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Members of a new family of macrocycles have been synthesized in one step, from simple building blocks, by sequential Claisen—Schmidt

condensations.

Claisen—Schmidt condensations proceed under either acidpotentially competing processes, including self-condensation
or base catalysis, at moderate temperature, in high atomof the cycloalkanone and Cannizzaro or Tischenko reactions

economy and with water as the sole byproduétChemo-
selectivity is also high? It was first reported in 1925 that
arylaldehydes and cycloalkanones afford predominanth+
bisarylidenecycloalkanones instead afmonoarylidene-
cycloalkanone$.Subsequent workers have found that this

of aryl aldehydes, are negligiblé. Reported yields have
typically been 75% or higher. These attributes suggest that
Claisen—Schmidt condensations could be well-suited for
green chemistry.

In that regard, the selection of appropriate starting materi-

applies even when the ratio of starting ketone to aldehyde isals for new products and processes also is important.

greater than 1:3 The orientation of exocyclic bonds gener-
ated is exclusivelytrans with respect to the aryl ring and
the carbonyl group of the cycloalkanohRelative rates for

(1) Nielsen, A. T.; Houlihan, W. JOrg. React. (N.Y.1968,16, 1.

(2) Heathcock, C. H. l€omprehensive Organic Synthed#eming, |.,
Ed.; Pergamon Press: Oxford, 1991; p 133.

(3) Levai, A. ARKIVOC 2004, vii, 15, http://arkat-usa.org/ark/journal/
2004/Antus/SA-894B/894B.asp

(4) Garland, C. E.; Reid, E. B. Am. Chem. S0d.925,47, 2333.

(5) For example, see: (a) Li, J.-T.; Chen, G.-F.; Wang, J.-X.; Li, T.-S.
Synth. Commurl999,29, 965. (b) Zheng, M.; Wang, L.; Shao, J.; Zhong,
Q. Synth. Commurl997,27, 351. (c) Nivalkar, K. R.; Mudaliar, C. D.;
Mashraqui, S. HJ. Chem. Res., Synop992, 98.

(6) (&) Smith, P. J., Dimmock, J. R.; Turner, W.@an. J. Chem1973,
51, 1, 1458. (b) Hassner, A.; Mead, T. Tetrahedronl964,20, 2201. (c)
Huitric, A. C.; Kumler, W. D.J. Am. Chem. S0d.956,78, 614.

10.1021/0l048922k CCC: $27.50
Published on Web 08/24/2004

© 2004 American Chemical Society

Salicylaldehyde is naturally occurring and is produced in high
atom economy by methods including formylation of phéhol
and oxidation ob-cresolf® Cyclohexanone (a key component
in this work) is manufactured in high tonnages, predomi-
nantly as a synthetic precursor to caprolactam for nylon
manufacture. It has low toxicity and can be prepared by aerial
oxidation of cyclohexarf&in a process that has seen recent
improvements.
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These aspects of the ClaiseBchmidt condensation and the flexible connector. When the tethering unit contained
green chemistry have been exploited in this work, to produce seven or more atoms (excluding the oxygen atoms attached
members of a new family of macrocycles in a single step as to the aryl rings), cyclization occurred through sequential
shown in Scheme . Starting dialdehydes were prepared, inter- and intramolecular Claisen—Schmidt condensations,

at positionsa to the carbonyl group (Scheme 1). In cases
s where the tethering unit contained fewer than seven atoms,
Scheme 1. Synthesis of Macrocycles by Sequential it was too short to e_nable intramolecular cyclization of one
Claisen—Schmidt Condensatiéns flexible connector with one cycloalkanone. Consequently, a
macrocyclic ring made up from two cycloalkanone moieties

/R\ .

o O O o o° O condensed with two connectors resulted, through four
cHO o / 4 ) 4 sequential Claisen—Schmidt condensations, the first three
o NaOH being intermolecular and the final one being intramolecular.
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0 2 The syntheses resulted from the propensity for Claisen
CHO \ 4 \ / Schmidt condensations to proceed predictably and with high
) oD
1 2

©/ chemo-, stereo-, and regioselectivity, as mentioned above.
The one-step process delivered 19- to 32-membered mac-
a1l is favored whenR = 7 atoms and2 predominates when

rocyclic rings for the examples presented in Table 1. In that
shortr flexible linkers are employed. .

Table 1. Macrocycles Prepared by Sequential
Claisen—Schmidt Condensations

in each case by linking two salicylaldehyde molecules, their

derivatives or analogues, with flexible linear tethers. Pub- yield (%)
lished routes to such compounds (referred to herein as R 1 2
flexible connectors) employed Williamson etherification ~(CH2)e- a 22
conditions that required long reaction times (several days at  -CHy(CH,OCH,),CHa- b 55

high temperatures},and/or the use of activating groups such -(CH2)2- c 34
as tosylates, and the toxic base HMEAypically, literature -(CH2)20(CHa)2- d 25

yields were low to moderate. Our preparations of flexible
connectors also employed Williamson etherification. In this _ _
work, improved conditions were obtained for etherification, regard, the apparently low to moderate yields obtained
through the use of microwave heating at 220 At worst, already compare faVOfably with those for other macrocylic
comparable, but more usually, improved yields compared fing-forming processes that may employ more stéphe
to those reported previously were obtained within 6 min on Major byproducts obtained were mixtures of open-chain
a multigram scale. oligomers of molecular weight higher than that of the
Nonetheless, Williamson etherification is not environmen- Macrocycles. Variables including the nature and quantity of
tally benign, owing to stoichiometric amounts of salt formed Catalysts and solvent employed, absolute and relative con-
for each ether linkage. Although progress has been made incentration of reactants, reaction time, and the possibility of
some areas of etherificatiéh,including from within our ~ tmplating could influence the yields, which have not yet
laboratoried? the need for universally applicable “green” beer_l fL!IIy optimized. Investigations into those aspects are
methods to supersede the Williamson methodology remainscontinuing. _ _
a major synthetic challenge. Single crystal structures for members of this family of

Efficient preparations of the present macrocycles dependedacrocycles were obtainédl. Macrocycles 1a and 1b,

upon a-monoarylidenecycloalkanones being more reactive
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in the presence of base. The products of the reactions weres;3, ynique reflections measured, 2424 20(l), Rindices [1> 20(1)] Ry

highly dependent on the length of the tethering unit within = 8.8627.WR2 = 0.1200, GoF orF? = 0.901 for 280 refined parameters
and O restraints.
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283. F2 = 0.951 for 248 refined parameters and 4 restraints
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Figure 1. Molecular structures and numbering for (g, an octylene-linked macrocycle; (bp, a polyether-linked macrocycle; (c) side
view of 1b, and (d)2c, formed by four sequential Claisen-Schmidt condensations and containing disordered mixed solyéit &Gt

CHCl,) of crystallization. Atoms of the asymmetric unit are depicted as ellipsoids at the 50% probability level (disordered solvent molecules

have sof= 0.25 and 0.375 for CECN and CHCI,, respectively) and hydrogen atoms have been omitted for clarity.

resulting from condensation of cyclohexanone with dialde- flexible tether hinge to provide a bent host compound that
hydes containing tethers composed of eight atoms, areincorporated solvent molecules in the porous channel-type
illustrated in Figure 1a and 1b, respectively. Compotitbd  structure formed by stacked hosts, Figure 2. In this example,
exhibited a slightly curved three-dimensional flattened-bow! crystallized from a mixture of acetonitrile and dichlo-
structure (see side view in Figure 1c). Dimeric macrocycle romethane, disordered solvent molecules in the 2ti€H;-

2c, resulting from the condensation of two cyclohexanone CN:CH,CI, 2:1:1.5 occupied the channels and diffused out
molecules and two dialdehyde linkers, was approximately readily upon removal of the crystals from the mother liquor.
square in projection (Figure 1d) and folded at the §GH Studies on the hostguest behavior of macrocyclic
compoundd and2, belonging to the family presented herein,
will be discussed elsewhere. Importantly, as demonstrated
in the following manuscript] and2 are chameleon-like and
can be converted readily by green chemical processes into
members of distinctly different classes. Depending upon the
transformations conducted, the physical and chemical prop-
erties of the new products can differ extensively from those
of the present compounds.
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Figure 2. Packing diagram of 2c-:CH,CN-1.5(CHCl,) viewed Internet at http://pubs.acs.org.
down (010). Channels accommodate a mixture of guests.
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