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Abstract: As a method to generate all-carbon molecules having highly reactive polyyne units from stable
precursors, the [2- 2] cycloreversion of [4.3.2]propella-1,3,11-triene derivatives was developed. To test the
efficiency of this method, the reaction was first applied to simple diethynyl- and dibutadiynyl-substituted
propellatrienes, which produced upon UV-irradiation linear hexatriyne and decapentayne derivatives, respectively.
Next, dehydro[12]-, [16]-, [18]-, [20]-, and [24]annulene derivatives annelated by the [4.3.2]propellatriene
units were prepared as precursors to the corresponding njedopons, a monocyclic form of carbon clusters.
Laser-desorption mass spectra of the dehydroannulenes exhibited, in the negative mode, peaks due to the
corresponding cyclaofcarbon anionsr( = 12, 16, 18, 20, and 24) formed by successive losses of aromatic
indane fragments. Solution photolysis of the dehydro[16]annulene and dehydro[18]annulene derivatives formed
reactive polyyne intermediates by [2 2] cycloreversion which were intercepted by furan to give the
corresponding DielsAlder adducts. The structures and spectroscopic properties of the dehydroannulenes
annelated by the [4.3.2]propellatriene units, the precursors to cjctéwpons, and those annelated by the
oxanorbornadiene units, the products of the photolysis in furan, are discussed.

Introduction structures of carbon clusters are dependent on the number of
carbon atom$&.The clusters smaller thangGre linear, those
with the relatively narrow size regime of;&-C,4 are believed

to exist in the form of monocyclic rings. With increasing number
of carbon atoms, bicyclic, tricyclic, and polycyclic structures
rbecome more abundant. Three-dimensional cage structures
emerge from Gy, which become dominant with clusters larger
than Go.

Among the various forms of carbon clusters, monocyclic
clusters, called cyclojcarbons, have been of exceptional
interest from many points of view, ranging from spectroscopy
and theoretical chemistry to synthetic organic chemistry, for
the following several reasons, owing to their unique structure
composed of two sets of cyclic arrays of p-orbitals, which are
perpendicular to each othérFirst, in the carbon cluster
chemistry, little has been done for the larger clusters having

There has been a long-standing interest in small carbon
clusters (G: n < 10) in the fields of spectroscopy and
theoretical chemistry in conjunction with the possible astro-
physical significance of these specléalhile extensive theoreti-
cal as well as spectroscopic studies have been carried out fo
the carbon clusters smaller thapyQittle was known for those
having larger carbon atoms. However, with the discovery of
the fullerene G as an unusually stable clusteand its
production in macroscopic quantitiésncreasing interest has
been focused on large carbon clusters in connection with the
mechanism of fullerene formation. On the basis of the ultraviolet
photoelectron spectroscopygf carbon cluster anions and the
mass chromatographic behaviaf cations generated by laser
vaporization of graphite, it has been demonstrated that the
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and mass chromatographic investigatiddgtailed geometrical,  of Cyg, Cp4, and Goions was observed both in the positive and
electronic, and vibrational information has not yet been obtained. negative modes of the LD Fourier transform (FT) mass spectra
Second, it is becoming more and more likely that monocyclic of the respective precursofs-6 together with the intermediate
carbon clusters play a key role during the early stages of theions formed by the successive losses of carbon monoxide. It
mechanisn$,although the mechanism of the fullerene formation should be pointed out that, depending on the desorption
has not been clarified. Namely, ample experiméntahd conditions, Go© was formed by the gas-phase ion molecule
theoretical® evidence has been accumulating which suggests reaction of Ggand G4 (tetramerization or trimerization followed
that carbon nucleation occurs through coalescence of medium-by loss of G) from 4 and5, respectively. More interestingly,
sized carbon clusters, rather than sequential addition of smallCgg*, which proved to possess the fullerene structure, was
pieces such asL£and G, which is followed by annealing to  formed predominantly by coalescence (dimerization) between
form cage structures. Third, it is quite natural, from the Cso" and Gyderived from the precurs@: A notable advantage
viewpoint of organic chemistry, to ask whether théckel rule of these carbon oxides is the fact that decarbonylation can, in
is valid for this class of novet-systems composed of two sets  principle, be carried out photochemically in rigid matrices at
of cyclic arrays of p-orbitals, which are perpendicular to each low temperatures to detect highly reactive cyclocarbons by
other!! In this respect, a number of theoretical calculations have spectroscopic methods. Indeed, irradiatiod @folated in a low-
been undertaken, but there still remains a controversy regardingtemperature matrix resulted in the formation of ketene inter-
the most stable geometries of cyaiffarbons with 4 + 27 mediates which were characterized by the IR absorption at 2115
electrons, particularly for cyclo[18]carbdh.Finally, Sarre cm~L1bWhile subsequent loss of carbon monoxide took place
reported recently, on the basis of the analysis of the ultrahigh- as judged from the appearance of the absorption of CO at 2138
resolution absorption spectra of diffuse interstellar bands at 6614cm™?, definite spectroscopic evidence for the formation of cyclo-
and 5797 A and the molecular rotational contour calculations, [18]carbon has not been obtained. Rees planned to use the
that large carbon ring molecules (i.e., cycimarbons) having oxidative degradation of the 1-amino-1,2,3-triazole group to
planar oblate symmetric structures are good candidates for theproduce the triple bonds of cyclocarbons and prepaxed
carriers of these bands. benzylidene-protected aminotriazole derivatiVe® as precur-

It is, therefore, extremely important to synthesize and sors to cyclocarbons g Cy4 and Go.l” However, attempts to
determine the molecular structures of cyalsprbons by remove the benzylidene protective group frofmwere not
spectroscopic methods. In this context, a number of investiga- successful.
tions have been undertaken to synthesize cyftafbons from
organic precursors having dehydroannulene frameworks. A
pioneering project to synthesize cyaiffarbons from organic
precursors having the desired macrocyclic carbon framework
was initiated by the Diederich’s group more than a decade ago.
The first precursor was dodecadehydro[18]annulefesed by
three dibenzobicyclo[2.2.2]octatriene units, from which elimina-
tion of three molecules of anthracene in a retro-Digddder
sense would generate cyclo[18]carB8iThe formation of Gg
was indeed observed in the laser-desorption time-of-flight (LD-
TOF) mass spectra df However, attempts to prepare macro-
scopic quantities of ¢ by flash vacuum pyrolysis did not give
Cis, and only anthracene and polymeric material were obtained.
The second type of precursor is represented by the stable
dinuclear cobalt complexesand3, which can be regarded as
transition metal complexes ofigand Gy, respectivelyt4b.15
Attempted decomplexation @and3 to give the corresponding
cyclocarbons was unsuccessful. The third type of molecule is
exemplified by dehydroannulends 5, and 6 annelated with
cyclobutenedione units, which would producg,©,4, and Gy,
respectively, by multistep decarbonylati®$4b.16The formation

(8) For reviews, (a) Schwarz, Hingew. Chem., Int. Ed. Engl993

32,(1)4(12). (b) Goroff, N. SAcc. Chelrg. Red.996 29, 77. © We planned to utilize the fragmentation of [4.3.2]propella-
9) (a) Hunter, J.; Fye, J.; Jarrold, M. Bciencel993 260, 784. _tri i ; ;

von Helden, G.; Gotts, N. G.; Bowers, M. Nature1993 363 60. (c) von 13,11 men.e derivatives in .a retro [% 2] sense ([2+ .2]
Helden, G.. Gotts, N. G.: Bowers, M. T. Am. Chem. Sod993 113 cycloreversion) to generate highly reactive carboarbon triple

4363. (d) McElvany, S. W.; Ross, M. M.; Goroff, N. S.; Diederich, F.  bonds such as those involved in cycigjarbons from appropri-

Sciencel993 259, 1394. (e) Hunter, J. M.; Fye, J. L.; Roskamp, E. J.;  gte precursors as shown in Scheme 1. The B cycloreversion
Jarrold, M. F.J. Phys. Chem1994 98, 1810.

(10) Strout, D. L.; Scuseria, G. B. Chem. Phys1996 100, 6492. of cyclobutane derivatives to generate a carbcarbon double
(11) Hoffmann, R.Tetrahedron1966 22, 521. bond has been frequently utilized with success to produce highly
(12) For a review, see: Plattner, D. A,; Li, Y.; Houk, K. N. Modern unstable molecules such as cyclobutadi€fhe corresponding

Acetylene Chemistiystang, P. J., Diederich, F., Eds.; VCH: Weinheim,  yaaction of a cyclobutene derivative would form a carbon

1995; p 1. . . . L .
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W. B.; Sarre, P. IMon. Not. R. Astron. S0d.996 283, L105. leading to a buta-1,3-diene would take place in competition with
(14) (a) Diederich, F.; Rubin, Y.; Knobler, C. B.; Whetten, R. L.;
Schriver, K.; Houk, K. N.; Li, Y.Sciencel989 245, 1088. (b) Diederich, (16) (a) Rubin, Y.; Knobler, C. B.; Diederich, B. Am. Chem. So&99Q
F.; Rubin; Y.; Chapman, O. L.; Goroff, N. $lelv. Chim. Actal994 77, 112 1607. (b) Rubin, Y.; Kahr, M.; Knobler, C. B.; Diederich, F.; Wilkins,
1441. C. L.J. Am. Chem. S0d.99], 113 495.
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the desired cycloreversidfi.This undesired reaction pathway 19b R = COCH, 20b R = COCH,
can be suppressed by geometrical constraints. Namely, Paquette ©
reported, as part of his extensive investigations in propellane
chemistry, that photolysis of [4.4.2]propellapentadi®a and X RO
the corresponding trien&0b takes place smoothly, leading to \ ?
the formation of naphthalene and tetrahydronaphthalene, re- gl & |
spectively, together with ethyne (not detect&tPn the basis 3 I
of our knowledge that [4.3.2]propellane derivatives can be X OR
readily prepared by means of [2 2] photocycloaddition of _ _
bicyclo[4.3.0]non-1(6)-en-2-ond. {) to alkenes and alkynés, 0 5%z 8CI2 @ 2122;83%‘1‘53”3
we chose the [4.3.2]propellatriene system as the key structural 21cR=H
element as shown in Scheme 1. Accordingly, we designed 9 TIPS
dehydro[12]-, [16]-, [18]-, [20]-, and [24]annulene derivatives R Vi
12—16 annelated by [4.3.2]propellatriene units as the precursors Y y
to the cyclop]jcarbons wheren = 12, 16, 20, 18, and 24, 7 (i 7
respectively. In view of the presence of diastereomerk2in | |
16, it was more desirable to prepare symmetric precursors =5 =___
composed of [4.4.2]propellapentaene unit lik®a However, TIPS
we anticipated that the preparation of a building block such as 17aR = TMS 18
diethynyl[4.3.2]propellatriend 7c would be much easier than (h D:;gg:;aws

that of the corresponding [4.4.2] congefer. _
a(a) Forl9a 1,4-bis(methoxymethoxy)-2-butynley; for 19b: 1,4-

diacetoxy-2-butynetw. (b) for 20a i, TMSOTTf, E&N; ii, PA(OAC);
for 20b: i, 5,5-dibromo-2,2-dimethyl-1,3-dioxane-4,6-dione; ii, LiCl,
Li,COs. (c) i, NaBH,, CeCh:-7H,0; ii, (2,4-dinitrophenyl)sulfenyl
chloride. (d) for21la HCI; for 21b: NaOH. (e) MnQ. (f) diethyl
trichloromethylphosphonate, Bul# 100 °C. (g) BuLi, TMSCI (for
178 or TBDMSCI (for 17b). (h) BwNF or LIOH-H20. (i) BrC=CTIPS,
CuCl, NH,OH-HCI, aqueous EtNH

photoelectron spectra have been reported elsevéhémeaddi-

tion, the structures and spectroscopic properties of the dehy-
droannulenes annelated by the [4.3.2]propellatriene units and/
or oxanorbornadiene units are discussed.

Results and Discussion

]32:% }ggf‘z Model Study for [2 + 2] Cycloreversion. Although the
- cycloreversion takes place exclusively in the simple systems
| 10a and 10b, it is expected that skeletal isomerization, well-

[2 + 2] fragmentation of simple 11,12-dialkynylated [4.3.2]- known as dis-r—lmethane rearrangemeﬁﬁwould t{:\ke place in
propellatriene derivatives7a 17b, and18, the synthesis and competition with the [2+ 2] cycloreversion, particularly when

spectral properties of dehydro[12]-, [16]-, [18]-, [20]-, and [24]- the desired pathway is _hindered by strain. Accord_ingly, to test
annulene derivative$2—16 annelated by [4.3.2]propellatriene Whgther the cycloreversion pathway predominates in extenswely
units, and their fragmentation in the laser-desorption mass conjugatede syst.ems, we started with the model §ystems which
spectra and by ultraviolet irradiatidA. The spectroscopic would produce linear polyynes before investigating the carbon
characterization and structural assignment of thus producedrlng synthesis. Toward this end, diethynylpropellatriehiea—

; _ : 17cwere prepared according to the synthetic pathways shown
I = 12, 16, 18, 20, 24 I | ) " .
cyclolnjcarbon anionsr( , 16, 18, 20, 24) by ultraviolet in Scheme 2. Namely, photocycloaddition of endrié®> with

In this paper, we report the model study of the photochemica

(18) (a) Masamune, S.; Suda, M.; Ona, H.; Leichter, L. MChem.

Soc., Chem. Commut972 1269. (b) Maier, G.; Hoppe, Bletrahedron (22) For preliminary reports, see: (a) Tobe, Y.; Fujii, T.; Naemura, K.
Lett. 1973 861. (c) Maier, G.; Reisenauer, H. Petrahedron Lett1976 J. Org. Chem.1994 59, 1236. (b) Tobe, Y.; Fujii, T.; Matsumoto, H.;
3591. Naemura, K.; Achiba, Y.; Wakabayashi, I. Am. Chem. S0d.996 118
(19) For a review, Leigh, W. XChem. Re. 1993 93, 487. 2758. (c) Tobe, Y.; Matsumoto, H.; Naemura, K.; Achiba, Y.; Wakabayashi,
(20) Paquette, L. A.; Wingard, R. E., Jr.; Photis, J. M.AAm. Chem. T. Angew. Chem., Int. Ed. Endl996 35, 1800.
So0c.1974 96, 5801. (23) Wakabayashi, T.; Kohno, M.; Achiba, Y.; Shiromaru, H.; Momose,
(21) (a) Peet, N. P.; Cargill, R. L.; Bushey, D. F.Org. Chem1973 T.; Shida, T.; Naemura, K.; Tobe, Y. Chem. Phys1997 107, 4783.
38, 1218. (b) Tobe, Y.; Hoshino, T.; Kawakami, Y.; Sakai, Y.; Kimura, (24) For a review, see: Zimmerman, H. E.Rearrangements in Ground
K.; Odaira, Y.J. Org. Chem1978 43, 4334. (c) Kakiuchi, K.; Tsugaru, and Excited Statesle Mayo, P., Ed.; Academic Press: New York, 1980;
T.; Takeda, M.; Wakaki, I.; Tobe, Y.; Odaira, ¥. Org. Chem1985 50, Vol. 3, p 131.

488. (25) Conley, R. T.; Nowark, B. EJ. Org. Chem1961 26, 692.
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1,4-bis(methoxymethoxy)-2-buty?fe gave cycloadduct19a
which was oxidized to dienorDathrough the silyl enol ethéft
and then transformed into propellatriel®ausing the protocol

of Reich et ak8 Deprotection of the MOM group afforded diol
21cwhich was oxidized by Mn@to give dialdehyde2. The
formyl group was converted to the ethynyl group using the
Normant protocdP through bis(dichloromethylene) compound
23, giving diethynylpropellaned7a and 17b. In the case of
the preparation o17b, the trapping of the dianion, formed by
elimination of HCI followed by chlorine lithium exchange from
23, with chlorotert-butyldimethylsilane was carried out at 0
°C because of the low reactivity of the chlorosilane with the
anion. As a result, we obtained bisalle?vebesides the desired
product17b, which was formed presumably by nucleophilic
attack of the excess butyllithium to an intermediate of the
reaction3® Removal of the silyl-protecting groups &f7a and

J. Am. Chem. Soc., Vol. 122, No. 8, 20085

Scheme 3
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a(a) i, trichloroethylene hv; ii, t-BuOK. (b) i, 5,5-dibromo-2,2-

17byielded the unstable parent hydrocardatt Alternatively, dimethyl-1,3-dioxane-4,6-dione; ii, LiCl, bCOs. (c) i, NaBH,,
diol 21cwas prepared by the similar sequence of reactions by CeCk-7H0; ii, (2,4-dinitrophenyl)sulfenyl chloride. (d) HECTMS
photocycloaddition of enoriel with 1,4-diacetoxy-2-butyne (to  (for 178 or HC=CTIPS (for17d), Pd(PPB, Cul, E&N.

give 19h), bromination-dehydrobromination (to give0ob), 1,2-
reduction-1,4-dehydration (to giv1b), and hydrolysis. The
overall efficiencies of both procedures are almost identical. Bis-
(butadiynyl)propellatrienel8 was prepared by the Cadiot
Chodkiewicz coupling of 17cwith 1-bromo-2-(triisopropylsilyl)-
ethyne3?

Scheme 4

R
R————=——=—R
// hv
28aR =TMS
| —— 28b R = TBDMS
—
TR
+ CO

R R

4 \ 7
Bu

+ \ +
24 =—R O’

29a R = TMS
29b R = TBDMS

TBDMS
17aR =TMS

-TBDMS 17b R = TBDMS

TBDMS

30a R =TMS

We developed another more efficient method for the prepara- 204 R = TBOMS

tion of diethynyl propellatrienes based on the Sonogashira
coupling reactiof® of dichloropropellatrien@7 with appropriate
alkynes (Scheme 3). Thus, photoaddition of enddewith
trichloroethene and subsequent elimination of HCI gave dichlo-
roketone25. Bromination-dehydrobromination d25to dienone Vi
26followed by a 1,2-reductionl,4-dehydration sequence yielded
triene27. Reaction oR7 with appropriate trialkylsilyl-protected
alkynes using Pd(0) and Cu(l) catalysts affordg@and17d |
in good yields.

Irradiation of a hexane solution df7awith a low-pressure
mercury lamp resulted in the formation of hexatriy2@es234
in 66% isolated yield together with indane (Scheme 4). As
byproducts, a small amount (14%) of a 1:1 mixture of
isomerization product29a and 30a was obtained. Although
29a and 30a could not be separated, their structures were

TIPS

18

(26) Hraft, M. E.; Pankowski, JSynlett1994 865.

(27) Ito, Y.; Hirao, T.; Saegusa, T. Org. Chem1978 43, 1011.

(28) Reich, H. J.; Wollowitz, SJ. Am. Chem. Sod.982 104, 7051.

(29) Villiears, J.; Perriot, P.; Normant, J. Bynthesisl975 458.

(30) Although the mechanism of the formation#f is not certain, the
possibility that it was produced by the nucleophilic attack of the organo-
lithium reagent to the once formddbwas excluded, since diyrie’b was
inert to butyllithium under the reaction conditions.

(31) (a) Chodkiewicz, W.; Cadiot, RCompt. Rend1955 241, 1055.
(b) Brandsma, L.Preparative Acetylenic Chemistry2nd ed.; Elsevier:
Amsterdam, 1988; p 213.

(32) Rubin, Y.; Lin, S. S.; Knobler, C. B.; Anthony, J.; Boldi, A. M;
Diederich, F.J. Am. Chem. S0d.99], 113 6943.

(33) For a review, see: Sonogashira, K. @@mprehensie Organic
SynthesisTrost, B. M., Fleming, I., Eds.; Pergamon: Oxford, 1991, Vol.
3, p 521.

(34) (a) Alberts, A. HRecl. Tra.. Chim. Pays-Bad989 108 242. (b)
Fritch, J. R.; Vollhardt, K. P. COrganometallics1982 1, 590.

assigned on the basis of the NMR spectra. The salient feature
of theH NMR spectra o29ainvolves two methine signals at

0 3.34 and 2.69 ppm which couple with the vinyl protong at
5.90 and 5.58, respectively. The cyclooctatetraene structure of
30awas elucidated on the basis of the presence of four vinyl
proton signals in théH NMR and eight spcarbon signals (four
quaternary and four tertiary carbons) in € NMR spectra.

The compoun@9acan be envisioned as a product of vinylogous
di-z-methane rearrangement db¥a Whether30ais a direct
photochemical product or an isomerization produc2®é by
trace acid was not confirmed. Similarly, irradiation tfrt-
butyldimethylsilyl derivativel 7b gave hexatriyn@8b2 (67%)
together with a mixture o29b and 30b (6%). Photolysis of
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Scheme 5. (a) Cu(OAc), Pyridine or Cu(OAg), CucCl,
Pyridine

17c

dibutadiynylpropellatrien&8 under similar conditions afforded
decapentayn&13? in 74% isolated yield. No isomerization
product of the starting material was detected in this case. Thus
it was revealed that the desired {2 2] cycloreversion takes
place predominantly in the model system even for the propel-
latrienes with extended conjugation, leading to the formation
of linear polyynes.

We also examined the photolysis of bisallel¥to generate
a hexapentaene derivati®2.3> Thus, irradiation of24 with a
low-pressure mercury lamp in THéz at 0 °C resulted in the
formation of an unstable product, together with indane, which
was assigned to bd2 on the basis of the spectral properties
characteristic to a cumulen®C NMR 6 189.9, 174.9, 156.8,
154.1 ppm; IR 2060, 2040, 2000, 1960, 1880, 1820V —
Vvis Amax (Cyclohexane) 584 and 527 nm. An attempt to isolate
the product32 was unsuccessful because of its rapid decom-
position to form tarry brown materials.

TBDMS TBDMS

NN

TBDMS Bu

32

Synthesis of Dehydroannulenes Annelated by [4.3.2]-
Propellatriene Units. With the above results on the model study
for the linear polyyne synthesis in hand, we investigated the
cyclo[n]carbon synthesis using the 2 2] cycloreversion of
[4.3.2]propellatriene derivatives. We started with the synthesis
of precursors of cyclo[18]- and [24]carbons, dehydro[18]-
annulenel5 and dehydro[24]annuleriss which correspond to
the trimer and tetramer of diethynylpropellatriehc respec-
tively. Thus, copper(ll)-mediated oxidative coupling d¥c
under Eglinton’s conditior#¥ gave the yellowish orange trimer
15as the major product together with a small amount of carmine
red tetramerl6 in total yield of 39% (Scheme 5). In an other
run under modified conditions using copper(l) and copper(ll)
salts?” a nearly 1:1 mixture ofil5 and 16 was obtained (56%
yield). Both 15 and 16 were obtained as mixtures of diastere-

Tobe et al.

symmetry are drawn in the Scheme. The presence of dodeca-
dehydro[18]- and hexadecadehydro[24]annulene cor&S amd
16, respectively, was confirmed by comparison of theNMR
and electronic spectra with those of related compodifid&:38.39

Next, we synthesized the precursors of cyclo[12]-, [16]-, and
[20]carbons, dehydro[12]-, [16]-, and [20]annulene syst&s
14 which correspond to the trimer, tetramer, and pentamer of
chloroethynylpropellatrien83b. Monoethynylation of dichlo-
ropropellane7 with 2-methyl-3-butyn-2-ol to furnisB3awas
accomplished in 6670% yields by Pd(0G)Cu(l)-catalyzed
coupling. The product was readily separated from the dieth-
ynylation productl7e by chromatography. Removal of the
terminal carbinol moiety gave alkyr83b. However, all attempts
for cyclization 0f33b by Pd(0)}-Cu(l)-catalyzed coupling under
a variety of conditions failed to afford the desired cyclization
products. Dimer34, formed by the oxidative coupling of the
terminal alkyne moiety oB3b, was obtained as an exclusive
product. On the other hand, we were gratified to find that, when
33awas subjected to the phase-transfer conditfbmsder which
deprotection and coupling took place in one pot, the dehydroan-
nulenesl2 (dark red),13 (dark violet), andL4 (reddish orange)
'were obtained in 1, 11, and 1% yields, respectively (Scheme
6). These products were readily separated by chromatography,
but individual compounds are also inseparable mixtures of
diastereomers (only those with highest symmetry drawn in the
scheme). The fact that the tetrani& was obtained in higher
yield than the trimefl2is explained in terms of the geometrical
deformation which is smaller in the former than in the latter as
described below. Trimet2 was also prepared selectively in a
stepwise manner by three successive Pd@)(l)-catalyzed
coupling reactions as shown in Scheme 7. Namely, the reaction
of diethynylpropellanel7c with an excess oR7 yielded the
1:2 coupling product35 (50%), which was coupled with
2-methyl-3-butyn-2-ol to give monoethynylated compolad
(47%) and disubstituted produB (36%). Finally, intramo-
lecular cyclization of36 under the phase-transfer conditions
provided12 in 16% vyield.

Generation of Cyclojn]carbons by [2 + 2] Cycloreversion
of Propellane-Annelated DehydroannulenesWith the cyclo-
carbon precursors2—16in hand, we investigated the generation
of the corresponding cyclofcarbons by [2+ 2] cycloreversion.
First, in the laser-desorption time-of-flight (LD TOF) mass
spectra, we observed the formation of cyoloprbons (= 12,
16, 18, 20, 24) from the corresponding dehydroannulene
derivatives12—16 as shown in Figures 1 and 2. As shown in
the inset of Figure 1, the positive mode of LD-TOF mass
spectrum of15 exhibited only the peak due to the indane
fragment. Likewise, the peak due to indane was exclusively
observed in the positive mode spectral@-14 and 16. On
the other hand, in the negative mode spectrumi®{Figure
1), we observed the peaks due to the parent iggR& where
R denotes the indane fragment) and the anions resulting from

(38) (a) Okamura, W. H.; Sondheimer, F..Am. Chem. Sod.967, 89,
5991. (b) McQuilkin, R. M.; Garratt, P. J.; Sondheimer, JFAm. Chem.
So0c.197Q 92, 6682. (c) Anthony, J.; Knobler, C. B.; Diederich, Angew.
Chem., Int. Ed. Englt993 32, 406. (d) Zhou, Q.; Carrol, P. J.; Swager, T.

omers which were not separated and only those with highestM. J. Org. Chem1994 59, 1294. (e) Guo, L.; Bradshaw, J. D.; Tessier, C.

(35) For tetratert-butylhexapentaene, see: (a) Hartzler, H.JDAm.
Chem. Socl971 93, 4527. (b) Negi, T.; Kaneda, T.; Mizuno, H.; Toyota,
T.; Sakata, Y.; Misumi, SBull. Chem. Soc. Jprl974 47, 2398.

(36) Behr, O. M.; Eglinton, G.; Galbraith, A. R.; Raphael, RJAChem.
Soc.196Q 3614.

(37) (a) O’Krongly, D.; Denmeade, S. R.; Chiang, M. Y.; Breslow, R.
J. Am. Chem. S0d.985 107, 5544. (b) Scott, L. T.; Cooney, M. J.; Otte,
C.; Puls, C.; Haumann, T.; Boese, R.; Carrol, P. J.; Smith, A. B., llI; de
Meijere, A.J. Am. Chem. S0d.994 116, 10275.

A.; Youngs, W. JJ. Chem. Soc., Chem. Commu®94 243. (f) Haley,
M. M.; Brand, S. C.; Pak, J. Angew. Chem., Int. Ed. Endl997, 36, 836.
(g9) Nishinaga, T.; Kawamura, T.; Komatsu, B. Org. Chem.1997, 62,
5354. (h) Pak, J. J.; Weakley, T. J. R.; Haley, M. M.Am. Chem. Soc.
1999 121, 8182.

(39) For recent reviews, see: (a) Haley, M. Bynlett1998 557. (b)
Haley, M. M.; Pak, J. J.; Brand, S. Cop. Curr. Chem1999 201, 82.

(40) (a) Rossi, A.; Carpita, A.; Quirici, M. G.; Gaudenzi, M. L.
Tertrahedron1982 38, 631. (b) Huyne, C.; Linstrumelle, Geertrahedron
1988 44, 6337.
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Figure 1. Negative and positive (inset) modes LD-TOF mass spectra
of cyclo[18]carbon precursdt5. R denotes the indane fragment.

and Go) from the corresponding precursor molecules was
reported previousl§d14.16 the formation of cyclafijcarbon
anions withn = 4m carbon atoms (&, Ci~, and Go)
represents the first examples. The structures of the carbon cluster
anions (G-, Cis, Cis~, Coo~, and G4 ) generated from the
dehydroannulene derivativd2—16 were investigated on the
basis of the ultraviolet photoelectron spectra of the anions
obtained by subjecting the mass selected anions to a second
laser pulse (266 nm), which were compared with those of the
anions of the same carbon numbers obtained by laser vaporiza-
tion of graphite?® On the basis of the splitting frequencies due
to vibrational excitation of the neutral cyclocarbons produced
by detaching an electron from the corresponding anions, it was
deduced that cyclojcarbons with 4n carbon atoms, that is,
Ci6 Coo, and Gy, should possess a polyyne structure with
alternating single and triple bonds. Namely, the vibrational
frequencies observed at 1775, 1930, and 1935cmere
assigned to the tangential motion of the-C bond in Gg of
Can, Cpo Of Cign, and G4 of Cyian Symmetry, respectively. On
the other hand, cyclo[18]carbon bearing 4 2 carbon atoms
must be cumulenic, since its vibrational frequency at 645%m
can be assigned to the totally symmetric-C stretching
(breathing) mode of ¢ of Dgn Symmetry. In the case of the
smallest member {3, it is not clear whether it is a polyyne or
a cumulene because of the relatively low signal vs noise ratio
of the spectra probably due to its decomposition to the linear
isomer??

To examine the possible formation of cyatpfarbons by
photochemical [2+ 2] cycloreversion, a solution df5in THF-
ds was irradiated with a low-pressure mercury lamp &Q)
yielding indane along with uncharacterized polymeric materials.
Apparently, the intermediates formed by elimination of indane
fragment(s) are too reactive at this temperature. To intercept

the successive losses of one, two, and three indane fragmentéeaCtiVe intermediates formed during the photolysis, irradiation
(C1gR.~, C1gR~, and Gg~, respectively). Also observed are the Was then car_rled out using furan as a.solvent, giving three
anions, Gs~ and Gg4~, corresponding to the dimer and trimer oxanorbornadiene-annelated prodi88s-40in 15, 27, and 11%

of Cig~, respectively. However, we have no information isolated yields, in which one, two, or all indane units are
regarding the structure of these high molecular weight clusters "eplaced by the furan moieties, respectively (Scheme 8). The
at this moment! The LD-TOF mass spectra 4P—14 and 16 structures of the produc&—40, especially the regiochemistry

exhibit essentially the same pattern of peaks as th S (41) The photoelectron spectrum of.C revealed that its structure was

shown in Figure 2. AlthQUQh the size-selective generation of gifferent from that of the carbon cluster generated from graphite by the
cyclo[n]carbon anions witin = 6m carbon atoms (G, Co4, laser vaporization; see ref 23.
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Figure 2. Negative mode LD-TOF mass spectra of cyclo[12]-, [16]-,
[20]-, and [24]carbon precursof (a), 13 (b), 14 (c), and16 (d). R
denotes the indane fragment.

of the [4+ 2] cycloaddition of furan, were established by the
13C NMR chemical shifts of their sp carbons. Namedg,and
39 exhibit only five clusters of the sp carbon signaB8:( ¢
95.3, 86.3, 84.0, 83.5, 82.0, 81.8 pp&% o 96.1, 95.7, 87.6,
84.5, 82.9 ppm) andl0 (6 97.0, 89.3 ppm) does only two,
indicating that these compounds have an approxin@ie
symmetry. Monitoring the photochemical reactioriléfin furan

by HPLC suggests th&8is formed initially, then it is converted
to 39, which finally gives40. Consequently, though these results
do not imply the direct formation of cyclo[18]carbon by the
photolysis of15, they clearly show that the elimination of at
least one of the indane units takes place efficiently by-[2]
cycloreversion froml5 (and 38 and 39 as well) to produce
highly reactive dehydro[18]annulene intermediates.

It should be noted that the [4 2] cycloaddition of furan
takes place regioselectively giving the prodi88s-40, in which

Tobe et al.

Figure 3. AM1-calculated geometries of model compouttformed
during photolysis of dehydro[18]annulei®. Bond lengths are in A
and bond angles in degrees.

Scheme 8

calculations for the tetradecadehydro[18]annulédagFigure
3), as a model compound for the reactive intermediate formed
from 15 by elimination of one of the indane units. As shown in
Figure 3, the calculated bond angle of the central triple bond
of the decapentayne moiety dfl is most severely deformed
from linearity. In addition, [4+ 2] addition of furan to other
position of the polyyne chain of1 would lead to a structure
which is apparently more strained than that actually formed.

We expected that the retro [4 2] fragmentation of the
oxanorbornadiene unit 0 would provide an alternative route
to cyclocarbon chemistry. However, although such fragmenta-
tion was indeed observed in the LD-TOF mass spectrudof
as shown in Figure 4, it also exhibited fragmentation due to
the loss of CO (or CHO) and#; or (C;Hs) units, leading to
a complex spectrum pattern.

The photolysis of dehydro[16]annulen&3, which was
obtained most readily within the series of the compoutis
14, was also carried out in furan. In this case, the reaction was
sluggish compared to the similar reaction B, and only
monosubstitution produet2 was isolated in 31% yield (30%
of 13 recovered) (Scheme 9). Further irradiation led to the
extensive formation of complex mixture of products and
polymeric materials.

These results on the solution photolysesldfand 15 seem

the furan units are located at the same position as those occupieghromissing in view of the photochemical generation of cyclo-
by the propellane units before they were extruded. To get insight [n]Jcarbons by UV irradiation in low-temperature matrices.

into this regioselectivity, we undertook semiempirical AM1

However, the limited solubility, particularly in the case of
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formation, and HOMG®-LUMO gaps 0f43—48 are summarized
Cis in Table 1. In the cyclobutene-fused trimé8, the angle

218 between the two C(gp—-C(sp) bonds flanking the cyclobutene
ring ( ~80°) is substantially reduced from the normal angle (
~90°) of the diethynylcyclobutene system. Similarly, the triple

CsRs bond is considerably deforme@ & 170.2) from linearity,
(:f‘: indicating the presence of considerable strain in this system.

Accordingly, the heat of formation per one ethynylcyclobutene
unit of 43 (98.3 kcal/mol) is larger than those 44 (94.0 kcal/
mol) and45 (94.3 kcal/mol). On the contrary, there seems to
be little strain in tetramed4, the most stable congener of this
Ces series, which has planar geometry of the annulene core because
432 of the right angles at the corners. Moreover, tetrad®has
the smallest HOMGLUMO gap in accord with its planar
250 200 350 400 structure. The structure of the pentan®&; however, is not
m/z planar; the angl® is smaller than 99 and the acetylene bond
Figure 4. Negative mode LD-TOF mass spectrum of oxanorborna- IS bending slightly inward to the annulene ring. Despite the
diene-annelated dehydro[18]annuleifzR denotes the furan fragment.  presence of the largest number of théonds, the HOMG
LUMO gap of 45 is the largest of the three, which is also
Scheme 9 indicative of nonplanarity of the annulene ring. On the other
hand, in the series of the parent compoud@s48, trimer 46
turns out to be the least strained because of the best fit &ngle
(65.8) for the planar geometry. Plana6 has the lowest
HOMO—-LUMO gap of the three. To reduce the angle strain
around anglesx and 6, the structures of tetramet7 and
pentamer 48 become nonplanar, rendering their heats of
formation per enyne unit similar to one another (65.8, 65.0, and
65.7 kcal/mol, respectively).
In accord with the calculated HOMELUMO gaps for the
model compounds, the end absorptions of the electronic spectra

low volatility precluded their isolation in rigid glass as well as  ©f Planarl2.and13 extend beyond 500 nm, while nonplanar
crystalline noble gas matrices. Also, low volatility of these 14 does not have absorptionsab00 nm as shown in Figure
compounds precluded experiments on the thermal fragmentation8- IN addition, in thetH NMR spectra, the vinyl protons (H2
Structures and Spectroscopic Properties of Dehydroan- and H5) adjacent to the bridgeheads of the propel_lane units of
nulenes Annelated by [4.3.2]Propellatriene and Oxanorbor- 12 @nd 13 appear about at 0.5 and 0.4 ppm higher field,
nadiene Units.Finally, the structure and spectroscopic prop- espectively, than those of the reference compalifcowing
erties of the dehydroannulenes annelated by the propellatriend© the paramagnetic ring current of the [12]- and [16]annulene
units and/or the oxanorbornadiene units are discussed. ThePerimeters. By contrast, the corresponding signalsioésonate
parent hydrocarbons as well as a number of derivatives & only 0.2 ppm higher field than those d¥c because of its
possessing dodecadehydro[18]- and hexadecadehydro[24]ONplanar structure, although4 also has a 2@ electronic
annulene systems are knowi16:383%9and the effect of fusion ~ System.
of cyclobutene rings on the structural and spectroscopic proper- Within the series of dehydro[18]annulen&§ and 38—40
ties of these dehydroannulene ring systems has already beemnnelated by the propellatriene and/or oxanorbornadiene units,
discussed? The spectral properties of dehydroannulet®and the absorption bands in the electronic spectra exhibit steady
16 are in accord with this view. Namely, the electronic spectra bathochromic shifts with an increasing number of the oxanor-
of 15 and 16 are similar to those of the corresponding bornadiene units in the molecule as shown in Figure 7,
cyclobutene-annelated dehydroannulefiel the 'H NMR presumably as a result of through-bond interaction between the
spectra, the signals due to the vinyl protons (H2 and H5 of the norbornadiene and dehydroannulensystems. Moreover, the
propellane unit) ofl5 which are closer to the bridgeheads of o— conjugative interaction between the strainethonds of
the propellane units appear at about 0.3 ppm lower field than the oxanorbornadiene units and thebonds of the annulene
those of the reference compouhdcowing to the diamagnetic ~ ring may also responsible for the bathochromic shift, because
ring current of the [18]annulene perimeters. On the other hand, remarkable electron-donating effect of the bicyclo[2.2.2]octane
the corresponding signals &6 appear at about 0.3 ppm higher unit was observed by Komatsu et al. in the dehydroannulene
field than those ofl7c because of the paratropic character of systems related t@®8—40.389 The kinetic stabilities of the

Intensity (arb. units)

13 42

butadiyne-bridged compound$ and 16, in conjunction with

the [24]annulene core. dehydroannulene39 and 40 with more than one oxanorbor-
To assess the geometries and stabilities of the propellatriene-nadiene unit are substantially less than thosg7énd38; the
annelated dehydroannulen&®—14, semiempirical AM1 cal- less sterically hindered compoundd and40 exploded mildly

culations for the corresponding cyclobutene-annelated dehy-when they were scratched with a spatula and decomposed

droannulened3—45 were carried out (Figure 5). For comparison, gradually even in the solid state under inert atmosphere.

AML1 calculations were also undertaken for the corresponding  |n conclusion, we have prepared dehydro[12]-, [16]-, [18]-,

parent annulened6-48 which do not have the fused cy- t{20]-, and [24]annulene$2—16 annelated by [4.3.2]propella-

clobutene rings. Selected geometrical parameters, heats Ofriene units as possible precursors to the corresponding cyclo-
(42) Li, Y.; Rubin, Y.; Diederich, F.; Houk, K. NJ. Am. Chem. Soc.  Lnlcarbons ofn = 12, 16, 18, 20, and 24. The model study of

199Q 112, 1618. the photolysis for the simple propellatriene derivatit@s, 17b,
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Figure 5. AM1-calculated geometries of the cyclobutane-annelated dehydroanndig@nds and their parent compound$—48.

Table 1. AM1-calculated Geometries and Energies for
Cyclobutene-annelated Dehydroannuled8s45 and Their Parent
Hydrocarbon6—48

bond angle (deg) AHF HOMO—LUMO

compd o s 0 (kcal/mol) gap (eV)

43 129.8 170.2 79.6 294.8 6.42

44 1356 179.7 91.2 375.9 6.23

45 137.F 1783 94.P 471.4 6.73

46 1229 1770 65.8 197.3 7.15

47 125.6 178.7 71.2 259.9 7.78

48 125.9 1757 77.2 328.7 7.81

aThe anglesy, 8, and@ are indicated in Figure .The averages
of the angles because of the absence of symmetry in the optimized
geometry.

1
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Figure 6. UV—vis spectra of propellane-annelated dehydro[12]-
annulenel2 (solid line, 1.04x 10°® M), dehydro[16]annulene.3
(dashed line, 3.43< 10°® M), and dehydro[20]annulen&4 (dotted
line, 2.17 x 107% M) in chloroform.

and18 by UV irradiation revealed that the [2 2] cyclorever-
sion takes place efficiently to give the corresponding linear
polyynes28a 28b, and31. The negative mode LD-TOF mass
spectra of the cyclocarbon precursot2—16 exhibit the

absorbance

550

350

450

wavelength (nm)

Figure 7. UV-vis spectra of propellane-annelated dehydro[18]-
annulene derivative$5 (solid line, 1.09x 107° M), 38 (dashed line,
1.50 x 1075 M), 39 (dotted line, 1.91x 107> M), and40 (dashed and
dotted line, 1.57< 107° M) in chloroform. The vertical scales for the
spectra 0f38—40 are shifted by 0.1, 0.2, and 0.3 units, respectively,
for clarity.

losses of indane fragments. Solution photolysi¢®&nd15in
furan gave rise to the DietsAlder adducts38—40 and 42,
respectively, derived from reactive polyynes formed byH2

2] cycloreversion. Finally, it is worth noting that this technique
was successfully applied to the generation of a three-dimensional
polyyne GoHs Which eventually isomerized toggfullerene??

Experimental Section

H NMR (500 or 270 MHz) and®C NMR (125.65 or 67.5 MHz)
were recorded on a JEOL JNM-GX-500 or a JNM-GSX-270 spec-
trometer. The assignments of the number of the attached hydrogen(s)
to the carbon atoms in thH8C NMR spectra were determined by the

(43) Tobe, Y.; Nakagawa, N.; Naemura, K.; Wakabayashi, T.; Shida,
T.; Achiba, Y.J. Am. Chem. S0d.98Q 102, 4544. See also: Rubin, Y.;
Parker, T. C.; Pastor, S. J.; Jalistagi, S.; Boulle, C.; Wilkins, CAhgew.

corresponding cyclocarbon anions formed by the successiveChem., Int. Ed1998 37, 1226.
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DEPT experiments, where the signs g, t, s, and p denote quaternaryHz, 2H), 4.56 (AB,J = 6.4 Hz,Av = 15.1 Hz, 2H), 4.25 (dJ = 12.1
tertiary, secondary, and primary carbons, respectively. IR ane-UV  Hz, 1H), 3.99 (s, 2H), 3.97 (br s, 2H), 3.89 (brd= 12.1 Hz, 1H),

vis spectra were taken on Hitachi 260-10 and 220A spectrometers, 3.37 (s, 3H), 3.35 (s, 3H), 2.37 (dd,= 16.3, 6.9 Hz, 1H), 2.05 (dd,
respectively. El and FAB mass spectra were recorded on a JEOL JMS-J = 12.6, 5.9 Hz, 1H), 1.861.73 (m, 3H), 1.641.48 (m, 1H), 1.27
DX303HF spectrometer. The laser-desorption time-of-flight (LD-TOF) (ddd,J = 12.6, 12.6, 6.7 Hz, 1H), 1.09 (ddd,= 12.4, 12.4, 6.7 Hz,
mass spectra were obtained on a home-built spectrometer equipped withLH); IR (neat) 3450, 1640, 1215, 1150, 1100, 1040, 940, 920'cm
a Nd:YAG laser (266 nm, typically 0.6 mJ/pulséPreparative HPLC To a solution of the above product dissolved in 15 mL of 1,2-
separation was undertaken with a JAlI LC-908 chromatograph using dichloroethane was added 909 mg (9.00 mmol) of triethylamine
600 mmx 20 mm JAIGEL-1H and 2H GPC columns with CHGIs followed by 2.11 g (9.00 mmol) of 2,4-dinitrophenylsulfenyl chloride.

an eluent. The resulting suspension was heated under reflux for 6 h. The mixture
Preparation of 11,12-Diethynyl[4.3.2]propella-1,3,11-trienes (17a was diluted with hexane (30 mL) and filtered. The filtrate was

c). Method A: Through Diformylpropellatriene 22. 11,12-Bis- concentrated, and the dark red residue was extracted several times with

[(methoxymethoxy)methyl][4.3.2]propell-11-en-1-one (19a)A so- hexane. The solvent was evaporated, and the residue was chromato-

lution of 5.29 g (39.0 mmol) of enonk1?®> and 57.0 g (328 mmol) of graphed on silica gel to give 749 mg (83%) of tricdas a colorless
1,4-bis(methoxymethoxy)-2-buty#fén 40 mL of CH,Cl, was irradiated oil. *H NMR (CDCl) ¢ 5.84-5.70 (m, 4H), 4.55 (AB,J = 6.9 Hz,
through a Pyrex filter with a 500-W high-pressure mercury lamp at Av = 8.0 Hz, 4H), 4.06 (ABJ = 12.9 Hz,Av = 15.0 Hz, 4H), 3.32
room temperature. After every 2 to 2.5 h, about a 5-g quantity of enone (s, 6H), 1.87 (ddJ = 12.6, 5.7 Hz, 2H),1.581.29 (m, 2H), 1.13 (ddd,
11in 20 mL of CHCl, was added three times. The total amount bf J=12.2,12.2,6.7 Hz, 2H}3C NMR (CDCh) 6 141.8 (q), 130.4 (1),
used was 20.8 g (0.153 mol), and the irradiation was continued until 120.6 (t), 95.5 (s), 60.0 (s), 55.1 (p), 53.2 (q), 32.2 (s), 18.8 (s); IR
GLC monitoring showed no change in the relative peak areas of the (neat) 1650, 1155, 1105, 1050 915, 720 émMS m/z 292 (M*).
alkyne and the product. After evaporation of the solvent, the mixture HRMS found, 292.1689. Calcd fori@2404, 292.1675.

was distilled under reduced pressure<{84 °C/1 mmHg) to recover 11,12-Bis(hydroxymethyl)[4.3.2]propella-1,3,11-triene (21c)lo
the unreacted alkyne. The residue was chromatographed on silica gela solution of 5.68 g (19.4 mmol) &lain 190 mL of THF was added
to afford 32.8 g (70%) of the cycloaddut®aas a pale yellow oil*H 90 mL of 4N HCI, and the solution was stirred at 40 for 6 h. After
NMR (CDCls) 6 4.64 (s, 2H), 4.57 (ABJ = 6.4 Hz, Av = 9.3 Hz, most of THF was removed, the mixture was neutralized with NagpCO

2H), 4.15 (s, 2H), 4.04 (ABJ = 13.1 Hz,Av = 38.0 Hz, 2H), 3.39 (s, and extracted with ether. The extract was washed with saturated NaCl
3H), 3.35 (s, 3H), 2.56 (ddd] = 17.8, 6.0, 2.7 Hz, 1H), 2.231.33 solution and then dried over MgQQOrhe solvent was evaporated, and
(m, 10H), 1.13 (ddd) = 12.4, 12.4, 6.7 Hz, 1H):3C NMR (CDCk) the residue was chromatographed on silica gel to give 2.69 g (68%) of
0 214.0 (q), 143.8 (q), 137.0 (), 95.9 (s), 95.8 (s), 64.8 (q), 60.9 (s), diol 21cas a white solid: mp 9698 °C; 'H NMR (CDCl) 6 5.76 (s,

60.5 (s), 56.9 (q), 55.04 (p), 54.99 (p), 38.7 (s), 31.7 (s), 30.7 (s), 25.5 4H), 4.26-4.04 (m, 4H), 4.02 (br s, 2H), 1.79 (dd= 12.9, 5.7 Hz,

(s), 22.7 (s), 20.0 (s); IR (neat) 1690, 1150, 1100, 1040'cMS m/z 2H),1.62-1.35 (m, 2H), 1.14 (ddd) = 12.3, 12.3, 6.7 Hz, 2H)}*3C

310 (M*). Semicarbazone, mp 14345°C. Found: C, 58.96; H, 7.91; NMR (CDCls) 6 142.0 (q), 130.3 (t), 121.0 (t), 56.2 (s), 53.4 (q), 31.7

N, 11.44%. Calcd for GH»9OsN3: C, 58.83; H, 7.96; N, 11.11%. (s), 18.8 (s); IR (KBr) 1570, 1065, 1000, 995, 775, 710 &nVIS m/z
11,12-Bis[(methoxymethoxy)methyl][4.3.2]propella-2,11-dien-1- 204 (M"). HRMS found, 204.1151. Calcd fori§H:60,, 204.1150.
one (20a).To a solution of 1.91 g (6.17 mmol) df9a and 1.25 g Preparation of Diol 21c through Acetates 19b, 20b, and 21bA

(12.3 mmol) of triethylamine in 12 mL of C¢was added dropwise  solution of 2.30 g (16.9 mmol) of enorigl?® and 15.8 g (92.9 mmol)
1.51 g (6.79 mmol) of trimethylsilyl trifluoromethanesulfonate, and the of 1,4-diacetoxy-2-butyne in 20 mL of GBI, was irradiated through
resulting mixture was stirred at room temperature for 6 h. The mixture a Pyrex filter with a 500-W high-pressure mercury lamp at room
was diluted with NaHC® solution and was extracted with GEl.. temperature for 9 h. After removal of the alkyne by distillation under
The extract was washed with saturated NaCl solution and then dried reduced pressure (13130°C/15 mmHg), distillation (135145°C/
over MgSQ. The solvent was evaporated, and the residue was extracted0.5 mmHg) afforded 2.17 g (62%) of the cycloaddd®b as a pale
with hexane (~50 mL) to remove brown tarry material. The solvent yellow oil. IR (neat) 1740, 1680, 1220, 1020 tn
was evaporated, and the residue was dissolved in 6 mL of acetonitrile. A mixture of 53.2 g (0.174 mol) o19b and 57.8 g (0.191 mol) of
To this solution was added 680 mg (3.03 mmol) of Pd(GQAm)d a 5,5-dibromo-2,2-dimethyl-1,3-dioxane-4,6-didhi 365 mL of CCh
solution of 324 mg (3.00 mmol) gf-benzoquinone in 20 mL of the  was heated under reflux for 23 h. During the reaction another portion
same solvent, and the mixture was stirred atG0After 16 h, another od bromide (15.6 g, 51.8 mmol) was added. The mixture was cooled,
portion of Pd(OACc) (450 mg, 2.00 mmol) was added, and the reaction and a saturated solution of NaHg®as added. The organic layer was
was continued for another 29 h. The mixture was filtered, and the filtrate separated,washed with 0.2 M 305 and saturated NaCl solutions,
was concentrated under reduce pressure. The residue was chromatoand then dried over MgSOThe aqueous solution was extracted with
graphed on silica gel to give 1.01 g (53%) of dien@@&a as a pale ether, and the ether extract was treated similarly. The crude bromo
yellow oil. *H NMR (CDCl3) 6 6.57 (ddd,J = 10.1, 5.4, 2.7 Hz, 1H), ketone obtained from both extracts was combined and used for the
5.94 (dddJ = 10.1, 2.7, 1.7 Hz, 1H), 4.54 (s, 2H), 4.50 (AB= 6.4 next step without purification. To a solution of anhydrous LiBr (74.2
Hz, Av = 9.5 Hz, 2H), 4.09 (s, 2H), 3.95 (s, 2H), 3.31 (s, 3H), 3.29 (s, g, 0.855 mol) and LCO; (63.2 g, 0.855 mol) in 320 mL of DMF was
3H), 2.88 (dddJ = 19.8, 5.7, 1.7 Hz, 1H), 2.28 (ddd,= 19.8, 2.7, added dropwise a solution of the above product in 65 mL of DMF.
2.7 Hz, 1H), 2.06-1.93 (m, 2H), 1.69-1.48 (m, 2H), 1.30 (ddd] = The mixture was heated at 8C for 2 h and then at 116C for 4 h.
12.6, 12.6, 6.9 Hz, 1H), 1.12 (ddd,= 12.4, 12.4, 6.7 Hz, 1H):*C After cooling, the mixture was diluted with water and filtered. The
NMR (CDCl) 6 202.2 (q), 144.7 (1), 142.7 (g), 141.5 (q), 127.4 (1), filtrate was extracted with ether, and the extract was washed with
95.8 (s), 62.7 (), 60.6 (s), 60.4 (s), 55.2 (q), 55.1 (p), 52.0 (p), 33.8 saturated NaCl solution and then dried (Mg®@hromatography on
(s), 32.9 (s), 25.7 (s), 22.5 (s); IR (neat) 1765, 1150, 1100, 1040, 940, silica gel gave dienong0b as a yellow oil (30.4 g, 57%)}H NMR
915, 835 cm?; MS m/z 308 (M"). HRMS found, 308.1631. Calcd for (CDCly) ¢ 6.62 (ddd,J = 10.3, 5.5, 2.8 Hz, 1H), 5.99 (ddd,= 10.1,
C17H2405, 308.1623. 2.8, 1.7 Hz, 1H), 4.65 (s, 2H), 4.57 (AB,= 15.2 Hz,Av = 38.2 Hz,
11,12-Bis[(methoxymethoxy)methyl][4.3.2]propella-1,3,11- 2H), 2.85 (dddJ = 19.8, 5.4, 1.7 Hz, 1H), 2.31 (ddd,= 19.8, 2.8,
triene (21a).To a solution of 950 mg (3.08 mmol) @dain 15 mL of 2.8 Hz, 1H), 2.08 (s, 3H), 2.04 (s, 3H), 2:20.97 (m, 2H), 1.83
MeOH cooled in an ice bath was added 1.27 g (3.40 mmol) of cerium 1.72 (m, 1H), 1.651.47 (m, 1H), 1.43-1.30 (m, 1H), 1.251.12 (m,
trichloride heptahydrate followed by portionwise addition of 114 mg 1H); IR (neat) 1730, 1660, 1220, 1020 cmMS m/z 308 (M* + 1).
(3.00 mmol) of sodium borohydride. After 1 h, the mixture was diluted HRMS found, 305.1364. Calcd for:@&12:0s, 305.1389.
with water and extracted with Gi&l,. The extract was washed with The transformation of 814 mg (2.67 mmol) end?@b into triene
water and dried over MgSOThe solvent was evaporated to give the  21bwas carried out as described for the corresponding reactidapf

corresponding alcohol, which contained only one diastereomer as judgedgiving 21b (486 mg) in 66% yield as a pale yellow ofH NMR
from its *H NMR spectrum!H NMR (CDCl3) 6 5.72 (dd,J = 9.6, 3.0
Hz, 1H), 5.61 (brtJ = 9.4 Hz, 1H), 4.64 (AB,J= 6.4 Hz,Av = 21.2 (44) Snyder, H. R.; Kruse, C. W.. Am. Chem. Sod.958 80, 1942.
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(CDCls) 0 5.74 (s, 4H), 4.59 (s, 4H), 2.02 (s, 6H), 1.83 (dds 5.6,
12.1 Hz, 2H), 1.53 (dt) = 12.1, 6.6 Hz, 1H), 1.34 (dtt] = 5.6, 6.6,
12.1 Hz, 1H), 1.12 (ddd] = 6.6, 12.1, 12.1 Hz, 2H); IR (neat) 1740,
1220, 1020, 720, 710 criy MS m/z 288 (M"). HRMS found, 288.1346.
Calcd for G/H2¢04, 288.1362.

A solution of 11.5 g (39.9 mmol) o21bin 48 mL of MeOH was
added dropwise to a solution of 5.0 g (0.12 mol) of NaOH in 20 mL
of MeOH and 7.5 mL of water. The solution was stirred at room
temperature for 1.5 h, diluted with water, and extracted with ether.
The extract was washed with saturated NaCl solution and dried
(MgSQy). Chromatography on silica gel yielded 5.96 g (73%) of diol
21cas a white solid.

11,12-Diformyl[4.3.2]propella-1,3,11-triene (22)To a solution of
122 mg (0.60 mmol) oR1cin 8 mL of CH,Cl, was added 1.36 g
(15.6 mmol) of activated Mng and the mixture was stirred at room
temperature for 4 h. The mixture was filtered, and the filtrate was
concentrated. Chromatography on silica gel gave 94 mg (78%) of
dialdehyde22 as a yellow solid: mp 118120 °C dec;H NMR
(CDCl) 6 10.03 (s, 2H), 5.975.86 (m, 4H), 2.16-2.10 (m, 2H), 1.73
1.63 (m, 1H), 1.44-1.22 (m, 3H);**C NMR (CDCk) 6 184.9 (t), 149.2
(q), 127.4 (t), 122.6 (t), 53.7 (q), 32.6 (s), 18.9 (s); IR (KBr) 1675,
1665, 1285, 1170, 715, 700 cf MS m/z 200 (M'). HRMS found,
200.0824. Calcd for GH1:,0,, 200.0837.

11,12-Bis(2,2-dichloroethenyl)[4.3.2]propella-1,3,11-triene (23).
To a solution of 71Q:L (3.67 mmol) of diethyl trichloromethylphos-
phonaté®in 1.4 mL of ether and 1.1 mL of THF, cooled t6100°C
in a MeOH-liquid N; bath, was added dropwise 1.9 mL (3.1 mmol)
of 1.6 M BuLi in hexane. The mixture was stirred for 15 min, then a
solution of 61 mg (0.30 mmol) of dialdehyd®? in 1 mL of ether
THF (1:1, v/v) was added dropwise. The solution was stirree 520
°C for 3 h and then warmed to room-temperature slowly. The mixture
was diluted with 10% HCI and extracted with ether. The extract was
washed with saturated NaCl solution and dried over MgS&ter
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17b: mp 75-78°C; 'H NMR (CDCl;) 6 5.88-5.77 (m, 4H), 1.94
(dd, J = 12.6, 5.4 Hz, 2H), 1.631.38 (m, 2H), 1.251.13 (m, 2H),
0.93 (s, 18H), 0.11 (s, 12H)*C NMR (CDCk) 6 133.2 (q), 128.7 (1),
121.7 (q), 99.4 (9), 97.3 (9), 55.8 (q), 32.8 (s), 26.1 (p), 18.7 (s), 16.6
(a), —4.7 (p); IR (KBr) 2130, 1250, 1020, 860, 840, 820, 810, 770
cm 1, UV (cyclohexanefmax (log €) 304 (4.22), 288 (4.18), 265 (4.38),
255 (4.28) nm; MSwz 420 (M*). HRMS found, 420.2669. Calcd for
Cu7H40Sh;, 420.2668.

24: *H NMR (CDCl;) 6 5.68-5.61 (m, 4H), 2.06-1.83 (m, 2H),
1.68-1.17 (m, 4H), 0.93, 0.90, 0.89, 0.886, 0.882, 0.876, 0.872 (s,
total 30H), 0.12, 0.11, 0.094, 0.085, 0.07, 0.066, 0.045, 0.042, 0.032,
0.017 (s, total 18H)}3C NMR (CDCk) 6 209.6, 209.5 (), 202.7, 202.1
(9), 130.0, 129.7, 129.5 (), 119.2, 119.1, 119.0, 118.9 (t), 106.9, 106.8
(q), 104.7, 104.7, 104.4 (q), 98.4, 98.3 (q), 94.4, 94.3 (), 53.7, 53.5
(9), 52.40, 52.36 (q), 40.1, 40.0 (s), 39.7, 39.5 (s), 31.8, 31.7 (s), 31.4,
31.3 (s), 27.6, 27.4, 27.3, 27.2, 27.1, 26.9 (p), 22.8, 22.7 (s), 19.7 (8),
18.0,17.8,17.7,17.5,17.4 (q), 14.11, 14.10 {@,5,—2.6 (p),—3.0,
—3.1, —3.3 (p), —3.6, —3.8 (p), —5.5, —5.55, —5.64 (p); IR (neat)
1880, 1250, 1000, 870, 850, 830, 810, 770 &nUV (cyclohexane)
Amax (l0g €) 304 (4.22), 288 (4.18), 265 (4.38), 255 (4.28) nm; M&

420 (M"). HRMS found, 420.2669. Calcd for,@H40Si,, 420.2668.
11,12-Diethynyl[4.3.2]propella-1,3,11-triene (17c)To a solution
of 56 mg (0.13 mmol) ofL7b in a mixture of THF and water (95:5,
vlv, 3 mL) was added 330 mL (0.33 mmol) of 1.0M BIF solution
in THF and the mixture was stirred at room temperature for 2 h. The
solvent was removed under reduced pressure, and the residue was
directly subjected to flash chromatography to afford 20 mg (78%) of
17c as a colorless oil which turned dark under vacuum at room
temperature. Deprotection df7awas similarly undertaken. Because
of its thermal lability, this compound was not thoroughly purified when
it was used for the subsequent transformatiShsNMR (CDCls) 6
5.92-5.79 (m, 4H), 3.21 (s, 2H), 1.95 (dd,= 12.9, 5.7 Hz, 2H),
1.66-1.35 (m, 2H), 1.28-1.16 (m, 2H); IR (neat) 3280, 840, 840, 780

removal of the solvent, the residue was chromatographed on silica gelecm=2; MS nvz 192 (M*). HRMS found, 192.0928. Calcd for,6H:5,

to afford 79 mg (78%) of tetrachlorid23 as a white solid: mp 143
144°C; 'H NMR (CDCl) ¢ 6.48 (s, 2H), 6.166.12 (m, 2H), 5.96-
5.86 (m, 2H), 2.36-2.14 (m, 2H), 1.49-1.24 (m, 4H);*3C NMR
(CDCl) 6 140.3 (), 129.3 (1), 122.1 (q), 121.4 (t), 120.3 (1), 54.7 (),
35.2 (s), 18.7 (s); IR (KBr) 1585, 920, 895, 850, 780, 700°&nvVIS
m/z 334 (M*). Anal. Found: C, 53.73; H, 3.51. Calcd ford4E1.Cls:
C, 53.93; H, 3.62.
11,12-Bis[(trimethylsilyl)ethynyl][4.3.2]propella-1,3,11-triene (17a).
To a mixture of ether and THF (1:1, v/v, 0.8 mL) cooled in an ethanol
dry ice bath was added 910 (1.48 mmol) of 1.6 M BulLi followed
by a solution of 90 mg (0.27 mmol) of tetrachlori@8 in 1.5 mL of
the same solvent. After 3 h, 20 (1.58 mmol) of MeSiCl was added
dropwise, and the mixture was stirred for 1.5 h before Naki€&iution

192.0939.

Method B: Through Dichloropropellatriene 27. 11,12-Dichloro-
[4.3.2]propellan-1-one (25)A solution of 27.4 g (0.201 mol) of enone
11in 112 mL of trichloroethene (ca. 1.2 mol) was irradiated with a
500-W high-pressure mercury lamp for about 70 h. After removal of
the solvent, the residue was distilled under reduced pressuré C120
mmHg) to give 44.2 g (82%) of the cycloadducts as a brown solid. A
portion of this sample was purified by chromatography on silica gel to
afford a white solid. NMR spectra of this product indicated that it was
a mixture of three regio- and sterecisoméks NMR (CDCls) ¢ 5.03,
4.98, 4.53 (s, ratio 1:3:4.5, total 1H), 2:6.5 (m, 13H);°C NMR
(CDCly) ¢ 211.0, 207.6, 207.2 (q), 93.6, 88.0, 87.8 (q), 74.2, 70.8,
70.0 (t), 68.8, 66.6, 65.8 (q), 59.7, 52.5, 51.9 (q), 40.1, 39.8, 39.6 (s),

was added. The mixture was warmed to room temperature and extractedg7 5 37.2, 37.0 (s), 36.9, 35.3, 33.1 (s), 34.0, 31.9, 26.0 (s), 26.9, 25.1,
with ether. The extract was washed with saturated NaCl solution and 24.0 (s), 21.5, 19.8, 18.6 (s); IR (KBr) 1700, 820, 725¢m

dried (MgSQ). Removal of the solvent followed by flash chromatog-
raphy gave 71 mg (78%) df7aas a colorless oitH NMR (CDCls)
0 5.88-5.77 (m, 4H), 1.94 (ddJ =12.6, 5.7 Hz, 2H), 1.631.37 (m,
2H), 1.25-1.12 (m, 2H), 0.19 (s, 18H):*C NMR (CDCk) 6 133.2
(9), 128.7 (1), 121.7 (q), 101.1 (qg), 96.5 (q), 55.8 (q), 32.7 (s), 18.7 (s),
—0.1 (p); IR (neat) 2120, 1240, 1020, 870, 840, 750 EnUV
(cyclohexanelmax (log €) 303 (4.19), 287.5 (4.14), 265 (4.37), 255
(4.27) nm; MSm/z 336 (M'). HRMS found, 336.1724. Calcd for
Cx1H2sSh, 336.1730.
11,12-Bis[tert-butyldimethylsilyl)ethynyl][4.3.2]propella-1,3,11-
triene (17b). To a mixture of ether and THF (1:1, v/v, 4.6 mL) cooled
in an ethanol-dry ice bath was added 7.0 mL (11 mmol) of 1.6 M BulLi
followed by a solution of 538 mg (1.61 mmol) of tetrachlorig@in
12 mL of the same solvent. After 2 h, the mixture was warmed to O
°C, and 1.60 g (10.6 mmol) dfBuMe,SiCl in 7 mL of ether was
added dropwise, and the mixture was stirred Zch before NaHC@

To a solution of 27.8 g (0.298 mol) ¢BuOK in 200 mL of DMSO
was added dropwise a solution of the above ketone in 180 mL of THF.
The mixture was stirred at room temperature for 1.5 h and then diluted
with water and extracted with ether. The extract was washed with water
and saturated NaCl solution and then dried (MgS®fter removal of
the solvent, 34.9 g (92%) d25 was isolated by distillation under
reduced pressure (795 °C/0.3 mmHg) as a pale yellow ofiH NMR
(CDCk) 6 2.62-2.51 (m, 1H), 2.252.12 (m, 2H), 2.0+1.75 (m, 5H),
1.65-1.36 (m, 3H), 1.241.12 (m, 1H);**C NMR (CDCk) 6 209.5
(9), 129.4 (g), 122.0 (q), 68.8 (q), 62.6 (q), 38.7 (s), 30.6 (s), 29.0 (s),
24.9 (s), 22.0 (s), 19.3 (s); IR (neat) 1700, 1630, 1060, 1040, 1030,
970, 890, 820, 740 cm; MS m/z 230 (M"). HRMS found, 230.0206.
Calcd for Q1H12CIZO, 260.0265.
11,12-Dichloro[4.3.2]propella-2,11-dien-1-one (26Bromination
of 42.0 g (0.182 mol) of keton25 followed by dehydrobromination
was carried out as described for the corresponding transformation of

solution was added. The mixture was extracted with ether, and the yiscetate19b described above to give 31.9 g (75%) 26 as a pale
extract was washed with saturated NaCl solution and then dried yellow oil which solidified on standing: bp 8T/0.6 mmHg; mp 88
(MgSQ,). Removal of the solvent followed by flash chromatography gq °C;1H NMR (CDC) 6 6.66 (ddd,J = 10.3, 5.6, 2.7 Hz, 1H), 6.04
gave 325 mg (48%) ol7b as a white solid together with 300 mg (ddd,J = 10.3, 2.8, 1.8 Hz, 1H), 2.88 (ddd,= 9.9, 5.6, 1.6 Hz, 1H),
(31%) of bisallene24 as a colorless oil. 2.33 (dddJ = 9.8, 2.8, 2.8 Hz, 1H), 2.10 (ddd,= 12.7, 5.4, 2.6 Hz,
(45) Kosolapoff, G. MJ. Am. Chem. S0d.947, 69, 1002. 2H), 1.88-1.79 (m, 1H), 1.66-1.34 (m, 2H), 1.29-1.18 (m, 1H);13C
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NMR (CDCl) 6 197.8 (q), 144.4 (1), 128.1 (q), 127.2 (t), 125.6 (g), and 4 mg (6%) a mixture c29b and30bin a ratio of 1:7 as a yellow
66.7 (9), 57.5 (q), 32.5 (s), 31.3 (s), 24.9 (s), 21.8 (s); IR (KBr) 1660, oil. Irradiation of17bwith a high-pressure mercury lamp gave 66% of
1630, 1060, 1000, 980, 970, 880, 810, 770, 720%¢rVIS m/z 228 28b and 6% of30b.
(M*). HRMS found, 228.0082. Calcd for;&1,Cl,O, 228.109. 28b: °*C NMR (CDCEk) 6 88.6 (q), 86.2 (q), 61.7 (q), 26.0 (p),
11,12-Dichloro[4.3.2]propella-1,3,11-triene (27)Sodium borohy- 16.8 (q),—5.0 (p).
dride reduction of 24.8 g (0.108 mol) &6 and subsequent dehydration IH NMR (CDClg) 6 for 29b: 5.88 (ddd,J = 5.3, 2.3, 0.7 Hz, 1H),
was carried out as described for the corresponding transformation of 5.58 (dd,J = 5.2, 3.0 Hz, 1H), 3.34 (d] = 2.5 Hz, 1H), 2.68 (dJ =
20ato give 16.4 g (71%) o027 as a colorless oitH NMR (CDCl) 6 3.0 Hz, 1H); for30b: 5.80 (br s, 2H), 5.73 (ABJ = 11.4 Hz,Av =
5.94-5.81 (m, 4H), 1.98 (ddJ = 5.8, 12.7 Hz, 2H), 1.671.58 (m, 42.0 Hz, 2H):3*C NMR (CDCl) 6 for 29a 135.1 (t), 130.1 (q), 125.7
1H), 1.47-1.29 (m, 1H), 1.251.14 (m, 2H);**C NMR (CDCk) & (t), 67.1 (q), 60.4 (q), 57.4 (1), 48.0 (), 28.8 (s), 27.3 (S), 25.6 (s); for
127.7 (1), 124.5 (), 122.3 (1), 59.1 (), 31.0 (s), 18.3 (s); IR (neat) 30a 141.9 (q), 139.1 (q), 132.3 (), 131.3 (t), 131.1 (t), 130.1 (q),
1610, 1190, 1035, 970, 905, 855, 810, 740, 715%VIS m/z 212 130.0 (t), 128.8 (t), 105.1 (q), 104.2 (q), 98.1 (q), 97.1 (q), 37.6 (S),
(M*). HRMS found, 212.0152. Calcd for;@1,Cl,, 212.0160. 36.5 (s), 26.2 (p), 22.5 (s), 16.7 (), 16.6 (4.5 (p); MS (for 1:7
11,12-Bis|[(triisopropylsilyl)ethynyl][4.3.2]propella-1,3,11-triene mixture of 29b and30b) m/z 420 (M").
(17d). A flask containing 188 mg (0.99 mmol) of Cul and 488 mg Photolysis of 11,12-Bis|(triisopropylsilyl)butadiynyl][4.3.2]propella-
(0.42 mmol) of Pd(PPf), was charged with argon. A solution of 1.50  1,3,11-triene (18).A solution of 45 mg (0.081 mmol) of8in 5 mL
g (7.04 mmol) of27in 15 mL of benzene was added followed by 2.1  of hexane, placed in a quartz tube, was irradiated with a 20-W low-
mL ( ~21 mmol) of triethylamine. To this solution was added 3.9 mL  pressure mercury lamp under a nitrogen atmosphere in an ice bath for
( ~18 mmol) of (triisopropylsilyl)ethyne, and the mixture was stirred 12.5 h. After removal of the solvent, flash chromatography gave
at room temperature for 3 h. After dilution with ether, the mixture was decapentayn81? (26 mg, 74%) as a white solid. Indane was detected
filtered, and the filtrate was washed with 5% HCI, water, and saturated in the crude product byH NMR and GLC, but any isomerization
NaCl solution. After being dried (MgSf) the solvent was removed  product was not detected.
under reduced pressure. Flash chromatography gave 3.50 g (99%) of 31: 3C NMR (CDCk) ¢ 89.5 (q), 86.5 (q), 62.42 (q), 62.40 (q),
17das a pale yellow oi*H NMR (CDCls) 6 5.91-5.81 (m, 4H), 1.97 61.4 (9), 18.5 (p), 11.3 (1).
(dd,J = 5.4, 12.6 Hz, 2H), 1.641.46 (m, 2H), 1.341.01 (m, 2H), Photolysis of 11,12-Diethylidene[4.3.2]propella-1,3-diene (24).
1.10 (s, 42H)*C NMR(CDCE) ¢ 133.0 (q), 128.8 (t), 121.6 (1), 98.8  solution of24 (50 mg, 0.084 mmol) in 0.8 mL of THB; was irradiated
(), 97.4 (9), 55.8 (q), 32.8 (s), 18.8 (s), 18.6 (p), 11.2 (t); IR (neat) with a low-pressure mercury lamp as described above for 27 h. The

2130, 1250, 990, 880, 850, cfy MS m/z 504 (M*). HRMS found, color of the solution turned reddish purple. Since an attempt to isolate

292.1689. Calcd for GH2404, 292.1675. the product32 by flash chromatography failed because of its lability,
Similar reaction of 2.13 g (10.0 mmol) @7 with (trimethylsilyl)- 13C NMR spectra were recorded directly -aR0 °C, which indicated

ethyne gave 1.99 g (59%) d2awhich was identical to the sample  the presence of only indane aBg An aliquot of the photolysate was

prepared from dialdehycd22. diluted with cyclohexane to measure the Gvis spectrum. IR spectrum
11,12-Bis][(triisopropylsilyl)butadinyl][4.3.2]propella-1,3,11- was recorded quickly after removal of the solvent in vacuo.

triene (18). To a solution of 31 mg (0.43 mmol) of Ni@H-HCI, 165 32 13C NMR (THF-dg, —20°C) 6 189.9 (q), 174.9 (q), 156.8 (q),

uL of 70% aqueous solution of ethylamine (2.05 mmol), and 6 mg 154.1 (q), 148.3 (q), 137.3 (q), 38.8 (s),32.3 (s), 27.28 (p), 27.26 (p),
(0.06 mmol) of CuCl in 40Q:L of methanol and THF (2:1, v/v) was 27.1 (p), 23.4 (s), 20.2 (q), 19.4 (), 19.2 (q), 14.5 (pB.60 (p),
added a solution of 26 mg of diyrf&’c (0.14 mmol) in 1.4 mL of the —3.61 (p),—5.9 (p); IR (neat) 2060, 2040, 2000, 1960, 1880, 1820,
same solvent. After 15 min, a solution of 118 mg (0.40 mmol) of 1600, 1250, 1060, 1020, 1000, 830, 800 éntJV (cyclohexanelmax
1-bromo-2-(triisopropylsilyl)ethyrié in 800 uL of the same solvent 584, 527 nm.

was added dropwise. The mixture was stirred at room temperature for  Oxidative Coupling of Diethynylpropellatriene 17c: Propellane-

1 h, diluted with dilute HCI, and then extracted with ether. The extract Annelated Dehydro[18]annulene 15 and Dehydro[24]annulene 16.
was washed with N&O; solution and saturated NaCl solution and A mixture of diyne17a(1.00 g, 2.97 mmol) and LiOHH,O (673 mg,
then dried (MgS@. Removal of the solvent followed by flash  16.0 mmol) in 13.8 mL of THF and 3.7 mL of 4 was stirred at
chromatography gave 71 mg (95%) of tetrayl@as a colorless solid:  room temperature for 1.5 h. After dilution with water, the mixture was
mp 145-147°C; *H NMR (CDClk) 6 5.89-5.79 (m, 4H), 1.98 (ddJ extracted with a mixture of pentane and THF (1:1, v/v). The extract
= 12.9, 5.4 Hz, 2H), 1.641.10 (m, 4H), 1.09 (s, 42H)}*C NMR was dried over MgS@and then passed through a column of silica gel.
(CDCl3) 6 134.6 (), 128.14 (1), 122.1 (t), 92.1 (s), 89.4 (q), 67.8 (4), The solvent was evaporated and the residue, 18 was diluted
56.7 (q), 32.9 (s), 18.7 (s) 18.5 (p), 11.3 (1); IR (KBr) 2090, 995, 880, immediately with 70 mL of a mixture of THF, methanol, and pyridine

760 cnt’; MS m/z 552 (M"). HRMS found, 552.3589. Calcd fors@is>- (1:1:2, viv) for the subsequent coupling reaction. To a solution of 3.78

Sk, 552.3608. g (20.8 mmol) of Cu(OAg)in 280 mL of a mixture of THF, methanol,
Photolysis of 11,12-Diethynyl[4.3.2]propella-1,3,11-trienes 17a  and pyridine (1:1:2, v/v) was added the above solutiod % during

and 17b.A solution of 70 mg (0.21 mmol) of7ain 5 mL of hexane, a 9 h-period under nitrogen atmosphere. Another portion of Cu(©Ac)

placed in a quartz tube, was irradiated with a 20-W low-pressure (1.62 g, 8.92 mmol) was added after 7 h. The mixture was stirred at
mercury lamp under a nitrogen atmosphere in an ice bath for 5 h. After room temperature for a total of 33 h, while the flask was covered with
removal of the solvent, flash chromatography gave hexatidg#?3 aluminum foils to protect the products from the room light. Most of
(30 mg, 66%) together with an inseparable mixture of the isomerization the solvent was removed under reduced pressure, and the residue was
products29a and 30a ( ~1:1, 10 mg, 14%) as a yellow oil. Indane  treated with 10% HCI and benzene. The insoluble material was filtered
was detected in the crude productbyNMR and GLC. Irradiation of ~ off, and the organic layer was separated, washed with saturated NaHCO
17awith a 500-W high-pressure mercury lamp through a Pyrex filter solution, and then dried (MgS{ The solvent was removed, and the
afforded 28a together with30ain 58 and 20% vyields, respectively,  residue was chromatographed on silica gel. The product was washed
while 29awas not obtained under these conditions. with a small amount of benzene to give 127 mg of trimé&ras an

28a 1%C NMR (CDCk) 6 87.9 (q), 87.4 (q), 61.9 (q);0.6 (p). orange solid. Flash chromatography of the filtrate gave additibBal

H NMR (CDClg) 6 for 29a 5.90 (dd,J = 4.8, 2.1 Hz, 1H), 5.58 yielding a total amount of 211 mg. During the purification, care was
(dd,J = 5.3, 2.8 Hz, 1H), 3.34 (d) = 2.5 Hz, 1H), 2.69 (dJ = 3.0 taken to protect the product from room light. Final purification was
Hz, 1H); for30a 5.81 (br s, 2H), 5.75 (ABJ = 11.1 Hz,Av = 44.8 conducted with preparative HPLC to give 166 mg (29% frbrc) of
Hz, 2H); 13C NMR (CDCEk) 6 for 30a 142.2 (q), 138.9 (q), 132.7 (1), 15 (mixture of two diastereomers). In an other run which was
131.1 (t), 130.9 (t), 130.6 (), 130.0 (t), 129.1 (q), 104.4 (q), 103.4 undertaken similarly, CHGwas used for extraction instead of benzene.
(@), 99.7 (q), 98.5 (q), 37.5 (s), 36.4 (s), 22.4 (1), 0.1 (p), 0.0 (p): MS In this case a mixture of orange trim&s and carmine red tetramé6
(for 1:1 mixture of29aand30a) m/z 336 (M"). (mixture of four diastereomers) was obtained in a ratio of 13:1

Irradiation of 66 mg (0.17 mmol) df7bwith a low-pressure mercury (estimated by HPLC peak area, taking into account the relative
lamp under similar conditions afforded 33 mg (67%) of triy2&H* extinction coefficient) in 39% yield fromh7c Tetramerl6 was isolated
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by preparative HPLC. The absence of tetramer in the first run can be (t), 127.3 (t), 125.1 (q), 122.7 (t), 121.7 (t), 82.4 (q), 73.3 (t), 59.5 (q),

ascribed to its low solubility o6 in benzene. 55.7 (q), 32.1 (s), 31.5 (s), 18.4 (s); IR (neat) 3293, 2097, 1609, 1204,
15 (mixture of two diastereomers wit@z, and Cs symmetry in an 1109, 1094, 938, 827, 753 ch) MS m/z 212 (M"). HRMS found,

approximate ratio of 1:3): dec 17C; *H NMR (CDCl) 6 6.22— 212.05271. Calcd for GH11.Cl, 212.0549.

6.17 (m, 6H), 6.06-5.95 (m, 6H), 2.29 (dd) = 12.9, 6.0 Hz, 6H), Attempted Cyclization of 33b.To a solution of 10 mg (0.053 mmol)

1.64 (dddJ = 12.8, 6.6, 6.2 Hz, 6H), 1.581.50 (m, 3H), 1.16 (ddd,  of Cul, 148 mg (0.257 mmol) of Pd(PRk and 0.76L (0.77 mmol)
J=24.7,6.6, 6.2 Hz, 3H}*C NMR (CDCL) 0 137.89, 137.88, 137.87,  of butylamine in 2 mL of THF was added dropwise a solution of 52
137.85 (q), 128.90%, 128.85 (t)*, 122.21, 122.19, 122.18, 122.16 (), mg (0.257 mmol) o33bin 2.5 mL of THF under argon atmosphere.
83.37, 83.35, 83.34, 83.33 (q), 81.08, 81.07, 81.04, 81.03 (q), The mixture was stirred at room temperature oh and treated as
57.70, 57.69, 57.68 (q), 34.37, 33.35 (s), 19.01 (s). The intensities of gescribed for the preparation d7d to yield 30 mg (58%) of the linear
the signals marked by * are approximately twice as much as those of gimer 34 (mixture of two diastereomers) as a white solid. Attempted
the signals of similar environment. The sp carbon signals (indicated cyclization of33b under different conditions invariably ga@d as the
by T) for the minorCs, isomer was identified by using a 9ulse only isolable product but no cyclization products were detec3dd.
radiation; under these conditions, the intensities of the signals of the mp 145°C dec;'H NMR (CDCL) 6 5.96-5.76 (m, 8H), 2.021.93
Cs, isomer decreased relative to those of the corresponding signaIS(m, 4H), 1.67-1.31 (m, 4H), 1.36-1.11 (m, 4H);:*C NMR (CDCE)
(indicated by*) of the majorCs isomer: IR (KBr) 2140, 1070, 1045, 0 135.0 (), 128.4 (t), 127.0 (t), 124.7 (qg), 122.9 (t), 121.8 (t), 78.2
770, 720, 665 cmt; UV —vis (CHCE) Amax(log €) 539 (2.00) 484 (2.43), (), 72.8 (), 59.7 (q), 56.5 (q), 34.2 (s), 31.8 (s), 18.5 (s); IR (KB)
415 (4.37), 403 (4.21), 356 (4.78) nm; LD-TOF MS see Figure 1. 3300, 1290, 1160, 1140, 960, 920, 900, 720 EMVIS mvz 402 (M*).
16 (mixture of three diastereomers): dec I°&5 *H NMR (CDCls: HRMS found, 402.0899. Calcd for,@H,40,, 402.0942.

(1:2826 512'32'2 gﬁ)l 156718()(r(nm8;|6)H)5IS}g(SKSB?)(?lz?)H)loigfslg)deg 720 Coupling of_ChIoroethynylpropelIatriene 33a under Phase-
67.07 L U\’/— o .CH.C /1 | ’ 427 376’ 369 ’4 92 7348’ Transfer Conditions: Propellane-Annelated Dehydro[12]annulene

cm vis (CHCE) Zmax (log €) (3.76), (4.92), 348 15" pehydro[16jannulene 13, and Dehydro[20jannulene 14A
(4.70) nm; LD-TOF MS see Figure 2. Because of the extremely limited mixture of 2.60 g (9.96 mmol) a83a, Cul (190 mg, 1.00 mmol), Pd-

solubility ((j)f 16 in (:rganlcdsglvents, thé*C NMR spectrum of this (PPh). (1.15 g, 1.00 mmol), benzyltriethylammonium chloride (91 mg,

compound was not recorded. . . 0.40 mmol) in 30 mL of benzene and 10 mE® N aqueous NaOH
Oxidative Coupling of plethynylpropellatnene Lrc Usm_g Cu- solution was heated at 8@ with vigorous stirring for 140 h under

.(I) ISC U(Ill) Sfa_IIE|s_|.FTo a SO'&’SOS (c)if 400_mg éO.??im;nf ) O&d'yﬂf?d nitrogen atmosphere. The mixture was diluted with water and extracted

n mL o was added dropwise -0 mL of 1.0 MAIF in with CHCL. The extract was washed wi6 N HCI, water, and saturated

THF. (2.0 m".‘O')- The mixture was stlrre(_i at room temperature for 1.5 NaCl solution and was dried (MgSP After removal of the solvent

h, d;:u:jed thr']th V\t/atetr, dan’\cli g)ldraclt(i_d wnS _hsxa'\r/lle. g‘e dextract dwas the products were separated by flash chromatography followed by

washed with satlra’ed vat.! solition, diie (Mgfcand passe preparative HPLC purification to afford 18 mg (1%) of trimn2 as a

th“.)th a column .Of SI|IC:’:1. gel. The solve.nt. was rgmoveq, and the dark red solid, 183 mg (11%) of tetramk3 as a dark violet solid, and

residue {70 was diluted with 20 mL of pyridine. This solution was 15 mg (1%) o‘f pentamet4 as a reddish orange solid '

added dropwise dur@na 2 h-period to a solution of 1.40 g (7.71 mmol) 12 (mixt f two diast i 4c v)-

of Cu(OAc) and 380 mg (3.84 mmol) of CuCl in 100 mL of pyridine, 117 O((:méx “ﬁl ONMW; C'aDscfl’reg”;eﬁ_";' 83 an o Syg“;‘&esfg)é mp

which had been bubbled with nitrogen for 20 min. The mixture was ec, ( ) : 83 (m, 6H), 5. 35 (m,

stirred at room temperature for 23 h and the solvent was removed underSH): 1.96-2.06 (m, 3H), 1.56-1.63 (m, g*H)’ 0.86:0.88 (m, 6H);**C
reduced pressure. The residue was treated as above {Qbsil for NMR (CDCL) 9 139.91, 139.89, 139.78%, 139.76 (q), 126.26, 126.19,

extraction) to give 82 mg (56% frorh7d) of a mixture of15 and 16 126.17, 126.15 (t)*, 122.00, 121.98%, 121.97, 121.94 (f), 93.47, 93.35,
in a ratio of ca. 1:1. 93.33,93.30 (q), 54.47, 54.46*, 54.45, 54.41 (q), 32.14, 32.11*, 32.08,
32.06 (s), 18.86, 18.81, 18.77* (s). The signals marked by asterisk are
11-Chloro-12-[1-(3-hydroxy-3-methylbutynyl)][4.3.2]propella-
1.3 11-triene (33a[)R(eact)i/on ofé.oo g (2%/.2 m):ngl))][eﬂ ano]lpz-n?ethyl- due to theCs, isomer, because the intensities of these signals are slightly
3-butyn-2-ol (6.20 g, 84.5 mmol) was carried out as described for the larger t_han those expected from the statistical distribution (1:3}_3pf
preparation ofL7d for 1.5 h at room temperature using 2.00 g (1.73 andCsisomers: IR (KBr) 1250, 1070, 1020, 800, 750 iUV —vis
mmol) of Pd(PP¥)4 and 750 mg (3.94 mmol) of Cul in 25 mL of THF. (CHCE) Amax (log €) 614 (sh, 1.96), 550 (2.23), 509 (2.24), 250 (4.83)
The products were separated by flash chromatography to afford 5.10 gnm; FAB MSmz (%): .498 (100) [M], 261 (30) [M" — 2(CeH10) —
(70%) of 33aand 272 mg (3%) ofL.7e both as yellow solids. Final  H): LD-TOF MS see Figure 2.

purification was conducted by preparative HPLC. 13 (mixture of four diastereomers witlCs, Cs, Ca, and Co
33a H NMR (CDCh) 6 5.94-5.76 (m, 4H), 2.19 (s, 1H), 2.60 symmetry): mp 218221°C dec;*H NMR (CDCl;) 6 5.76-5.81 (m,
1.91 (m, 2H), 1.66-1.13 (m, 4H), 1.15 (s, 6H}*C NMR (CDCk) ¢ 8H), 5.37-5.44 (m, 8H), 1.681.74 (m, 4H), 1.541.66 (m, 12H),

133.3 (q), 128.8 (t), 127.5 (t), 125.5 (q), 122.5 (t), 121.6 (t), 98.9 (g), 0.92-1.01 (m, 8H);**C NMR (CDCE) 6 135.65, 135.62, 135.58,
71.7 (q), 65.4 (q), 59.3 (q), 55.7 (q), 32.1 (s), 31.5 (s), 31.3 (p), 18.4 135.54, 135.53, 135.52, 135.51, 135.49* (q), 127.26, 127.25, 127.21,
(s); IR (neat) 3250, 1250, 1240, 1220, 1160, 1010, 960, 940, 900, 890,127.14, 127.01* (t), 121.91, 121.90%, 121.87, 121.86, 121.85, 121.81
750, 700 cm?; MS miz 261 (MY). HRMS found, 260.7628. Calcd for  (t), 89.98, 89.95, 89.93, 89.92, 89.91, 89.91*, 89.90, 89.88 (q), 54.93,
Ci6H170CI, 260.7631. 54.90, 54.88, 54.87* (q), 32.49, 32.47, 32.45 (s), 18.73, 18.69, 18.66,
17e mp 130-134 °C; 'H NMR (CDCL) 6 5.94-5.84 (m, 4H), 18.65 (s). Since the signals marked by * are due to the statistically
2.71 (s, 2H), 2.021.95 (m, 2H), 1.76-1.20 (m, 4H), 1.15 (s, 12H); least feasibleC,, isomer, these signals have apparently low intensi-
13C NMR (CDCh) 6 131.8 (q), 128.7 (1), 121.6 (t), 99.2 (q), 74.2 (q), ties: UV—vis (CHCE) Amax (log €) 502 (2.72), 309 (4.39), 272 (4.30)
65.6 (q), 55.7 (q), 32.5 (s), 31.3 (p), 18.6 (s); IR (KBr) 3300, 1290, hm; FAB MSmz (%): 664 (100) [M7], 309 (53) [M" — 3(CoH10) —
1160, 1140, 960, 920, 900, 720 tihMS m/z 308 (M*). HRMS found, H]; LD-TOF MS see Figure 2.
308.4211. Calcd for £H240,, 308.4204. 14 (mixture of four diastereomers): mp 10& dec;H NMR
11-Chloro-12-ethynyl[4.3.2]propella-1,3,11-triene (33b).To a (CDCls) ¢ 5.82-5.88 (m, 10H), 5.685.65 (m, 10H), 1.841.87 (m,
solution of 521 mg (2.00 mmol) &3ain 45 mL of toluene was added ~ 10H), 1.59-1.61 (m, 10H), 1.141.22 (m, 10H);**C NMR (CDCk) 6
a solution of 450 mg (8.0 mmol) of KOH in 3 mL of methanol, and 132.99, 132.97, 132.95, 132.92, 132.86, 132.82, 132.80, 132.78 (q),
the mixture was heated under reflux under nitrogen atmosphere for 30128.35, 128.33, 128.29, 128.25, 128.21, 128.20, 128.18, 128.16, 128.11
min. After cooling, the mixture was diluted with water, and the organic (t), 121.96, 121.94, 121.91, 121.89, 121.85 (t), 88.80, 88.79, 88.77,
layer was washed with saturated NaH{Z$0lution and NaCl solution 88.75, 88.74, 88.73 (q), 56.08, 56.07, 56.06, 56.05, 56.04, 56.03, 56.02
and then dried (MgSg). The product was purified by flash chroma-  (q), 32.94 (s), 18.74, 18.71, 18.67 (s); IR (KBr) 1100, 870, 760'%cm
tography to afford 293 mg (73%) @&3b as a colorless oitH NMR UV —vis (CHCE) Amax (l0g €) 345 (4.53), 263 (4.43) nm; FAB M8vz
(CDCl) ¢ 5.96-5.76 (m, 4H), 3.15 (s, 2H), 2.62L.93 (m, 2H), 1.67 (%): 830 (37) [M'], 357 (100) [M" — 4(CgH10) — H], 240 (65) [M*
1.34 (m, 2H), 1.28'1.15 (m, 2H)*C NMR (CDCk) 6 132.2 (q), 128.5 — 5(CoH10)]; LD-TOF MS see Figure 2.



Cycloreversion of [4.3.2]Propella-1,3,11-trienes

Alternative Method for Preparation of Dehydro[12]annulene 12.
Coupling 0f17¢ (190 mg, 0.99 mmol) and an exce®8(3.00 g, 14.1
mmol) was carried out as described for the preparatioh7af using
90 mg (0.47 mmol) of Cul, 274 mg (0.24 mmol) of Pd(BRRhand
586uL (5.9 mmol) of triethylamine in 6 mL of THF. The 2:1 coupling
product 35 (mixture of three diastereomers) was isolated by flash
chromatography as a yellow solid: mp-680 °C; *H NMR (CDCl)

0 5.77-5.95 (m, 12H), 1.962.03 (m, 6H), 1.16-1.67 (m, 12H):13C
NMR (CDCls) 6 133.03, 133.01, 132.98 (q), 131.91, 131.90, 131.83
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137.41, 137.40%, 137.39 (q), 129.04, 129.02*, 128.99, 128.98, 128.96*,
128.94 (t), 122.22, 122.20, 122.19, 122.18 *, 122.16, 122.15, 122.14
(t), 95.30, 95.29, 95.26, 95.25 (q), 87.09, 87.07, 87.02, 87.00 (t), 86.36,
86.35, 86.29, 86.28 (q), 84.06, 84.04, 84.03, 84.02 (q), 83.55, 83.54,
83.53, 83.52 (q), 81.99, 81.97, 81.95, 81.94 (q), 81.80, 81.79, 81.70,
81.69 (q), 58.02, 58.01, 57.97, 57.96, 57.88, 57.87, 57.85, 57.84 (q),
34.58, 34.56, 34.54* (s), 19.06 (s). The intensities of the signals marked
by * are approximately twice as much as those of the signals of similar
environment: IR (KBr) 2140, 1270, 1030, 870, 835, 670 &nuV —

(), 128.83, 128.44 (t), 127.33, 127.31 (t), 125.67 (q), 122.61 (t), 121.85, vis (CHC) Amax (I0g €) 580 (2.20), 516 (2.50), 456 (3.77), 429 (4.00),
121.55 (t), 86.57 (q), 84.94 (q), 59.64 (q), 56.33, 56.31, 56.16 (q), 33.00 421 (4.03), 367 (4.71) nm: LD-TOF M8Vz 520 (M*).

(s), 32.28, 31.83 (s), 18.78 (s), 18.50, 18.48 (s); IR (KBr) 2330, 1200,

1080, 1020, 980, 900, 850, 750 thMS m/z 544 (M").
Coupling of 35 (440 mg, 0.81 mmol) with 2-methyl-3-butyn-2-ol

39 (mixture of three diastereomers in an approximate ratio of 1:1:
2): dec 90°C; This compound once decomposed with mild explosion
when it was scratched with a spatuféd NMR (CDCly) 6 7.48-7.43

(75 mg, 0.89 mmol) was carried out as described for the preparation (M, 4H), 6.37-6.31 (m, 6H), 6.045.99 (m, 2H), 2.48-2.38 (M, 2H),

of 33a using 15 mg (0.081 mmol) of Cul, 15 mg (0.040 mmol) of
PdCL(PhCN}), and 1.38 g (16 mmol) of piperidine in 9 mL of THF to
afford 225 mg (47%) of monosubstitution prod@&and 191 mg (36%)
of disubstitution produc87 both as orange solids.

36 (mixture of three diastereomers): mp-9%Z00 °C; *H NMR
(CDCl) 6 5.76-5.95 (m, 12H), 2.12 (s, 1H), 1.911.99 (m, 6H), 1.64
1.16 (m including singlet at 1.55, 10H¥C NMR (CDCk) 6 133.12,

1.7-1.6 (m, 3H), 1.2-1.0 (m, 1H);*C NMR (CDCk) 6 146.23, 146.21,
146.20, 146.17 (q), 145.35, 145.32, 145.30, 145.29 (q), 145148.07,
145.05, 145.03, 145.00 (t), 137.67, 137.66*, 137.65 (q), 129.24, 129.18,
129.17, 129.12 (1), 122.24, 122.22, 122.18, 122.16 (t), 96.17, 96.15,
96.13, 96.11 (q), 95.74, 95.73, 95.71, 95.69 (q), 87.59, 878¥753,
87.52, 87.51 (q)*, 87.36, 87.33, 87.22*, 87.19, 87.15*, 87.08 (t), 84.51,
84.49*, 84.47 (q), 83.01, 83.00, 82.92, 82.89 (q), 58.29, 58.24, 58.23,

133.09, 133.07, 133.03, 132.98, 132.97 (q), 132.62, 132.60, 132.575g 70 (q), 34.86* 34.81, 34.80 (s), 19.17 (s). The intensities of the
(a), 131.87, 131.85, 131.81 (q), 128.73, 128.71, 128.67, 128.63, 128.57 gjgnals marked by *!, and* are approximately twice, three, or four
128.47, 128.45 (t), 127.29 (1), 125.66 (q), 122.64, 122.59 (), 121.83, {imes as much as those of the signals of similar environment,
121.81, 121.68, 121.64, 121.61 (t), 100.31 (q), 87.63, 87.61, 87.60, regpectively: IR (KBr) 2140, 1280, 1270, 1030, 870, 860, 830, 740,
87.58 (q), 86.92, 86.89 (q), 86.64, 86.63 (q), 84.87, 84.84 (q), 74.62 710, 670 cm?t; UV —vis (CHCE) Amax (Iog 6) 627 (2.04)’ 550 (2.26),

(), 65.65 (q), 59.61, 59.38 (q), 56.31, 56.30, 56.16, 56.14, 56.09 (4), 470 (3.66), 441 (3.97), 433 (4.02), 376 (4.68) nm; LD-TOF MS see
33.00, 32.87, 32.76 (s), 32.28 (s), 31.80, 31.39, 31.36 (p), 18.73, 18.47 1y, 470 (M),

(s); IR (KBr) 3400, 2340, 1260, 1160, 1090, 1040, 860, 840, 760, 720

cm; MS: m/z 593 (M').

37 (mixture of three diastereomers): mp 1287 °C; *H NMR
(CDCl) 6 5.88-5.78 (m, 12H), 2.75 (s, 2H), 2.60..93 (m, 6H), 1.6+
1.17 (m including singlet at 1.55, 24H¥C NMR (CDCk) 6 133.15,

133.14, 133.11, 133.08 (q), 132.69, 132.67, 132.65, 132.63 (q), 131.66,
131.65 (q), 128.71, 128.51, 128.45 (t), 121.74, 121.67 (t), 100.54 (q),
87.55, 87.53 (q), 86.91, 86.89, 86.86 (q), 74.47, 74.45 (q), 65.70, 65.51
(), 56.27 (q), 56.01 (q), 32.94, 32.78, 32.72 (s), 31.32, 31.30 (p), 18.64
(s); IR (KBr) 3350, 2340, 1260, 1160, 1080, 1050, 950, 910, 870, 860,

760, 720 cmY; MS: m/z 653 (M").

Intramolecular coupling 086 was carried out as described for the
preparation ofl2—14 using 105 mg (0.18 mmol) &6, 17 mg (0.089
mmol) of Cul, 102 mg (0.089 mmol) of Pd(Pfh 8.0 mg (0.0035
mmol) of benzyltriethylammonium chloride in 20 mL of benzene and
900uL of 5 N aqueous NaOH solution for 4 h. Flash chromatography
followed by preparative HPLC gave 14 mg (16%) of trini@which
was identical with a sample prepared by couplind38&a

Photolysis of Dehydro[18]annulene 15 in THFds. A solution of
10 mg (0.018 mmol) o15in 0.8 mL of THFdg was irradiated at room

temperature under nitrogen with a low-pressure mercury lamp for 43

h. The progress of the reaction was monitored*dyNMR, which
showed gradual formation of indane. Brown films of polymeric material
were formed on the wall of a NMR tube.

Photolysis of Dehydro[18]annulene 15 in FuranA solution of
19 mg (0.033 mmol) ofl5in 40 mL of furan was irradiated with a

40 (mixture of two diastereomers witiz, andC s symmetry in an
approximate ratio of 1:3): dec 8Z; This compound once decomposed
with mild explosion when it was scratched with a spatdtd.NMR
(CDClg) 6 7.55-7.50 (m, 6H), 6.52-6.49 (m, 6H);:3C NMR (CDCk)

0 145.46, 145.45, 145.39, 145.38 (t), 145.24, 145.22, 145.20, 145.16
(9), 97.02, 97.01, 96.99, 96.98 (q), 89.36, 89.35, 89.33, 89.31 (q), 87.51,
87.44, 87.36, 87.29 (): IR (KBr) 2120, 1280, 1270, 1030, 880, 865,
830, 710 cm?; UV —vis (CHCk) Amax (log €) 672 (2.01), 583 (2.26),
453 (4.11), 441 (4.10), 387 (4.76) nm; LD-TOF M8z 520 (M)

(see Figure 4).

Photolysis of Dehydro[20]annulene 13 in FuranA solution of
180 mg (0.270 mmol) ol3in 20 mL of furan was irradiated with a
low-pressure mercury lamp in a quartz tube for 32 h. The products
were separated by flash chromatography to afford 46 mg (25%) of
unreacted starting materiaB and 37 mg (31%) of monosubstitution
product42 (a mixture of diastereomers) as an orange solid: mp 122
°C dec;*H NMR (CDCl) 6 6.84-6.80 (m, 2H), 5.855.75 (m, 6H),
5.45-5.34 (m, 6H), 4.69-4.66 (m, 2H), 1.9%+1.49 (m, 12H), 1.05
0.85 (m, 6H);**C NMR (CDCk) 6 143.55, 143.50, 143.49, 143.47,
143.43, 143.40 (qg), 140.95, 140.93, 140.86, 140.78, 140.76, 140.74
(1), 136.21, 136.17, 136.14, 136.11, 136.08, 136.06, 136.03 (q), 135.61,
135.57, 135.55, 135.34 (q), 127.15, 127.09, 127.04, 126.98, 126.95,
126.91, 126.86, 126.84, 126.81 (t), 122.03, 121.99, 121.95, 121.91,
121.89, 121.87, 121.84, 121.81 (t), 102.06, 102.05, 102.02 (q), 91.48,
91.45, 91.44, 91.37 (q), 90.49, 90.45, 90.42, 90.40, 90.36, 90.34, 90.32,

low-pressure mercury lamp in a quartz tube for 20 h. In a second run, 90.29 (0), 85.75, 85.72, 85.70, 85.69, 85.67, 85.65 (1), 55.00, 54.98,

81 mg (0.14 mmol) ofl5 was irradiated similarly. The combined

54.96, 54.92, 54.89, 54.85, 54.84, 54.82, 54.81, 54.78, 54.75 (q), 32.44,

products were separated by flash chromatography followed by prepara-34-42, 32.40, 32.38, 32.35 (s), 18.70, 18.66 (s).

tive HPLC to give38 (yellowish orange solid, 12 mg, 15%39 (dark
orange solid, 20 mg, 27%), antD (dark orange solid, 7 mg, 11%).

38 (mixture of three diastereomers in an approximate ratio of 1:1:

2): dec 102°C; 'H NMR (CDCl) ¢ 7.38 (br s, 2H), 6.366.18 (m,
6H), 6.02-5.96 (m, 4H), 2.4+2.31 (m, 4H), 1.68-1.54 (m, 6H), 1.22
1.08 (m, 2H);*3C NMR (CDCk) & 146.16, 146.14, 146.13, 146.12
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(q), 144.81, 144.80, 144.79* (t), 138.12, 138.10, 138.09, 138.08 (q), JA993314Z



