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(Z)-Cyclodec-1-en-6-yne (3) generates three conjugated hexahydroazulenes 3?1k?1c, 1‘ under FVP
conditions, whereas flash vacuum pyrolysis (FVP) of cyclodecyne (2) leads to 1,2,9-decatriene (9). We
attribute the different thermal behavior of 2 (ring opening) and 3 (ring closure) to different transannular
interactions. Altogether 22 constitutional isomers of hexahydroazulene should exist; three new isomers
(1k, 1‘, and 1m) are presented here, ten were described earlier, but the reinvestigation of the dehydration
route of bicyclic alcohol 11 showed that one of the ten structures has to be revised.

� 2009 Published by Elsevier Ltd.
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Scheme 1. Hexahydroazulenes 1: 1,2,3,3a,4,8a- (1a)1, 1,2,3,3a,6,8a- (1b)1,
1,2,6,7,8,8a- (1c)2,3, 1,3a,4,6,8a- (1d)4, 1,3a,6,7,8,8a- (1e)5, 1,4,5,6,7,8- (1f)6,
1,5,6,7,8,8a- (1g)7, 2,4,5,6,7,8- (1h)8,9, 3a,4,5,6,7,8- (1i).10,11
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Partly hydrogenated azulenes (bicyclo [5.3.0]decenes, -decadi-
enes, -decatrienes, etc.) are interesting starting compounds for
the synthesis of polycycles. However, the majority of hydroazu-
lenes are still unknown. Thus, for example, 22 hexahydroazulenes
1 should exist as constitutional isomers and, moreover, 16 of them
should show stereoisomerism. Scheme 1 summarizes the 9 hexa-
hydroazulenes 1a–i, which are, to the best of our knowledge, pres-
ently known.1–11

Ten-membered carbocycles should be favorable precursors for
the generation of hydroazulenes, because these medium-sized ring
systems exhibit strong transannular interactions. In the previous
years several oxidative transannular ring closures on the basis of
cyclodecyne have been published.12–16 The high energy content
of triple bonds makes cycloalkynes as interesting sources for ther-
mal isomerization routes.17 We present here the reactivity of cyc-
lodecyne (2) and (Z)-cyclodec-1-en-6-yne (3) under flash vacuum
pyrolysis (FVP) conditions.

Cyclodecyne (2) was prepared by oxidation of 1,2-cyclodecan-
edione bis-hydrazone.18–20 Scheme 2 summarizes the preparation
of (Z)-cyclodec-1-en-6-yne (3). 6-Hydroxycyclodecanone (4),
which exists in a tautomeric equilibrium with its hemiacetal
40,21,22 was transformed to the semicarbazone 523, whose bicyclic
form is in DMSO below the NMR detection limit of 5%. Reaction
with SeO2 yielded selenadiazole 6,24 which was dehydrated with
POCl3/pyridine or (PhO)3PCH3

þ I�/hexamethylphosphoramide25

to yield 7.26 Both the processes are regio- and stereoselective.
Among the possible products, 7 is the structure with the lowest
strain.27 Fragmentation of 7 on Cu powder gave the target com-
pound 3.28

Cyclodecyne (2) does not give octahydroazulene 829 under FVP
conditions. It is selectively transformed at 600–650 �C and 10
�4 kPa into 1,2,9-decatriene (9).30 A presumably non-concerted
Elsevier Ltd.
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ier).
[6e] process 2?9 is favored in comparison to the [4e] process
2?8 (Scheme 3).
7
3

Scheme 2. Preparation of (Z)-cyclodec-1-en-6-yne (3).
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Figure 1. GC of FVP of 3 at 560 �C (Carlo Erba HRGC 5160, column MN 3314-1).

Table 1
13C NMR data of hexahydroazulenes in CDCl3

Compound sp2–C CH Cq sp3–C CH2 CH

130.9 146.8 34.8, 33.6 48.6
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Scheme 3. Thermal isomerization of cyclodecyne (2). Related to the consumption
of 2, the open-chain triene 9 is formed in a quantitative process.

G. Krämer et al. / Tetrahedron Letters 50 (2009) 4810–4812 4811
(Z)-Cyclodec-1-en-6-yne (3) behaves different to 2. It does not
form tetraene 10, its FVP yields hexahydroazulenes with conju-
gated double bonds. The transannular CC bond formation should
first lead to 1j31, but 1j was not present in the product mixture
in sufficient quantity to be identified. Fast secondary isomeriza-
tions (formal, presumably non-concerted [1,3-H] and [1,5-H]
hydrogen shifts) furnished 1c, 1k, and 1‘. The optimum reaction
temperature was around 560 �C at 10�4 kPa (Scheme 4). At lower
temperatures, the conversion is too low, at higher temperatures
[2 π + 2 +
FVP
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Scheme 4. Thermal isomerization of (Z)-cyclodec-1-en-6-yne (3) to
hexahydroazulenes.
too much decomposition occurs—solely the absolute yield of 1‘ in-
creases (Scheme 4). Figure 1 shows the gas chromatogram of the
reaction mixture obtained at 560 �C. The connected ion trap indi-
cated correct m/z values 134 for all three peaks.

In order to check the structure of the major product 1k, we re-
peated an early study of Anderson32 and dehydrated the bicyclic
129.7 31.2, 30.9
125.9 27.4

126.4 149.9 39.1, 32.5
31.1, 25.0

126.5 140.4 33.0, 32.8
122.3 134.3 31.1, 25.9

23.4, 23.3

131.1 141.1 40.0, 38.7
125.0 137.8 32.5, 30.7

24.5, 22.3

124.1 139.7 36.7, 31.4
29.9, 24.6

133.8 39.1, 30.4 47.8
131.3 26.8, 22.9 41.0
129.1
126.6
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Scheme 5. Dehydration of the bicyclic alcohol 11.
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alcohol 11 with p-toluenesulfonic acid. It turned out that the re-
ported product 1k was not formed at all. We got a 2:1:1-mixture
of 1m, 1‘, and 1h in a quantitative process (Scheme 5).

The 13C NMR data permit the unambiguous differentiation be-
tween the obtained hexahydroazulenes by symmetry, multiplicity,
and chemical shift criteria (Table 1).

A preparative GC separation of the two mixtures 1c/1k/1‘ and
1h/1‘/1m seems to be easily feasible (Fig. 1); however, both mix-
tures can be directly transformed on Pd/charcoal to azulene (12).
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