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Abstract: Conjugated aromatic diene _iyne. (3) undergoes thermal cyclization at 80 °C to
,2-b

form cyclobuta[a]naphmalene (4), leading to polycyclic compounds, dinaphthol[1
2,1-f]semibullvalene (5) and dmaphtho[ 1-b:1,2-jlelassovalene (7).
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Thermal adical cycloaromatization reactions of enyne derivatives have attracted much attention for the
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preparation of polycyclic ring systems in recent years.[1] An intramolecular [2+2]cycloaddition of (Z, Z)-3,5-

i 'y i Lo ladaa + N1
octadiene-1,7-diynes (1 and 2) to Mx}z%yclobu:adicnes has been reported. [2,3] To our knowledge, the [2+2]

cycloaddition of aromatic diene-diynes (3) remains to invesr_iga_[edA Herein, we report the synthesis and
isolation of dinaphtho[1,2-b:2,1-f]semibullvalene (5) and dinaphtho[2,1-b:1,2-flelassovalene (7) which are
formed by radical cyclization of 3, followed by valence isomerization in a nitrogen stream at 80 °C in the dark.
Compound 6 (not isolated) is of interest due to its possible high degree of strain and potential use as a precursor
of elassovalene systems (e.g., 7). Additionally, a postulated biradical intermediate (14) may serve as a DNA-
cleaving reagent.[4] The facility of the 3 — (5 and 7) conversion prompts us to communicate our preliminary
observations at this time.
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Compound 3 was prepared as follows:

HQ,
(C=C),TMS  MsCI (10 equw )
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| CI3IN (cU 8quiV. , X i
M(CEC)QCSHs CHoClp 0 Clort, 8 (18%) + its trans-isomer (77%)

Thermolysis of 3 (5 mM) in benzene in the presence of 10 equivalents of 1,4-cyclohexadiene at 80 °C
for 22 hin the y1eld two components of §' (colorless columns; 42%) and 7 ( vellow columns; 18%) after
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purification by silica gel chromatography (eluent; benzene and hexane) and recrystallization from dichloromethane
and hexane. Thus, compound § was isolated as stable crystals. The crystals of 7 which contained a hexane
molecule in a (1 : 1) ratio to 7, were shown to be stable only in a hexane solution or in a sealed tube under hexane
atmosphere. Being allowed to stand in air, these crystals gradually changed to amorphous powders. The

corresponding elassovalene derivative which may be formed by thermal cyclization of S was not established in the
mhyvocinanhaminnl meamartiae anAd cmanteral Aatn AfF lath Anmam~iinde
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are given in Table 1.
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colorless columns (CH2Cl>-hexane)

Molecular Formula CsoHaoShk CsoHa2Sh
Mp 231 °C (dec.) 290 °C (dec.)
[I= I 74 » PR PR 1 (o R Fa¥ad nm‘1
IR {ROT) V 2180 cm'! <190 Cim
uv (CHgCN), A {h’ig t:) 249 (4 8), 258 (4 8) nm 338 (4.5), 253 (47) nm
'H-NMR g.gg (70&2;!-(!, Jz;:'{? ';2‘42'1 77.63?27( .59 é , 8H) 8.45 (d, 2H, J=8.3 Hz), 8.08 (d, 2H, J=8.6 Hz),
400 MHz, CDCl4) & m m, 7.90 (d, 2H, J&=8.6 Hz), 7.84 (d, 2H, J=7.1 Hz),
( e 7.27-7.20 (m, 6H), 0.283 (s, 18H) 7.78 (s, 2H), 7.53-7.49 (t-like, 2H), 7.46-7.42
(t like 2H) 7.37-7.35 (d-like, 4H), 7.26-7.17
{m, 6H), 0.26 (s, H) 0.07 (s, SH).
3C.NMR 143.7,133.8, 131.8, 131.7, 131.1, 128.3, 146.7, 143.5, 140.8, 135.9, 134.2, 131.2,
(100 MHz, CDClg) & 128.5, 128.4, 128.0, 128.0, 127.7, 126.1 130.3, 130.2, 129.4, 129.2, 127.6, 126.2
8 125.4, 123.4, 123.1, 100.4, 93.1, 92.1, 125.9, 124.7, 122.4, 106.7, 102.9, 91.1,
85.8,87.7, 81.7, 61.2, 53.8, 30.9, 6.223 87.8,61.6, 57.9.
FABMS m/z 696 (M*), 897 (M+H)* 698 (M*), 699 (M+H)*
Elementary analysis C, 85.88; H (C, 86.15; H, 5.79) C, 86.10; H, 5.86 (C, 85.90; H, 6.06)
Found (Cailcd)
a) The physicochemical properties and speciral data of 7 were obtained from the amorphous powders
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phenylethynyl groups at the C-1 and C-16 positions. On the other hand, 7 was shown to have an elassovalene

skeleton bearing two trimethylsilylethynyl groups at the C-1 and C-18 positions, which groups were indicated to



Figure 1. The ORTEP drawings of § and 7

In order to obtain insight into the mechanism of the thermal cyclization, the reaction of 3 in benzene was
carried out in the presence of 2-propanol-d; as cosolvent (10 %; v/v) under almost the same conditions as
scribed above to yield 7-d, deuterated at the C-8 and C-11 positions, indicating that a biradical intermediate
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a
to be the putative radical intermediate, along with 5 (>50% hv H-NMR spectrometry).
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The formanon of 7 was particularly unexpected. A Dmnosed mechanism of 5 and 7 is presented in
Schemes 2 and 3. At the initial step of this reaction, the [242]cycloaddition reaction of 3 yields 4 via 2,3-
benzobicyclo[4.2.0]octa-1(8),2,4,6-tetraene (8), which dimerizes readily in a Diels-Alder manner to afford
dinaphtho[bg]cyclooctatetraenes (11 and 12) via 9 and 10. Valence isomerization of 11 and 12 affords
dinaphthosemibullvalenes (§ and 6 (not isolated)) As seen in Scheme 3, 6 produced in sifu undergoes thermal
C'y‘Cli?&ﬁOI“l {14} }"it‘:lu a biradical intermediate UJ y of which the valence isomerization affords an elassovalene
biradical (14). The putative radical intermediate (14) was supported by deuterium incorporation at the relevant
positions. The biradical 14 absorbs a hydrogen atom from the hydrogen atom donor to afford the final product 7.
The cyclization of 6 to 7 was shown to occur more readily than the conversion of 1,2-diethynylcyclopropane to a
bicyclo[3,2,0]hepta-1,4,6-triene skeleton at the high temperature of 350 "C.[5]

Scheme 2.
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All new compounds in this paper gave satisfactory IR, NMR,
Table 1.
*The crystaldata for 5 (Colorless columns): Crystal dimensions=0.30x0.30x0.08 mm, Triclinic, Space group P1 (no. 2), a=14.03 1(2)A,
b=17.203(2)A, c=10.643(1)A, a=96.473(1), B=94.63(1)", Y=103.826(9)"; V=2033.5 (5)A’, Z=2; F(000)=736; D,,,. 1.138 g/em’; The
final R and Rw were 0.058 and 0.062 for 3145 observed reflections (1>4.00 (o) I). The structure of 5 was solved by direct method (SAPI91)
and refined by full-matrix least-squares techniques. Diffraction data were obtained using Rigaku AFCSR diffractometer at -75 °C. The
crystal data for 7 (Yellow columns): Crystal dimensions=0.30x0.15x0.10 mm, Monoclinic, Space group P2,/n (no. 14), a=9.716(3)A,
b=17.255(3)A, c=29.137(4)A, B=92.09(2)"; V=4881(1)A, Z=4; F(000)=1680; D,,. 1.068 g/cm® The final R and Rw were 0.090 and
0.143 for 3002 observed reflections (I>1.50 (6) I). The structure of 7 was solved by direct method (SHELXS86) and refined by full-matrix
least-squares techniques. Diffraction data were obtained using Rigaku AFC7R diffractometer at 25 °C.



Scheme 2 (Continued).
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Nicolaou has proposed that the energy of activation for the Bergman cyclization is dependent on the
distance d of the acetylene carbons as shown in Scheme 3.[6] Snyder has proposed that the ease of cyclization of
any enediyne is dependent upon the differential molecular strain between the ground state and the transition
state.[7] In our case, the steric factors in the ground state that must be overcome to bring the disubstituted
acetylenes close enough together to form the 1,4-biradical intermediate play an important role in determining the
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In conclusion, compound 3 underwent an intr. amolecular [2+21cycloaddition at 80 °C in the dark to vield

cyclobuta[ajnaphthalene (4). Further dimerization reaction of 4, followed by valence isomerization afforded
dinaphthosemibullvalenes (5 and 6). Compound 6 having vicinal phenylethynyl groups on the cyclopropane ring
was shown to be converted into dinaphthoelassovalene (7) by the Bergman-type cyclization. Thus, thermal
cyclization of 3 having a phenylethynyl substituent on the terminal acetylenic group will provide a new method
for the preparation of semibuilvaiene and elassovaiene skeletons.
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