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Phosphatidylcholines and their analogs, the functional building
block of the membrane, are recently found to mediate multiple
physiological processes and exhibit a broad range of desirable
pharmacological effects, which involve hydrophobic lipophilic
interactions (HLI) between the phospholipid and the cell mem-
brane. The HLI behavior of phosphatidylcholines (Lrn) and
their analogues 1, 2-diacyl-sn -glycerol-3-phosphoric acid bro-
moethyl ester (Pn), have been investigated in MeOH-H,O bi-
nary systems of different volume fractions (designated as @) of
the organic component, by employing a-nephthylethyl lauryl
ether (Np-12) as fluorescent probe. A very interesting observa-
tion is that the Ln possesses double character, i.e., it behaves
both as an aggregator and as a deaggregator. The effects of the
structure and the environment on the coaggregation and deag-
gregation are also discussed.

Keywords phosphatidylcholine, hydrophobic lipophilic interac-
tions (HLI), aggregation, deaggregation

Introduction

The growing interest in the activity-structure relation-
ship of phospholipid is based on its diverse biological ac-
tivities. More and more studies reveal that the phospho-
lipid and their analogs exhibit a broad range of desirable
pharmacological effects and represent a new class of mem-
brane-directed antitumor,’ antiviral> and antifungal’® a-
gents. Although the exact mechanism (s) for these activi-
ties is not well understood, these agents are membrane-in-
teractive and may function by fluidization of cell mem-
branes.* It is well known that phospholipid is the building
block of cellular membranes in virtually all living organ-
isms, and it is the amphiphilic structures of phospholipid
that determine .their biological roles and the function of
membrane. > Therefore studies on the hydrophobic inter-
actions of phospholipids and their molecular assembly be-
havior might provide some insights into the mechanism of
their membrane-directing activities.

On the other hand, the phenomenon of aggregation is
a prerequisite for the development of life and the ability of
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cell to function.>’” We have made intensive study on aggre-
gation, coaggregation and self-coiling of organic molecules
brought by hydrophobic lipophilic interactions (abbreviated
as HLI),? especially for neutral molecules’™ and molecules
carrying a unit positive or negative charge.? It has been re-
cently found that the inherent coaggregating tendencies of
organic molecules, e.g., cholesteryl esters and trigly-
cerides, might be directly related to their behaviors in
causing atherosclerosis.”® For instances, coaggregating
tendencies of cholesteryl oleate and linoleate have been
measured to be much larger than that of the stereate,?
which probably provides a reasonable answer to the ques-
tion why cholesteryl oleate and linoleate are the major com-

ponents of the arterial plaque.!® Since the atherosclerotic

plaque might be looked upon as a precipitated coaggre-
gate, an extremely effective yet nontoxic deaggregaor
(deAgr.), which tends to break up simple aggregates,
might turn out to be useful in preventing or even curing
atherosclerosis. Some effective neutral deaggregators,
e.g., n-dedocyl-a-D-glucopyranoside, 17, 21-dioxa-19-
heptatriacontanyl-3-maltoside, have recently been reported
by our group.!! What would be the aggregation behavior of
phospholipid, one of the main components of plasma
lipoproteins and traditional treating agents for the
atherosclerosis 712 It would be interesting to see if these am-
phiphilic molecules with zwitterions possess some novel or -
unexpected properties

Hence we are intrigued to investigate the HLI of phos-
phatidylcholine, the most abundant phospholipid, and
their analogs. In this paper, we report our study on the co-
aggregating tendencies and deaggregating abilities of the
phosphatidylcholine (Lns, n stands the number of carbon
atoms in the side chain) and their analogs 1,2-diacyl-sn-
glycerol-3-phosphoric acid bromoethyl ester (Pns) in
MeOH-H;0 binary systems of different @ values, i. e.,
the volume fraction of the organic component of the
aquiorgano mixture, by employing nephthylethyl lauryl
ether (Np-12) as the fluorescent probe.
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Results and discussion

Formation of aggregate in aqueous or aquiorgano sol-
vents from organic molecules with a long hydrocarbon
chain is almost solely driven by HLI; thus aggregates may
serve as one of the simplest models for such studies.

Aggregation can affect the chemical reactivity or the
spectroscopic behavior of the studied molecules (e.g.,
kinetic or fluorescent probes) .'>1 Critical aggregate con-
centration (CAgC), i.e., the molar concentration (a
narrow region) of an organic species (a substrate or
probe) at onset of aggregation, is one of the most useful
and powerful concepts for studying and understanding in-
termolecular aggregation. It is probably the most reliable

quantitative measure for evaluating the aggregating tenden- -

cies of the aggregators (Agr) .” The methodology for evalu-
ating CAgC values from log k (rate constants of hydroly-
sis) or the I./I,(the ratio of the excimer and monomer
fluorescence emission intensity) vs. initial probe concen-
tration plots has been well established and thoroughly test-
ed in recent years.% !%:16 The results of fluorescence exper-
iments are very consistent with the kinetic measurements.

The solvent aggregating power (SAgP) is an impor-
tant factor which affects the aggregating tendency of the or-
ganic molecules, and it has been well proved that the 2]
values are the direct measure of SAgP.” Two solvent sys-
tems with different SAgP are selected in our present re-
search, i.e., MeOH-H,0 with @ = 0.45 and @ =0.50
at 25 C.

Fluorescent studies on coaggregation
Fluorescence spectroscopy is a useful tool for evaluat-

ing the coaggregating tendencies of organic molecules
which possess fluorophores. In an aggregating media, ag-

gregation of long chain fluorescent probe molecules may
bring the chromophores close enough to form excimers . 14
In this work, the naphthylethyl lauryl ether (Np-12) was
chosen as the fluorescent probe. The aggregation behavior
of Np-12 in MeOH-H,0 system was first investigated in
this work. Fig. 1 shows the concentration effect of Np-12
on its fluorescence spectra in the @ = 0.45 MeOH-H,0
system at 25 “C and a plot of I/ Iy, vs. [Np-12] is given
in Fig. 2, where I, and I, represent the fluorescence e-
mission intensity of the Np-12 monomer and excimer re-
spectively. The CAgC of Np-12 is obtained from the
breaking point of the plot of I./Iy vs. [Np-12], i.e.,
2.0 x 10~%mol/L under this condition. It is generally ac-
cepted that below CAgC, the Agr exists in its monomeric
form. In this region, its fluorescent behavior is indepen-
dent of its initial concentration. But in the presence of a
target molecules, e. g., Lns or Pns, which possess a
long hydrocarbon chain, the fluorescent behavior of the
probe will be changed rather abruptly just at the coaggre-
gation occurring as the concentration of target molecules
species becomes large enough. The critical coaggregate
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Fig. 1 Fluorescence spectra of Np-12 at different concentrations
in the @ =0.45 MeOH-H,0 system at 25 C, A, =280

nm, [Np-12] (10°¢ mol/L): a, 0.5; b, 1.0;
¢, 1.5;d, 2.05 e, 2.5; f, 3.0; g, 3.5; h, 4.5.
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Fig. 2 Plot of I,/I,vs. [Np-12] in the @ = 0.45 MeOH-H,0
system at 25 C. Values of I./I,, are given in Fig. 1.
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concentration ( CoCAgC) values of the target molecule
with the probe can be obtained by using the plots above-
mentioned, and it is used to evaluate the coaggregating
tendency of the target molecules in the present work .

In the study of coaggregation of target molecules with
Np-12, the concentration of Np-12 was kept lower than its
CAgC value so that the Np-12 molecules were in the
monomeric state. The coaggregating abilities of Lns and
Pns with the monomeric Np-12 were studied in the @ =
0.45 MeOH-H,0 system at 25 C and shown in Figs. 3
and 4 for L16 and P16, respectively. When Np-12
molecules exist in the monomeric form just by itself, it
gives only monomeric emission at 337 nm, but when the
Np-12 concentration increases or when Lns or Pns are
added untill aggregation or coaggregation occurs, the in-
tensity of the monomeric emission decreases while the ex-
cimer emission at 420 nm appears and increases (Figs. 3
and 4). From the plots of I/, vs. [Lns] or [Pns],
the coaggregating ability of target molecules could be eval-
uated in terms of CoCAgC values. Since plotting CoCAgC
values vs. [Np-12] gave a good straight line, the CAgC
values of Lns or Pns themselves could be obtained by
means of extrapolation to [ Np-12] = 0.5 The results are
summarized in Table 1.

As shown in Table 1, both Lns and Pns can form
coaggregates with monomeric Np-12. The orders of de-
creasing coaggregating tendencies are: L12 > L.16 > L8,
P12 ~P16> P8, P12>L12, P16 > L16.

The results of fluorescence experiments can be under-
stood in terms of the following effects, i.e., chain-length
effect' and chain-foldability effect.”® In general, the or-
ganic molecule with longer hydrocarbon chain possesses
larger coaggregating tendency, however, the hydrocarbon
chain with more than 10—12 CH, moieties tends to fold on
itself so that its HLI could be partially self-satisfied, thus
L16 has less coaggregating tendency than that of the short-
er L12. Furthermore, the probe molecule Np-12 possesses
a 12-carbon chain, and if there was a “chain-length mat-
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Fig. 3 Effect of L16 concentration on the fluorescence spectra
of monomeric Np-12 in the @ = 0.45 MeOH-H,0 ays-
temat 25 C, Ae =280 nm, [Np-12] =1.2 x 10~
mol/L , [L16] (10-%mol/L): a, 0; b, 0.6; c, 1.2;
d, 1.8;e,3.0;f,4.2; g, 5.4; h, 7.2; i, 9.6.
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Fig. 4 Effect of P16 concentration on the fluorescence spectra
of monomeric Np-12 in the @ = 0.45 MeOH-H,0 sys-
tem at 25 C, A, =280 nm, [Np-12] = 1.0 x 10~
mol/L , [P16] (10-®mol/L): a, 0; b, 0.4; ¢, 0.8;
d, 1.25 ¢, 1.6; f, 2.5; g, 4.0; h, 8.0; i, 15.0.

Table 1 CoCAgC and CAgC values of Lns and Prns at constant
concentration of Np-1°

(Np-12] CoCAgC (1076 mol/L)¢
(10"°mol/L) 1§ 12 116 P8 P12 Pl6
0.0b 1.1 2.95 8.05 41.0 1.13 1.36

0.4 8.40 2.35 6.45

0.5 1.0 1.1
0.8 6.90 1.70 4.50 1.1 0.75
1.0 1.1 0.75
1.2 3.60 1.66 2.55

1.4 13.0

1.5 ' 0.68 0.50
1.6 1.80 0.57 1.30 9.0

1.8 5.0

1.9 ' 0.5 0.3

¢In @ =0.45 MeOH-H,0 system at 25 C. ® CAgC values of Lns
or Pns are obtained by extrapolation to [Np-12] = 0.13. ¢ Experi-
mental uncertainty +5%.

ching effect ”, it might possibly lead to preferential coag-
gregation with the same chain-length molecules, e.g.,
L12 or P12. The difference of coaggregating tendencies
between Lns and Pns with the same chain length clearly
indicates that the zwitterionic charges of Lns reduce the
coaggregating tendency.

In order to investigate the effect of SAgP on the ag-
gregating tendencies of Lns, we have studied the coaggre-
gating between Np-12 and Lns in a system with weaker
SAgP, i.e., MeOH-H,0 system with @ = 0.50 at 25
%C. The concentration of L8, L12 and L16 were kept at
constant, i.e., 9.0x 10~ %mol/L, and we measured the
CoCAgC values of Np-12 with Lns of different chain
length by plotting 1./, vs. [Np-12]. As shown in Table
2, in the MeOH-H;0 system with @ =0.50 at 25 C, the
CoCAgC values of Np-12 with Lns of fixed concentration
are all larger than the CAgC value of Np-12, showing that
the Lns actually retards the aggregation of the Np-12 mole-
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Table 2 CAgC and CoCAgC values of Np-12 at constant concentration of Lns®

/1,
Ln CoAgC of
(10-[6 mc]>l/L) [Np-12] (107¢ mol/L) Np-12 (1og~(g mol/L)*
1.0 2.0 3.0 3.5 50 7.0 9.0 11.0 12.0 13.0 14.0 15.0

[18]=9.0 0.035 0.351 0.041 0.044 0.078 0.140 0.195 0.282 5.48
[L12]=9.0 0.034 0.029 0.033 0.044 0.078 0.135 0.225 0.304 5.55
[L16]=9.0 0.055 0.045 0.041 0.058 0.090 0.150 0.236 0.315 5.70
[La]l=0  0.06 0.05 0.07 0.12 0.17 0.23 0.28 0.330 5.00°

% In @ =0.50 MeOH-H,0 system at 25 °C. ® CAgC values of Np-12. ° Experimental uncertainty +4% .

cules. In other words, the Lns exhibited the character of
the deaggregator

Previously we have proposed and demonstrated the
existence of the electrostatically stabilized aggregate
(ESAg)® made up of oppositely charged long-chain
molecules with 8—12 CH; groups in the concentration do-
main of 10-7—10"3mol/L. The question now is, since
Lns bear zwitterionic charges, is there any such ESAg
species formed when the probe is electrically charged? In
order to answer this question, w-[ 2-( a-naphthyl )-
ethoxyl]-decyltrimethylammonium bromide (FP* ) and
sodium w-[ 2-( a-naphthyl) ethoxyl ]-undecanoate (FP~)
were employed as cationic and anionic fluorescent probes
respectively. We studied the effect of Lns on the fluores-
cent spectra of FP* and FP~. No coaggregation was ob-
served within the limit of Lns solubility and instrument de-
tectability. This indicates that the Lns behave as neutral
molecules even though they are zwitterionic in nature.

Fluorescent studies on deaggregation

In previous section we have demonstrated that the
phospholipids and their analogues (Lns and Pns) are ag-
gregators which can coaggregate with the monomeric probe
molecules that possess a long hydrocarbon chain, mean-
while we observed that Lns can reduce (retard) the forma-
tion of Np-12 aggregate in a system with weaker SAgP.
Since Lns and their analogues Pns either bear the electric
charge or the hydrophilic hydroxyl group, they might act as
deaggregators, which can break up or reduce the size of
the aggregate or the coaggregate. Thus the interaction be-
tween Lns and Pns of different chain lengths with an ag-
gregate were investigated by means of fluorescence spec-
troscopy .

As mentioned previously, the CAgC values for NP-12
as a fluorescent probe is 2.0 x 107% mol/L, in the @ =
0.45 MeOH-H,0 system at 25 “C. Therefore, the concen-
tration of Np-12 was chosen to be larger than its CAgC val-
ues, i.e., the NP-12 molecules in this system were in
aggregated form, in order to study the deaggregating abili-
ties of Lns and Pns.

Fig. S illustrates the fluorescence spectra of partly ag-
gregated Np-12 ([Np-12]=1.5x 1073 mol/L) in the ab-
sence and presence of graded concentrations of L16 in the
@ =0.45 MeOH-H,0 system at 25 °C. When L16 was ad-
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Fig. 5 Effect of P16 concentration on the fluorescence spectra
of aggregated Np-12 in the @ = 0.45 MeOH-H,0 sys-
tem at 25 °C, A = 280 nm, [Np-12] = 15.0 x 10-6
mol/L , [P16] (10~ %mol/L): a, 0; b, 1.2; ¢, 3.0;
d, 5.4; e, 7.8; f, 10.2; g, 13.2; h, 16.2; i,
19.2; 5, 24.0.

ded to the aggregated Np-12 solution, the excimer emis-
sion decreases and the monomer emission increases. These
results indicate that the aggregated Np-12 has been broken
up by the added L16, which acts as a deaggrgator, and
monomeric Np-12 was released into the bulk of the sol-
vent. The corresponding intensity values of monomer and
excimer emission of Np-12 are given in Table 3. If we plot
the I./I,vs. [L16] (Fig. 6), the slope p of the straight
line may be used as an indicator of the deaggragating abili-
ty of 116, as well as that of L12 or L8, because both be-
have similarly to L16. The results are summarized in Table
4, in which larger p values reflect greater deaggregating
abilities. Examination of Table 4 reveals that: (1) the or-
der of decreasing deaggregating ability is: L16 > 1.8 >
L12; and (2) the greater the degree of the probe (Np-12)

- aggregation, i.e., the greater the concentration of Np-

12, the more obvious effect of deAgr’s (Lns) on the ag-
gregated Np-12; (3) another interesting observation is that
the deaggregating ability of L12 is the smallest among
Lns, less than that of the longer chained L16, even less
than that of the shorter chained L8. However, no deaggre-

gation was observed in the case of Pns, the analogues of
Lns (Fig. 7).
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Table 3 Intensity values of monomer and excimer emission of Np-12 at different concentrations of L16 in & = 0.45 MeOH-H,0 system at 25

°C, [Np-12]=1.5x 10~ mol/L.

[L16] (10~ mol/L)

0 1.2 3.0 5.4 7.8 10.2 13.2 16.2 19.2 24.0
I37.9 676.89 680.50 684.12 691.35 709.43 723.90 749.21 763.67 788.98 825.14
I ALY 478.02 452.70 449.09 445.47 441.86 431.01 427.39 423.78 416.55 412.93
I/1, 0.71 0.67 0.66 0.64 0.62 0.60 0.57 0.55 0.53 0.50
p(103mol"'L)“ 8.28 (r=0.9901)
¢ Obtained by linear regression of I./I,vs. [L16].
Table 4 Deaggregating abilities of Lns in terms of o values at different fixed concentrations of Np-12¢
[Np-12] (10~% mol/L)
Lns
2.0 4.0 6.0 10.0 15.0 20.0 30.0
L8 2.09 4.91 5.13 5.29 7.81 10.52
08 (10° mol~1-L) L12 1.29 3.84 4.10 4.36 4.55 7.01
L16 4.96 5.87 7.70 7.97 8.30 10.45 13.69

¢ In @ =0.45 MeOH-H,0 system at 25 °C. ° Obtained by linear regression of 1,/I, vs. [Lns].
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Fig. 7 Effect of P12 concentration on the fluorescence specira

of aggregated Np-12 in the & = 0.45 MeOH-H,0 sys-
tem at 25 C, Ae, =280 nm, [Np-12] = 15.0 x 106
mol/L , [P12] (10-5mol/L): a, 0; b, 0.3; ¢, 0.6;
d, 095, 1.2; f, 1.5; g, 2.0; h, 3.0.

On the other hand, we have compared the deaggregat-
ing abilities of Lns in a system with weaker SAgP, i.e.,
@ =0.50 MeOH-H,0 system at 25 °C. Table 5 shows the
deaggregating slopes (o) of Lns on the aggregate of Np-
12. The deaggregating abilities of Lns greatly decrease
with decreasing SAgP. It is known that increasing SAgP
will increase the aggregating ability of Agr'® and the degree
of aggregation of the aggregate. Possibly, the decrease of
the deaggregating ability of Lns might result from the de-
crease of both the degree of aggregation of the aggregate
and the aggregating tendency of Lns in the system with
weaker SAgP.

Table 5 Deaggregating ability of Lns in terms of & values at [ Np-
12] =20.0 x 10~% mol/L

L16 L12 L8
p (10° mol-1-L) 2.10 2.21 2.05
r (I/Iavs. [Lns] plot) 0.9710  0.9863  0.9582

We have suggested that an effective HLI-driven deAgr
might mainly operate by a mechanism depicted in a greatly
simplified manner by Scheme 1, i. e., the deAgr
molecule can break up or reduce the size of an Ag or CoAg
mainly by two steps, i.e., (1) getting into the Ag (k;,)
by virtue of the HLI between the long hydrocarbon chain(s)
of the deAgr and the Agr molecules in the Ag, and (2)
“grabbing” one or more Agr molecules in the Ag and car-
rying the latter out of the Ag (k) into the bulk of the
solvent, and the latter release the Agr molecule in its
monomeric form, by virtue of its hydrophilicity. We pre-
sume that the most effective deAgr should possess the best
balance among its four rate constants, ki, kii!, kqy and
ot . Some effective deaggregators have recently reported
by our group.!!

Based on the suggested mechanism of deaggregation
described above ( Scheme 1 )!! our present results might
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Scheme 1 Hypothetical mechanism of deaggregation’!

Ag deAgr

be rationalized as follows. All species incorporated in the
deaggregating process are in a dynamic equilibrium. The
most effective deAgr should possess the best balance a-
mong its four rate constants. Otherwise, when Kin(Kin
kio/kin!) is much larger than Kou( Ko = kow/ ko ) » it is
easy for the deAgr to get into the Ag, but difficult to get
out, the net effect is coaggregation; when Kj, is much less
than Ky, the deAgr can not readily get into the Ag to
grab the aggregated molecules, then deaggregation is also
not realized. The four rate constants are expected to be ef-
fected by multiple factors, e. g., the length and foldabili-
ty of the chain, hydrophilicity, lipophilicity as well as the
SAgP of the system. For Lns, their amphiphilic structures
with zwitterionic seem to favor the balance toward deaggre-
gation. It is worthy to note that the double character of ag-
gregation and deaggregation exhibited in Lns might shed a
new light on understanding the mechanism of the mem-
brane-directed antitumor,! antiviral? and antifungal3 activi-
ties of phosphatidylcholines and their analogues. It might
be the aggregating tendency that drives the phospholipid to
attach the membrane and then it might be the deaggregat-
ing ability of the phospholipid that fluidize the cell mem-
branes. But the desirable pharmacological effects could be
realized only when the two interactions reach an optimal
balance .

In a previous work we have noticed that the deaggre-
gating ability of the deAgr increases as the degree of aggre-
gation of the probe increases.'! In the present work, if we
plot the slop p vs. [Np-12] for each Lns, three similar
curves are obtained (Fig. 8).

"
12 = /]—416
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T b l/ ﬁ
g 8 .—-—"."- L
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= P ° ﬁZ
\)i ] .———.'—:_‘—____‘
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Fig. 8 Dependence of the deaggregating abilities (o) of the

DeAgr on the degree of aggregation of the probe. Plots
of o vs. [Np-12] in the @ =0.45 MeOH-H,0 system
at25 C.

CoAg

As shown in Fig. 8, the deaggregating abilities of
Lns certainly depend on the concentration of aggregated
Np-12. Recently we have found!” that the degree of aggre-
gation increased as the aggregator concentration increased,
and it is mainly a consequence of the increase in the aver-
age aggregate number (N ), but not a consequence of the
increase in the number of aggregates. But when the degree
of aggregation increases further, the number of aggregates
will also increase with the increasing aggregator concentra-
tion. Thus, we suspect that the three phases of deaggregat-
ing ability might correspond to the changed structures,
e.g., changes in the average aggregate number (N) of
the Np-12 aggregates while the total degree of aggregation
of Np-12 is increasing. In the first region (a), the N val-
ues is small and the number of Np-12 molecules in each
aggregate is increasing as the concentration of Np-12 in-
creases, i.e., the size of the aggregate is growing and the
opportunity of a deAgr molecule to enter and grab one or
more probe (Np-12) molecule(s) in the aggregate is in-
creased, thus the opportunity for the deAgr molecule to
carry these probe molecules into the bulk of the solvent in-
creases too. In the second region (b), although both N
and the number of Np-12 aggregates are increasing, the
relative increase in N becomes smaller than its increase in
phase (a), so that a smaller p value emerges, or the
deaggregating abilities of Lns do not change much while
the concentration of Np-12 increases. In the third region
(c), the number of the aggregate is quickly increasing,
therefore, the possibility for deAgr molecules to get into
the aggregate quickly increases too. Consequently, the p
value becomes larger again.

Summary and conclusion

In the present paper we have used a-naphthylethyl
lauryl ether (Np-12) as the fluorescent probe to study the
hydrophobic-lipophilic interactions of phosphatidylcholines
(Lns) and their analogues 1,2-diacyl-sn-glycerol-3-phos-
phoric acid bromoethyl ester (Pns) in @ = 0.45 MeOH-
H,0 system at 25 °C, and have found that the Lns possess
smaller tendencies to aggregate or coaggregate with other
molecules than Pns, and the orders of decreasing coaggre-
gating tendencies are: 112 > L16 > L8; P12 ~ P16 > P8.
A more interesting observation is that the Lns are also
demonstrated to be deaggregators if they interact with an
aggregated probe. In other words, they seem to possess
double character, i.e., they can play the roles of both
the aggregator and the deaggregator. The order of decreas-
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ing deaggregating abilities is: L16 > L8 > L12. The am-
phiphilic zwitterionic structure of Lns is believed to be the
origin of their deaggregating abilities. The double charac-
ter shared by Lns might provide insights into the mecha-
nism of phospholipids’ membrane-directing activities .

The chain-length effect and chain-foldability effect,
together with the hypothetical chain length-matching ef-
fect, have been invoked to rationalize our results. Both the
aggregating tendency and deaggregating ability of Lns have
been shown to decrease as the SAgP of the system decreas-
es. Our results also support our previously proposed
scheme for the mechanism of deaggregation .

Experimental
Materials

Analytical pure grade NaCl was used without further
purification. Ln and Prn (n =8, 12, 16) were prepared
generally according to Ref. 18, the synthetic route is shown
in Scheme 2. The fluorescence probe Np-12 and FP* and

Scheme 2
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OCOR
e[

——OCOR

OH

1
OH 0 )
- L X e [ X
OH ) e 0
OH

OCH,Ph

—0—P(0)—OCH,CH,Br

FP~ were prepared respectively according to ref. 19 and
by methods reported elsewhere.® All of the synthesized
substrates were identified by 'H NMR, IR and elemental
analysis .

Solvent

Water was twice distilled and methanol was redistilled
from HPLC-grade one. Spectral experiments were carried
out in the @ =0.45 and 0.50 mixtures of MeOH and water
containing 0.37 mol/L NaCl.

General procedure for fluorescence measurement

Steady state fluorescence spectra of Np-12 were mea-
sured on a Perkin-Elmer Luminescence Spectrometer LS 50
in the 45:55 (V/V, @ =0.45) and 50:50 (V/V, & =
0.50) MeOH-H,0 systems at 25 C, by using the excita-
tion wavelength of 280 nm and monitoring the intensity of
monomer emission at wavelength of 337 nm and excimer e-
mission at 420 nm.

OH —OCOR
c d
— OH ——OCOR
OCH,Ph “—OCH,Ph

OCOR
g

—

OCOR

O—Il’(O)—‘ OCH2CH2WC3
o

R =n-C;H,5; n-Cy Hys; n-CsHy,

Reagents and conditions: a) acetone, dry HCl; b) 50% NaOH, BnCl, cat. TEBA; ¢) 10 % HOAc; d) RCOCl, Py; or RCOOH, DC-
Cl; e) 10% Pd-C, Hy; f) 1. BrCH,CH,0P(0)Cly; 2. 0.1 mol/L KCI; g) MesN.
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