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Reaction of fluorenone (4) with a low-valent titanium reagent central ring, and two equally folded side moieties with
dihedral angles of 58.1° and 58.0° between the central andgenerated from TiCl4 and Zn in THF in the presence of

pyridine gave terfluorenyl (6) in 71% yield, bifluorenylidene side five-membered rings. The AM1 and PM3 calculations
showed C2 global minima, similar to the conformation in the(2), the conventional McMurry reaction product, in 2% yield,

and additional reduction products. The reductive crystal. The calculated Cs transition state conformations were
found to be 21.3 (AM1) and 19.9 (PM3) kcal/mol higher in“trimerization” was rationalized in terms of an attack of the

intermediate fluorenone dianion on bifluorenylidene. The energy than the global C2 minima. A 2D-NMR NOESY
experiment on 6 supported the C2 (+sc,+sc) or C2 (–sc,–sc)molecular structure of a single crystal of 6 indicated an

approximately C2 conformation, with a slightly twisted conformation in solution.

Introduction

The bistricyclic enes 1 (Scheme 1) have fascinated chem-
ists since the red hydrocarbon bifluorenylidene [9-(9H-flu-
oren-9-ylidene)-9H-fluorene (2)] (Scheme 2) was synthe-
sized in 1875. [1] During the course of our studies of these
overcrowded aromatic enes, [2] [3] we have investigated the
low-valent titanium-induced reductive carbonyl coupling of
polycyclic aromatic ketones (PAKs) as a promising direct
entry into the series of homomerous 1 (X 5 Y).

Scheme 1. Bistricyclic aromatic enes 1

The low-valent titanium-induced reductive coupling of
carbonyl compounds to produce alkenes is a prominent re-
action in synthetic organic chemistry. The reaction was in-

Scheme 2. Two-dimensional representation of compounds 228vented in 1973 by Mukaiyama et al. [4] and by Tyrlik et al., [5]

but is referred to in the literature as the McMurry reac-
tion. [6] Recent advances in titanium-induced carbonyl coup-

notable variation is the titanium-induced coupling of 10,11-ling have been summarized in several reviews. [7] Among the
dihydro-5H-dibenzo[a,d]cyclohepten-5-one to give the chi-by-products of the reaction are alcohols and hydrocarbons
ral strained syn-8,9,17,18-tetrahydro-bis(benzo[4,5]cyclo-related to starting and “dimerized” carbonyl compounds. A
hept)[1,2,3-de;19,29,39-kl]anthracene (3). [8] This unusual co-
urse of the McMurry reaction is reminiscent of the Clar[a] Department of Organic Chemistry, The Hebrew University of

Jerusalem reaction, a reductive peri-peri bimolecular coupling of 1-
Jerusalem 91904, Israel phenalenone-type PAKs (Zn/ZnCl2/NaCl/ca. 300 °C) toFax: (internat.) 1 972-2/6511907
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Fluorenone [9H-fluoren-9-one (4)], the simplest PAK, shaped C26H12 PAH diindeno[1,2,3,4-defg;19,29,39,49-

mnop]chrysene (8) undergoes a successive nucleophilic andhas been subjected to many successful attempts of titanium-
induced reductive coupling, under a variety of experimental electrophilic attack (by MeLi and MeI, respectively) at the

central quaternary carbon atoms, thus resembling the reac-conditions. [10] In most cases, the formation of bifluorenylid-
ene (2), the expected product of the McMurry reaction, has tivity of buckminsterfullerene C60. [14] The results suggested

that the reactivity of fullerenes, which is driven largely bybeen reported. The yield of 2 varies and may reach 95%.
In view of the unusual course of the McMurry reaction the strain associated with curving an aromatic network, can

be extended to curved PAHs.[14] The mechanism of forma-of 10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-one with
TiCl4/Zn/pyridine/THF, it seemed worthwhile to search for tion of terfluorenyl (6) (Scheme 3) suggests that such a reac-

tivity is not limited to bowl-shaped fullerene fragments (e.g.the formation of rubicene (5), a possible peri-peri coupling
product of fluorenone (4), under the above conditions (the 8) and fullerenes, but is exhibited also by the twisted fuller-

ene fragment bifluorenylidene (2). The driving force of theMukaiyama2Lenoir recipe[4,10c,10d]) of the McMurry reac-
tion. We report here a novel course of the low-valent ti- process is the strain arising in the fjord region of 2 due

to overcrowding. The reactivity of 2 towards nucleophiles,tanium-induced reductive coupling of 4, leading to a re-
ductive “trimerization” and the formation of terfluorenyl including fluorenyl anion, is well documented.[11] [13] The re-

ductive trimerization of 4 to 6 requires eight electrons per[9,9-bis(9H-fluorenyl)-9H-fluorene (6)] as the main product.
Terfluorenyl (6) has previously been prepared by various three molecules of 4.
methods, mostly from bifluorenylidene (2) (vide infra). The
crystal and molecular structure of a single crystal of 6 as
determined by X-ray crystallography and conformations of
6 as revealed by semi empirical calculations with AM1 and
PM3 methods are also described.

Results and Discussion

Treatment of fluorenone (4) with low-valent titanium
species generated from TiCl4 and Zn in THF in the pres-
ence of pyridine afforded terfluorenyl (6) in 71% yield. Col-
orless crystals of 6 (m.p. 2902291°C) were obtained by
recrystallization from toluene. Terfluorenyl [11] [12] (6) was
characterized by melting point, 1H- and 13C-NMR spectra
(1D, COSY, NOESY, HSQC) and X-ray crystallography. In
addition to 6, the following compounds were identified in
the product mixture: fluorene (2% yield), bifluorenylidene
(2) (2%), bifluorenyl [9,99-bi-9H-fluorene (7)] (7%), fluor-
enone (4) (3%), fluorenol (9H-fluoren-9-ol) (1%). The very

Scheme 3. Proposed mechanism of formation of terfluorenyl (6)low yield of 2, the usual main product of the carbonyl coup- from fluorenone (4) under the conditions of the McMurry reaction.
ling reaction, is noted. The formation of fluorene, fluorenol,
and 7 as by-products of the McMurry reaction is not sur- Figure 1 gives the ORTEP drawing of the single molecule

of terfluorenyl (6). The crystal structure of 6 is found to beprising. However, the formation of 6 was unexpected.
Among the various reported syntheses of 6, the following distinctly different from the structure of the same com-

pound reported by Luh et al. [12] An attempt to match ourmethods are worth mentioning: (a) a nucleophilic attack of
fluorenyl anion on bifluorenylidene (2);[11b,11e,11h] (b) ir- triclinic cell to the P21/n cell of Luh was unsuccessful. Table

1 gives unit cell parameters and other information on theradiation of diazofluorene to give 6 according to a carbene
mechanism;[11d,11i] (c) reaction of fluorenone thioketal and crystal structure of 6 obtained in the present study and, for

comparison, the corresponding data reported by Luh etW(CO)6 to give 6 according to a radical mechanism.[12] The
mechanism of formation of 6 in the titanium-induced re- al. [12] The values of related bond lengths and angles of the

two asymmetric units in both crystal structures are quiteductive coupling reaction of 4 may be deduced from the
mechanism of the McMurry reaction[7] and the chemical similar, but not identical; both structures describe essen-

tially the same conformation of 6 (see below). A significantbehavior of bifluorenylidene[11] [13] (2). Scheme 3 shows a
possible pathway for the formation of 6. Bifluorenylidene difference between these two structures is the higher sym-

metry ascribed by Luh et al. to the molecule.(2), obtained in the earlier steps of the process, undergoes
a nucleophilic attack by the fluorenone dianion yielding a The semi empirical calculations of terfluorenyl were per-

formed with the AM1 and PM3 methods, as implemented“trimeric” product. Deoxygenation of the latter intermedi-
ate, promoted by low-valent titanium, leads to the final in the program MOPAC6.[15] The structures of all the spec-

ies were fully optimized with symmetry constraints as indi-product 6. It is interesting to note in this context that
Bronstein and Scott have recently shown that the bowl- cated. All the minima and transition states were verified
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and torsion angles (ω) around C92C99 and C92C999
bonds (only minima and transition states are shown). Table
3 gives representative torsion angles of the crystal structures
of 6 and of the calculated AM1 and PM3 structures of the
most stable conformation of 6. Table 4 gives a comparison
of selected bond lengths of the crystal structure of 6 and of
the AM1- and PM3-optimized global minimum confor-
mations.

Table 3. Selected torsion angles [°] around the C92C99 and
C92C999 bonds and related dihedral angles of the crystal structures
of terfluorenyl (6) and of the calculated (AM1 and PM3) most
stable conformation of 6

Crystal Crystal AM1 PM3
structure[a] structure[b] calculations calculations

C9A2C92C992C8A9 2177.9 2174.3 176.9 173.0
C9A2C92C992C9A9 261.8 259.3 64.8 61.2

Figure 1. ORTEP drawing of terfluorenyl (6) C8A2C92C992C8A9 266.2 261.9 58.4 54.4
C8A2C92C992C9A9 50.0 53.1 253.8 257.4
C9A2C92C9992C8A99 54.0 50.9 253.8 257.4

Table 1. Crystallographic data of terfluorenyl (6) C9A2C92C9992C9A99 261.7 264.7 58.4 54.4
C8A2C92C9992C8A99 257.0 261.0 64.8 61.2
C8A2C92C9992C9A99 2172.8 2176.6 176.9 173.0Present study T.-Y. Luh[12]

f[c] 58.1 56.4 62.9 65.8
58.0 59.2 62.9 65.8

Space group P1̄ P21/n
Crystal system Triclinic Monoclinic [a] Present study. 2 [b] Ref. [12] 2 [c] Dihedral angles between thea [Å] 11.952(3) 11.948(5)

planes of the five-membered rings of the central and a side moietyb [Å] 13.516(3) 16.8795(14)
of 6.c [Å] 9.504(2) 13.491(6)

α [°] 108.29(2) 90
β [°] 103.68(2) 105.03(3) The calculated most stable conformation (global mini-
γ [°] 105.19(1) 90 mum) is a C2 conformation with a slightly twisted central
V [Å3] 1319.0(8) 2628(2)

ring and two equally folded side moieties. This confor-Z 2 4
ρcalcd. [g·cm21] 1.25 1.25 mation resembles the conformation shown by the crystal
No. unique refl. I > 2σI 3292 2142 structure of terfluorenyl (6), with dihedral angles of 62.9°R 0.0480 0.061

(AM1) and 65.8° (PM3) between the central and side five-Rw 0.0615 0.051
membered rings as compared with the corresponding di-
hedral angles of the crystal structures of 6 (present study:
58.1° and 58.0°; Luh et al.: [12] 56.4° and 59.2°). The bondby computing the vibrational frequencies. Table 2 describes

optimized (AM1 and PM3) conformations of 6 and their lengths (Table 4) and bond angles of the AM1- and PM3-
optimized global minima are also close to those of bothheats of formation, relative heats of formation, symmetries,

dihedral angles (f) between the planes of the central five- crystal structures; the differences are in the range usually
found when such a comparison is made. The conclusion canmembered ring and each of the side five-membered rings,

Table 2. Optimized comformations of terfluorenyl (6)

AM1 optimization PM3 optimization
Symmetry [a] ∆Hf° ∆∆Hf° f[b] [°] ω[d] [°] [a] ∆Hf ∆∆Hf° f[b] [°] ω[d] [°]

[kcal/mol] [kcal/mol] [kcal/mol] [kcal/mol]

C2 GM 202.0 0.0 62.9 64.8 GM 177.1 0.0 65.8 61.2
62.9 64.8 65.8 61.2

C1 LM 207.9 5.9 142.6 144.2 LM 183.4 6.3 143.6 149.5
67.4 245.0 68.3 247.5

C2 LM 215.7 13.7 141.9 2130.5 LM 189.2 12.1 144.6 2134.7
141.9 2130.5 144.6 2134.7

C1
[c] LM 190.2 13.1 31.1 26.9

70.4 25.31
Cs TS 222.6 20.6 172.5 2173.9 LM 198.0 20.9 166.0 2155.4

172.5 173.9 166.0 155.4
Cs TS 223.3 21.3 58.4 230.5 TS 197.0 19.9 67.5 217.0

58.4 30.5 67.5 217.0

[a] GM: global minimum; LM: local minimum; TS: transition state. 2 [b] Dihedral angles between the planes of the five-membered rings
of the central and a side moiety of 6: [c] Not found. 2 [d] Representative torsion angles around C92C99 (C9A2C92C992C9A9) and
C92C999 (C8A2C92C9992C8A99).
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Table 4. Selected bond lengths [Å] of the crystal structure and of six possible rotamers of terfluorenyl: one (E,E) rotamer
the calculated (AM1 and PM3) most stable conformation of ter- (ap,ap), two (Z,E) rotamers [(1sc,ap) and (2sc,ap)], and
fluorenyl (6)

three (Z,Z) rotamers [(1sc,1sc), (1sc,2sc),
(2sc,1sc)]. [16] [19] Suzuki and Minabe reported the forma-Bond Crystal structure AM1 PM3
tion of two stable stereoisomers of 6, m.p. 293 °C (dec.) and
m.p. 257 °C (dec.), assigning the structures s-cis, s-cis andC4A2C4B 1.468(4) 1.460 1.460

C4A2C9A 1.391(3) 1.428 1.415 s-cis, s-trans, respectively, to these rotamers on the basis of
C4B2C8A 1.397(3) 1.428 1.415 spectral evidence.[11g,11h] However, Kajigaeshi et al. con-C8A2C9 1.526(3) 1.525 1.526
C92C9A 1.525(3) 1.525 1.526 cluded on the basis of 1H-NMR spectra that the confor-
C92C99 1.570(3) 1.540 1.553 mation of the parent terfluorenyl 6, m.p. 293 °C, is
C92C999 1.580(3) 1.540 1.553

(1sc,1sc) or (2sc,2sc). [17] [20] These authors revealed thatC4A92C4B9 1.458(3) 1.458 1.458
C4A92C9A9 1.404(3) 1.430 1.414 the barrier of rotation in a series of substituted terfluorenyls
C4B92C8A9 1.397(3) 1.415 1.415 is at most 20.9 kcal/mol at 120 °C. This barrier indicatesC8A92C99 1.533(3) 1.518 1.520

fast interconversion of the rotamers of terfluorenyls at roomC992C9A9 1.521(3) 1.519 1.518
C4A992C4B99 1.461(4) 1.458 1.458 temperature. [17] [20] Our calculated AM1 and PM3 barriers
C4A992C9A99 1.399(3) 1.426 1.415 for terfluorenyl (Table 2) are in good agreement with theC4B992C8A99 1.402(3) 1.430 1.414
C8A992C999 1.524(3) 1.519 1.518 experimental value. In the present study, a 2D-NMR
C9992C9A99 1.520(3) 1.518 1.520 NOESY experiment was carried out in order to determine

the conformation of 6 in solution. The low-field chemical
shifts of the overcrowded bucking 19-H and 899-H (δ 5
8.53) and the high-field chemical shifts of 89-H and 199-Hbe made that all these structures describe the same confor-
(δ 5 5.36) and 1-H and 8-H (δ 5 6.31) are noted. NOEmation of terfluorenyl. A transition state Cs conformation
interactions have been found between the 89-H aromaticwas identified 21.3 and 19.9 kcal/mol above the global mini-
proton of a side fluorene ring and the 1-H, 2-H, 3-H, 4-Hmum with dihedral angles of 58.4° and 67.5° (at AM1 and
protons of the central fluorene (and likewise between 199-HPM3, respectively). The stereoview of the PM3 global-mini-
and 5-H, 6-H, 7-H, 8-H), suggesting the placement of 89-H,mum conformation C2 is presented in Figure 2, while the
199-H above the planes of the aromatic rings of the centralstereoview of the PM3 transition state Cs conformation is
fluorene moiety in their shielding zone, which causes high-depicted in Figure 3. The latter conformation may serve as
field shifts of the 89-H, 199-H signals. The 1-H and 8-Ha transition state for the enantiomerization of 6.
protons of the central fluorene ring are also significantlyThe question of rotational isomerism due to restricted
shielded as a consequence of their location above the aro-rotations around the C92C99 and C92C999 single bonds in
matic rings of the terminal fluorene units. This is confirmed6 has been controversial.[16218] According to Oki, there are

Figure 2. Stereoview of the PM3-calculated C2 global minima conformation of 6

Figure 3. Stereoview of the PM3-calculated Cs transition state conformation of 6
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syringe over 20 min of a solution of fluorenone (0.54 g, 3.02 mmol)by the observation of NOE interactions between 1-H and
in dry THF (3 mL). The resulting mixture was refluxed for 6 h19-H, 49-H (and likewise between 8-H and 599-H, 899-H pro-
and was kept for about 12 h under argon. The mixture was furthertons). Strong NOE signals arising from the interactions be-
refluxed for 3 h; THF (5 mL) was added during refluxing. Aftertween 89-H and 899-H, 79-H and 799-H, and 69-H and 699-H
cooling to room temperature, the mixture was treated with di-of the side fluorene rings have been observed, in accordance
chloromethane (20 mL), stirred for 15 min, and poured into

with the existence of a two-fold symmetry axis in the mol- 100 mL of aqueous HCl (0.1 ) to give two layers. The organic
ecule. These results are in close agreement with the layer was separated, and the aqueous layer was extracted with di-
(1sc,1sc) or (2sc,2sc) conformation proposed above as chloromethane. The combined organic layers were dried (MgSO4)
well as with the conformations obtained from the X-ray and the solvents were removed in vacuo. The crude products were

dissolved in chloroform and chromatographed on a silica gel col-studies and the semi-empirical calculations.
umn (Silica gel 60, 0.06320.200 mm), using light petroleum etherIn conclusion, the formation of terfluorenyl (6) in the
(b.p. 60280 °C) 2 dichloromethane (up to 100% dichloromethane)low-valent titanium induced reductive coupling of fluor-
as eluent. The following fractions were eluted:enone (4) widens the scope of the McMurry reaction and

opens new avenues for the synthesis of polycyclic aromatic (1) Fluorene: 11 mg, 2% yield; m.p. 1132115 °C (ref. [23a] m.p.
116 °C).hydrocarbons.

(2) Bifluorenylidene (2): 12 mg, 2% yield. 2 Recrystallization from
ethanol afforded red crystals, m.p. 1902192 °C (ref. [23b] m.p.

Experimental Section 1912192 °C). 2 1H NMR (300.1 MHz): δ 5 8.40 (d, J 5 7.9 Hz,
4H), 7.72 (d, J 5 7.6 Hz, 4H), 7.35 (t, J 5 7.5 Hz, 4H), 7.23 (t, J 5General: Melting points are uncorrected. All NMR spectra were
7.4 Hz and J 5 7.9 Hz, 4H). 2 13C NMR (100.6 MHz): δ 5recorded with Bruker DRX 400 and AMX 300 spectrometers; 1H-

141.29 (4Cq), 140.98 (4Cq), 138.25 (4Cq), 129.13 (4Ct), 126.84 (4Ct),NMR spectra were recorded at 400.1 MHz and 300.1 MHz with
126.70 (4Ct), 119.87 (4Ct) (cf. ref. [24] [25]).CDCl3 as solvent and as internal standard [δ(CHCl3) 5 7.26]. 13C-

NMR spectra were recorded at 100.6 MHz with CDCl3 as solvent (3) Bifluorenyl (7): 33 mg, 7% yield. 2 M.p. 2442247 °C (ref. [23c]

and as internal standard [δ(CHCl3) 5 77.01]. m.p. 246 °C). 2 1H NMR (400.1 MHz): δ 5 7.66 (d, J 5 7.7 Hz,
4H), 7.29 (t, J 5 7.5 Hz, 4H), 7.10 (br. t, J 5 7.4 Hz, 4H), 6.97X-ray Crystallographic Study: [21] A single crystal of 6 was obtained
(br. d, J 5 7.0 Hz, 4H), 4.85 (s, 2H). 2 13C NMR (100.6 MHz):by recrystallization from dichloromethane. Crystal data are given
δ 5 144.64 (4Cq), 141.50 (4Cq), 127.27 (4Ct), 126.69 (4Ct), 124.06in Table 1. The X-ray intensity data of 6 were measured with a
(4Ct), 119.63 (4Ct), 49.79 (2CH).PW1100/20 Philips four-circle computer-controlled diffractometer.

Mo-Kα (λ 5 0.71069 Å) radiation with a graphite crystal mono- (4) Terfluorenyl (6): 335 mg, 71% yield. 2 Recrystallization from
chromator in the incident beam was used. The lattice parameters toluene gave colorless crystals, m.p. 2902291 °C (ref. [12] m.p.
were obtained by a least-squares fit of 24 centered reflections in 293 °C). 2 1H NMR (400.1 MHz): δ 5 8.53 (d, J 5 7.4 Hz, H19,
the range 10° # θ # 15°. Intensity data were collected using the ω- H899), 7.83 (d, J 5 7.5 Hz, H49, H599), 7.60 (t, J 5 7.3 Hz, H39, H699),
2θ technique to a maximum 2θ of 50°. The scan width, ∆ω, for 7.55 (t, J 5 7.5 Hz, H29, H799), 7.44 (d, J 5 7.4 Hz, H59, H499), 7.31
each reflection was 1.00 1 0.35·tanθ with a scan speed of 3.0 °/min. (d, J 5 7.5 Hz, H4, H5), 7.11 (t, J 5 7.5 Hz, H3, H6), 6.97 (t, J 5
The intensities of three standard reflections were monitored during 7.5 Hz, H69, H399), 6.86 (t, J 5 7.5 Hz, H2, H7), 6.51 (t, J 5 7.6 Hz,
data collection, and no decay was observed. Intensities were cor- H79, H299), 6.31 (d, J 5 7.7 Hz, H1, H8), 5.42 (s, H99, H999), 5.36 (d,
rected for Lorentz and polarization effects. The positions of the J 5 7.8 Hz, H89, H199). 2 13C NMR (100.6 MHz): δ 5 146.14 (C8a,
carbon atoms were obtained from the results of the SHELXS-86 C9a), 144.20 (C9a9, C8a99), 143.74 (C4a9, C4b99), 143.58 (C8a9, C9a99),
direct method analysis. [22] After several cycles of refinements, the 141.60 (C4a, C4b), 140.90 (C4b9, C4a99), 127.98 (C39, C699), 127.48 (C3,
positions of the hydrogen atoms were found, and added to the re- C6), 127.28 (C19, C899), 126.75 (C69, C399), 126.68 (C29, C799), 126.14
finement process. All carbon atoms were refined anisotropically, (C2, C7), 125.83 (C79, C299), 124.48 (C89, C199), 123.41 (C1, C8),
while the positions of hydrogen atoms were kept fixed, using a rid- 120.27 (C49, C599), 119.15 (C4, C5), 118.66 (C59, C499), 58.94 (C9),
ing model. The refinement proceeded to convergence by minimizing 52.78 (C99, C999). 2 MS (50 R 400°C); m/z (%): 329 (100)
the function Σw(|Fo| 2 |Fc|)2 (w 5 σF

22). [C26H17
1], 165 (35) [C13H9

1]. 2 C39H26 (494.64): calcd. C 94.70,
H 5.30; found C 95.13, H 5.12.The Low-Valent Titanium-Induced Reductive Coupling of Fluorenone

(4): The reaction was carried out under dry argon in a 100-mL (5) Fluorenone (4): 16 mg, 3% yield. 2 M.p. 81282 °C (ref. [23d]

three-necked round-bottomed flask equipped with a reflux con- m.p. 83283.5 °C).
denser (protected from moisture), a septum for adding the reagents

(6) Fluorenol: 20 mg, 1% yield. 2 M.p. 1522154 °C, mixedand sampling the reaction mixture and an inlet for purging the
m.p. 1522154°C (ref. [23d] m.p. 156 °C).flask with dried argon. The reaction flask was purged with argon

for half an hour and dry THF (freshly distilled from sodium di- Oxidation products (eluted by methanol): 32 mg.
phenyl ketyl, 10 mL) was added and cooled to 220 °C. Slow drop-
wise injection of TiCl4 (0.48 mL, 4.50 mmol) by means of a glass

[1] C. de la Harpe, W. A. van Dorp, Ber. Dtsch. Chem. Ges. 1875,syringe gave a yellow complex. The mixture was stirred for 20 min
8, 104821050.at 220 °C and treated with Zn dust (0.50 g, 7.68 mmol). The tem- [2] G. Shoham, S. Cohen, R. M. Suissa, I. Agranat in Molecular

perature was gradually raised to room temperature, and the mixture Structure: Chemical Reactivity and Biological Activity (Eds.: J.
J. Stezowski, J.-L. Huang, M.-C. Shao), IUCr Crystallographicwas stirred for another 45 min to give a bluish suspension, and then
Symposia 2, Oxford University Press, Oxford, 1988, pp.refluxed for 3.5 h to give a black suspension. THF (10 mL) was
2902312.added during the reflux to maintain the volume. After cooling to [3] P. U. Biedermann, J. J. Stezowski, I. Agranat, Advances in Theo-

0 °C, the mixture was treated with pyridine (dried with KOH and retically Interesting Molecules, vol. 4 (Ed.: R. P. Thummel), JAI
Press, Stamford, CT, 1998, pp. 2452322.freshly refluxed, 0.30 mL), followed by a dropwise addition by glass
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[4] T. Mukaiyama, T. Sato, J. Hanna, Chem. Lett. 1973, K. Suzuki, J. Org. Chem. 1975, 40, 129821302. 2 [11i] A.

Schönberg, E. Singer, W. Stephan, Chem. Ber. 1987, 120,104121044.
158121588.[5] S. Tyrlik, I. Wolochowicz, Bull. Soc. Chim. Fr. 1973,

[12] C.-H. Kuo, T.-Y. Luh, M.-C. Cheng, S.-M. Peng, J. Chin. Chem.214722148.
Soc. 1991, 38, 35238.[6] J. March, Advanced Organic Chemistry: Reactions, Mechanisms [13] E. D. Bergmann, Chem. Rev. 1968, 68, 41284.and Structure, 4th ed., Wiley, New York, 1992, pp. 122721228. [14] H. E. Bronstein, L. T. Scott, quoted in R. Baum, Chem. Eng.[7] [7a] A. Fürstner, B. Bogdanović, Angew. Chem. Int. Ed. Engl.
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