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Summary: Efficient syntheses and characterization of a
platinum metallacyclyne containing one cyclic enyne
pocket (3), the first dinuclear platinum metallacyclyne
containing two cyclic enyne pockets (4), and 2,2',6,6'-
tetraethynyltolan (2) are reported. Syntheses of 3 and
4 employ bidentate phosphines or cis-platinum starting
materials and high dilution techniques to effect high
yields.

Substituted phenylethynyl compounds?! and extended
rigid-rod structures containing transition-metal ¢-bound
acetylides and diacetylides? are being explored as pos-
sible candidates for nonlinear optical (NLO)%3 and
liquid-crystalline materials.2** The d electrons of tran-
sition metals in these systems are polarizable and may
provide greater NLO activity. Transition-metal o-bound
bis(acetylides) are numerous, including platinum com-
plexes that primarily exist as trans-substituted systems.
Some cis-substituted platinum systems have been
reported;2256 however, analogous cyclic structures have
not been explored. Ethynyl-substituted tolans such as
2,2'-diethynyltolan (1)” and 2,2',6,6'-tetraethynyltolan
(2) possess the geometry necessary to give planar
metallacycles when their di- and tetraanions are com-
plexed with square-planar transition metals. Delocal-
ization of electrons should be enhanced by the planarity
of transition-metal o-bis(acetylide) cycles, and as delo-
calization increases NLO properties may be enhanced
as well.32

We report herein the syntheses and characterization
of two platinum metallacyclynes (i.e., metallacycles
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a Reagents and conditions: (i) 1.5 equiv of MesSiC=CH,
(PhCN)2PdCl,, PPhs, Cul, EtsN for 14 h heating to 75 °C; (ii)
KF, H20, MeOH—THF (5:2) for 10 h; (iii) 5, (PhCN).PdCl,,
PPhs, Cul in EtsN—THF (3:1) at 50 °C for 3 days; (iv) 6 equiv
of Me3SiC=CH, (PhCN).PdCl,, PPhs, Cul in piperidine at 95
°C for 14 h; (v) 2 equiv of cis-[EtsP].PtCl;, Cul in CH.Cl,—
(i-Pr),NH (1:4).

containing enyne units) with one and two cyclyne
pockets (3 and 4) and a tetradentate tetraethynyltolan
ligand (2) (Schemes 1 and 2). Compound 4 is the first
example of a double-pocket cyclyne of either an organic
or organometallic type. Two principles were applied in
the successful syntheses of 3 and 4: use of bidentate
bis-phosphines or cis-platinum starting materials to
inhibit isomerization of PtCl;(PR2R’), to trans species
and high-dilution conditions to favor formation of
smaller oligomers.

[Fdpp]Pt(Tha) (3; Scheme 1), where Tha denotes
tolan-2,2'-diacetylide, was prepared under high-dilution
conditions using 2,2'-diethynyltolan (1), bis(benzoni-
trile)platinum dichloride (predominantly cis with some
trans),® 1,1'-bis(diphenylphosphino)ferrocene (Fdpp, Al-
drich), and Cul (2.5%) in diisopropylamine under ni-
trogen. The reaction mixture was stirred for 6 days,
after which an 85% yield of 3 was isolated by column
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chromatography on silica gel with 1:3 CH,Cl,—hexanes
as eluent.®10

Synthesis of 2,2',6,6'-tetraethynyltolan (2; Scheme 2)
takes advantage of increased activity of the iodo sub-
stituent over that of the bromo substituent in 2,6-
dibromoiodobenzene (5).11 This selectivity provides an
efficient means of constructing 2, and high yields for
each bond formation are observed.1?

Bridging two platinum centers with 2,2',6,6'-tetra-
ethynyltolan (2) was accomplished by reacting it with
cis-bis(triethylphosphine)platinum dichloride and Cul
(5.0%) in a mixture of 1:4 CHyCl:(i-Pr);NH under
nitrogen. This highly dilute solution was stirred at
room temperature for 2 weeks. Removal of solvent,
workup, and chromatographic separation on silica gel
using CH,CIl, as the eluent gave a 65.6% yield of
([EtsP]2P)2(Tta) (4; Tta denotes tolan-2,2',6,6'-tet-
raacetylide).’®

X-ray crystal structures of these compounds (Figures
1 and 2) confirm their high symmetry, with 3 and 4
crystallizing in space groups C2/c and 14, respec-
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(300 MHz): ¢ (vs CDCl3) 1.16 (m, 36H), 2.12 (m, 24H), 7.07 (t, 2H),
7.26 (d, overlaps solvent); 6 (vs CD,Cl,) 1.19 (m, 36H), 2.15 (m, 24H),
7.17 (dd, 2H), 7.29, 7.32, and 7.35 (B' portion of ABB', 4H). 13C{1H}
NMR (75 MHz): 6 (vs CD.Cl) 8.64 (3Jpt—c = 21.18 Hz), 17.82 (m),
96.55 (s), 106.50 (AXX' + Y3 AMXX', 2Jpt—c = 294.87 Hz, 3Jyransp—c =
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NMR (121 MHz, CD,Cl,): & (vs 85% H3POy) 4.424 (Jpr—p = 2275.7 Hz).
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drawn at the 50% probability level. H atoms and 2 CH,-
Cl, molecules are omitted for clarity. Selected bond
distances (A) and angles (deg): Pt—P1 = 2.319(1), Pt—C1
= 1.994(3), C1-C2 = 1.197(4), C5—C5a = 1.200(6), Fe—
C10 = 2.001(3), Fe—C11 = 2.021(3), Fe—C12 = 2.053(3),
Fe—C13 = 2.044(3), Fe—C14 = 2.032(3), P1-Cl10 =
1.796(3), P1—C15 = 1.833(3), P1-C21 = 1.819(3); P1—Pt—
Pla = 101.46(4), C1—Pt—Cla = 82.9(2), Pt—P1-C10 =
119.98(9), Pt—C1-C2 = 170.6(2), C1-C2—C3 = 175.9(3),
C4—C5—C5a = 178.0(2).

Figure 2. Thermal ellipsoid drawing of one of the two
conformers of [EtsP],Pt(Tta) (4) drawn at the 50% prob-
ability level. H atoms are omitted for clarity. Selected
bond distances (A) and angles (deg): Pt1—P1 = 2.306(6),
Pt1—P2 = 2.308(6), Pt2—P3 = 2.312(7), Pt2—P4 =
2.292(7), Pt1—C1 = 1.93(2), Pt1—C14 = 1.99(2), Pt2—C7
= 1.97(2), Pt2—C8 = 2.00(2), C1-C2 = 1.23(3), C13—C14
= 1.20(3), C6—C7 = 1.24(3), C8—C9 = 1.21(3), C15—C16
= 1.18(2); P1-Pt1—P2 = 98.8(2), P3—Pt2—P4 = 98.0(3),
C1-Ptl1-C14 = 81.1(9), C7—Pt2—C8 = 83.1(9), Pt1-C1—
C2 = 175(2), Pt1-C14-C13 = 177(2), C1-C2-C3 =
171(2), C12—C13-C14 = 173(2), Pt2—C7—C6 = 175(2),
Pt2—C8—C9 = 173(2), C5—-C6—C7 = 173(2), C8—C9—-C10
= 175(2), C4—C15—-Cl6 = 177(2), C11-Cl16—Cl5 =
179(2).

tively.14~17 Acetylene and acetylide C—C distances in
3 and 4 are all within 1.18—1.24 A, and acetylene

(14) X-ray data for 3: monoclinic, C2/c (No. 15), a = 15.919(3) A, b
= 19.063(4) A, ¢ = 16.800(3) A, f = 116.88(3)°, Z = 4. Data were
collected at 130 K in the range 1.81-27.50° in 6 and were corrected
for absorption using y-scan data. Atomic positions were determined
principally by direct methods.** Refinement!® for data with 1 > 20(l)
(4701 reflections) gave R1 = 0.0248 and wR2 = 0.0525; for all data
(5211 reflections) R1 = 0.0318 and wR2 = 0.0548.
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C—C-C angles are nearly linear. Greater deviation
from linearity is observed for the Pt—C—C angle than
for the C—C—C angle of the acetylide in 3, while in 4
the angles deviate from linearity within respective esd’s
of one another. The positive 3P NMR chemical shifts
and the magnitudes of the 19Pt—31P coupling constants
for 3 (Ipt—p = 2406.9 Hz) and 4 (Jpr—p = 2275.7 Hz) are
consistent with a cis configuration for the phosphines
and for the acetylides about platinum.2¢18 The 81.1—
83.1° C—Pt—C angles dictated in these compounds by
the ethynyl-substituted tolans are among the smallest
observed.’® Planarity of 4 provides for efficient electron
delocalization with the platinum and central carbon
framework deviating slightly from planarity.?® The
angle between the plane of Pt2, P3 and P4 and that of
Ptl, Pt2, and carbons C1-C22in 4 is 18.77(0.39)°. The
latter plane deviates by only 3.32(0.37)° from that of Pt1,
P1, and P2. In contrast the torsion of the plane of Pt
and two P atoms from that of the Pt and cyclyne frame
in 3 is 17.97(0.06)°. 19Pt—13C spin coupling extends
through up to four bonds of the enyne frameworks of 3
and 4. And in 4, C4 and C11 exhibit the inner three
peaks of a 1:8:18:8:1 splitting pattern indicative of
coupling to both Pt atoms. It is also interesting that
multiple pathways exist in 3 for 31P—13C coupling of the
cyclopentadienyl carbons: through the carbon z system,
Fe center, or Pt center. Spin coupling transmitted

(15) SHELXTL PLUS version 4.03, Siemens Analytical Instruments,
Inc., Madison, W1, 1990.

(16) (a) Sheldrick, G. M. SHELXL-93; University of Gottingen,
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0.1259. A solution in the centrosymmetric space group 14,/a is not
reported due to a large number of systematic absence violations (84
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York, 1979; Vol. 16, pp 43—45.
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together by a hydrogen-bonding water molecule.

(20) The largest deviation from the least-squares plane of Ptl, Pt2,
and carbons C1—C22 inclusive is 0.171 A (0.021) for C8.
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through the Fe center as well as through the carbon
system is observed in free Fdpp.2t

“Tweezer” transition-metal bis(o-acetylides) have been
reported to complex transition metals having a variety
of oxidation states.® 3 and 4 have the necessary
proximity of the acetylides and an additional uncoor-
dinated alkyne for further metal complexation, as has
been demonstrated in analogous silicon hetero-
cyclynes.?2 The additional avenue of metal complex-
ation of these compounds may further enhance the
physical properties of extended systems. The structures
of 3, 4, and [Et3P],Pt(Tba)? provide the foundation for
constructing extended two-dimensional systems of pla-
nar metallacycles bridged by planar multidentate phos-
phines such as tetrakis(diphenylphosphino)tetrathia-
fulvalene.?* Incorporation of chiral phosphines is under
investigation as a means of altering NLO properties of
these structures.
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