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Development of new types of aldose reductase inhibitors based on the structure of
the target enzyme

SAITO, Ryota
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Aldose reductase (ALR2) is associated with the onset of diabetic complications,
and therefore ALR2 inhibitors has attracted attentions of medicinal chemists. Despite numerous devotions
of the researchers, only one drug, epalrestat, has been launched on the market, and accordingly the
development of new candidates for ALR2 inhibitors is still desired. The present work revealed that
botryllazine B analogues possessing diverse substituted phenylcarbonyl groups on the 2-position and
various fused bicyclic aromatic systems on the 6-position, pterin-7-carboxamides, and
(ZE—4-arylmethylidene—lH-imidazol—5(4H)—ones (GFP chromophore model compounds) are highly potent ALR2
inhibitors. Docking simulations of these compounds also revealed that each of them exhibited specific
interaction with ALR2. In conclusion, the compounds synthesized in this study have proved to be potential
drugs for diabetic complications.
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Table 1. Stille coupling reaction between 2 and
3,4-dimethoxybenzoyl chloride

Yield Ratio

Entry Catalyst  Ligand Additive %) (34
3 4
1 Pd(PPh;)s - - 57 24 238
2 Pdy(dba); P(o-tolyl)s - 68 5 136
3 Pdy(dba); P(t-Bu)s - 61 17 3.67
4 Pdy(dba); PPh; - 46 36 1.26
5 Pdy(dba); Amphos - 59 25 236
6 Pdy(dba); Triphos - 27 34 0.80
7 Pd(PPhs), - CO (g) 61 13 4.69
8  Pd(PPhs), - N-formylsaccharin g5 1 850
(1.5eq.),

Na,COs (1.6 eq.),
Et;SiH (1.2 eq.)

1b-f AR NADPH
ALR2
50%
(ICsp)
Table 2 nM
ICs botryllazine B
2-
(1b,0)
(1d-f) 2-
(1o 1b
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Table 2. ICsq values of 1a—f
Compound 1Cso (nM)

la 100

1b 58

1c 92

1d 430

le 570

1f 460
Botryllazine B 2,000
epalrestat 31

1b botryllazine B ALR2

botryllazine B ALR2 Tyr48,
His110, Trp111 2-
Tyrd8 His110
(Fig. 1-A)
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Fig. 1 Docking poses of (A) botryllazine B and
(B) 1b in the active site of ALR2.
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a: X=Gly

by X=L-Ala bp: X =0-Ala
¢ X=L-Val cp: X =D-Val
di: X=L-Leu dp: X =D-Leu
e X=Llle ey X=n-lle
fu X=L-Ser fp: X=D-Ser
gu: X=L-Phe gp: X =D-Phe
hy: X =L-Hph hp: X =Db-Hph
iy: X=1-Phg ip: X =D-Phg
ju X=LTyr o X=D-Tyr
K X = f-Ala

I: X = (CHy)s

m: X = (CHy),

n: X = (CHyp)s

0: X = (CHys

p: X = Gly-L-Phe

Table 3. In vitro human ALR?2 inhibitory activity
of pterin-7-carboxamides (5a-p), 6, 7, folic acid,

and epalrestat

Compound R, R, ICso (1M)
L-form D-form
5a H NH-Gly-CO.H 1.97
5b H NH-Ala-COH 124 720
Sc¢ H NH-Val-CO,H 83.4 194
5d H NH-Leu-CO,H 61.7 972
Se H NH-Ile-CO,H 69.0 278
5f H NH-Ser-COH 29.2 130
S5g H NH-Phe-CO,H 46.0 68.1
o 5h H NH-Hph-CO,H 251  42.1*
" )K/[N\ R, | Si H NH-Phg-CO,H 426  56.6
M )\\N ‘ Nlﬂz 5j H NH-Tyr-CO.H 216 580
Sk H NH-f-Ala-CO-H 17.5
51 H | NH-(CH,);-COH 255
5m H | NH-(CH,)-COH 11.7
5n H NH-(CH,)s-CO-H 4.02
S0 H NH-(CH»)¢-COH 6.67
5p H | NH-Gly-Phe-CO-H | 9%@10.5 mM’
6 COOH H —
7 H COOH 26.5
Folic acid 52.5
epalrestat 0.0665
*: DL-form. t: % inhibition at a given concentration.
5a ALR2
Trplll T-T
(Fig. 2)
Leu300
5a ALRI ALR2



Fig. 2 Docking poses of 5a in the active site of
ALR2.
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Table 4 GFP 8a
1Csy 0.36 uM ALR2
sorbinil (ICsy ~2.0
pM) 5
8b (IC5o =3.2 uM) 9
8a 3,5
8 (IC50=10.13 uM)
8d (IG5 =
0.51 uM) 1.4
8m (IC50 =0.31
uM)
8e (IG5 = 0.65 uM)
1.8
8f (IC50 =0.27 HM), 8g (IC50 =
0.24 uM)

8a,cj,m ICso

ALR2

n  Verloop

B, L

HOMO, LUMO
pICso
8a (NCH,OOH)
9 (ICsy = 10.7
uM) 8a 30

ALR2

pICso = 5.062 +0.589 (> = 0.900, = 0.109) (1)

GFP
ALR2

Table 3. In vitro inhibitory activity of 8a-j and
8m against recombinant human ALR2

Compound Ar R ICso (uM)
8a 4-OH-C¢Hy4 CH,CO,H 0.36
8b 3-OH-CeHy CH,CO,H 3.20
8c CeHs CH,CO,H 0.58
8d 4-OMe-C¢Hy CH,CO,H 0.51
o] 8e 4-F-C¢Hy CH,CO,H 0.65
Ar/\r/[@ 8f  |4-CI-CeH, CH,COH 027
N §<Nf 8¢ |4Br-CeH, CH,CO.H 024
8h  |2-naphthyl CH,CO.H 0.10
8i |l-naphthyl CH,CO.H 0.54
8j 3,5-diCH;-4-OH-C¢H4 |CH,CO,H 0.13
8m 4-OCH,CO,H-C¢Hy |CH,CO,H 0.31
9 4-OH-C¢Hy (CH,),CO,H 10.7
epalrestat 0.085

Trpi11

Leu300

Fig. 3 The contour map of aromatic interaction
surfaces of the binding-site residues in ALR2
superposed with the predicted docking pose for
compound 8h.
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