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APPLICATIONS OF HYDROPHOBIC AND LIPOPHOBIC INTERACTIONS IN
ORGANIC SYNTHESIS

Abstract

1. Enhancement of large-ring compounds formation via
molecules self-coiling induced by hydrophobic interactions.

A series of polymethylene bis(2-naphthoates) (N-Mn-N,
n=2, 3, 5, 8, 10) and 9-anthrylmethyl g, g-alkanedioates (A~
Mn—-A, n=3, 6, 10) were synthesized. The photophysical and
photochemical properties of these compounds have been
studied. In aqueocus organic mixed solvents, hydrophobic
interactions force the molecules with long non—-polar chains
to self-coil. This phenomenon has been successfully used to
promote the syntheses of large-ring compounds.

1. The fluorescence spectra of N-Mn—-N in aqueous organic
solvents, such as ethylene glycol-water (EG-Hy0)}, dimethyl
sulfoxide-water (DMSC-H,0) and 1,4-dioxane-water (DX-H,0),
have been investigated. Strong intramolecular force
polymethylene chains to self-coil. Addition of amylose
resulted in the enhancement of moncomer fluorescence and
reduction of the excimer emission, indicating that amylose
forms inclusion complex with N—Mn-—N.

2. Photoirradiation of the dilute solution of N-Mn-N
(5.0x10“5M) in DX-H,0) (@ =0.6, represents the fractioﬁ of
water in the mixed solvents) by using X >280nm light leads to
intramolecular dimerization of 2-naphthoate groups to give

ring-closure products. The yield of the product is 100% based
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on the consumption of starting material. The largest ring
synthesized is 17-membered-ring.

3. The quantum yields of the photodimerization of N-Mn—N
have been measured in different solvents. The quantum yield
in aqueous organic solvents are much greater than those in
polar or non-polar organic solvents. This suggests that the
self-coiling induced by hydrophobic interactions enhances the
tformation of large-ring compounds.

4. The rate of photodimerization at different light
intensities has been measured. The linear relationship
between the rate and the square of the light intensity has
been obtained. This result indicates that the
rhotodimerization is a two photons absorption process.

5. The fluorescence property of A-Mn—-A in aqueous organic
solvents has been studied and the evidence for self-coiling
of A-Mn—A in the solvents have be obtained detected.

6. Irradiation of the dilute solution of A-Mn-A (2.0x10”
°M) in DX-H,0), with A >300nm light results in
intramolecular photodimerization of the anthracene groups,
thus giving macrocyclic compounds. The largest ring
synthesized is 17-membered-ring.

7. In aqueous organic solvents the rate of
rhotodimerization of A-Mn~-A is much greater than those in
polar or non—polar solvents. These results prove further that
self-coiling induced by hydrophobic interactions may be used

to promote formation of large-ring compounds.

II. The effect of aggregation on the stereoselectivity of
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intermolecular photodimerization of 9-substituted anthracene
derivatives

A series of 9-anthrylmethyl alkanoates have been
synthesized. The photophysical behavior of these compounds in
different solvents have been studied. The results indicate
that compounds with long alkyl chains form aggregates in
aqueous organic solvents due to hydrophobic interactions.
Photoirradiation of these solution results in the
dimerization of the anthracene nucleus at 9,10-positions to
form almost exclusively the head-to—head (H-H) dimer.

1. Fluorescence property of 9-anthryimethyl! dodecanoate
(AD) and acetate (AA) has been studied in different solvents.
The results indicate that hydrophobic interaction force the
molecules with long chains to form aggregates in aqueous
organic solvents. This enhances the formation of
intermolecular excimer. The critical solvent composition (C@)
for aggregate formation and the critical aggregation
concentration (CAC) of AD in different aqueous organic
solvents have been measured.

2. The effects of long chain alkanes and amylose on the
fluorescence of AD in aqueous organic solvents have been
studied. The excimer emissions decreased and the monomer
fluorescence is increased as long chain alkane was added to
the solution. This result suggests that  AD and long chain
alkane form co-aggregate. Addition of amylose to the solution
results in the enhancement of monomer emission and reduction
in the excimer emission. This is due to the fact that amylose

forms an inclusion complex with AD and prevents the two
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anthryl groups from appreoaching each other.

3. Photoirradiation of the dilute solution of AD
(5.0x107°M) in DX-H,0 (# =0.7) with A >300nm light leads to
the intermolecular photodimerization of the anthryls to give
a H-H dimer as the main product. The ratio of H-H photodimer
to the head-to—tail photodimer (H-T) is 6:1. This is contrary
toe that in organic solvents (H-H:H-T = 1:4). This result
illustrated that aggregation changed the stereoselectivity
of the photodimerization of 9-substituted anthracene.

4. The <quantum yields of the intermolecular
rphotodimerization of AD in different scolvents have been
measured. The quantum yield in DX-H,0(# = 0.7) at low
concentration (5.0x107°M) is much greater than that in
benzene even the later solution has a greater concentration
(3.0x107°M). When the dilute solution in benzene (<1074M) was
irradiated, no reaction could be detected. These results
illustrate that aggregation can promote the photodimerization

of 9-substituted anthracene with high efficiency.

111. Enhancement of cross photoaddition between anthryl and
naphthyl via lipophobic interactions.

The compound of 1-(l1-naphthyl)-14-(9-anthryl)
1,4,7,10, 13-pentaoxotetradecane (N-P4—4A) had ©Dbeen
synthesized. The intramolecular energy transfer form naphthyl
group to anthryl group in different solvents were studied. In
non-polar solvents (cyclohexane) the molecules were self-
coiling due to the lipophobic interactions and the end groups

were approached each other. The cross photoaddition product

<10
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was obtained via the self-coiling of the molecules.

1. The intramolecular energy transfer from naphthyl to
anthryl of N—P4-A in THF, methanol and cyclohexane has been
detected. The efficiency of the energy transfer in
cyclohexane is higher than that in THF and methanol. This
indicates that in cyclohexane the long polar chains self-
coil, driven by lipophobic interactions, thus the end groups
approach each other.

2. Photoirradiation of the dilute solution of N-P4-A
(1.0x107%M) in cyclohexane with % >280nm light gives the
intramolecular cross photeocaddition product of naphthyl! and
anthryl in addition to the intermolecular photodimer of th
anthryl groups. On the other hand, when the solution 1is
irradiated with ) >300nm, no cross photoaddition is detected,
instead., the product of intermolecular photoaddition of
anthryl groups is obtained. This suggests that the cross
photoaddition reaction is via the excited naphthyl with
ground state anthryl group, not via excited anthryl with
ground naphthy! group. In THF we irradiated the solution with

A>280nm light, only intermolecular addition product of anthryl
groups was detected. Thus, the intramolecular cross
rhotoaddition in cyclohexane is attributed to self-coiling

induced by lipophobic interactions.

IV. Orientation effect of calixane on photodimerization of
anthryls and the energy transfer from calixane to Eu3+.
p—(t-Butyl calix[4lane)-1, 3-alternate di-9-anthranoate

has been synthesized. Photoirradiation of this compound gives

11
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exclusively the H-H dimer of the anthracene nucleus. The

energy transfer from a series of calixane to Eu3+

has been
studied and the complex formation between calixane and Eu3*
was discussed.

1. p—(t-butyl calix[4]ane)-1, 3-alternate di-9-anthranoate
has been synthesized. The l1UNMR shows the two anthryl groups
are connected at lower rim symmetrically and the molecule is
in a cone conformation. The solution of this compound
(I‘OxIO_SM) in diethyl ether were irradiated by )\ >300nm
light. The photodimerization of anthryl groups gives only H-H
photodimer with 100% yield.

2. The energy transfer from a series of calixane to Eu-'
has been studied. The results indicate that the calixane with
hydroxyl groups at lower rim could complex Eu3t efficiently.
The complexation of calix{8lane is more efficient than
calix[4]lane and calix[6]lane. When the hydroxyl groups at
lower rim were substituted by ester groups in calix[4]ane,
there was no energy transfer from calixane to Eu>T. For
calix[8]ane, although eight hydroxyl groups at lower rim were
substituted by esters, the luminescence of Eud' can still be
detected. This suggests that the space size of the lower rim

and the electric negative of the oxygen atom are important

factors for the formation the complex of calixane with Eu>".
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