylene, treatment of
the obtained trilithium compound CgH3(CH,Li); (2) with
oxirane results in the formation of 1,3,5-tris(3-
hydroxypropyl)benzene (3), which is then transformed to 4
by reaction with (CF3S0,),0 in the presence of pyridine.
Whereas 4 reacts with Nay[Os(CO),] in a somewhat
complicated manner, similar reactions with Na[Re(CO)s] and
LiPPh, give the hydrocarbon-bridged tris(rhenium) complex
CgH3[(CH,)3Re(CO)5]3  (8) and the tris(phosphane)

CeH3[(CH3)3PPhy]3 (6), respectively. Employing the high-
dilution method, from 6 and CL,Pt(NCPh), the nanoscaled tri-
and hexaplatinacyclophanes 7 and 9 are available. Owing to
the optimal geometry and flexibility of the cage in 7, 1,2-
dichloroethane can be reversibly encapsulated. The
molecular structure of 7 - 7 1,2-C1,C,H, was determined by
an X-ray structure analysis. The utility of the reactive metal
centers in 7 has been demonstrated by replacing the chloro
ligands by acetonitrile to give the cationic platinacyclophane
8, in which, according to NMR studies, the cage-like
structure is preserved.

Introduction

Cage-like molecules containing a macrobicyclic skeleton
play an important role in host/guest chemistry!l and as
nanoscaled building blocks for the construction of supra-
molecular assemblies.?l Attempts to construct such mol-
ecules through threefold carbon—carbon couplings necessi-
tate multi-step procedures and high-dilution conditions,
and ultimately give only low yields.[’] An attractive alterna-
tive, however, is the dimerization of trifunctional molecular
precursors. Based on this method, several syntheses of
three-dimensional cyclophanes have be realized.[!®334 Al-
though these cage molecules also incorporated either tran-
sition or main-group metal centers, which could serve as
anion receptors, they did not possess the classical threefold
bridged cyclophane structure with aromatic units at the
bottom and the top of the molecule, and where the metal
atoms are located in the center of the aliphatic bridges.
Since the first typical metallaphanes appeared in the litera-
ture in 1994, investigations have been mainly focused on
two-dimensional systems.[’ The introduction of tetracar-
bonyliron and -osmium fragments into the cyclophane
framework has a marked effect on the structures of these
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macrocycles. Moreover, these new reactive centers also per-
mit the insertion of small molecules, such as carbon monox-
ide, into the metal—carbon ¢ bonds.

Unlike two-dimensional systems, bona fide three-fold
bridged metallacyclophanes conforming to the classical
cyclophane structure remain rather rare. Of the limited
number of examples, most are not suited for host/guest
chemistry owing to their rigid structures and/or the absence
of an intramolecular cavity.[®] Recently, Fujita et al. intro-
duced a remarkable template synthesis of a palladium-con-
taining cyclophane with the ability to incorporate anions of
aromatic carboxylic and sulfonic acids.”! The same
group,'% as well as Steel''! and Stang,['?! have also re-
ported on six-fold bridged metallacyclophanes with tetra-
hedral symmetry. The rigidity of the employed triply func-
tionalized ligands and palladium or platinum complex frag-
ments is an essential prerequisite for this self-assembly.
Some of these palladium-containing “nanometer-scale mo-
lecular container compounds” are also capable of encapsu-
lating guest molecules. %]

The present investigation relates to a synthetic route re-
cently exploited by Balch et al.[3 for the synthesis of novel
three-fold bridged platinacyclophanes. The objective was to
create a flexible ligand system based on an aromatic nucleus
with three methylene groups as spacers, functionalized with
tertiary phosphane end groups. It is envisaged that two of
these ligands should be capable of assembly via three plati-
num atoms to furnish an elastic, three-dimensional molecu-
lar cage, in which the kinetics are sufficiently fast for host/
guest complexation and decomplexation. ™ To meet this re-
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quirement, a symmetrically substituted tris(diphenylphos-
phanylpropyl)benzene has been synthesized from a suit-
able tris(triflate).

Results and Discussion

Synthesis of Ligands and Reactions with Metal Lewis
Bases

In analogy to previous studies on the generation of osma-
and ferracyclophanes,[®7¢74l our strategy was to treat the
tris(triflate) 4 (Scheme 1) with a suspension of the or-
ganometallic Lewis base, [Os(CO),J*>~ or [Fe(CO),J>, in di-
methyl ether at —25°C, so as to obtain the corresponding
triosma- and triferracyclophane species. The tris(triflate) 4
could be obtained by treatment of the triol 3 with
(CF3S0,),013 in the presence of pyridine at —30°C.I'41 In
turn, the triol 313! was conveniently prepared by a two-step
reaction starting from mesitylene (1). Lithiation of 1 with
nBuLi/TMEDA afforded the trilithium derivative 2,19 and
subsequent treatment of a suspension of 2 in diisopropyl
ether with an equivalent amount of oxirane led directly to
the triol 3 (Scheme 1). After purification by column chro-
matography, the tris(triflate) 4 was obtained as a colorless,
viscous, moisture-sensitive, thermally labile oil, which could
be stored without any decomposition below —35°C. It was
found to be freely soluble in common organic solvents. The
molecular composition of 4 was determined from its FD
mass spectrum, which showed the molecular ion peak at
milz = 647.6.

CH, CH,Li o
nBulLi VAN
HyC CH, TMEDA |y c el 2 HOM
1 2
OH o
(CF380,),0
py
HO 3 OH TO 4 ot
OTf = F;,CS0,0
4
Na[Re(CO)s] LiPPh,
Re(CO)s PPh,
(OC)sRe 5 Re(CO);  PhP 6 PPh,

Scheme 1. Synthesis of the rhenium complex 5 and the tris-
(phosphane) 6

680

Reaction of the tris(triflate) 4 with Na,[Os(CO),] in boil-
ing dimethyl ether[®7¢7414] did not lead to the expected
triosmacyclophane with D3 symmetry. Only oligo- or poly-
meric species precipitated from the reaction mixture. The
yellow solid collected exhibited four terminal carbonyl ab-
sorptions in its IR spectrum (in KBr: ¥ = 2124 cm ™!, 2040,
2038, 2009), which are characteristic of cis-Os(CO), units.
The failure of this attempt to gain access to a triosmacyclo-
phane cannot be attributed to any lack of reactivity of the
tris(triflate) 4. When a THF solution of Na[Re(CO)s] was
treated with 4 at —20°C, the colorless, rather stable tris-
(pentacarbonylrhenium) complex 5 was formed in satisfac-
tory yields. A similar trinuclear rhenium complex with an
aromatic unit in the center of the molecule was reported by
Beck et al. several years ago.!'”l The '"H-NMR spectrum of
complex 5 exhibits three complex multiplets at 5 = 0.9, 2.0,
and 2.5, corresponding to AA'XX’', AA'MM'XX’, and
AA'MM’ spin systems for the a-, B-, and y-methylene pro-
tons. This suggests a hindered rotation about the C,—Cg
bonds due to the bulky Re(CO)s fragments at the a-methyl-
ene groups. [

In our quest to find an alternative approach for the con-
struction of three-dimensional, triply bridged metalla-
phanes, we considered a cage structure incorporating metal-
—phosphorus bonds instead of metal—carbon o linkages.
In order to assess this possibility, a prerequisite was the
synthesis of the tris(phosphane) 6, which was achieved by
reaction of 4 with LiPPh, in diethyl ether at —30°C
(Scheme 1). After column-chromatographic work-up of the
reaction mixture, the phosphane 6 was isolated as a rather
air-sensitive, viscous oily liquid, which was found to be
freely soluble in common organic solvents. In the FD mass
spectrum, the molecular ion peak was observed at m/z =
756.9. Such phosphanes represent suitable starting materi-
als for the reaction with substitution-labile platinum com-
plexes to give access to cage-like molecules. %2

Platinacyclophanes

Since the discovery of crown ethers by Pedersen!'”! in
1967, the chemistry of synthetic hosts for specific com-
plexation of organic and inorganic guest molecules has de-
veloped rapidly. In particular, investigations on the use of
cyclophanes as hosts have contributed to an understanding
of the complexation of neutral organic guest molecules such
as arenes or chlorinated hydrocarbons in aqueous and or-
ganic media.? The introduction of transition metal units
into the framework of a cyclophane has an effect on the
geometric properties of the cavity formed by the resulting
metallacyclophane. In order to achieve the generation of
a three-fold bridged metallaphane, the platinum complex
CL,Pt(NCPh), was treated with the tris(phosphane) 6 ac-
cording to the high-dilution method.?!1 Indeed, the
hexachlorotriplatinacyclophane 7 was obtained in rather
good yields (Scheme 2). Because of entropic factors, the
formation of oligomeric and polymeric species was sup-
pressed. The energy cost associated with the loss of several
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Scheme 2. Synthesis of the platinacyclophanes 7—9

degrees of freedom for the components of the assembly is
not so large for a system with a smaller number of
units, [12:221

The 3'P{'H}-NMR spectrum of 7 reveals a singlet for
the six chemical equivalent phosphorus atoms at 6 = 8.8
and a doublet for the '%>Pt satellites, which is typical for
cis-PtCl, fragments. This assignment is confirmed by the
195Pt-NMR spectrum, which displays a triplet at & = —4414
with a coupling constant of 'Jpp = 3660 Hz. Most charac-
teristic for the '*C{'H}-NMR spectrum of 7 are three com-
plex multiplets with AXX' spin systems at & = 127.9, 38.0,
and 30.6 which are assigned to the o-carbon atoms of the
(CgHjs),P units and to the carbon atoms of the o- and B-
methylene groups of the hydrocarbon chains, respec-
tively.[’3 To the best of our knowledge, 7 is the first metall-
acyclophane which is able to encapsulate a lipophilic guest
molecule like dichloroethane. In contrast to the cage-like
palladium-containing system of Fujita,[’! 7 is also obtain-
able without a guest (template). The complexation/decom-
plexation process is reversible, which was proved by micro-
elemental analyses and 'H- as well as 3C{'H}-NMR spec-
tra of the complex 7 - 7 C,H4Cl,, which in addition to the
signals of 7 exhibit the '3C peaks for C,H,Cl,. The inte-
gration of the 'H signals in the "H-NMR spectrum and the
crystal structure analysis corroborate the stoichiometry of
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7 - 7 C,H,4CL.1231 One of the dichloroethane molecules is
located in the cavity, the others are positioned at the ex-
terior of the cage in interstices of the crystal. In the case of
the complexation of exolipophilic guests no specific link-
ages between guests and hosts are present, but the guests
have to fit geometrically into the cavity.[*! Owing to its al-
kylene units, the cage 7 is sufficiently flexible to exhibit sat-
isfactorily fast kinetics for complexation and decom-
plexation reactions. The hexachlorotriplatinacyclophane 7
exhibits an L,M3 composition (L = ligand, M = transition
metal fragment) with Cs; symmetry of the ring skeleton. In
view of the bulky phenyl substituents at the cis-platinum-
coordinated phosphorus atoms, the trigonal-prismatic cav-
ity of the cage containing the encapsulated 1,2-dichloroe-
thane molecule is well-shielded from the exterior (Figure 1).
The length of the edges of this cavity is approximately 8 A
and its height is about 4.8 A.

Owing to the Cj; axis passing through the phenylene rings
of the cyclophane, the embedded dichloroethane had to be
refined at three split positions. The centers of both phenyl-
ene groups, which are arranged almost parallel, are located
approximately one upon the other. All three distorted
square-planar coordinated platinum atoms of 7 lie within a
circular area, midway between the aromatic rings of the two
ligands. The Pt—Cl and Pt—P connections are arranged
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P(2) CI(T)
Figure 1. Molecular structure of 7-7 1,2-Cl,C,H, (space-filling re-
presentation); the complete envelopment of 1,2-dichloroethane
[gray spheres in center: C(43), C(44), CI(7)], which is located in one
of three possible split positions, is evident

Figure 2. Molecular structure of 7-7 1,2-Cl,C,H, in the crystal;
ORTEP plot with thermal ellipsoids at 20% probability; hydrogen
atoms and phenyl groups at the phosphorus atoms are omitted for
clarity; selected distances [A]: Pt—PtA = Pt—PtB = PtA—PtB
9.91(3), P1-P1A = P1-PIB = PIA—PIB 10.94(3), P2—P2A =
P2—-P2B = P2A—P2B 10.15(2), P1-P2 = PIA—P2A = PIB—P2B
3.44(3), Cl7-Pt 598(5), Cl7—-PtB 4.30(4), CI8—Pt 4.03(6),
CI8—PtA 6.12(4), distance between the centers of the phenylene
groups of the ligands 8.01(2); torsion angle between the phenylene
groups of the ligands 20.0(2)°

above and below this area. The distance between each plati-
num atom and the center of the circular area is 5.721(3) A
(Figure 2).

According to the considerations of Stang et al.,[!? supra-
molecular systems containing palladium or platinum com-
plex fragments as that described above are able to form even
higher units with the compositions LsMg, LgM(,, and
L,oM;o with 7, O, and I symmetry, respectively. In fact, in
addition to the expected triplatinacyclophane (L,M3) 7,
traces of the hexaplatinacyclophane 9 (Scheme 2) with the
composition Ly;Mg were also formed in the reaction of 6
with ClL,Pt(NCPh),. This system, with a cavity formed by
six platinum atoms, was detected in the FAB mass spec-
trum, which featured the [M* — CI] peak at m/z = 4589.
Ideally, such molecules adopt an adamantanoid structure
with T symmetry.l'""!2) Whereas the aromatic rings are
placed at the vertices of a tetrahedron, the metal atoms are
located at the vertices of an octahedron.

In a subsequent experiment, the triplatinacyclophane 7
was employed as a starting compound in order to obtain a
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modified cyclophane in which the cage-like structure was
preserved, but which exhibited different properties. Thus,
by treatment of 7 with silver trifluoromethanesulfonate in a
mixture of acetonitrile/dichloromethane (1:1), all the chloro
ligands were replaced by acetonitrile and the six-fold posi-
tively charged triplatinacyclophane 8 was isolated as a ther-
mally stable white solid (Scheme 2). The composition of
this three-fold bridged, cationic macrocycle was confirmed
by elemental analysis and by its FAB mass spectrum. In
agreement with symmetry requirements, the 3'P{'H}-NMR
spectrum of 8 displays a singlet, with appropriate '°°Pt sat-
ellites, for the six equivalent phosphorus atoms. From the
size of the 'J(Pt,P) couplings, it can be concluded that the
phosphorus donors still occupy cis positions. The presence
of the triflate anions is confirmed by a singlet at 6 = —78.8
in the "’F-NMR spectrum of 8. Although complex, the 'H-
and PC{'H}-NMR spectra are not only diagnostic of the
proposed structure of 8, but they are also consistent with
the corresponding NMR data of the chloro derivative 7, the
structure of which was elucidated by an X-ray structural de-
termination.??!

A brief discussion of the '*C{'H}-NMR spectrum is re-
stricted to the ring skeleton. Two singlets at 6 = 141.1 and
126.8 can be assigned to the quaternary (DEPT-135 experi-
ment) and tertiary carbon atoms bonded to the phosphorus
atoms of the cage. At higher field (3 = 36.4), an AXX'
pattern can be ascribed to the carbon atoms of the methyl-
ene groups adjacent to the phenyl rings. Complex multiplets
at & = 26 are attributable to the remaining methylene func-
tions. Two further singlets at 6 = 117.9 and 2.0 are attribu-
table to the nitrile and methyl carbon atoms of the aceto-
nitrile ligands attached to the platinum centers.

Conclusion

Cyclophane chemistry has made a valuable contribution
in the field of molecular recognition, since it has led to the
development of a multitude of architecturally impressive
molecules, with various structural features and functionali-
ties, in which guest molecules can be embedded.!'>?] The
incorporation of transition metals into the aliphatic frame-
work of cyclophanes offers an ingenious means of con-
trolling the inclusion of potential host systems®~!!1 and of
creating new reactive centers.’>’4 Trimetalla- (L,M;, L =
tripodal ligand, M = transition metal fragment) and even
hexametallacyclophanes (L4Mg), with cavities suitable for
the encapsulation of neutral molecules or anions of aro-
matic carboxylic and sulfonic acids, have hitherto only been
prepared by self-assembly, employing nitrogen-containing
ligands.[°~ 121 However, Balch recently succeeded in synthe-
sizing a cage-like molecule composed of aromatic tris(phos-
phane) ligands,® although due to its rigid structure and
limited solubility in nearly all common solvents, this system
was not suited for host-guest chemistry. By constructing
such a tridentate phosphane around an additional flexible
alkane backbone, we have prepared the three-dimensional
platinacyclophane 7, which, by virtue of its size, is able to
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reversibly encapsulate 1,2-dichloroethane.?3! Remarkably,
in the same reaction, the dodecachlorohexaplatinacyclo-
phane (LyMy) 9 was also formed in trace amounts. The li-
gands attached to the platinum atoms in 7 can easily be
exchanged with preservation of the cage-like structure, en-
abling adaptation of the cyclophane molecules to specific
conditions. In this context, the new cationic hexakis(aceto-
nitrile)triplatinacyclophane 8 was prepared, which exhibited
quite different properties.

Experimental Section

General: All reactions and manipulations were carried out under
dry argon using standard Schlenk techniques. Solvents were dried
with appropriate reagents and stored under argon. — Column chro-
matography: Activated silica gel, 0.063—0.200 mm (Merck); col-
umn dimensions are reported in the specific sections describing the
synthesis of the compounds. — Elemental analyses: Carlo Erba
1106. — F and S analyses were carried out according to
Schéniger¥ and determined as described by Brunisholz and
Michod?’!, and by Wagner!?], respectively. — Rhenium and plati-
num were determined with a Varian AA20 spectrometer. — FD and
FAB MS: Finnigan 711A (8 kV), modified by AMD. — IR: Bruker
IFS 48 FT-IR. — 'H, *C{'H}, 3'P{'H}, F, and >Pt NMR:
Bruker DRX 250 spectrometer operating at 250.13, 62.90, 101.26,
235.33, and 53.55 MHz, respectively. 'H chemical shifts were refer-
enced to the residual proton peaks of the solvents and are quoted
in ppm downfield from TMS. 13C chemical shifts were calibrated
against the deuterated solvent multiplet and referenced to TMS.
3P chemical shifts were measured relative to external 85% H;PO,
with downfield values being taken as positive. '°F chemical shifts
were measured relative to external 0.05% 1,3,5-trifluorotoluene.
195Pt chemical shifts were measured relative to external 37.5%
Na,[PtClg] - 6 H,O. Oxirane was of commercial grade and was used
without further purification; 1,3,5-tris(lithiomethyl)benzene, ]
(CF5S0,),0, 131 LiPPh,,?” and CIL,Pt(NCPh), %! were synthesized
according to literature methods.

1,3,5-Tris(3-hydroxypropyl)benzene (3): Pyrophoric 1,3,5-tris(lithio-
methyl)benzene (2), prepared from 500 mL of a solution of n-butyl-
lithium (1.6 M in n-hexane), 92.97 g (800.0 mmol) of TMEDA, and
16.03 g (133.4 mmol) of mesitylene, was filtered off from the reac-
tion mixture (P3) and washed with n-pentane until the washings
were almost colorless. After drying in vacuo, 2 was suspended in
500 mL of diisopropyl ether and the suspension was cooled to
—30°C. Then, 17.62 g (400.0 mmol) of oxirane was condensed into
the reaction vessel over a period of 2 h. The resulting mixture was
stirred at —30°C for 1 h and then allowed to warm to room tem-
perature. The orange suspension obtained was then rapidly poured
into 150 mL of iced water, and 2 N H,SO,4 was added until pH =
2 was attained. The organic layer was separated and the aqueous
phase was washed with diethyl ether (3 X 150 mL). The combined
organic phases were dried with Na,SO, and the solvent was evapo-
rated. The product was purified by column chromatography
(CH,Cl,/MeOH/n-hexane, 15:2:1, diameter/length of column 7/50
cm). Yield 7.82 g (24.6%), colorless oil. — '"H NMR ([DgJacetone):
& = 6.87 (s, 3 H, aromatic H), 3.56 (t, 3Jyy = 6.4 Hz, 6 H,
CH,OH), 2.61 (t, 3Jyy = 7.7 Hz, 6 H, CH,CH,CH,OH), 1.79 (m,
6 H, CH,CH,OH). — 3C{'H} NMR ([DgJacetone): § = 142.7 (s,
aromatic C), 126.4 (s, aromatic CH), 61.5 (s, CH,OH), 35.2 (s,
CH,CH,CH,0H), 32.4 (s, CH,CH,OH). — MS (FD, 35°C); m/z:
252.5 [M*]. = Cy5H,405 (252.4): caled. C 71.39, H 9.59; found C
70.95, H 9.56.
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1,3,5-Tris[3-(trifluoromethylsulfonyloxy)propyllbenzene (4): To a
suspension of 3.43 g (13.58 mmol) of 3 in 100 mL of dichlorometh-
ane, 3.38 g (42.78 mmol) of pyridine was added dropwise. The re-
sulting clear solution was cooled to —30°C and (CF3S0,),0 (12.64
g, 44.81 mmol) was added over a period of 1 h. The reaction mix-
ture was stirred for a further 1 h at —30°C, then filtered (P 3), and
washed with water (3 X 50 mL). The organic layer was dried with
Na,SO, and then concentrated to a volume of 20 mL under re-
duced pressure. The product was purified by column chromatogra-
phy (CH,Cl,, diameter/length of column 2/10 cm). Yield 592 g
(67.2%), colorless oil. — IR (film): ¥ = 1412 cm™!, 1246, 1211,
1146, 931 (CH,, CF3, SO,, SOC). — 'H NMR (CDCl;): § = 6.86
(s, 3 H, aromatic H), 4.49 (t, *Jyy = 6.1 Hz, 6 H, CH,0), 2.70 (t,
3Juu = 7.5 Hz, 6 H, CH,CH,CH,0), 2.10 (m, 6 H, CH,CH,0).
— BC{'H} NMR (CDCl;): § = 141.0 (s, aromatic C), 127.3 (s,
aromatic CH), 119.2 (q, 'Jgc = 317.7 Hz, CF3), 77.2 (s, CH,0),
31.4 (s, CH,CH,CH,0), 31.0 (s, CH,CH,0). — MS (FD, 35°C);
miz: 647.6 [M"]. — Ci1gH,F9OqS3 (647.5): caled. C 33.34, H 3.26,
F 26.36, S 14.83; found C 33.49, H 3.62, F 25.94, S 14.59.

1,3,5-Tris|3-(pentacarbonylrhenio)propyl]benzene (5): A solution of
Na[Re(CO)s] in 20 mL of THF, prepared from 502.3 mg (0.77
mmol) of Re;CO,, and sodium amalgam, was added to a solution
of 316.8 mg (0.49 mmol) of the tris(triflate) 4 in 50 mL of THF at
—20°C. After stirring for 4 h at —20°C, the reaction mixture was
allowed to warm to room temperature and the solvent was removed
in vacuo. The residue was suspended in 10 mL of a mixture of
CH,Cly/n-pentane (2:1) and the solid material was filtered off (P4).
The filtrate was then purified by column chromatography (CH,ClL,/
n-pentane, diameter/length of column 2/10 cm). The collected prod-
uct was finally washed with n-pentane (5 X 3 mL). Yield 272 mg
(47.3%), white solid, m.p. 97°C. — IR (CH,Cl,): ¥ = 2125 cm™ !,
2008, 1981 (CO). — '"H NMR (CDCl;): 8 = 6.77 (s, 3 H, aromatic
H), 2.49 (m,” N = 7.7 Hz, 6 H, CH,CH,CH,Re), 2.00 (m,% 6
H, CH,CH;Re), 0.95 (m,31 N = 17 Hz, 6 H, CH,Re). — 3C{'H}
NMR (CDCl;): 6 = 186.2 (s, equatorial CO), 181.7 (s, axial CO),
142.7 (s, aromatic C), 126.3 (s, aromatic CH), 44.4 (s,
CH,CH,CH,Re), 41.7 (s, CH,CH,Re), —9.0 (s, CH,Re). — MS
(FD, 30°C); m/z: 1180.0 [M*]. — C30H»;0;5Res (1180.1): caled. C
30.53, H 1.79, Re 47.34; found C 30.70, H 1.98, Re 47.46.

1,3,5-Tris[3-(diphenylphosphanyl)propyl]benzene (6): To a suspen-
sion of LiPPh, in 50 mL of n-pentane, prepared from 2.071 g (11.12
mmol) of HPPh, and 6.95 mL of a solution of n-butyllithium (1.6
M in n-hexane), a solution of 2.004 g (3.09 mmol) of 4 in 30 mL of
diethyl ether was added at —35°C. The reaction mixture was stirred
for 12 h at —35°C and then the LiOTf formed was filtered off by
passage through a short silica-gel column (1 cm). After evaporation
of the solvent, the product 6 was redissolved in 15 mL of a mixture
of n-pentane/diisopropyl ether (2:1) and purified by column chro-
matography (n-pentane/diisopropyl ether, 2:1, diameter/length of
column 2/20 cm). Yield 1.028 g (44.0%), colorless oil. — '"H NMR
(CDClL): 6 = 7.6—7.4 (m, 30 H, C¢Hs), 6.95 (s, 3 H, C¢H3), 2.85
(t, 3Jyng = 7.2 Hz, 6 H, CH,CH,CH,P), 2.26, 1.97 (m, 12 H,
CH,CH,P). — BC{!H} NMR (CDCl,): § = 142.5 (s, quat-CsH3),
139.6 (d, 'Jpc = 12.6 Hz, ipso-C¢Hs), 133.5 (d, 2Jpc = 18.9 Hz, o-
CeHs), 129.3 (s, m-C¢Hs), 129.1 (s, p-CsHs), 127.0 (s, tert-CsHs),
378 (d, 3Jpc = 12.6 Hz, CH,CH,CH,P), 28.6—28.3 (m,
CH,CH,P). — 3'P{'H} NMR (CDCl;): § = —15.0 (s). — MS (FD,
30°C); m/z: 756.9 [M*]. — Cs5;Hs P35 (756.9): caled. C 80.93, H
6.79; found C 80.77, H 7.11.

5,5,20,20,35,35-Hexachloro-4,4,6,6,19,19,21,21,34,34,36,36-dodeca-
phenyl-4,6,19,21,34,36-hexaphospha-5,20,35-triplatina[95](1,3,5)-
cyclophane (7): Solutions of CL,Pt(NCPh), (1.040 g, 2.202 mmol;
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—30°C)and of 6 (1.111 g, 1.468 mmol) in 200 mL each of dichloro-
methane were simultaneously added dropwise during 12 h into 500
mL of stirred dichloromethane. Then the solvent was evaporated
in vacuo and the residue was extracted with 150 mL of dichloro-
methane. After concentration of the solvent under reduced pressure
to a volume of 20 mL and addition of 100 mL of CCl,, oligomeric
and polymeric fractions were precipitated. The product 7 was pre-
cipitated from the remaining solution by addition of diethyl ether.
After filtration (P3) the residue was washed three times with 10 mL
of diethyl ether to give the pure product. Yield 645.3 mg (38%),
white solid, m.p. > 230°C (dec.). — IR (CsCl): ¥ = 316 cm ™!, 291
(cis-PtCly). — '"H NMR (CD,Cl,): § = 7.4—7.1 (m, 60 H, C¢Hs),
6.77 (s, 6 H, C¢H3), 2.49 (t, *Jyy = 7.7 Hz 12 H, CH,CH,CH,P),
overlapping with 2.38 (br. s, 12 H, CH,P), 2.11 (br. s, 12 H,
CH,CH,P). — 3C{'H} NMR (CD,Cl,): § = 141.4 (s, ipso-C¢Hs),
132.7 (s, m-CgHs), 130.7 (s, p-C¢Hs), 129.8 (s, quat-C4Hs), 127.9
(mB2, N = 13 Hz, 0-C¢Hs), 126.1 (s, tert-C¢Hs), 38.0 (mB3?, N =
17 Hz, CH,P), 30.6 (mP%, N = 44 Hz, CH,CH,P), 28.8 (s,
CH,CH,CH,P). — 3'P{'H} NMR (CD,Cl,): § = 8.8 (s, d, Jpp =
3660 Hz). — %Pt NMR (CD,Cl,): § = —4414 (t, "Jpp = 3660
Hz). — MS (FAB, 30°C, positive ions); m/z: 2331.4 [M* + Na],
2274.5 [M* — CI], 2238.6 [M* — 2 CI], 2203.2 [M" — 3 CI]. —
MS (FAB, 30°C, negative ions); m/z: 2344.1 [M~ + Cl], 2311.0
[M™], 22729 [M~ — CI]. = Cyp;H;02ClgP¢Pts (2311.8): caled. C
52.99, H 4.45, C1 9.20, Pt 25.32; found C 52.80, H 4.39, CI 9.43,
Pt 25.06.

5,5,20,20,35,35-Hexachloro-4,4,6,6,19,19,21,21,34,34,36,36-dodeca-
phenyl-4,6,19,21,34,36-hexaphospha-5,20,35-triplatinal95](1,3,5)-
cyclophane (7) - 7 1,2-Cl,C,H,: Complex 7 (60.1 mg, 26.0 mmol)
was dissolved in 20 mL of 1,2-dichloroethane. By removal of the
excess solvent in vacuo, 7 - 7 1,2-Cl,C,H, was obtained. Yield
quantitative, white solid. — '"H NMR (CD,Cl,), additional to the
signals of 7: § = 3.60 (s, 28 H, 1,2-Cl,C,H,). — *C{'H} NMR
(CD,Cl,), additional to the signals of 7: 8 = 43.7 (s, 1,2-CI,C,Hy).
— Cq16H130Cl0PsPts (3004.5): caled. C 46.37, H 4.36, Cl1 23.60, Pt
19.48; found C 46.11, H 4.08, CI 23.34, Pt 19.71. — Upon warming
7 -7 1,2-Cl,C,H, for 12 h to 70°C in vacuo 1,2-Cl,C,H, was re-
moved quantitatively and 7 was obtained without any solvent.

Hexaplatinacyclophane 9: In the course of the reaction of the tris-
(phosphane) 6 with Cl,Pt(NCPh), in CH,Cl, according to high-
dilution techniques, not only the hexachlorotriplatinacyclophane 7
was formed, but also the hexaplatinacyclophane 9. After evapo-
ration of the solvent and extraction of the product 7 with CCly,
the remaining residue was subjected to mass-spectrometric analysis,
which revealed the presence of the hexaplatinacyclophane 9. — MS
(FAB, 30°C); m/z: 4653.4 [M* + CI], 4588.5 [M*™ — ClIJ, 4554.5
M* =2 Cl].

5,5,20,20,35,35-Hexakis(acetonitrile)-4,4,6,6,19,19,21,21,34,34,
36,36-dodecaphenyl-4,6,19,21,34,36-hexaphospha-5,20,35-triplatina-
[951(1,3,5)cyclophane Hexakis(trifluoromethanesulfonate) (8): To a
solution of 115.6 mg (0.05 mmol) of the hexachlorotriplatinacyclo-
phane 7 in 60 mL of a mixture of CH,Cl,/acetonitrile (1:1), 115.6
mg (0.45 mmol) of silver trifluoromethanesulfonate was added and
the reaction mixture was stirred at room temperature for 72 h under
exclusion of light. After the addition of 60 mL of CH,Cl,, the
suspended solid components were centrifuged off, and the super-
natant solution was decanted and concentrated under reduced
pressure to a volume of 10 mL. Upon addition of n-pentane, cage
compound 8 was precipitated, which was filtered off and dried in
vacuo. Yield: 118.3 mg (73%), white solid, m.p. > 125°C (dec.). —
IR (KBr): v = 1251 em™!, 1230, 1178, 1032 (SO;, CF;). — 'H
NMR (CD,Cly): 6 = 7.5=7.2 (m, 60 H, C¢Hs), 6.99 (s, 6 H, C¢Hs3),
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2.8—2.3 (br. m, 36 H, CH,CH,CH,P), 2.03 (s, CH3). — *C{'H}
NMR (CD,ClLy): 6 = 141.1 (s, quat-C¢Hs), 139.1-129.6 (m, o-, m-,
and p-Ce¢Hs), 126.8 (s, tert-C¢Hs), 125.5 (m, ipso-CgHs), 121.2
(q, 'Jge = 320.8 Hz, CF3), 117.9 (s, CN), 36.4, 26.4, 24.9 (br. s,
CH,CH,CH,P), 2.0 (s, CH;). — 3'P{'H} NMR (CD,Cl,): § =
—2.7 (s, d, "pp = 3617 Hz). — "F NMR (CD,CL,): § = —78.8
(s). — MS (FAB, 30°C); m/z: 3099.7 [M* — OTf], 28444 [M* —
OTf — 6 CH3CN], 2695.2 [M* — 2 OTf — 6 CH5CN], 2542.7 [M*
— 3 OTf — 6 CH3CN], 2393.6 [M* — 4 OTf — 6 CH;CN], 2246.4
[M* — 5 OTf — 6 CH3CN]. — C50H20F13NPPt30,5S¢ (3239.7):
caled. C 44.49, H 3.73, F 10.56, N 2.59, Pt 18.06, S 5.94; found C
44.06, H 3.52, F 10.97, N 2.41, Pt 17.82, S 6.28.

X-ray Structure Determination of 5,5,20,20,35,35-Hexachloro-
4,4,6,6,19,19,21,21,34,34,36,36-dodecaphenyl-4,6,19,21,34,36-
hexaphospha-5,20,35-triplatina|95|(1,3,5)cyclophane (7) 7 1,2-
Cl,C,H,: 3 Single crystals of 7 - 7 C,H,4Cl, were obtained from a
1,2-dichloroethane/n-octane solutﬂion. Diffractometer STOE IPDS,
Mo-K, radiation, A = 0.71069 A. No absorption correction was
applied. The structure was solved by direct methods (SHELXS)
and refined by last-square methods with the full matrix, based on
F,? (SHELXL). Hydrogen atoms bound to carbon atoms are lo-
cated at calculated positions. — Crystallographic data:
C102H02ClgPgPts+7 CH4Cly: 1.5 Et,O, M, = 3115.5, dyreq. = 1.242
gcm 3, crystal dimension 0.2 X 0.2 X 0.1 mron3, trigonal, space
group P3lc, a = b = 22.596(3), ¢ = 18.842(4) A, V = 8331(2) A,
Z =2, T=200K, y(Mo-K,) = 2.928 mm~!, F(000) = 3106. —
Data collection: 20 = 4.68—51.88°in =26 = h =27, -20 <=k =
27, =20 = [ = 22. 16498 measured reflections, of which 7922 were
symmetry-independent and 7441 were observed with 7 > 2 o(/). —
Solution of the structure: An LP correction was applied with
Rin.. = 0.0470. The applied absolute structural parameter was
—0.012(9).5331 Parts of the host lattice are refined isotropically with
a disorder (first order). The diethyl ether molecules are refined
without hydrogen atoms at half-occupied positions. Maximum and
minimum peaks in the final synthesis were 1.435 and —0.704 eA3,
13 geometrical restraints, 335 parameters, R1 = 0.0487, wR2 =
0.1437 (all data, w = 1/[s*(F,?) + [0.1019[(F,> + 2 F2)/3]* +
8.6742[(F,> + 2 FA)/3]]), GOF = S = 1.093; residual electron den-
sity min./max. = —0.704/1.435 ¢ A 3,123
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