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The development of artificial receptors capable of binding to
biologically active molecules with high affinity and high selectiv-
ity, and understanding the underlying principles of recognition
are an intriguing subject of chemistry. For rational design of
receptor/ligand interactioris, there have been several attempts
to evaluate contributions of functional groups or constituent atoms
to the binding free energy, using compiled data of enzyme
inhibitor, antibody-antigen, and proteinligand binding? To gain
deeper insight into recognition interactions, studies using synthetic
receptors are desirable since systematic variation of the functional
groups is possible while controlling conformation of the receptors.
Although our knowledge of the recognition mechanism is still
limited, a number of studies suggested that a larger receptor
guest contact surface area would result in a greater driving force
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from receptor/guest interactions and desolvation processes. WeCs,COyDMF, (e) 0.5 M KOH/MeOH-THF.
report here that bisporphyrin-based synthetic receptors, having a

large contact surface area with guest, bind to DNA intercalators
such as acridine orange, DAPI, and ethidium bromide with
unprecedented affinity in watér.

Gable-type porphyrirtswere prepared using the palladium-
catalyzed cross-coupling reaction as a key St&ye prepared
two water-soluble gable porphyrins as shown in Scheme 1. The
free base ofl-Zn,, 1-H,, was prepared by treatment of the ester
of 1-Zn, with HCI, followed by alkaline hydrolysistH NMR
(both in DO and in MeOHd,;) and mass spectroscopic studies
confirmed the structure of the receptors.

Receptord-Zn,, 1-H,4, and2-Zn, are soluble in methanol and
in water (pH>7.0). Binding of various guests was studied by
UV —visible and fluorescence spectroscopy. Upon addition of
5—11, the Soret band of-Zn,, 1-H4, and2-Zn, was shifted to
longer wavelengtf.The fluorescence df—7 was quenched by
the addition of1:-Zn,, while the fluorescence oi-Zn, was
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Figure 1. Quenching of fluorescence &fupon addition ofl-Zn,. [5]
= 47 nM, 0.1 M borate buffer, pH 9.0, at 2%, excitation at 491 nm,
and emission at 530 nm. The simulated curve is also shown (see text).

guenched by the addition & and 9. Figure 1 shows that the
fluorescence o6 (47 nM) is quenched by the addition of a
nanomolar concentration dfZn,. The binding constants at 25
°Cin 0.1 M borate buffer at pH 9 are determined by least-squares
curve fitting and are summarized in Tablé Iob plot and the
curve fitting showed that both a 1:1 complex and a 1:2 (receptor:
guest) complex were formed between the receptoraii 10,
and11 For8and9, only a 1:1 complex was formed. The binding
constant ofd to 1:Zn, was also determined to be &'0M~* by

UV —visible spectroscopy by following a red shift of the Soret

Ki
R+G —=/——= RG
R = receptor
Ko G = guest
R-G+G —=4——= RGy

band of porphyrin, in reasonable agreement with that determined
by fluorescence titratioh The fluorescence & quenched by the

(8) The fluorescence quenching®f 7 by receptors and of receptors By
and9 was monitored for the binding constant determinations.

(9) The concentrations of porphyrin were typically 50 nM andAMfor
fluorescence and UVvisible titrations, respectively.
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Table 1. Binding ConstantsK;, K//M™) in Borate Buffer at 25 300 4 10
°C, pH 9.6
2504 (AS*/ J K- mol™') = 2.46{(AH° / kJ mol) + 112
1:Zn, 1H, 2-Zn,
log K; log K, log K; log K> log Ky log K> L 204
€ 150 d
be
~ Q 2 . 85 77 83 78 15.3° 3
NN = 100 ;
@ 5 -
6 NH; ?2 50 4 y
COO 70 7.0 60 63 13.2° o
0
6 5
@NH 50 ‘{
2 " = L] L] T L) T T
Hﬁ) O ,E O NH, 65 63 65 68 13.0° -60 -40 -20 0 20 40 60
NH, 7 AHP / kJd mol-!
C Q Figure 2. Plot of AS’ againstAH® for the binding of5—10 by receptor
HNQ_ NH, 84 b 71 b 64 b 1:Zn, in 0.1 M borate buffer, pH 9.0. Entropy and enthalpy were
Ph‘N,@C ® 8 determined by fitting binding constants to eitherdn = — (L/RT)AH®
(CHe)eNMeEL + (LIR)AS for 8 and 9 or (1/2) In(K1Kz) = —(LRTAH® + (LURAS
for 5—7 and10, where the plot was linear in the range 283<KT < 333
H2N O, 84 b 69 b 69 b K.
-No
Ph  Et 9
@
NH,
d 35 24 d d 20 10
N 10
nHD
©/\’ 29 23 d d 21 15
1
aBinding constants are averages of-BD independent determina- Extended form Folded form
tions. Estimated error of the binding constant is 10%. Fluorescence exposure of alkyl chains fo water anlon-arion repuisions
spectroscopy was used fbr-9 and UV-visible spectroscopy fot0 Figure 3. Schematic representation of the two possible conformations

and 11 ° The binding isotherm was fitted to 1:1 complex formation. ¢ receptorsl-Zn, and 2-Zn..
¢ Determined as log;K,. ¢ Not determined. ] o _

3) to be preorganized for hydrophobic binding. Without guest
addition of 1-Zn, was recovered by the addition of 1,2-di(4- thedf?rl]ded {orn; 03}:2”2'.5 unsttatt))lle ((jjue tto anieranion rfeplllj(lsllon
pyridyl)ethane, whose binding constant1&Zn, was indepen- ?n te exoer: Ef[h oLr_n ('js. uns fah ed uehobe_xpoiyre oralky gll_roups
dently determined to be 3 10’ M1, showing that the binding 0 water. Only the binding of hydrophobic cations can relieve
of 6 is reversible. bth unfavorable interactions to r(_esult ina hlgh-_afflnlty bln_dlng.

) - This role of electrostatic interaction can explain the particular
The following characteristic features are noteworthy. (1)

Cationic guests are bound with high affinity while neutral guest g;er:‘gge?(;:re t];\oe[ gﬂ;gfr:ggfn;?tfhgﬁ g%:eiltlf/iRAsstzlé?/pg;tTh% evi-
(acridine) or anionic guest .(acrlldlne-g-carboxylate) are not pound. binding of pyridine derivatives to a monomeric analogué-@n,
(2) Monocation 9) and dication §) are bound with similar indicated that the binding of guest induced the conformational
affinity. The_ binding affinity was increased as the lonic strength change of the porphyrin from an extended form to a folded fbrm.
of the solutlonll\évas lowered, with thl(/a2 dependence fitted to (1/2) Fluorescence and UMWisible spectroscopic experiments in-
lﬁ’g(g;KZ;r;jglg 9; %noé '09(';1)81 Og 38+ g ,gghicr)esa s ;ﬁfg ’ dicated thatl-Zn, can extrac8 from a salmon sperm DNAS
B 0 f = 8.81, 9.38, T R complex. Thus, the fluorescence emission of8HaNA complex
respectivel\t® The dependence on the ionic strength is similar

betweerB and9. (3) The strong binding 06—9 is driven by the was gl&%n,\iz]ed zy tr}f ?%diti%nfgz&z Eri gor?te gu%eé' [IJ\/I|_; 8
- s an =8ug/L, [8] =0.67uM, |1-Zn,| = 0—-0.8uM).
e.nth.allplc term. (Figure 2). .'.I'he Soret band QJonz was A concomitant red shift of the Soret band bZn, in the UV—
s_|gn|f|cantly varied upon addition d& (see S_upportlr]g I_nforma-_ visible spectra confirms tha& is transferred from DNA tdl-
tion), showing that there are some electronic attractive interactions Zn,
such as charge-transfer interactions betwgetn, and5.” (4) : : : .
. In conclusion, the bisporphyrin-based water-soluble receptors
Both free basgq1-H,) and the zinc complex1¢Zn,;) showed : : : ; - P
similar affinity %rSaf%d? (5) Receptorl-an hav(ingzr)nore alkyl bind to hydrophobic cations with nanomola_r dissociation con-
rouns tharg-Zn showed larger bindin czonstants 816, and stants, where conformational control by an interplay of electro-
g—llp The affinit)zl of 171> 10 59was nearl?/ diminished in MeOH static and hydrophobic interactions led to both high affinity and
- 2 - . L.
borate (9:1, v/v): no UV-visible spectral change was observed high selectivity.
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