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ABSTRACT

Cyclic (4a −e) and linear (10) tetraynes have been studied. Macrocycles 4a −e are unstable to isolation as neat compounds, but 4b −e have been
characterized in solution. 13C NMR spectroscopy shows a consistent downfield shift of the acetylenic resonances of 4c −e as ring strain
increases. UV −vis spectroscopy demonstrates that ring strain has little effect on the HOMO −LUMO gap. X-ray crystallography of tetrabromoolefin
6b confirms the monomeric constitution of the precursors.

The discovery of C60 as a stable carbon allotrope proved to
be an invigorating step in acetylene chemistry when cyclic
polyynes were invoked as possible intermediates in the
formation of fullerenes.1 The rational synthesis of cyclo[n]-
carbons (1, Figure 1) has been targeted by several groups in
ongoing efforts to decipher the enigma of fullerene formation.
These elusive carbon-rich molecules are also predicted to
have interesting electronic properties as a result of their
conjugated framework.2 To date, synthetic efforts have suc-
ceeded in the gas-phase formation of a number of derivatives,
and species as small as cyclo-C12 and as large as cyclo-C36

have been generated from the appropriate precursors.3,4 A
natural question that arises when considering cyclic polyynes
such as cyclo[n]carbons is, simply, will they be stable?
Numerous studies have shown that 1,3-butadiynyl segments
can be “bent” to an amazing extent, while still providing
stable or reasonably stable products.5,6 Less is known about
cyclic triynes,7 although recent studies by the groups of

Tobe5,8a,b and Haley8c,d are shedding light on this question.
Finally, a few cyclic tetraynes have been reported,7b,9
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Figure 1. Cyclo[n]carbons1 and examples of strained tetraynes2
and3.

ORGANIC
LETTERS

2008
Vol. 10, No. 4

609-612

10.1021/ol702898a CCC: $40.75 © 2008 American Chemical Society
Published on Web 01/12/2008



including several with some measure of strain in their
structure, most notably210 and3.11

Our interest in polyynes led us to consider whether simple,
cyclic alka-1,3,5,7-tetraynes could be synthesized and studied
as model systems for larger unsaturated molecules such as
the cyclo[n]carbons. With the ultimate goal of exploring
kinetic stability and spectroscopic characteristics of such
molecules as a function of ring strain, we report herein our
preliminary efforts in the study of cyclic alkyl tetraynes.

Two potential routes toward the desired tetraynes4 were
envisioned (Figure 2). Route A would rely on the initial

synthesis of precursor terminal diynes5, which could then
be subjected to an oxidative acetylenic homocoupling reac-
tion. Two issues caused concern. First, it was anticipated
that the formation and manipulation of the precursors5 would
be challenging, given the fact that terminal diynes are often
unstable.12 Second, the ring strain encountered in the ring-

forming step from5 to 4 might hinder product formation.
Thus, the alternative, route B, was employed, using a 2-fold
Fritsch-Buttenberg-Wiechell (FBW) rearrangement to as-
semble the tetrayne framework of4 from dibromoolefinic
precursors6.13

Cyclic tetraynes4 (Scheme 1) were formed from dicar-
boxylic acids 7, beginning with acyl chloride formation

followed by a Friedel-Crafts acylation reaction14 with bis-
(trimethylsilyl)acetylene (BTMSA) in the presence of AlCl3.
The resulting diketones8a-ewere obtained in satisfactory
yields, and a subsequent Corey-Fuchs reaction15 yielded
tetrabromoolefins9a-e, also in reasonable yields. Removal
of the two trimethylsilyl groups (K2CO3, MeOH) from9a-e
afforded enynes that showed only limited stability in their
neat form. Thus, following workup, these products were
taken on to the macrocyclization step without further
purification.

The formation of cycles6a-eunder Hay conditions16 was
more difficult than anticipated due to competition from
intermolecular cyclization and from byproducts that appeared
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Figure 2. Potential synthesis of tetraynes4. Route A would use
an oxidative homocoupling reaction, while Route B would use the
Fritsch-Buttenberg-Wiechell rearrangement.

Scheme 1

a PCl3 was used instead of SOCl2 to form the acyl chloride.
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to result from Castro-Stephens chemistry at the dibromoole-
fin moiety.17 After significant experimentation with concen-
tration and temperature for this reaction, macrocycles6a-e
could be produced in useful quantities, albeit yields over the
two steps remained variable.18

With the tetrabromoolefins6a-e in hand, conversion into
the desired cyclic tetraynes4a-e was explored using the
FBW rearrangement. The dibromoolefin was dissolved in
dried hexanes, cooled to-35 °C, andn-BuLi slowly added.
After the reaction mixture was warmed to ca.-5 °C, it was
quenched. For macrocycles4b-e, the crude reaction mixture
was concentrated, passed through a plug of silica gel to
remove baseline material, concentrated again, and finally
subjected to column chromatography (silica gel, hexanes)
to provide pure samples for analysis. Samples with 10-12
methylene linkers (4c-e) were sufficiently stable to allow
for 1H and 13C NMR, IR, and UV-vis spectroscopic
characterization. The next smallest macrocycle,4b, could
not be analyzed by NMR spectroscopy due to decomposition,
although UV-vis spectroscopy was successful. All attempts
to form and characterize macrocycle4a from 6a were
unsuccessful due to the instability of the product. None of
the products4b-ewas sufficiently stable to isolate as a neat
sample,19 and yields of the rearrangement step could not be
determined.

Acyclic tetrayne1011 was formed in the same fashion and
served as an unstrained model compound (Scheme 2).20,21

Heptanoyl chloride was subjected to Friedel-Crafts acylation
with BTMSA to give ketone11, which was easily converted
to 12. Desilylation to generate a terminal alkyne and

homocoupling gave tetrabromide13 in 40% yield. The
acyclic tetrayne10was then obtained via rearrangement and
is a stable oil that can be handled neat for short periods of
time under ambient conditions and stored under refrigeration
without appreciable decomposition.

Single crystals of tetrabromoolefin6b suitable for X-ray
crystallographic analysis were grown by slow evaporation
of a CDCl3 solution at 4°C (Figure 3).22 First and foremost,

this structure provides confirmation of intramolecular ring
closure to a “monomeric” structure during the conversion
of 9b f 6b. In the solid state, several interesting features
are observed. The structure of compound6b is quite unsym-
metrical. The two alkylidene bond angles C(1)-C(2)-C(4)
and C(7)-C(8)-C(10) differ substantially, at 113.9(5)° and
118.3(5)°, respectively, and convey some evidence of ring
strain present in the molecule. Each acetylene unit of the
diyne framework is distorted from linearity, with CtC-C
bond angles that range from 168.6(6)° to 175.4(6)°, with an
average of 173.0°.

It was not possible to obtain single crystals of the cyclic
tetraynes4a-e for crystallographic analysis due to their
kinetic instability. Thus, bond angles were estimated using
semiempirical calculations at the AM1 level.23 While com-
pounds4b and 4e are approximatelyC2 symmetric, the
optimized structures of the other three cycles are unsym-
metrical, as observed for the precursor6b. Thus, rather than
concentrating on individual angles, the average alkyne bond
angle across tetrayne framework for4a-ehas been used as
an approximation of the overall strain across the acetylenic
skeleton (Table 1).18 It is clear that even with only moderate
ring strain, the tetraynes4a-e show drastically reduced
kinetic stability in comparison to, for example, diynes. This
is highlighted by the fact that there are numerous examples
of strained diynes with alkynyl angles of<160° that show
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Scheme 2

Figure 3. ORTEP drawing of compound6b (20% probability
level). Selected bond angles (deg): C(2)-C(4)-C(5) 168.6(6),
C(4)-C(5)-C(6) 174.1(6), C(5)-C(6)-C(7) 175.4(6), C(6)-
C(7)-C(8) 174.1(6).
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sufficient kinetic stability to be handled without special
precautions.6

13C NMR spectra of cyclic compounds4c-eand acyclic
compound 10 were obtained and analyzed. Unlike the
calculated structures for4c,d, which lackedC2 symmetry,
the13C spectrum of each macrocycle confirmedC2 symmetry
in solution, showing four acetylenic resonances and five (for
4c) or six (for4d,e) methylene resonances in the alkyl region.
The C1 resonance (Table 1) could be confirmed through
analysis of HMBC spectra and showed correlations to both
the propargylic and homopropargylic protons. The C4
acetylenic carbon could also be tentatively assigned on the
basis that it showed the weakest or no correlations in the
HMBC spectra. Unfortunately, C2 and C3 showed similar
long-range coupling in the HMBC spectra and, therefore,
could not be assigned. Both the C1 and C4 resonances show
a monotonic downfield shift as ring strain is increased, and
this effect is much more substantial for C1 than for C4. Such
trends have been previously established for the13C reso-
nances of diynes as a function of ring strain.6,24Furthermore,
both theoretical calculations and experimental studies have
outlined this effect recently for the13C chemical shifts of
diphenyl triynes.5

The UV-vis spectra of4b-eand10 (Figure 4, Table 1)
show a series of strong absorptions with accompanying
vibronic structure in the range 210-250 nm (region 1). Most
significantly, these data show that theλmax values do not
differ appreciably as a function of strain. Cyclic derivatives
4b-ealso show a series of very weak absorptions at longer
wavelength between 265-365 nm (region 2; these signals
are vanishingly present for10), which has been previously
observed for some acyclic alkyl tetraynes21b and triynes.25

Molar absorptivities for4b-e were not, unfortunately,
obtainable due to the instability of the cyclic samples.

In conclusion, we have demonstrated the synthesis of
cyclic tetraynes using an FBW rearrangement as a key step.
Evidence of strain in the tetrayne segment of4c-e, in
comparison to acyclic10, is manifested in13C chemical shifts
of the alkynyl sp-hybridized carbons, which move to lower
field as strain is increased. Surprisingly, UV-vis absorption
spectroscopy shows only subtle changes inλmax values for
4b-eas a function of strain. Perhaps most significant is the
dramatic kinetic instability observed for these compounds.
Even the least strained molecule4e, with an average alkyne
bond angle of 170°, is unstable to isolation as a neat
compound.
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Table 1. Calculated Average Bond Angles and13C NMR and
UV Spectroscopic Data for Compounds4a-eand10

compd

bond
anglea

(deg)

δC for
C(1,8)b

(ppm)

δC for
C(4,5)b

(ppm)
λmax values

region 1 (nm)
λmax values

region 2c (nm)

4a 163.1 N/A N/A N/A N/A
4b 166.3 N/A N/A 224, 234, 246 298, 317, 339
4c 166.5 102.5 68.0 222, 233, 244 297, 315, 339, 365
4d 168.2 96.6 66.0 221, 232, 244 294, 314, 338, 364
4e 170.0 91.8 64.2 220, 231, 243 293, 312, 335, 360
10 180.0 80.5 60.7 217, 228, 240

a Averaged alkyne bond angle (C1′ to C8′), based on AM1 calculations.
b Measured in CDCl3. c Given the extremely low intensity of these signals,
there is larger error in these values than would be expected, ca.(2 nm.

Figure 4. UV-vis absorption spectra for4b-e and 10 (in
hexanes). The inset shows a series of low energy absorption with
drastically reduced molar absorptivity from 265 to 365 nm.
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