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Interactions between carbohydrate-containing glycoproteins, proteoglycans, and glycolipids on the cell surface are
important biological stages for the processes of bacterial or viral infection and tumor metastasis. Moreover,
supramolecular interaction by macromolecules with two-fold (C,) or three-fold (C;) geometry is one of the common in-
teractions in many important biological responses. To develop new multivalent symmetrical bioactive compounds or
leads, we designed and synthesized several new molecules with these geometries and evaluated their bioactivities in an at-
tempt to find new types of bioactive leads that may interfere with the sugar recognition process. We evaluated bioactivi-
ties including antibacterial, antiviral, and anticancer activities of targeted molecules in vitro using biological assay sys-
tems. Among the synthesized target derivatives examined, some bivalent symmetrical derivatives showed high levels of
bioactivities. In this review, the author describes the results of synthesis of oligovalent symmetrical target compounds
and some interesting guiding results of evaluation of their biological activities and structure-activity relationships.
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Fig. 1. Structural Models of Bivalent and Trivalent Mole-
cules
® means a pharmacophore group.

B CIX—HDOILEWITr 7 LM (S. aureus) &
WY 5 L (Escherichia coli) BEITXIT % b
B E WPIETE MR TEZ. D Y > M 2%
OIEWEARE BICEH, IHIEEOY > —
=HTDHENL > G D Twin-drug 56 Rk
FADOEIERE, /oy > M CHERED
EPEMEIZ DO W TR 2N A 7=,

PIEEEOM®RZREL TR L zEa DY >
=% THENL > MRFREES > A 2 aFEK
DN DOz —KkEEL (B-1~B-3) TxrLZ
(Fig. 3). B-1 XU B2 HENDEHLIZDONTIH
CUWRTwITRIST I ) AFIVEREY > N
CHRIEEMBORY 2 JLICK D EBITH/ESNS
55AFLEF R (O NOT 2 VEDMM
KEZEFAT 2 HEICTHMEEME AR TER
(Fig. 3). B-3 2D(LEWIT DN TIE Scheme 2 1Z/R
LEHIETRBICERTE (GRAEDOFEMIZD
WTIERB 10 22 I i), Z2<DOENL >
MEEESY > b AR (B-15° B-2) ML T
NREFIREEEZ RS THFHRDOYU 21— DGRk
WIEEFRBICEE R AEZ2H> TWDS T L2 BT
iz, U 2 — kG ERE AR TR T
HDM, ALEY B-3 120N TIEEWIIEE N ED
SIUEERBICHERRY > — &5 T &ML
7z

BAEEA SR ENL > MEEELR 3a 13/ B & Wil
BiEM (S. aureus Jx OV E. coli 1239 % MIC 13,
ZFNFH 0.024 KL 0.095mM) ZRL7&Z. B>
k1 2 FEEAR 3217 OFERFEEIC DV TN DN D
WEEEBEYE 2 AW TRET L 26558, LaW 3ald
AN AP ICEE s RE 21T &2
SN TNDNNT Ui T IV Y > 7e Dkl
£ Wi¥E  (sulfated glycosaminoglycans) 51612513 %
RRRABMMEZHEETEL. ENL Y MG 3a



Vol. 140, No. 4 (2020) YAKUGAKU ZASSHI 531
R1
Ve
N2 COOEt 1
GOOE R c-HCI
OHCHN—-C-H OHCHN—C—C—N >
COOEt HCHO Hy  “R2
COOEt
)
1
(|)OOH R MeOH/H * (I;OOMe R’ a: _N:R2 = N:,
HZN—clz—ﬁ—N Lo 7| HN—Cc—c—N] R
b e Il Hz R N’R2 =N_)
+ 2HCI - 2HCI
(2) B-aminoalanines
X€>—NCO X
1) <:>—COOH
r 7 2) NaAlH,(OCH2CH,OMe)
R 3) 0=C(OEt),
@\ /[ “R? c-HCl H R O/>/\ R’
- . Y N Pu N
COOMe NI 0% "N R?
R
&8
X=H,Cl,OMe X 2HCI X
(B)
(A)
Scheme 1. Synthesis of f-Aminoalanines and Their Transformation to Single-drug Type Hydantoin Derivatives
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Fig. 2. General Structures of 4-Aminomethyloxazolizin-2-

ones (A), 5-Aminomethylhydantoins (B) and 5-Methylene-
hydantoines (C)
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Fig. 3. General Structures of a Few Targeted Bivalent Sym-
metrical Hydantoin Derivatives (B-1, B-2 and B-3)

MIZAFHLEETAHMETHLZENEINHD
KEFRE Twin-drug Bl 4 > b1 > B EARICIT
HERAITIE 3 MO NREMEER [T7abb, AFHL
MECHEE (RR XU S,S) 2675 2
Cr- Mt b EAFTH LD EDRIRD
Co- X FRED meso-1K] INFEAET 5. 3 flD RIEEKD
F1E1Z HPLC THEFRD TE =DV EMER O Bt & 2



532 YAKUGAKU ZASSHI

Vol. 140, No. 4 (2020)

MeOOC

| i >
NH,—CHCH,N + OCNNCO
(2b) * 2HCI
o o COOMe
I NT s 1l |
NEt, HI\IICHN/\ Linker /\NHC—NHCHCHZN )
—
in CH,Cl, < ;N_ﬁz_ TH
COOMe
o o
¢.HCI . N
N N Linker ;_ N
1t H—L g NH
o *2HCI

(B-3 series)
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Fig. 4. Structures of Twin-drug Type Symmetrical 5-Substi-
tuted Hydantoin Derivatives

Table 1. Anticancer Activities (ICs)) of Target Bivalent
Hydantoin Derivatives (3 and 4) against Human Brain Glio-
ma Cells (U251 cells) and Human Carcinoma Cells (KB3-1
cells)

ICs5o (uM)?
Compound

U251 KB3-1
3a 1.63 9.85
3b 0.46 5.21
4a 4.49 26.08
4b 1.99 10.41
4c 1.05 9.42
4d 7.00 7.12
Cisplatin 3.06 6.90

2]Cso: concentration that produces 50% inhibition of proliferation after
5 d of incubation. Reproduced with permission from Biol. Pharm. Bull.
Vol. 42 No. 11 Pages 1953-1956. Copyright 2019 The Pharmaceutical
Society of Japan.
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Scheme 3. Synthetic Pathway of Target 2,4,6-Trisubstituted
Symmetrical TAZ Derivatives
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Fig. 5. Antiviral Active Tripodal Receptor Type TAZ Deriva-
tives (D and E)
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Scheme 4. Synthesis of C;- and C,-Symmetrical Multivalent Hybrid-type TAZ Derivatives (13 and 15) Starting with Compound 12
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(i) Stepwise synthesis of Cs-symmetrical multivalent hybrid-type TAZ derivatives (18 and 20) starting from a monoisopropoxy-substituted TAZ derivative
(16) . (ii) Synthesis of a C;-symmetrical hybrid-type TAZ derivative 22 from a dimethoxy-substituted TAZ derivative 21 and TAEA. (iii) Two-step synthesis of a

C;-symmetrical hybrid-type TAZ derivative 25 from TCTAZ (5).
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2 Data were taken from references 29 and 30.

Fig. 6. Anti-HSV-1 Active Hybrid-type Oligovalent C,-Symmetrrical TAZ derivatives (15)
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Scheme 6. Reactions of Boronic Acid Derivatives with 1,2-
Diol Functionalities
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Table 2.
2 i A
PinB NH, ' CIM Cl
26 27
2.0 equiv. 1.0 equiv.

Et3N (3.0 equiv.)
—_—
CH.Cly, 1t, 18 h

C,-Symmetrical Bivalent Phenylboronic Acid Pinacol Esters and Their Biological Activities

Q.S AL
PinB NJ’M}l,LN BPin
H H
28
O\

PinB— = | Bt
(0]

n  Yield (%) . . . . .
S. aureus E. coli Anti-HSV-1 activity Cytotoxic activity
282 4 82 =233.4(=128) =233.4(=128) >100 >200
28b 5 62 227.6(128) 227.6(128) 62.7 >200
28¢ 6 98 111.1(64) =222.1(=128) 38.6 >200
28d 7 67 27.1(16) 216.8(128) 8.0 25.2
28e 8 85 =211.8(=128) =211.8(=128) 41.1 >200

Cited and modified from Furutachi M., et al., Heterocycles, 94(9), 1748-1758 (2017).
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Table 3HHOENL >k G ®FET7 . Z)bAR DO
DR TIZERER O > 31d VR & W IESE
FHEIEME 2R U2, BT KB3-1 BT 3 236 I
SRR & U 7= cisplatin & 1) /5 U B 5E A1 035 1M A3 32
DOENEZERFRITRE/RTHLEEATY
5. FHEAE R D 5 ARIUCEY DOIEHEFEBEITE L T
U2 A= OBEEMEIRBI N En 5,
U > — 8 HE DN K D S SITEEE O
BRI L SN DRBANHIFTE S, (kS
1 31d 13517 1 )L A (anti-HSV-1) (ECso> 100 uM)
IEPE AR EME (Vero Mifi@)  (ICso >200uM) &

O,

;i
o

Molecular Structures of Targeted C,- and C;-Symmetrical Oligovalent Phenylboronic Acid Derivatives

D75 < U251 % KB3-1 Ml i 1264 97 % AR &
ZEMS, ENLV Y N7 zZ)bdRO S EEEERO
J—RILEWELTHI/HTEDTFREEEZTY

5.9 i LT, BHE1HOHAH (Table3) T
BB, CG;YALATORIUNL M7 2)bho

e 3 —)V T AT )L EMA 32 13 KB3-1 IO AIE
Iibx < (ICs5=26.3uM), 41% KB3-1 iz izt
IR FEIN RIS T 2 5 5 00\ DR E A
%#% GFTEXDEEZTWS, B (F)a—R)
T —ADIRAMICBNWTHENL > T
OPEHBEIRESCEE DR EpmES N TWS 2 EnS
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Table 3. Anticancer Activities (ICsy) of Target Molecules
against Human Brain Glioma Cells (U251 cells) and Human
Carcinoma Cells (KB3-1 cells), Cytotoxicities (ICs,) against
Vero Cells and Anti-HSV-1 Activities (ECs)

ICsy (uM)? ECso (uM)
Compound
Vero cells U251 KB3-1 Anti-HSV-1
28d 25.2 >100 >100 8.0
29 28.8 44.4 >100 >100
30 14.8 >100 >100 4.0
31a 76.2 >100 >100 >100
31b >200 >100 33.9 >100
31c 5.43 39.6 32.5 >100
31d >200 19.0 3.78 >100
32 >200 >100 26.3 65.2
Cisplatin — 3.06 6.90 —

2 [Csp: concentration that produces 50% inhibition of proliferation after
5 d of incubation. Reproduced with permission from Biol. Pharm. Bull.
Vol. 42 No. 5 Pages 833-836. Copyright 2019 The Pharmaceutical Society
of Japan.

B HHRDOFEEHFL TnD.,

4. EHELEYOVERBAE

41. ¥ b BEAEERPESOHIN
WEMEZERLZESY > M AR 3a OBEEREAEIC
DWTORNFIHMAZE2 I EEZHNELT, W
DO OFEREELEYZHWTITC iz  HnT
MEt &A= 15919 2R, ENL > REY B
A AER 3a T D HEE N A DB ICEH TR
BEZRZTEEZSNTNDEANT VLTIV
X DR L 2 BE%E  (sulfated glycosaminogly-
cans) ) (Zxf U TR (EAKREREE 2HT5
ZEERMRETE, ZOLDRBHRR{LLHEEE DA
VERDYGURNTE PR HTE S TEME  GRE A B4 5k B Vs 1)
DOHFO—HELTHEL TWD Z EAVRB I Nz
(Fig. 8). (BAH12M9/NT A—H 1T DWW TIX Fig. 8
MEZH, [ U 7= b 2R O I & 0 B
I ENRD 5N,

4-2. TAZFEHK BRULEN)Y D VEE
KD KU E OBERFEEIC DN T H ITC FER0 217
W, WINBHREREEE EAHEREE) 2H 9 5/0
DT THDIEZHR L. 2DOD{LEHD ITC
FEBRAE FNIMRET U 7= WA R 10 g B B IC B 4
LEIFHINT A= =D TR0 T Th S
ZEBHHENTTHIENTER (Fig. 9).
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Fig. 8. (a) Isothermal Titration of a Twin-drug Type Com-
pound 3a with Heparin Sulfate (Hep), and (b) Calculated
Fitting Curves for Bivalent Hydantoin Derivative 3a Binding
to Heparan Sulfates [Hepgm and Hep] and Dermatan Sul-
fate [Der]

We used dermatan sulfate (GAG-DS01), heparan sulfate (GAG-HS01)
and scallop heparan sulfate (GM01/01) as sulfated glycosaminoglycans. In
isothermal titration experiments, the binding reaction with GMO01/01
[Hepgm] was exothermic and compound 3a showed thermodynamic
parameters of K=4.10X10* M~! and AH=—9.98kJ/mol. Ther-
modynamic parameters for dermatan sulfate (GAG-DS01) [Der: K =1.11
X103 M~1 and AH=—10.9 kJ/mol] and heparan sulfate (GAG-HS01)
[Hep: K=2.75 X 10* M~! and 4H = — 9.46 kJ/mol] were obtained.

DEFENRENWZ EAVRBR I NN, X2D)VT 2
CHEHEETHMEME TIET Y IIVE— UH) &
RERADMHEZED, T2 aoE—IH (—T4S)
DI DI < KFBHEBICXDMEEH DT GO K
ENTEMREI N, NS ORBPIERERIT, W
HIN TSR FNERSOZEZERTHE, 73
JHTEMRSNALEY E DY AV ZTEEE
MRZR DY — RMLaEMmE L TR TE 2 Z & 2RE
LTWBEEZEZX TS, AMEEYOREEHRIZKD
Fi iAW U@ Wi HSV-1 iE 259 54U
INL > MMEEDNA 7Yy REITAZ FEk (6
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Fig. 9. Thermodynamic Signatures for the Binding Reactions of Compounds D and E to Sugars
Each of the binding reactions had a 1 : 1 stoichiometry. MeO-a/f-Gal and MeO-a/B-Man are abbreviations for methyl /B-p-galactopyranoside and methyl
a/B-p-mannopyranoside, respectively. Cited and modified with permission from Mibu N. et al., J. Therm. Anal. Calorim., 135, 2807-2811 (2019).

ZUX 15a-4 72 &) B EA DR
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wiIWbpsHR0 /Lo F > EIRINSHREICET
HIEMELTEZSL I ENTE, BIHFEMRIINE
I T HHEEENHIRF T E 2 Bk D 5 7> FHEE D
EEWTHO, FHLWERFEZET SRR MG
U—MEEMELTORABMGFTES. Gkl
Rl e 1A o e 5 e S L BTG 1 2 5 9 D Ak U /2
ft&® (ENL > b Gt FriEigEiER o > ik 28d)
132 < ODBEEITH T 2EMENES, BfEEE
ITC EEAERIIHF TVARND, NMR OFEICLD
KB D HFEOPEEICH L TEIEEET5 2
EXDNTIFHERO LTS, EEDT (28d) @
$i (methyl o-D-glucopyranoside) &DSJRIE 12
DIt EimILOMHEIER & U TR TE N, R
DI DONWTIIE R BIE M) FIRROIEM &5

THBROBELEAD.

5. &

A, X7 F REgHE

IZDOWTiE

BEARD B 725 T RAY Hk

OHyTr7 o ZXDEE (MW: 500-50000) IZ&E 9
%t & % [ middle-size molecules ( mid-size
molecules) | DAETEEMFEH I N TS, AT
RLEEY R 2R, MITP2RHEDNVETT =
S ARO VRO L OA Y TN > MRSy
TIEMWI000 222 HDH L FHIEXTF R
O3 L L THETESZHDTH S, M
T EV DS GRS, SRENE T LG
BT I ADILEW THZITENND 5T AN
27 NIVIRHT ©ARD TR IR D F AL X)L TO
TR S L1025 T EMEh o7z, FEFE (BE8) 12
FUT B EMNENE D T OBE & WS TN 5 DERR
MEZE@EL T, PLIED DN A IV RAEES 51T
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ZMLUTHE/ZW.

SE AP, HREHEETSH0 <D
ROTHHETREZZITE L. LEOEHHEL
FFET. ELITHEFEN LU L LERLEY OB
REBIZ DWW TR FIE LN E S > b1 24,
TAMTFEEN N 7O UM, dEEEELARD >
P DRFZE 2 T 7> T, BRSO RS
REITHO ANFEADIEEZHEE L THEX L.
7z, HEEFZEE U TOEYIEMEFEMIC DWW T,
AW A I E AR BB
AR BEIRBERITHIETIE T, SR A
BRI EBUR RO daiEt, BH B AR
FHBEE, WOEH i RRARALBEERITIEN
DAV AVE PRGN, IR R SE R AR
e LB R M O VR S Kb R A
RICITPERIE 2 THE £ U, MgttERE &
BITHEM O AR 5T ERBTIHE L ZBE 2
DELEZ LDEOEHWEZLUET. FESFMEICEET
LEMIESEE (ITC) 1TDOWTIE, AZEE Ly
SEWFTE A R 3 44 % B S OV S A\ B O
THHETHREIMEE2EESE L.  JITEHN
U9, JeEhITIEmsEEeE Tl /s E =i
D, EEMFEBRREOEDEEDITHZ>TELDT
BorZEBOE L., OO FL TEH#MEEZRL
X9, AEEEIREE S AR E ORI AL, K¥E
FitE & U TCRE SN H R IR EWIFEEA > N— &1
AR R am 1T K 0 E R BRSSO S =0 2 R S
N, BHNAEZAICbhoTHEZ L AYICH
DMESTTNEL

MzEMER BRI XESHRRAHRIEIR .
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