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(1E,5E)-Cyclopentadeca-1,5-dien-3-yne (1c), which represents the first macrocyclic 1,5-dien-3-yne, can
be obtained by thermal- or butyllithium-induced fragmentation of the corresponding 1,2,3-selenadiazole
8. The (E,E)-dienyne functionality causes a geometrical strain Eg, which enhances the reactivity in addi-
tion (1¢—12,13) and cycloaddition (1c—10) reactions and lowers the isomerization barrier to the
unstrained (E,Z)-configuration 1d (E; = 0). A slow process 1¢—1d occurs even at ambient temperatures

© 2010 Elsevier Ltd. All rights reserved.

Open-chain 1,5-dien-3-ynes are a well-known class of com-
pounds with various applications in organic synthesis. Cyclization
reactions to carbo- and heterocycles and cycloadditions, including
Domino-Diels-Alder reactions, represent prominent examples for
the reactivity of 1,5-dien-3-ynes.! Moreover, such dienynes are
substructures of many carotenoids. On the contrary, very few cyc-
lic 1,5-dien-3-ynes 1 have been studied.?> In particular, the highly
reactive cycloocta-1,5-dien-3-yne (1a)® and the 12-membered ring
system 1b,” which contains a further CC double bond, should be
mentioned (Fig. 1).

Force field calculations and model studies revealed that the bor-
der line between 1,5-dien-3-ynes with and without angle strain
(geometrical strain Eg) depends strongly on the configuration of
the two double bonds.” E;=0 should be realized in 10-, 11-, or
higher ring system for (Z,Z) configurations, in 13-, 14-, or higher
ring system for (E,Z) configurations and in 17-membered and high-
er rings for (EE) configurations. The larger the macrocyclic rings
are, the more the ring strain can be distributed to bond angles,
bond lengths, etc. This encouraged us to synthesize (1E,5E)-cyclo-
pentadeca-1,5-dien-3-yne (1c).

We started the preparation with 3,14-dihydroxycyclopentadec-
an-1-one (2), a compound, which was used for the preparation of
muscone and exaltone.® The dehydration of 2 with p-toluenesul-
fonic acid yielded (2E,14E)-cyclopentadeca-2,14-dien-1-one (3) as
a primary product (Scheme 1). The isomeric dienones 5 and 6 are
secondary products, which were generated by acid catalysis
(3-5,6).° A comparably slower consecutive reaction yielded the
bicyclic enone 4 by a Nazarov!® cyclization (3—4). (2E,13E)-Cyclo-
pentadeca-2,13-dien-1-one (5) was the major component (70-80%
of the mixture 3/4/5/6).!! It could be purified by column chroma-
tography (SiO,, n-hexane/acetone gradient) and was obtained in
a yield of 60-68% related to 2. Dienone 5 was then transformed
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Figure 1. Cycloalka-1,5-dien-3-ynes.

into its semicarbazone 7, which exists as syn-anti mixture
(2:1)."? The reaction of 7 and SeO, afforded 1,2,3-selenadiazole
8,'% which represented the precursor for the desired dienyne 1c.
The fragmentation of 8 could be performed by thermolysis on Cu
powder at 180 °C and 5-10 Pa (yield 54%) or by a very short treat-
ment with n-butyllithium at —70 °C (yield 46%).'* Thermolysis at
higher pressure (~100Pa) led to longer contact periods in the
hot zone and to an isomerization of the strained ring system 1c
to the unstrained (E,Z)-dienyne 1d (E; = 0). The E—Z isomerization
works even at room temperature with a half-life of about 20d,
which corresponds to a surprisingly low activation barrier for a ste-
reoisomerization of an olefinic double bond. The second (E)-config-
ured double bond is stable, since 1d does not have a geometrical
strain.

When 1,2,3-selenadiazole 8 was refluxed in p-xylylene in the
presence of tetraphenylcyclo pentadienone (9), 32% of the trapping
product 10 was obtained (Scheme 2).'> The isolated alkyne 1c re-
acted even at room temperature to yield 65% 10.

Treatment of 1c¢ with n-BuLi in n-hexane between —70 °C and
room temperature gave a mixture of addition products. In princi-
ple, two types of 1,2-additions, a 1,4-addition and a 1,6-addition
seem to be possible (Scheme 3). Apart from oligomerizations, we
established a chemoselective 1,2-addition to the triple bond, which
yielded an (E,Z,E)-triene, (1c—12) and a regioselective 1,4-addition
to a vinylallene (1c¢—13). The oily mixture could be separated by
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Scheme 1. Preparation of the cyclopentadeca-1,5-dien-3-ynes 1c and 1d. Reagents and conditions: (i) p-TsOH, toluene, 110 °C; (ii) H,N-NH-CONH,-HCl, NaOAc, EtOH, 78 °C;
(iii) SeO,, dioxane/H,0 (100:1), 25 °C; (iv) Cu, 180 °C, 5-10 Pa; (v) n-BulLi/n-hexane, 5 s at —70 °C; (vi) 25 °C, ca. 30 d or from 8 at 180 °C and 100 Pa.

1c Table 1
0 —CO 'H and '*C NMR data of 1c, 1d, 12, and 13 (¢ values in CDCls, TMS as internal standard,

Ph
Ph Ph O Ph & (3C) values within 1.0 ppm are interchangeable)
Ph
Ph
10

Compd Olefinic and acetylenic positions CH, (CH3)

Ph Ph 8 a b c d e f

9 —Nz,—Se 1c 6.12°  5.50° 5.50 6.12 2.16 (4H), 1.46
—CO (4H), 1.34-1.18
(10H)
Scheme 2. Cycloaddition reaction of isolated or in situ-formed 1c¢ and tetraphe- 146.7 1103 93.0 93.0 1103 146.7 33.1,31.8,29.7,
nylcyclopentadienone 9. 28.4,27.0

1d 6.15°  5.58° 5.51¢  6.12¢ 2.23 (2H), 2.16
S CaHo (2H), 1.48-1.20
(14H)
1460 1104 939 859 1103 1444 329,295,285,
/- 28.2,28.2,27.7,
26.8,
1,2-A 11 26.7, 26.2

12 565  6.15 582 636 558 211 (6H),
1.40-1.18
(18H),
0.87 (3H,CHs)
1313 1289 1389 1283 1253 1323 358, 31.1,3009,
29.8,27.9,
27.9,274
27.2,270,
26.6, 25.9, 22.5,
14.0 (CH3)

13 560 580 571 493 209 2.08(2H) 1.38-
1.17 (22H), 0.87

(3H, CH,)
1314 1265 927 2065 962 397 358, 348,318,
29.8,28.7, 28.1,

27.6,273,
27.2,26.6,26.3,
22.7,14.1 (CHs)
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%
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? 3Jirans = 15.4 Hz.
® irans = 15.3 Hz.
Scheme 3. Addition reactions of (E,E)-dienyne 1c and n-BulLi. € ¥eis = 10.1 Hz.
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column chromatography (SiO,, n-pentane) and gave first 15% pure
13 and then 12% pure 12. Within the detection limit of 3%, we
could exclude the presence of 11 and 14 in the product mixture.'®

The unstrained dienyne 1d has a much lower reactivity. It did
not add n-BulLi at room temperature, in n-hexane at 60 °C a lot of
oligomers and 15% of 13 were formed.

The hydrocarbons 1¢, 1d, 12, and 13 are colorless oils. Their 'H
and 3C NMR data are listed in Table 1.!7 The reactivity of these
highly unsaturated compounds makes them together with the
known macrocyclic 1,3-dien-5-ynes'®!® interesting candidates
for the synthesis of further macrocyclic systems.
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