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centered icosahedral structure has long been observed in main-
group clusters such as [By,;H,;]? ** or its analogues! and a number
of carboranes and metallacarboranes.!” Transition-metal clusters,
on the other hand, can have centered icosahedral or bpp cages
as exempliﬁed by [AUI3C12(PM52Ph)|0]3+ 13 and [Ptlg(co)n]‘-,w
respectively. Mixed transition-metal /main-group clusters can
adopt either noncentered (as in [Ni,o(AsMe),(CO),5]* % as well
as in metallacarboranes!’) or centered (as in [Ni;,(SnMe),;-
(CO),5]* %) structures. In this respect, clusters 1 and 2 may be
considered as the centered analogues of the vertex-sharing non-
centered icosahedral metallacarborane clusters as exemplified by
[M(C,BgH,)),)™* where M™ = Fe?*, Co*, Nj*+ 22

It occurs to us that the ses metal configuration observed in 2
signifies the genesis of a “polyicosahedral” growth pathway via
vertex sharing to give bi-, tri-, and tetraicosahedral supraclusters
as exemplified by the 25-metal-atom (this work), 37-metal-atom
[(p'Tol3P)|2AulgAglgBr||]2+6 or 38-metal-atom [(p'TOl3P)|2Aulg'
Ag20Cl|4],7 and 46-metal-atom [(Ph3P)|2AU24Ag22Cl|0]8 supra-
clusters. In all these known structures, the icosahedral units are
linked by (interpenetrating) bicapped pentagonal prisms (as in
the ses configuration), instead of (interpenetrating) icosahedra
(as in the sss configuration).
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Although benzocyclopropene? and its derivatives® have become
readily available since the report by Anet and Anet* describing
the synthesis of the first member of this family, the only di-
cycloproparene that has been reported is the thermally sensitive
dicyclopropanaphthalene 1.5 We report here the utilization of
the cycloproparene synthon 1-bromo-2-chlorocyclopropene (2)%
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in the preparation of the novel dicycloproparenes 3’ and 4 and
some of their derivatives.

The synthetic route to 1H,5H-dicycloprop[b,/]anthracene (3)
is illustrated in Scheme I. Addition of an 8-fold excess of 28 to
tetraene 5° in THF at -20 °C for 7 days gave the adduct 60!
in 80% yield. Treatment of 6 with 2,3-dichloro-5,6-dicyano-
benzoquinone (DDQ) in benzene at 50-60 °C for 10 h followed
by chromatography afforded 7 in 93% yield. Conversion to 3 was
effected by treatment of 7 with potassium tert-butoxide in THF
at =20 °C for 1 h, providing nearly pure 3 as a fine white solid,
mp 127-128 °C dec, in 38% yield after chromatography.

The 'H NMR spectrum of 3 displays the expected pattern with
singlets at 6 3.58 ppm (CH,), 7.69 (H,, H,, Hq, Hg), and 8.45
(H;, H;). The 3C NMR spectrum (75.5 MHz) shows signals
até 18.8 (Cl' CS)- 111.5 (CZv Cb C6v CS)v 123.0 (Cla- C4Bv CSuv
Csa), 126.8 (C;, C,), and 134.8 (C,,, C;,, Ceay Cr,). The UV
spectrum (pentane) exhibits a maximum at 256 nm (e 35 500)
with other absorptions at 332, 348, and 364 nm. The infrared
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(10) Spectral data and physical constants for new cycloproparenes are as
follows. 4: mp 85-86 °C; '"H NMR 6 8.64 (d, J = 1.6, 2 H), 7.84 (s, 2 H),
7.70 (d, J = 1.6, 2 H), 3.59 (s, 4 H); "C NMR § 1350 134.0, 126.9, 124.8,
123.9, 113.9, 108.3, 19.4; IR 1670 cm™!; UV A_,, 250 nm (¢ 14 500), 282
(8700), 294 (6050), 323 (600); HRMS caled for C¢Hyo m/e 202.0783, found
202.0782. Anal. Caled: C,95.02; H, 4.98. Found: C, 9497; H, 5.05. 12:
pale yellow oil; 'H NMR 6 7.53 (s, 2 H), 5.55 (s, 2 H), 5.00 (s, 2 H), 3.26
(s, 2 H), 2.63 (s, 4 H); 13C NMR § 144.5, 136.7, 126.2, 111.2, 108.6, 34.0,
19.2; IR 1655, 1620 em™'; UV A, 246 nm (e 5350), 276 (4630), 313 (800);
HRMS for Cy3H;, caled 168. 0939 found 168.0942. 13: mp 125 °C dec; 'H
NMR 6 7.22 (s, 4 H), 4.00 (s, 4H) 3.29 (s, 4 H); '*C NMR 6 138.9, 124.7,
114.3, 38.0, 20.6; IR 1670 cm™'; UV (pentane) Ay, 259 nm (e 1690), 282
(4120), 288 (4010); HRMS caled for C,¢H,; m/e 204.0939, found 204.0941.
Anal. Caled: C, 94.08; H, 5.92. Found: C,94.14; H, 5.94. 14: mp 53-54
°C;'HNMR 6§ 7.71 (d,2 H,J = 1.5), 7.20 (d, 2 H, J = 1.5), 3.33 (s, 4 H),
2.92 (s, 4 H); *C NMR 5 139.9, 137.2, 1254, 125.3, 115.0, 111.5, 30.4, 19.9;
IR 1665 cm™!; UV Ap,, 254 nm (¢ 1900), 285 (5400), 296 (4700); HRMS
caled for C¢H,; m/e 204.0939, found 204.0938. Anal. Caled: C, 94.08; H,
5.92. Found: C, 94.05; H, 5.88.

(11) Although the cycloadditions employed to give 6, 10, and 16 yield
products of unknown stereochemistry, we have not found any evidence that
the subsequent reactions are affected by the stereochemistry of the starting
material.
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Scheme 1
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spectrum showed the characteristic benzene “double bond” at 1660
cm™l. Elemental composition was provided by combustion analysis.
Caled for Ci¢H,yq: C, 95.02; H, 4.98. Found: C, 94.95; H, 5.04.

The starting material required for the synthesis of 1H,4H-
dicyclopropa[b,h]phenanthrene (4) can be prepared from the
reactive tetraene 8.!2 Thus treatment of 8 with a 6-fold excess
of 2 for 5 days at —20 °C gave adduct 9 (55% yield) along with
the desired bis-adduct 10 (10% yield).
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After separation by column chromatography, 10 was aromatized
with DDQ in benzene at 65 °C for 18 h to yield 11 in 64% yield
(Scheme II). Reaction of 11 with potassium tert-butoxide in THF
provided 4, mp 85-86 °C, in 84% yield after chromatography.

The interesting cyclopropa[b]naphthalene derivative 12 could
be isolated in 57% yield when 9 was treated with potassium
tert-butoxide. Surprisingly, the tert-butoxide/ THF medium used
to effect the elimination of 9 does not induce a base-catalyzed
prototropic rearrangement of the double bonds in 12.

Br
t-BuOK
rer——-
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Cl

Treatment of 6 and 10 with potassium terz-butoxide in THF
provided the dihydro derivatives 13 and 14 in 31% and 77% yields,
respectively.!?

13 14

Finally, this route can also be used as an alternative synthesis
of 1 (Scheme IIT). Reaction of 2 with Garratt’s diene (15)7
yielded the cycloadduct 16 (42% yield), which could be converted
readily into 1 (52% yield).

We are currently pursuing the preparation of other di- and
tricycloproparenes. Results of these studies will be reported later.
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Metal hydrides constitute an important class of molecules that
have relevance to catalysis, organic synthesis, and hydrogen
storage.! Although soluble metal hydride complexes are known
for most of the transition elements, palladium derivatives con-
taining hydride ligands are relatively rare.? This is particularly
surprising since homogeneous catalysis by palladium complexes
is well-known and in many cases participation by a palladium
hydride? species is inferred. A number of square-planar derivatives
of the formula trans-PdH(X)(PR;), have been prepared and
characterized;* however, no examples of palladium dimers having
bridging hydrides have been as yet unequivocally characterized.’

Our interest in the reactivity of binuclear hydride-bridged
complexes® was incentive enough to examine the preparation of
the noticeably absent palladium analogues of certain nickel and
platinum dimers’ of the formula [P,M],(u-H), where M = Ni
or Pt and P, is bidentate phosphine. In this report the preparation
of the first structurally characterized hydride-bridged dimer of
palladium is described. An unexpected bonus in this work was
the discovery that the dimer also has a LiBEt, molecule as part
of the structure.

Addition of 2 equiv of a stock THF solution of LiBEt;H
(Aldrich Super-Hydride) to a THF slurry of (dippp)PdCl, (dippp
= 1,3-bis(diisopropylphosphino)propane) at —40 °C led to the
formation of a deep red solution, from which red crystals of the
formula (dippp),Pd;H,-LiBEt, (1) could be isolated in approxi-
mately 68% yield® as shown in Scheme I.

The X-ray crystal structure® of 1 is also shown in Scheme L
The binuclear structure is clearly evident as are the bridging
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