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Expanded Cyclophanes 1.
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Abstract: The title compound 3 was synthesized in three steps from 1,3-dibromobenzene in 26%
overall yield. In the solid state, the molecule adopts a twisted anti conformation which does not
correspond to any known conformation of its lower alkynylogue, 2,11-dithia[3.3]metacyclophane 1.
© 1998 Elsevier Science Ltd. All rights reserved.

In connection with an ongoing study of novel cyclophanes,l-2 we have recently become interested in the
synthesis and study of cyclophanes containing rigid spacers in their bridges, e.g. 2 (Scheme 1). Our initial
interest in this area is directed towards the development of expedient synthetic routes to these "expanded
cyclophanes” and determining whether or not their conformational behavior mirrors that of their well studied
parent cyclophanes.3 Our first choice of targets was the title compound 3, which is derived from the insertion of
an alkyne spacer into each of the aryl-benzyl C-C bonds of 2,11-dithia[3.3]lmetacyclophane 1 and we now

report our initial results.
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Scheme 1.

The synthesis of 3 (Scheme 2) started with 1,3-dibromobenzene 4, which was subjected to a two-fold
Heck reaction? with propargyl alcohol to afford diol 5 in 67% yield. Treatment of § with CBr4/PPhj then gave
dibromide 6 in 94% yield and reaction of this with NazS/Al035 provided the desired dithiacyclophane 367 in
42% isolated yield. Careful chromatography was required to separate 3 from another product, presumably the
corresponding cyclic trimer 7 (11%).7 No other higher oligomers were isolated. The success of NapS/AlyO3 in
closing the twenty-membered ring of 3, albeit in somewhat lower yield than the for the twelve-membered ring of
1 (55-65%),5 augurs well for application to the synthesis of other expanded cyclophanes, particularly in light of
the recently reported failure of Na2S-9H20 to close a triply bridged relative of 2.8
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Scheme 2.

The substantial increase in the size of the internal cavity that accompanies expansion of 1 to 3 brings
with it considerable changes in the nature of the cyclophane system. For a start, a single crystal X-ray structure
determination of 3% revealed that it had crystallized in what may be described as a twisted anti conformation
(Figure 1). There are many documented examples of anti-2,11-dithia[3.3]metacyclophanes3 and, to the best of
our knowledge, this conformation is without precedent.10 This is not surprising, since the corresponding
conformation in an anti-2,11-dithia[3.3Jmetacyclophane series would suffer from severe intramolecular steric
interactions between the two internal hydrogen atoms. As might be expected, the aromatic rings and the sp-
hybridized carbon atoms bonded directly to them show no significant deviations from planarity. On the other
hand, a somewhat unexpected feature of the structure is that the alkyne units are distorted from linearity towards
the molecular cavity. The least distorted is the C(14)-C(15) triple bond, the attached bonds of which are bent by
0.2 and 2.0° (0 in Figure 1). The most distorted is the C(19)-C(20) alkyne, which exhibits bend angles of 5.6
and 6.0°. The average bend angle is 3.0°. The origin of these distortions and, perhaps to some extent, the
unexpected conformation may be the minimization of space in the cavity of the macrocyclic framework of 3.
The remaining bond angles and lengths are within normal ranges: the sp-sp? bonds average 1.442 A, the sp-sp>
bonds average 1.455 A and the C-S bonds average 1.814 A. No noteworthy intermolecular contacts are
evident.

Figure 1. Two views of the molecular structure of 2 in the crystal. Selected distances (A) and angles (°):

C(13)-C(26) 4.589(4), S(4)-S(17) 10.532(5), C(16)-S(17) 1.813(3), C(19)-C(20) 1.177(4), C(1)-C(25)

1.444(4), C(2)-C(3) 1.455(4); C(3)-S(4)-C(5) 101.0, C(12)-C(14)-C-(15) 179.8(3), C(14)-C(15)-C(16)
178.0(4), C(18)-C(19)-C(20) 174.0, C(19)-C(20)-C(21) 174.4, C(15)-C(16)-C(17) 115.2(2).
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In order to obtain more information

S
about possible solution structures, a
conformer search allowing for rotation EQS
about all of the non-acetylenic bridge bonds g >E>
Al A2

was performed on 3 using the Spartan
0.52 keal/mol 0.70 kcal/mol
(crystal conformation) =

conformers within 10 kcal of the global 4 S
minimum were identified and all of these S
were calculated to be within 1.31 kcal/mol
in energy of each other. The three lowest s \ s
A3 M
energy conformers were syn conformers 0.85 keal/mol 1.31 keal/mol

with the chair,boat (0.00 kcal/mol), Figure 2.

. . Calculated anti conformers for 3.
chair,chair (0.01 keal/mol) and boat,boat Energies given are those above the global minimum.
(0.14 kcal/mol) arrangements of the

software package at the AM1 level. Seven

bridges.311.12 The remaining conformers were the anti conformers shown in Figure 2. The conformer
observed in the solid state A1 was calculated to be the lowest energy of these, 0.52 kcal/mol above the global
minimum. Conformers A1, A3 and A4 are all unprecedented twisted anti conformers, whereas A2 is akin to
one proposed!3 and observed0b for known anti-2,11-dithia[3.3]metacyclophanes.

The bridge protons of 3 appear as a sharp singlet at 8 3.70 in the 'H nmr spectrum and no line
broadening is observed at -90 °C. This is consistent with a rapid exchange in the environments of the two
diastereotopic protons on each of the bridge methylene groups via a syn/syn’ and/or anti/anti’ conformational
interconversion. An accidental chemical shift degeneracy may also be in effect. There is no reason to suspect
that 3 exists as anything other than a rapidly equilibrating mixture of conformers, even at low temperature.

Because of the significantly greater distance between the two aromatic rings of 3 (C(13)-C(26) = 4.59 A)
compared to those of syn-1 (distance between internal C atoms = 3.05 A),!! the chemical shifts of the internal
aromatic protons of 3 might not be expected to provide much meaningful information regarding the
conformation in solution. In fact, these appear at 8 7.60, slightly downfield from those of its precursors 5 (§
7.50) and 6 (3 7.52). Any significance attributed to this small downfield shift should be weighed against the
observation that the internal protons of 7 also appear at § 7.60.

In summary, an expedient route to the first of a family of expanded cyclophanes has been developed.
Work aimed at the conversion of 3 into other expanded metacyclophanes as well as the synthesis of other types
of expanded cyclophanes is now in progress.
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