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New methodology is described to construct the olefinic
bond in overcrowded alkenes using a hypervalent iodine
reagent, and applied in the synthesis of molecular motors.

The design of nanomechanical devices via a bottom-up ap-
proach, elegantly illustrated in the recent examples of molecular
machines,1 demands for new synthetic methodology to construct
such complex molecular systems. Accordingly, we have focused
on the development of molecular switches and motors based
on sterically overcrowded alkenes.2 Besides the challenge to
synthesize these highly overcrowded alkenes, control of steric
hindrance at the central olefinic bond is a crucial parameter for
the motor function. A key feature of the light-driven molecular
motors is that they are capable of repeated unidirectional
rotation around their central double bond functioning as the
axis of rotation. This rotation takes place in four steps as two
photoisomerization steps are each followed by a thermal helix
inversion step.3 However, in the so-called first generation of this
type of molecules the rate determining thermal isomerization
steps are slow at room temperature. The replacement of the
two six-membered rings of the original molecular motor by
two five-membered rings in 1 led to a significant increase of
the speed of rotation due to a decrease in steric hindrance.4

In this paper we present new methodology to prepare sterically
overcrowded alkenes 2, with distinct upper and lower halves and
which contain in the upper half a five-membered ring bearing the
stereocentre needed to control the direction of rotation (Fig. 1).

Fig. 1 Molecular motors 1 and 2 containing either one or two
five-membered rings with a stereocentre.

Where most olefination reactions fail to provide such severely
hindered molecules we rely on the diazo–thioketone coupling,
more commonly referred to as the Barton–Kellogg5,6 reaction,
to prepare sterically overcrowded alkenes. The reaction was
introduced in 1920 by Staudinger7 and intensively used in
the group of Schönberg.8 The power of this method is that
steric strain is gradually introduced into the molecule in a
two fold extrusion process.9 In the first step of the reaction,
a diazo compound and a thioketone react in a 1,3-dipolar
cycloaddition in which a thiadiazoline is formed. In most cases
this thiadiazoline is thermally unstable and rapidly eliminates
nitrogen to form an episulfide. Extrusion of the remaining sulfur

† Electronic supplementary information (ESI) available: experimental
procedures for compounds 4, 7f, 8a–g, and 2a–g; crystal data for 8a. See
http://www.rsc.org/suppdata/ob/b4/b414959a/

atom is then performed by reaction with copper powder or
triphenylphosphine to yield the desired alkene. It was established
that the elimination of nitrogen in the thiadiazoline was followed
by a conrotatory ring closure to form the corresponding
episulfide.6

Apart from the effectiveness in olefin formation due to the
gradual build-up of steric hindrance in the molecule, a major
advantage of the reaction is the selective coupling of two non-
identical halves which is not easily accomplished with, for
example, the McMurry reaction. Of major importance for the
development of functionalized molecular motors and switches
is the tolerance of the olefination reaction towards a variety of
functional groups.10

However, the diazo–thioketone coupling method for the
preparation of target structures 2, starting from hydrazone 4 and
thioketones 7, failed to provide any of the desired episulfides
8 (Scheme 1). We found that the approach we commonly
use for similar compounds employing silver(I) oxide as the
oxidant was not successful.11,12 This prompted an investigation
of other oxidizing agents. Based on earlier investigations, the
use of hypervalent iodine compounds13 such as 5 seemed to
be particularly promising.14 Only recently, similar hypervalent
iodine reagents have attracted conderable interest in a number
of synthetic applications.15 Indeed, reaction at low temperature
(−50 ◦C) in DMF resulted in formation of the diazo compound
6, as was deduced from the slightly red color of the solution.
Upon addition of thioxanthone 7a (Y = O), the evolution
of nitrogen gas was observed and after workup episulfide 8a
(Y = O) was obtained in good yield. To extend the scope of
the reaction and to test the applicability of reagent 5, various
thioketones 7a–g were used in the coupling reaction. Moderate

Scheme 1 The modified diazo–thioketone coupling for the synthesis of
overcrowded alkenes.D
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Table 1 Episulfides 8a–g and alkenes 2a–g

Y R 8 Yield (%)a 2 Yield (%)a

O H a 63 a 87
S H b 58 b 87
C(CH3)2 H c 79 c 90
CH=CH H d 44 d 81
— H e 48 e 81
O OMe f 89 f 82
S NO2 g 63 g 87

a Isolated yields, see ref. 17.

to excellent yields were obtained for the various episulfides, as
depicted in Table 1.

Desulfurization of the episulfides 8 was performed preferably
by reaction with excess triphenylphosphine in refluxing p-xylene.
Although the desulfurization of episulfide 8a could be performed
with copper powder, removal of the side products could only
be achieved with considerable effort. Much more convenient
was the use of triphenylphosphine, which cleanly converted
the episulfides 8a–g to the corresponding alkenes. In case of
alkenes 2a, 2b, 2c and 2d it was impossible to separate the
excess triphenylphosphine by column chromatography. In order
to facilitate the purification of these alkenes, this crude reaction
mixture was stirred overnight in the presence of excess methyl
iodide in p-xylene. Despite the additional reaction with methyl
iodide, the reaction sequence was efficient and the conversion
of the episulfides to the corresponding alkenes proceeded in
all cases in yields exceeding 80%. Surprisingly, the episulfides
8a–8d were obtained as single isomers. To determine the actual
structure of the isomer obtained in the stereoselective diazo–
thioketone coupling, crystals suitable for X-ray crystallographic
analysis were grown by slow diffusion of acetonitrile into a
solution of 8a in chloroform (Fig. 1 and Fig. 2).16

Fig. 2 PLUTO drawing of episulfide 8a.

It is evident from the structure shown that the methyl
substituent and the naphthalene moiety are oriented in the same
direction in order to diminish the steric strain in the molecule.
Although the syn-orientation of the sulfur atom with respect
to the methyl substituent might be surprising, this is a direct
consequence of the reaction mechanism shown in Scheme 2.

In the first step of the reaction sequence (Scheme 2), the diazo
compound 6 reacts in a 1,3-dipolar cycloaddition with thioke-
tone 7a. Although there could be a stereochemical preference
in this reaction it is anticipated that two isomeric thiadiazolines
9 are formed. These thiadiazolines are thermally unstable and
even at low temperatures nitrogen evolution is observed, to form
a thiocarbonyl ylide 10. Since the methyl substituent blocks
ring closure on one side of the molecule of the essentially flat
thiocarbonyl ylide moiety, a single isomer of episulfide 8a is
formed.

Although further optimization of the reaction conditions
might be achieved, these results represent a major advance in

Scheme 2 Reaction of diazo compound 6 and thioketone 7a to form
episulfide 8a via the intermediacy of thiadiazoline 9 and thiocarbonyl
ylide 10.

the synthesis of overcrowded alkenes and molecular motors.
There are two important advantages of this procedure over the
McMurry reaction. First of all, this procedure allows selective
coupling of different upper and lower halves without formation
of homocoupled products. This is not only more efficient from
a synthetic point of view, but also facilitates purification of the
desired products. Secondly, many substituted thioketones are
available, which allows selective functionalization of the desired
motor molecules with substituents that would not have been
tolerated by the McMurry reaction. In conclusion, this new
method not only allows the synthesis of new molecular motors,
but is also highly efficient in the construction of severely hindered
non-symmetric alkenes.
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