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The reaction of the tribenzo[3.3.3]propellane ketone 1 nucleophilic cyclization of (Z)-9-benzylidenetriptindane (4)
with concomitant hydride elimination. The formation of the(triptindan-9-one) with benzyllithium/TMEDA affords an

efficient one-pot peri annulation of a dihydronaphthalene novel centrotetracyclo[5.5.5.6] framework bearing a distorted
(E)-stilbene unit was confirmed by single-crystal X-rayacross two wings of the propellane framework. The key step

of this surprising tandem reaction was determined to be a structure analysis.

Introduction Results and Discussion

Alkylation/Cyclodehydrogenation Reaction of
Our research into the chemistry of polycyclic hydro- Triptindanone 1

carbons during the last decade has resulted in the system-
atic development of novel carbon frameworks containing The organolithium reagent was generated in situ by a
centrically fused indane units, the centropolyindanes. [1] Spe- transmetallation reaction between n-butyllithium (in hex-
cial interest was directed to derivatives of triptindane 2, the anes) and toluene, the latter being also used as the solvent.
congener representing the C3v-symmetrical tribenzo[3.3.3]- An equimolar amount of N,N,N9,N9-tetramethylethylenedi-
propellane. [2] [3] The conformationally flexible, three-dimen- amine (TMEDA) was added to accelerate the reaction. [7] [8]

sional molecular framework of 2 bears a high potential for By adding a toluene solution of ketone 1 to a twenty-fold
further annulation reactions. [4] Thus, several three-fold molar excess of the benzyllithium/TMEDA reagent in tolu-
C2C coupling reactions using the corresponding triketone ene, the typical orange color of the benzyllithium solution[9]

led us to the syntheses of various centrohexacyclic pro- changed rapidly to deep green and a voluminous black crys-
pellanes.[1a,1c,1d,4a,4b] In a recent investigation that was talline precipitate formed on the surface of the reaction
aimed at the synthesis of three-fold phenanthro-anellated flask. Aqueous workup of the reaction mixture followed by
[3.3.3]propellanes,[4c,5] we prepared 9-benzylidenetriptind- MPLC purification furnished a colorless, crystalline solid
ane 4 by Grignard reaction of benzyl bromide with triptin- that proved to be distinct from the two expected products,
dan-9-one (1) [3] followed by dehydration. Subsequent pho- 9-benzyltriptindan-9-ol (6) and 9-benzylidenetriptindan
tocyclodehydrogenation of 4 gave the dibenzophenanthro- (4). [5] Spectroscopic analysis suggested the formation of the
anellated propellane 5 in high yield. [5] In an attempt to re- novel naphtho[1,2]-anellated [3.3.3]propellane, viz. hydro-
place the Grignard reagent by benzyllithium/TMEDA, we carbon 3, in which the benzylidene group has formed a new
encountered an unexpected tandem reaction[6] (1 R 3, six-membered ring incorporating another benzylic position
Scheme 1), which formally consists of a condensation/cyclo- (C-10 or C-11) of the triptindane framework. X-ray single-
dehydrogenation sequence leading to an isomer of 5, viz. crystal structure analysis confirmed the identity of the com-
the trifuso-tetracyclic propellane 3. In this paper, we wish pound.
to report on this surprising peri-annulation reaction, some
properties of the new hydrocarbon 3, and on the mechan-
istic key step of its formation. Spectroscopy and Molecular Structure of 3

The EI mass spectrum of 3 exhibits the highest mass sig-
[a] Fakultät für Chemie, Universität Bielefeld, nal as the base peak at m/z 380, indicating a molecular massUniversitätsstrasse 25, D-33615 Bielefeld, Germany

2 Da lower than that of olefin 4 or the mass of the [M 2Fax: (internat.) 1 49-(0)521/106-6417
E-mail: dietmar.kuck@uni-bielefeld.de H2O]1 fragment ion of the corresponding triptindanol 6

[b] Fachbereich Chemie und Chemietechnik, Universität2Gesamt- (see below). Besides the peak at m/z 289, corresponding tohochschule Paderborn,
Warburger Strasse 100, D-33098 Paderborn, Germany the loss of a benzyl radical to give ions [M 2 C7H7]1, peaks
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Scheme 1

at m/z 303 ([M 2 C6H5]1) and m/z 302 ([M 2 C6H6]1•) are “wing” of the triptindane backbone that makes part of the
stilbene unit is forced into an envelope-like conformation.conspicuous. These fragmentations are much less pro-

nounced for 3 than for the noncyclized olefin 4 and are of This is evident from the torsion about the C(4b)2C(8c) sin-
gle bond, i.e. the propellane axis of 3, as indicated bysimilarly low prominence as in the case of 5. Expulsion of

benzene after intramolecular isomerization of ionized alkyl- [C(8a)2C(8b)2C(8c)2C(4b)] 5 28.7°. [11] Whereas the
mean value of three equivalent torsion angles in the parentbenzenes (both in M1• and [M 1 H]1 ions) is known to

reflect structural features. [10] triptindane 2 is 22.8°, [12] the average of the three torsion
The 1H-NMR spectrum of 3 shows the AB pattern of

one methylene group only (14-CH2) and, in addition, a
characteristic singlet for a benzhydrylic methine group
(13b-CH). Furthermore, a sharp singlet at δ 5 6.78 indi-
cates the presence of a styryl proton (9-H). Among the ar-
ene signals, six distinct doublet resonances were found,
among which one appears at high field (δ 5 6.96) and five
at low field (δ 5 7.4227.66). Three low-field doublets (δ 5
7.56, 7.64 and 7.66) exhibit mutual Nuclear Overhauser ef-
fects characteristic of the three protons in the molecular
cavity of the triptindane skeleton (4-H, 5-H, 18-H). The
13C-NMR spectrum of 3 corroborates its structure since it
shows the maximum possible nine signals for quaternary
arene and olefinic carbon atoms and 14 of 17 possible lines
for tertiary arene and olefinic carbon atoms. Finally, two
quaternary, one tertiary and one secondary signal in the
aliphatic region were found, in accordance with the sug-
gested structure of 3.

Both the crystals and solutions of polycycle 3 exhibit a Figure 1. X-ray molecular structure of compound 3 (ORTEP plot),
viewed onto the concave side of the trifuso-tricyclo[5.5.6] part ofstrong fluorescence upon irradiation at 366 nm. This find-
the trifuso-centrotetracyclo[5.5.5.6] framework; hydrogen atoms areing can be traced to the unusual peri anellation of a 1,2- not shown

dialine to a Cs-diindane (4b,9,9a,10-tetrahydroindeno[1,2-
a]indene), [1] which gives rise to considerable distortion of angles about the propellane axis of 3 amounts to 29.4°. [11]

From these findings, the structure of 3 has been eluci-the trans-stilbene unit about its olefinic double bond. In
fact, X-ray single-crystal structure analysis of 3 (Figure 1, dated unequivocally. Hydrocarbon 3 represents a novel po-

lycyclic carbon framework that may be classified as aTables 1 and 2) reveals a torsional angle of
[C(8a)2C(8b)2C(9)2C(9a)] 5 167.2°. [11] The indane benzoanellated trifuso-centrotetracyclane. [13] This rare class
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Table 1. Crystal data and structure refinement for compound 3 Mechanism of Cyclodehydrogenation

The formation of polycycle 3 from triptindan-9-one (1)3
and benzyllithium is very surprising. Formation of 3 re-

Empirical formula C30H20 quires incorporation of a methylene group of the triptind-
Molecular mass 380.46 ane framework into the newly formed ring with concomi-Crystal color and habit colorless, irregular

tant hydride elimination, in contrast to the photochemicallyCrystal size [mm] 0.60 3 0.40 3 0.30
T [K] 173(2) induced cyclodehydrogenation of 4 to 5. [5] In fact, 9-benzyl-
Wavelength (graphite monochromator) [Å] 0.71073 idenetriptindane (4) turned out to be the reactive intermedi-Space group P1̄
a [Å] 8.9780(10) ate of the base-induced cyclodehydrogenation to 3, as will
b [Å] 10.645(2) be shown below.
c [Å] 11.874(2)
α [°] 108.400(10)
β [°] 94.920(10)
γ [°] 109.830(10)
V [Å3] 989.0(3)
Z 2
Dcalcd. [mg/m3] 1.278
Absorption coefficient [mm21] 0.072
F(000) 400
Range for data collection [°] 1.85225.05
hkl range (min./max.) 0/10, 212/11, 214/14
Reflections collected 3721
Independent reflections 3480
Rint 0.0334
Absorption correction none
Data/restraints/parameters 3473/0/271
Goodness-of-fit on F2 1.054
Final R indices [I > 2 σ(I)], wR2 R1 5 0. 0437 for 2754

reflections, 0.1014
R indices (all data),wR2 0.0606, 0.1171
Largest and mean ∆/σ 0.000 and 0.000

Scheme 2Largest diff. peak and hole [eÅ23] 0.2 and 20.2

Olefinic hydrocarbons have been dehydrogenated by met-
allation/elimination. [18] The driving force for the reaction is
the favorable expulsion of a hydride ion (preferably as LiH)

Table 2. Selected C2C bond lengths [Å] and bond angles [°] for in the second step. [19] [20] Recently, polycyclic hydrocarbonscompound 3
such as triquinacene[21] and several tribenzotriquinac-
enes[22] have been dehydrogenated by treatment with su-C(8c)2C(4b) 1.560(2)

C(8c)2C(8b) 1.514(2) perbasic reagents (Lochmann2Schlosser bases). [23] Triben-
C(8c)2C(13b) 1.536(2) zotriquinacene, a centrotriindane related to 2, [1] was foundC(8c)2C(14) 1.546(2)
C(4b)2C(4a) 1.516(2) to react much more readily owing to benzylic activation of
C(4b)2C(4c) 1.521(2) the deprotonation and/or elimination steps. [22a] Various
C(4b)2C(18a) 1.519(2)

other (two-fold) metallation reactions of acyclic isobuteneC(8b)2C(8a) 1.468(2)
C(8b)2C(9) 1.336(2) derivatives by n-butyllithium in the presence of TMEDA,
C(9)2C(9a) 1.459(2) but without concomitant dehydrogenation, were also re-C(13b)2C(13a) 1.517(2)

ported recently. [24]C(13b)2C(13c) 1.526(2)
C(4b)2C(8c)2C(8b) 102.74(13) When either 9-benzyltriptindan-9-ol 6 [5] or (Z)-9-benzyl-
C(4b)2C(8c)2C(13b) 106.68(13) idenetriptindane 4 [5] were treated under the reaction con-C(4b)2C(8c)2C(14) 104.77(13)
C(8b)2C(8c)2C(13b) 112.04(13) ditions that were used for the attempted benzylation of trip-
C(8b)2C(8c)2C(14) 115.54(14) tindanone 1 (cf. Scheme 1), polycycle 3 was again formed
C(13b)2C(8c)2C(14) 113.74(14)

as the sole product and isolated in virtually the same yieldsC(8a)2C(8b)2C(9) 130.0(2)
C(8a)2C(8b)2C(8c) 106.78(13) (Scheme 2). Thus, the alcoholate formed upon addition of
C(8b)2C(9)2C(9a) 121.3(2) benzyllithium/TMEDA to ketone 1 leads to elimination ofC(9)2C(8b)2C(8c) 122.3(2)

alkoxide, thus generating olefin 4. Once formed, this hydro-
carbon is deprotonated and undergoes cyclization. Clearly
the (E) stereochemistry of the stilbene moiety, which is re-of polycycles is characterized by four rings that are mutu-

ally fused at three C2C bonds of a neopentane core. They quired for cyclization, is achieved upon deprotonation when
the stereochemically pure isomer (Z)-4 is used (Scheme 3).may also be considered [m.n.o]propellanes bearing an ad-

ditional ring that is peri-fused across two of its wings. Apart The ease of the (Z)-to-(E) isomerization points to a favor-
able bonding interaction between the benzylic positions C-from trifuso-centrotetraindane, [14] a regular centropolyind-

ane[1a,15] bearing four indane units anellated in this way, as 9 and C-10 in the deprotonated triptindane framework (cf.
anion II), an effect that enables free rotation of the formerwell as some related cyclopenta-anellated [4.3.3]propellanes

were reported recently. [16] [17] stilbene double bond to give anion III. Subsequent nucleo-
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Scheme 3

DEPT technique. 1H,1H- and 1H,13C-COSY spectroscopy of com-philic addition of the benzylic anion to one of the ortho
pound 3 was performed using the same instrument. 2 Mass spectrapositions of the benzylidene group gives rise to a cyclohexa-
were obtained with a double-focusing instrument, Autospec (Fi-dienyl anion (IV) from which the ortho-hydrogen atom is
sons), using electron impact ionization (EI, 70 eV). Exact masseseventually lost by hydride elimination. Related hydride
were determined with the same instrument at a resolution ofelimination reactions are known to take place favorably
m/∆m ø 8000. 2 Column chromatography was performed using

when conjugated electron systems, such as styrene and stil- silica gel (Kieselgel 60, 0.063 3 0.200 mm, Merck). 2 Reactions
bene-type species, are generated. [25] [26] However, to the best were carried out in dried glass flasks under argon. Solvents were
of our knowledge, a base-induced “aromatic cyclodehydro- redistilled and dried and stored over molecular sieves (4 Å).
genation” reaction such as the formation of 3 from 4 pre- TMEDA was used directly after distillation.
sented here is unprecedented.

13bH-4b,13c-[1,2](Benzenomethano)benzo[b]indeno(1,2,3-lm)-
fluorene (3)

Conclusion (A) From Triptindan-9-one (1): n-Butyllithium [13.0 mL
(20.0 mmol) of a 1.6  solution in hexanes] was rapidly injected

In summary, an interesting base-induced cyclization has under argon through a septum into a solution of 2.32 g (20 mmol)
been found as a variant of the deprotonation/hydride elim- of freshly distilled TMEDA in 50 mL of toluene. The orange-red

solution was heated to 80°C for 30 min and its color changed toination sequence known for simpler unsaturated hydro-
deep red. The solution was allowed to cool to ambient temperaturecarbons. In the present case, hydride elimination occurs
and a solution of triptindan-9-one (1) (630 mg, 2.04 mmol) infrom an (electronically nonactivated) arene ring; hence the
8.0 mL of toluene was added. Upon addition, the color of the solu-cyclization process can be considered a nucleophilic aro-
tion changed to deep green. The reaction mixture was heated withmatic substitution. The ease of cyclization may be due to
stirring to 80°C for 6 h and then stirred at room temperature for

favorable preorientation and anionic hyperconjugation. In
another 16 h during which the solution turned black and a black-

this view, the general scope of the reaction remains open green precipitate formed on the surface of the reaction flask. Hy-
so far. Besides the base-induced cyclodehydrogenation of a drolysis by dropwise addition of water gave a clear, colorless, two-
particular benzylidene-substituted [3.3.3]propellane, how- phase mixture that showed a strong fluorescence upon irradiation
ever, the base-induced tandem condensation/cyclodehydro- at 366 nm. The organic layer was separated and the aqueous solu-

tion extracted three times with 50-mL portions of diethyl ether.genation reaction of benzyllithium with a polycyclic ketone,
The combined organic layers were washed with aqueous NaHCO3viz. triptindanone 1, has enabled a highly efficient hexaan-
and brine, dried with Na2SO4, and the solvent was removed bynulation procedure leading to a novel trifuso-centrotetra-
evaporation. The almost colorless residue (875 mg) was found tocyclic framework, a [5.5.5.6]centrotetracyclane.
contain some 1,2-diphenylethane, which was removed by Kugelrohr
distillation (< 0.01 mbar; 150°C). A yellow solid residue (775 mg)
was obtained that, after purification by chromatography (CHCl3/Experimental Section hexanes, 72:28) and another Kugelrohr distillation, furnished the
hydrocarbon 3 (571 mg, 75%) as colorless crystals; m.p. 293°CGeneral: Melting points were determined with Model 512 (Büchi)

and Melting Point Apparatus (Electrothermal) and are uncor- (decomp.). 2 Rf (CHCl3/hexanes, 1:1) 5 0.52. 2 The compound
tends to incorporate solvent molecules such as CH2Cl2, as shownrected. 2 IR spectra were measured with a Perkin2Elmer IR-841.

2 1H- and 13C-NMR spectra were measured with a DRX 500 in- by 1H-NMR spectroscopy, which could not be removed completely.
Combustion analysis gave varying results with deviations for Cstrument (Bruker); 13C{1H} spectra were measured using the
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contents in the range of 1.724.0%; closest values for C30H20 collected; programs used SHELXTL PLUS and SHELXL-93, 271

parameters refined; residual RF and wRF
2 for 2754 data with [I(380.5): calcd. C 94.70, H 5.30; found C 93.00, H 5.44.

> 2 σ(I)] 0.043, 0.101; largest peak in final diff. map 0.2e/Å3; no(B) From 9-Benzyltriptindan-9-ol (6): [5] A solution of benzyllithium/
absorption correction. [27]

TMEDA in toluene was prepared in exactly the same way, from
the same amounts of reagents, as described above. At ambient tem-
perature, a solution of 9-benzyltriptindane-9-ol (6) (410 mg,
1.02 mmol) in toluene (5.0 mL) was added and the color of the
solution changed to deep green. The reaction mixture was heated Acknowledgmentswith stirring at 80°C for 8 h and then stirred at room temperature
overnight. A deep green precipitate had formed on the surface of
the reaction flask. Hydrolysis and workup was performed as de- We thank the Deutsche Forschungsgemeinschaft and the Fonds der
scribed above to give a strongly fluorescent solution. Separation Chemischen Industrie for financial support.
and purification of the product by chromatography and Kugelrohr
distillation (< 0.002 mbar; 140°C) gave a pale yellow solid
(413 mg). The crude product was purified by crystallization from
CH2Cl2 and washed with hexanes, yielding colorless crystals that [1] Recent reviews on centropolyindanes: [1a] D. Kuck, Top. Curr.

Chem. 1998, 196, 167. 2 [1b] D. Kuck, Advances in Theoreticallyproved to be hydrocarbon 3 (296 mg, 77%) and identical to the
Interesting Molecules, vol. 4 (Ed.: R. P. Thummel); JAI Press,product obtained from 1, by its physical and spectroscopic proper-
Greenwich, London, 1998, p. 81. 2 [1c] D. Kuck, Synlett 1996,ties. 949. 2 [1d] D. Kuck, Liebigs Ann. 1997, 1043.

[2] [2a] H. W. Thompson, Tetrahedron Lett. 1966, 6489. 2 [2b] H.(C) From (Z)-9-Benzylidenetriptindane (4): [5] A solution of benzyl-
W. Thompson, J. Org. Chem. 1968, 33, 621.

lithium/TMEDA in toluene was prepared in exactly the same way [3] B. Paisdor, D. Kuck, J. Org. Chem. 1991, 56, 4753.
from the same quantities as described above. At ambient tempera- [4] [4a] D. Kuck, B. Paisdor, D. Gestmann, Angew. Chem. 1994, 106,

1326; Angew. Chem. Int. Ed. Engl. 1994, 33, 1251. 2 [4b] D.ture, a solution of olefin 4 (300 mg, 0.78 mmol) in 5.0 mL of tolu-
Kuck, A. Schuster, B. Paisdor, D. Gestmann, J. Chem. Soc.,ene was added. The color of the solution changed to deep green.
Perkin Trans. 1 1995, 721. 2 [4c] T. Hackfort, Doctoral thesis,

The reaction mixture was heated with stirring at 80°C for 6 h and Universität Bielefeld, 1998.
stirring was continued at ambient temperature for 16 h. The black [5] T. Hackfort, D. Kuck, Eur. J. Org. Chem., in press.

[6] See, for example: T.-L. Ho, Tandem Organic Reactions, Wiley,solution and the deep green precipitate that had formed on the
New York, 1992.surface of the reaction flask were hydrolyzed by dropwise addition [7] [7a] H. Gilman, J. W. Morton, Jr., Org. React. 1954, 8, 256. 2

of water to give a clear, colorless, two-phase mixture that again [7b] See also: H. Gilman, B. J. Gaj, J. Org. Chem. 1963, 28, 1725.
exhibited strong fluorescence under irradiation at 366 nm. Workup [8] G. G. Eberhardt, W. A. Butte, J. Org.Chem. 1964, 29, 2928.

[9] R. Waack, M. A. Doran, J. Am. Chem. Soc. 1963, 85, 1651.as described above, including separation of 1,2-diphenylethane by
[10] [10a] D. Kuck, Mass Spectrom. Rev. 1990, 9, 187. 2 [10b] D. Kuck,kugelrohr distillation (< 0.01 mbar; 150°C), yielded a pale yellow

Mass Spectrom. Rev. 1990, 9, 583.
solid (324 mg). This crude product was purified by recrystallization [11] Force-field (MM1) and semi-empirical (PM3) calculations sug-
from a small amount of CH2Cl2 followed by washing with hexanes, gest considerably diverging torsional effects:

[C(8a)2C(8b)2C(9)2C(9a)] 5 160.1° (157.7°, PM3),giving colorless crystals of 3 (227 mg, 76%). Again, the product
[C(8a)2C(8b)2C(8c)2C(4b)] 5 21.4° (21.4°, PM3), and awas shown to be identical to those obtained by procedures (A) and
mean value for the torsion of the propellane axis of 21.8°

(B) described above. (16.3°, PM3).
[12] D. Kuck, H. Bögge, A. Müller, to be published. 2 [12a] See also:Spectroscopic Data for 3: 1H NMR (500 MHz, CDCl3, TMS): δ 5 A. Ceccon, A. Gambaro, F. Manoli, A. Venzo, P. Ganis, G.

7.66 (d, 1 H, 3J 5 7.6 Hz), 7.64 (d, 1 H, 3J 5 7.5 Hz), 7.56 (d, 1 Valle, D. Kuck, Chem. Ber. 1993, 126, 2053.
H, 3J 5 7.6 Hz), 7.53 (d, 1 H, 3J 5 7.5 Hz), 7.42 (d, 1 H, 3J 5 [13] P. Gund, T. M. Gund, J. Am. Chem. Soc. 1981, 103, 4458.

[14] D. Kuck, M. Seifert, Chem. Ber. 1992, 125, 1461.7.7 Hz), 7.1427.30 (m, 9 H), 7.07 (t, 1 H, 3J 5 7.4 Hz), 6.96 (d, 1
[15] D. Kuck, R. Eckrich, J. Tellenbröker, J. Org. Chem. 1994, 59,H, 3J 5 7.5 Hz), 6.78 (s, 1 H), 4.26 (s, 1 H), 3.26, 2.88 (AB system, 2511.

2 H, 2J 5 16.4 Hz). 2 13C{1H} NMR (125.8 MHz, CDCl3, TMS; [16] [16a] A. K. Gupta, G. S. Lannoye, G. Kubiak, J. Schkeryantz, S.
DEPT): δ 5 148.09 (q), 144.78 (q), 143.83 (q), 143.75 (q), 143.10 Wehrli, J. M. Cook, J. Am. Chem. Soc. 1989, 111, 2169. 2 [16b]

A. K. Gupta, J. M. Cook, U. Weiss, Tetrahedron Lett. 1988,(q), 142.77 (q), 139.75 (q), 134.03 (q), 133.32 (q), 130.47 (t), 128.82
29, 2535. 2 [16c] X. Fu, J. M. Cook, Tetrahedron Lett. 1990,(t), 127.66 (t), 127.54 (t), 127.30 (t), 127.21 (t), 127.03 (t), 125.72 31, 3409.

(t), 124.44 (t), 124.36 (t), 123.99 (t), 123.81 (t), 121.77 (t), 119.78 [17] For other trifuso-centrotetracyclanes, see papers cited in ref. [13]

(t, olefinic CH), 74.84 (q), 65.32 (q), 51.27 (t, benzhydryl2CH), [18] [18a] T. Clark, P. v. R. Schleyer, J. Chem. Soc., Chem. Commun.
1976, 798. 2 [18b] D. Wilhelm, T. Clark, P. v. R. Schleyer, Tetra-38.66 (s). 2 IR (KBr): ν̃ 5 3062 cm21 (m), 3040 (m), 3019 (m),
hedron Lett. 1982, 23, 4077. 2 [18c] D. Wilhelm, T. Clark, T.2959 (w), 2910 (w), 2866 (w), 1599 (w), 1481 (m), 1474 (m), 1465 Friedl, P. v. R. Schleyer, Chem. Ber. 1983, 116, 751.

(s), 1432 (m), 1151 (m), 1119 (m), 1019 (m), 937 (m), 868 (m), 855 [19] [19a] R. A. Finnegan, H. W. Kutta, J. Org. Chem. 1965, 30, 4138.
(m), 757 (s), 749 (s), 742 (s), 734 (s), 722 (s), 705 (s), 645 (m), 621 2 [19b] W. H. Glaze, G. M. Adams, J. Am. Chem. Soc. 1966, 88,

4653. 2 [19c] R. O. Bach, K. W. Bair, C. L. Willis, J. Organomet.(w), 613 (s). 2 MS (EI, 70 eV); m/z (%): 380 (100) [M1], 303 (23),
Chem. 1974, 77, 31. 2 [19d] H. Gilman, C. W. Bradley, J. Am.302 (22), 291 (12), 289 (25), 182 (8), 151 (7), 91 (10). 2 HR MS: Chem. Soc. 1938, 60, 2333. 2 [19e] K. Ziegler, H. Zeiser, Chem.

calcd. for C30H20 (M1•) 380.1565, found 380.1565. Ber. 1930, 63, 1847. 2 [19f] K. Ziegler, H. Zeiser, Justus Liebigs
Ann. Chem. 1931, 485, 174.X-ray Structure Analysis of 3: A single crystal of 0.6 3 0.4 3 [20] [20a] W. J. Trepka, J. A. Favre, R. J. Sonnenfeld, J. Organomet.

0.3 mm size was analyzed with a Siemens P21 diffractometer. Em- Chem. 1973, 55, 221. 2 [20b] H. Gilman, A. L. Jacoby, J. Org.
Chem. 1938, 3, 108.pirical formula: C30H20, molecular mass 380.5, crystal system tri-

[21] [21a] T. Lendvai, T. Friedl, H. Butenschön, T. Clark, A. de Mei-clinic; space group P1̄; lattice parameters: a 5 8.978(1) Å, b 5
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