
1236 J. Org. Chem. 1994,59, 1236-1237 

Photochemical Method for Generation of Linear Polyynes: [2 + 21 Cycloreversion of 
[4.3.2]Propellatrienes Extruding Indan 

Yoshito Tobe,' Toshihiko Fujii, and Koichiro Naemura 
Department of Chemistry, Faculty of Engineering Science, Osaka University, Toyonaka, Osaka 560, Japan 

Received December 6, 19930 

Summary: Photolysis of trienediynes la and l b  and 
trienetetrayne IC having a [4.3.2lpropellane framework 
yielded the respective linear polyynes 2a-c in good 
efficiency through 12 + 21 cycloreversion, extruding indan 
(3). 

Recently, enormous interest has been shown in conju- 
gated cyclic acetylenes from new aspects such as biolog- 
ically (antitumor) active compounds,l* precursors for 
strained molecules,lb and new carbon ~1usters.l~ In general, 
cyclic acetylenes become increasingly unstable as the ring 
size decreases or the degree of unsaturation increases. In 
order to produce such high-energy species, a thermal or 
photochemical extrusion reaction from suitable substrates 
is particularly promising. Indeed, thermal extrusion of 
carbon monoxide has been examined by Diederich to 
generate monocyclic carbon cluster molecules (cyclo[n]- 
carbons).lcI2 Photochemical 12 + 21 cycloreversion from 
cyclobutane precursors, on the other hand, has been 
successfully utilized to produce highly unstable molecules 
with carbon-carbon double bonds such as cy~lobutadiene~ 
and Dewar furan.4 However, the corresponding reaction 
of cyclobutene derivatives, which generate a carbon-carbon 
triple bond, has been scarcely known; the only example 
reported by Paquette is that of [4.4.2lpropellatriene and 
-tetraene which on photolysis gave acetylene along with 
tetralin and naphthalene, respectively? In order to 
develop a general photochemical method to generate a 
carbon-carbon triple bond by [2 + 21 cycloreversion, we 
designed, as a model system, the [4.3.2lpropellatriene 
derivatives la-c which would produce linear polyynes 2a- 
c, extruding indan (3) (Scheme l).6l7 In this connection, 
we report here the synthesis and photochemical reactions 
of the propellanes la-. 
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a Key: (a) (i) MOMOCHzC=CCHzOMOM, hu, Pyrex, CHzC12, 
70%; (ii) TMSOTf, E t a ,  C C h  (iii) Pd(OAc)z, CHaCN, 53% for two 
steps; (b) (i) N a B a ,  CeCh-7Hz0, MeOH; (ii) CsHa(NOz)zSCl, E t a ,  
ClCHzCHzCl, 64% for two steps; (c) aqueoua HCl, THF, 68%; (d) 
MnOz, CH~C12,78%; (e) CC&PO(OEt)Z (12 equiv), BuLi (10 equiv), 
THF, -100 OC, 64% ; (0 BuLi (5.5 equiv), THF, -78 O C ,  then TMSCl 
for la(78%)orTBDMSClfor l b  (47%);(g)TBAF,wetTHF,78%; 
(h) B r M T I P S  (3.0 equiv), CuCl (0.4 equiv), EtNHz (15 equiv), 
NHZOH-HCl (3.2 equiv), MeOH/THF (2:1), 95%. 

First, trienediynes la and lb  were prepared according 
to Scheme 2. Photocycloaddition of enone d8 with the 
bis-MOM ether9 of Z-butyne-l,4-diol followed by dehy- 
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drogenation'o through the corresponding silyl enol ether 
gave enone 5. This was converted to triene 6 by hydride 
reduction and subsequent 1 ,4-elimination.11 Deprotection 
of 6 gave diol 7 which was oxidized by MnOz to yield 
dialdehyde 8. Conversion of 8 to tetrachloro olefin 9 was 
accomplished using a large excess (12 equiv) of diethyl 
(trichloromethy1)phosphonate and BuLi (10 equiv).12 
Treatment of 9 with BuLi followed by quenching with 
TMSCl or TBDMSCl gave trienediyne la or lb. Irradi- 
ation of a hexane solution of la in a quartz tube with a 
low-pressure mercury lamp yielded the hexatriyne 2a7J3 
in 66% isolated along with indan (3). A small amount (ca. 
13 % by GLC) of an unidentified product was also formed.14 
Similar photolysis of l b  afforded the triyne 2b7 in 67% 
isolated yield together with an unidentified byproduct 
(11% by GLC).14 

Next, trienetetrayne IC was prepared from unstable 
hydrocarbon Id, which was obtained by deprotection of 
lb, by the Cadiot-Chodkiewicz coupling16 with a TIPS- 
protected br~moacetylene~ (Scheme 2). Finally, irradi- 
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ation of IC under the similar conditions yielded the 
decapentayne 2c7 in 74% isolated yield. 

In symmary, [2 + 21 cycloreversion of propellatrienes 
la-c proceeded as the major pathway of the photolysis, 
giving the linear polyynes 2a-c. Applications of this 
method to the synthesis of cyclic polyynes as well as other 
unsaturated labile molecules are in progress in our 
laboratories. 
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