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A CROWN ETHER FLAVIN MIMIC
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A flavin analogue bearing a crown ring as a recognition site

was synthesized. The addition of alkali metal cations sensitively

affected the absorption spectrum, the fluorescent emission, and the

reaction rate with NADH model compounds.

Coenzymes are prosthetic groups in enzymes and frequently are capable of
catalyzing the enzyme-mediated reactions even in the absence of apoenzymes.
Hence, coenzymes have attracted much attention as essential model systems of
coenzyme-dependent enzymes. In contrast to holoenzymes having both the catalytic
site and the recognition site, however, coenzymes consist only of the catalytic
site. One may thus expect that the coenzyme bearing the recognition site within
a molecule would behave as a more attractive coenzyme model. The ability of
crown ethers to associate with a variety of charged and uncharged substrates
bears resemblance to early reaction steps in enzyme-mediated reactionms.
Therefore, crown ethers may be useful as an expeditious candidate for the recog-
nition site. In fact, crown ether mimics of trypsin and NADH-dependent enzymes

5)

have been reported.l- Here, we wish to report the first example of a crown

ether flavin mimic (CrF1).
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CrFl was synthesized according to the following reaction scheme and identi-
fied by elemental analysis and mass spectrum(M+ 476): mp 280-284°C.

6/\0/\8 ETS M 252
[O O:©/ : E
Lo/

~oy M
6
0

|
O:@ NTS  HNOg
e e e
0

Lo/

Me Me
o'/\ O/\O Mr'st 0(\0/\0 NH Hy/p ; [O(\O/\O K
Eo E jiINOz 0 0 NH
k\}}\/} k\/O\,) k\/O\/)

Me

20 Me D i
0 NapiingO
_alloxane [o OUN MO Mel [0 I\yf\N(
o 0 NP AN o 0 NN Me
o/

L o/ 0 H L 0

The absorption spectrum of CrFl in methanol at 30°C showed bimodal absorp-
tion maxima at 460 nm (e 23300: S1 band) and 363 nm(e 9650: S2 band) which are
characteristic of the flavin spectrum, but the S1 band was relatively stronger
than the S2 band as compared with the typical flavin spectrum. The addition of
chloride salts of alkali metal cations(0.1-2.0 mM) to the methanolic solution of
CrFl brought forth the decrease in the absorbance of the S1 band. In particular,
potassium chloride provided the greatest decrease, which is attributed to the
fitness of the 18-crown-6 ring to x* ion. Analyzing the plots of the absorbance
against metal concentrations, we estimated the association constants with the
crown ring: Na* 5700, K* 10000-38600,%) Rb* 3400, and Cs* 6600 M.”! Under the
identical measurement conditions, the S1 band of 3-methyllumiflavin(LFl) was not
affected at all by added alkali metal cations.

The fluorescence spectrum of CrFl in methanol at 30°C(excitation wavelength
370 nm) gave the emission maximum at 530 nm. The relative intensity(I/Io)
sensitively decreased with increasing metal concentrations(0.1-1.0 mM). In par-
ticular,Cs+ and Rb" efficiently quenched the fluorescent emission of CrF1(I/Io=
0.8). A similar fluorescent quenching by heavy alkali metal cations has been

found for naphthalene-containing crown ethers.7’8)
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Table 1. Second-order rate constants for the
reaction of CrFl and LF1 with NADH model
compounds (30°C)

Entry Medium (conc. M) Flavin NADH model k, (M'ls_l)

1 water ([K']=0.005) LF1 Bz1NAH 22.3
2 water ([K'1=1.00) LF1 Bz1NAH 22.9
3 water ([K'1=0.005) CrF1 Bz1NAH 1.91
4 water ([K']=1.00) CrFl Bz1NAH 3.48
5 MeOH-water (7:3) LF1 Bz1NAH 0.749
6 MeOH-water (7:3) ([X'1=0.200) LF1 Bz1NAH 0.691
7 MeOH-water(7:3) CrF1 Bz1NAH 0.096
8 MeOH-water (7:3) ([K']=0.200) CrFl Bz1NAH 0.202
9 MeOH ([K']=0.002) LF1 Bz INAHCOOK 0.810

10 MeOH ([K']1=0.002) CrF1 Bz1NAHCOOK 0.274

From the plots of I/Io vs. [M+] we estimated the association constants with the
crown ringg): K" 8000, Rb* 5200, and cst 5700 M.-1 In constrast, the fluorescent
spectrum of LFl was not affected at all by the addition of 0.1-1.0 mM alkali
metal cations.

The influence of added metal cations on the oxidizability of CrFl was esti-
mated on the basis of the reaction with NADH model compounds, BzINAH and

Bz1INAHCOOK, under aerobic conditions. The results are summarized in Table 1.
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The second-order rate constants(kz) for CrFl were generally smaller than
those for LF1l owing to the electron-donating nature of the crown group. Entries
1-4 indicate that the addition of KC1(1.00 M) enhances the rate constant of CrFl
by 1.8-fold, whereas such a salt-originated rate enhancement was not observed for
LFl. A similar trend was also seen in a mixed solvent of methanol-water(entries
5-8). Therefore, the X" ion complexed in the crown ether ring is capable of
strengthening the oxidizability of CrFl. Similarly, the rate constants for CrFl

were enhanced by the addition of NH4+, Rb+, Cs+, and C32+.
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We synthesized Bz1NAHCOOK, expecting that the carboxylate salt of this NADH
model may be recognized by the crown ring of CrFl. The reaction of Bz1NAHCOOK
with CrF1 was speeded up by 3.4-fold relative to that of Bz1NAH, but the reac-
tion of Bz1NAHCOOK with LF1 was also speeded up (2.3-fold). It is not clear
from the kinetic measurements, therefore, whether the carboxylate salt is recog-
nized by CrFl.

Further applications of a crown ether flavin mimic are now in progress in
this laboratory
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