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Research Progress on the Synthesis and Activity of D-Galactose
Derived Small Galectin Inhibitors

Yong, Can Li, Yun Bi, Tao Chen, Guofeng Zheng, Dongxia

Wang, Zhouyu®™  Zhang, Yuanyuan™
(Department of Chemistry, School of Science, Xihua University, Chengdu 610039)

Abstract Galectins are a family of soluble proteins which can specifically recognize the structure of f-galactoside. It is
widely distributed in normal and diseased tissues, and plays an important role in cell adhesion, cell apoptosis, inflammatory
response, tumor metastasis and other related processes. Galectin is a promising target for the treatment of many diseases, such
as tumor, inflammation and neurological diseases. Herein, the synthesis and biological activities of small galectin inhibitors
derived from D-galactose are reviewed according to the difference of derivatization sites, which are expected to provide
research thought for designing galectin inhibitors with high affinity and high selectivity, and afford reference for development
of new drug candidates targeting galectins.
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iR SR

ST A= — R, BIEAH— CRD, DI
REy, R RAAE, B4 Galectin-1, Galectin-2, Ga-
lectin-5, Galectin-7, Galectin-10, Galectin-11, Galectin-13,
Galectin-14, Galectin-15; —J&HEEER, HP 4 CRD
o EAR & T %, @45 Galectin-4, Galectin-6, Galectin-8,
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Figure 2 Structures of TD-139
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Figure 3 Diagram of binding mode between lactose and Galec-
tin-3
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Table 1 Physiological functions of Galectin

Galectin Related physiological process Related disease Ref.
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b2 F, B-D-F-FU W H S5/ g B, BXt
FAMEBERAA RIFML G, HX Galectin-1,
Galectin-3, Galectin-7, Galectin-8N F Galectin-9N [ Ky
1B 535134 %] 10000, 4400, 4800, 5300 F1 3300 pmol/LI),

2005 4F, Cumpstey VG K T — R4 p-LFHER
S F L AEN Galectin FIEELEINIHIFIE 4). 1,5-—
-2,4- RHEEIR PN RUR T, BB A LN b ) B
AR, B 5 KBS B = 12; A 8 it &=
1) 1,5-Z9R-2,4- ZRHEEZR, DU AT IR/ XU = 1 i A
B, SR BEAEY 2,3,4,6-00 2B F-p-(5--2,4- Tl
ORI 4. S, BRI Bl
B G IRB G, BRI E] p-2F AN R B AR
13~19. FHemiRLI4s R EIR, 1hE719 L RIRE A&
B-D-FLBE FH (K4=4800 pmol/L)%t Galectin-7 FHLH T
TESRISEA S, L Ke N 140 umol/L.

2005 F, Tejler 2R H p-D-:- FLBE 2 I 5 BV EE

OAc

OAc AcO \%O%/
AcO .
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AcO OAC F F OAc
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AcO

OAc NO,

AcO
c %C)%/S
E F AcO OAc
j@: (excess) NO, X

2,4,6-collidine, MeCN

F
4(93%)

13: X = NHBn Gal-8N Ky =450 umol/L

HO %
14: X = NHBu Gal-8N Ky =550 pmol/L HO o] \©\

15: X = NHPh Gal-9N Ky = 430 umol/L
16: X =SBn Gal-8N K4 = 2200 pmol/L

TEFACEIE B R 727K/ VU S0k g VR B 711 R s B
B-FFUNE B B S AT AR (B 5), X s fb ST FAE
Galectin-3 f#HI 7Y, Ko {H15 £ 330~1800 pmol/L. %
2 i JEE e TR AT A ) B S B (R UK e e 1, 7R AR B
pH THIX AR E, JF H 0T Recae 4t i (a1t A dr
Y PR 0 ) ) 380 0 B OURA 05 R 4, AN ZE AT AR 26
LS W5\ AT R4 28, He Ko {E 53 724 370, 330 pmol/L.

2006 4F, Sébastien ZER2NDLARIF 2= FUBEGR H O )R
Bl T N-BA T BRI (NIS). AgOTS HIfEH R RAE
FEEAL RN Bt Troc fR4FEAZ B hE a4k 32, B)E
AR RO 15 B BEBE AT AE (B 6). RV
= TR I FH VR (FAC/MS) IR 45 R B, N-25 H IR 2L 437
W) 34 WM, Kg ATIA 10.6 pmol/L. HEAT I, fE
BEAER FEATATAE, 0T A BT 1 58 4 i FLpE AR
A .

2008 4 Giguere FEEWERTRATAEM G KT, RHF
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12
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OAc NO,
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5~8
5 (Quant.) X = NHBn
6 (Quant.) X = NHBu
7 (Quant.) X = NHPh
8 (66%) X =SBn

NaOMe, MeOH
or BuNH,, MeOH, THF

NO, (i) SnCl, 2H,0,EtOH, 70 °C

X (i) Ac,0, pyridine
13~16
OH z OAc 5
HO %2&3 AcO %S
BuNH,, MeOH, THF
HO OH 2 AcO OAc
z z
17-19 " 9~11 "

17:Y = NAcAll Z = NHAc Gal-1 K4 =490 pmol/L
18: Y = NAcBn Z = NHAc Gal-1 Ky =410 umol/L
19:Y=SBn Z=NHAc Gal-7 Ky =140 umol/L

9 (54%) Y = NAcAIll Z=NHAc
10 (62%) Y = NAcBn Z = NHAc
11 (41%)Y=8SBn Z=NHAc

B4 p-mifREE AR E AT A A AR
Figure 4 Synthesis of S-thiophenylgalactoside derivatives
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HO © le) OH
Aldehyde, HCI, H,O/THF
HOSC L O- Y 2 HOS— 2oL~
NH, N~ R
20 OH OH
~ 0f ~ 0,
Galectin-3 K4 = 550 umol/L 21~29 (47% ~ 91%)
OH «
21:R= Gal-3 Ky= 1800 umoll. ~ 27:R= Gal-3 Ky = 620 umoliL
~
N
22:R= @\ Gal-3 Ky=1800 umollL ~ 28:R= @ Gal-3 Ky = 330 umol/L
N
OH N
23:R= @\ Gal-3 K4 = 530 pmol/L 29:R=H Gal-3 K4 = 890 umol/L
NO,
26:R = Gal-3 Ky = 370 pmoliL
B 5 ik A AT AR A A
Figure 5 Synthesis of oxime ether galactose derivatives
OBnOBn Bno OB pr\
0 NIS, AgOTf, DCM &ﬁ&o @& Zn, AcOH
B0~ Sk BnO~—"gac O(CHy),CHg
NHTroc
30 31 (67%)
OH HO
OB HO
BnogiPh’[\ o (i) carboxylic anhydrides %0@&
BnO O@QL acetyl chlorides, pyridine HO on O(CH,);CHs
OAc O(CH2)7CH3  (ii) 20% Pd(OH),/C NH
NH, (iii) NaOMe, MeOH 0=

32 (75%)

33 ~ 34 (80% ~ 85%)
33 R?2=CH; Gal-3 Ky=73.3 umoliL

34 R2= Gal-3 Ky = 10.6 umollL
%

Bl6 CQ)-Bhig _MrrEMrEm

Figure 6 Synthesis of C(2')-amide disaccharide derivatives
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ZIKARAS=H 37, (2)7E PA(OAcC), AL 5 3B muL )
R Heck (B NAF BI(E)- K LIGHTAEY), 54 KIES
FEY 39; (3)5 TR M IR FR I e 0 I A8 SR A I N
FRANRLFIBRIEAT D) 40, LAY 40 fEARRIVER] R AT
R SABERN, J5 4K RS 43; (4)5 U ATl it
Heck S il & K, JGA/KMRE 45, @it m i
SEEIG W 5 Ak A P FLE B AR 2R M VE P, 45 R R
ZEAEYINT Galectin-1 #1 Galectin-3 EA5 B S (47141
YEF, Hd b &9 37, 39, 41, 43 1 45 Y%} Galectin-1,
Galectin-3 I H LA S 10 RERFIHIER. (bE
) 43 X Galectin-1 HA EFEVESNHIME, H 1Cs ATk 313
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umol/L, V& PELI A D-2EFHE 160 1.

Ak, R EAT 3 T A T v R EAR ) 2
FUMERTAED(E 8). 1%, RS D-2PFUEE S K%
N #E4T Knoevenagel & B, 4k il yR AR s R i)
FERAREARTEY) 49, FSERYE 1520 3 e i 2 5L
PERTAED) 50, & )o SMEEE RS 2R ILREATAEY) 51~
57, BRI 1SS 58~ 64. It ML A <206 I <& 1k,
BV AR B R AN EENE, SRR ZRLEY
Xt Galectin-1 1 Galectin-3 2 B Z A& /EH, L
MEBATA N 58~64 X Galectin-3 #BEL A HLLT (R4 HI1E
FH, 1Cs0 A 2500 umol/L, #£9° D-2FLKE ] 20 5.

2019 4, Dahlqvist P45 i 17— 251 C(D)AL AR
BURKIE AT A(E 9), P 2,3,4,6-1H-0-F%%-D-3
FUBE N GA YR, @it Dess-Martin & ke A AL 15 3
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AcO
DCM, reflux d(OAc),, NaHCO3
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0 40 (94%) R = Ac
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MeOH
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Ph
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Figure 7 Synthesis of terminal galactose derivatives

OH (1) 2,4-Pentanedione

OAc

ro OR
HO 5 NaHCO3, H,0 o Br,, DCM AcO . Br
HO OH  (2) Ac,0, pyridine RO AcO
OH OR o OAc
48 49 (95%)
— 47 (90%)R = Ac
NaOMe
MeOH . 48R=H
R\
8 NH
JL ro PR ——— 51~ 57 (42% ~ 77%) R = Ac
HoN ST, NaOMe
DIPEA, proplonltnle OAc RO = MeOH| | s58~64R=H
reflux, 4 h (65%) OR

58 R'= 2-Naphthalene-sulfonyl

59 R'=2,5-Dibromobenzene-sulfonyl
60 R'=Benzyl

61 R'=4-Nitrobenzyl

62 R'=Benzoyl

63 R'=4-Methoxybenzoyl

64 R'=4-Bromobenzoyl

B8 MEMIEFLEH AT MRS K

Figure 8 Synthesis of thiazole galactoside derivatives
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KIARIRIETEAE L &Y% Galectin-1, Galectin-3 FJSEA!
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54 170 pumol/L, WEMERATAY) 70 BE ik 45 1 47
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Galectin-3, H K4{EN 90 pmol/L. ZAL&YH 2 H ik
TE X Galectin-3 SEFMEEAR P R HEL A, H gk
INH 5 N AR BEERNH] Galectin-3, X N &K EE
FivE. EgFEPER) Galectin-3 I 4E 76 8081,
2019 4, Dahlqvist 2E2 5 5% T — RFEFME C(1)
B2 75 3 =M IAT (B 10), DUGEERE 74 D9
Bl ZWEAR L AR BIIRTT 75, 4k B
WA B EAITR] 77, B RAMENL TR Click KM
FRFRE C(OALRUAR RO 2 =T A4, IR 15
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BHlLLE SFiR5HRE
(i) CeCls, lithium
fo] (,?Bn Dess-Martin BnO OBn trimethylsilylacetylide  BnO Q8Bn
o periodinane \@//o& (ii) BF3-Et,0, EtzSiH W
BnO oH DCM BnO o (i) NaOH, MeOH BnO
OBn OBn (iv) hydrochloric acid OBn
65 66 O 67
&\.Y. (i) Aryl azide, Cul
gS) EtsN, ACN
S (i) NaOMe, MeOH
O Aco PP° OH =N
OH N (i) Aryl nitrile, 8-methylmorpholine o0 HO o N
HO o | N O N-oxide AcO = =
HO o (i) NaOMe, MeOH . OAc HO OH F
OH' 70 (52%) 69 (20%)
Gal-3 Ky =90 pmol/L ‘ Gal-1 Kg=170 pmol/L
OH i) Hydroxylamine OH
HO r () Hydroxyl HO

73 (40%)
Gal-3 Ky = 800 pmol/L

o HN"\{ Hydrazine hydrate  AcO o hydrochloride o O"\{ 0
Ho N Na,CO3, THF Wo Na,COy THF ~ O
OH AcO (i) NaOMe, MeOH OH
OAc
71 Gal-3 Ky = 380 umol/L

72 (40%)

B9 IR FREE TS

Figure 9 Synthesis of heterocycle galactoside derivatives

BnO _OBn (i) BH,-DMS, THF BnO OBn BnO _OBn BnO OBn Ns
0 (i) HyO,, NaOH, THF/H,0 %OH MsCl, pyridine g&f""s NaN, DMF g&)
BnO BnO —— > BnO ——~ BnO
OBn OBn OBn OBn
74 75 (89%) 76 (91%) 77 (90%)
BnO _-OBn Pd(OH),/C HO OH
alkyne, Cul, Et;N, MeCN cyclohexene/EtOH HO\@;&/N

o)
BnO
N
OBn't N

78 ~ 80 (42% ~ 73%)

£ £

78 79
81 82
Gal-3 K4 = 710 umol/L
Gal-1 K4 = 170 pmol/L

3

Gal-3 Ky = 830 pmol/L
Gal-1 K4 = 240 pmol/L

o

80

83
Gal-3 Ky = 470 pumol/L
Gal-1 K4 = 180 pmol/L

B 10 72k =R FURE AT AR A R

Figure 10 Synthesis of aryl triazole galactoside derivatives

Galectin-1 F Galectin-3 HISE N ), 45 5075 2k — Ay
AT mXF Galectin-1 fRAE, HAEI BT p-D-
U SR A, o 4-HUORE R 81 vETE R
flt, HXF Galectin-1 ) K4 5N 170 pmol/L, 72 Xt
Galectin-3 35 J711) 4.2 f5.

2 HIBWERGTEN
2.1 CQR)-BAMEIGRFIAEREITEN

2009 4F, Tejler ZFROFERE—BH S b RIN, wigdkfs
ik o I 2H 4y () 25 AL A K s e 1 A S5 Galectin 5%
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iy, BETFTHERT —&5% Galectin-3 B A =g Mk
HIG B FURERT (B 11). BRI C3)-B %k
FLVE 84 I AL A S BRI N, 158 3,5- T AR K
R e ZURE AT A7) 85, TR Il I iRAk  BUACANBL ORI 15
Pl ABEATAEY) 87, Bon ol NMIMESE R, 193]
C(1)-Fg| Wik 5 1k = ZLAE AT AR D) 88. SR 2t w4k
A5 Galectin-3 HEATSEMMINR, 45 0%, ZE
Y%t Galectin-3 ff] KafH N 46 umol/L, [FIRf, fRE C(1)
LR SEEAE 73, HE—XE CR)EATIBMIN0E, KIS
74 E] CQ)-B A IR IEEL &) 91, BEfS
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0
MeHNJg_\ OHOH
Ne
N

8%) Gal-3 Ky =11 pmoI/L

(i) Cu(l), propanol
methyl propiolate
(i) 40% MeNH, in H,O

Rt

5% Gal-3 Ky = 16 pmol/L

Cu(l)
phenyl acetylene

AcO QAc

oOHOH Indole-3-carboxaldehyde

0
0
N &@/O\ MeNH,
3 one N MoOH o HCI , H,O/THF
Na O nH
OH 2

89 (33%)°

‘ propanol

OHOH
0
&/O‘N

o 90 (88%) (67%)
N-Hydroxyphthalimide
boron trifluoride
diethyl etherate
CH,Cl,
OAc MeO OAc
AcQ o (i) Hp, PA/C, HCI, EtOH A:o\%&/m (i) HBr, CH,Cl,
c
N3 OAc (i) 3,5-Dimethoxybenzoyl chloride N (i) N-hydroxyphthalimide
g4 OAcC pyridine, CH,Cl, OAc tetrabutylammonium hydrogensulfate
MeO o] CH,Cly, Na,COs
85 (91%)
MeO ACO OAc
MeQ OH
O 0. OH
Hydrazine hydrate, MeOH &&/O
eO
6 (55%)
7 (72%)
MeO
Indole-3-carboxaldehyde OHOH
H,OITHF, HCI, E/Z 5:1 H\%@/O‘N/
OH \
MeO o) NH

88 (53%)
B 11 gkl AT AN A R

Figure 11 Synthesis of oxime ether galactose derivatives

KA Cu(DREAL I Click S R4S 3 PRAS =M ALRENT A
) 92 H1 93, mOLImIREE KK, (LAY 92 1 93 Xt
Galectin-3 FISEF NI B ER S, Ka B2 BN 11 A1 16
umol/L, [FH} X Galectin-7, Galectin-8N, Galectin-9N 3
P L e E W 55 4 AiG . Bl 92 A1 93 Xt
Galectin-3 EA R @M. %45 R 5K 7 m)
Galectin-3 25 K S T — K.

2010 4, Salameh ZFPTDLFLHE ALLE ERL, @K
A Cul AL Click &M, &RT —RIIEA = Z M1
FUMERATED(E 12). 5O mIRs R, thE5Y 96 ik
FMH S Galectin-3 454, KqfH N 0.66 pmol/L, Z5&75
PEAH B F S -B-FUBEIZ B2 5 17 100 5.

2017 4F Marchiori Z5281) 2, BESE AR 3-O-Je 7h 3
FAEMN B BT BN R, ST T A 3-0-=F M
e FUE S SRR AT AE (B 13). AT DA
TIE 2R 259 N R R, JEad Click [ M A4R 1,2,3- = %Mk
SER, MRS 1 3-0- =R M2 FUBEIE 75 SE R fefiT AE
) 100 A1 101, KA bric sLsGr ML &4 5 N E4H 2
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FUMEEE R -3 Z SRR ), SRR Z R EM S
Galectin-3 E A3 #UF HISEAIE, 100, 101 [ ECso 435N
17.2, 18.3 pmol/L, XA G ] fEiliid 5 Galectin-3 45
H BHWTEE AR, 1% T B PR S PR U
B F/NTFINHIFIRE R SR AL T BRI R
2018 4, Pal 58 /NP AR W3 M BB o e IR AT Hp
RENGINFEARELF R (- 14). — 5T, ¥F76E
H 102 S ERAATEMAE BuSnO, ArCH:Br
BusNBr S51E A N AT X OE B b AR B, DA
FERAGE] CR)-MEMEFLBENTAEY) 103~105, KAk
) 106 A1 107. H— 4, K CALEY) 108 5HERTE
N,N'- SR 3 m % (DIC) A 4- — H & FE g ne
(DMAPYEH FAERL 3-O-FR IR - LM 109, fE=
I8 T 5 HHAE e R 2R T B R AR S B, ORGP 5 S5 43
2| CQR)-Hei B EFMEATAEY) 110, ETES KM (e
¥ 106 %} Galectin-8N (Galectin-8 N %fi CRD)FJZEF 3K
KT, Kol ik 110 pmol/L. AHLLT f-D- L0 FEF
BEZ) 50 £, LUNFLHEERTAEY) 104 (1) 6 £, [FBS, @ik
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AcO,AcO
ACOACO N Alkyne, Cul N~N Ac%CHN
N, 0 O%\OH _ DIPEA, toluene \ ;lj \?4\
AcO AcO
o4 5 (99%)
AcHN

40% MeNH, in H,0 W Gal-3 Ky = 0.66 umoliL

B 12 C3)=MeEAUREREAT A& R

Figure 12 Synthesis of triazole lactosamine derivatives

(0]
11 OR'
AcO OAc N3—©>S—NHR o

o o N=N O ome
- 0 OMe N\/\/O ,
= / Na ascorbate, CuSO4, DMF o /©/ OR

OAc microwave heating W
98~99 R'=Ac
NaOMe
MeOH I: 100~101 R' = H

97

o _0 | NYO\
98 (66%) 100 R =\||/\/<N 99 (47%) 101 R = _N
Mo o

B 13 C(3)- =M FLWE L 5 L Wk e A7 A= 0 &

Figure 13  Synthesis of C(3)-triazole galactose aryl sulfonamide derivatives

OH OH

RZ
ho OH g&/OMe
%OMe
HO o (i) Bu,SnO/MeOH, Reflux

™ H [of
102 (i) ArCH,Br, BuyNBr, Dry Dioxane, 85 °C R5 103 ~105 (71% ~ 81%)

103R'=R?=R*=R5%=H, R®=CO,CH;,4

— 104 R'= R?=R3=R%=H, R* = CO,CH; Gal-8N Ky = 630 umol/L
KOH/EtOH/H,0
60 °C

105 R'=Cl, R2=R%=R*=H,R5=F

106 R'= R2=R®=R®=H, R* = CO,H Gal-8N K4 = 110 umol/L
107 R'= R?=R*=R%=H, R®=CO,H

| X
@ o
N/Br
N OH

BnO OBn Bno O oo 7N "o

o DIC, DMAP %&/OMe (i) K,CO3, MeOH, rt. . o OMe
HO OMe propiolicacid  =_ O~ omn (i) Pd(OH); C/H, O oH

OBn 42% \( MeO,C

108 O 109 110 (29%)

Gal-3 Ky = 300 pmol/L

B 14 C3)-Mmk/ A & e 1 AL AT AP A R

Figure 14 Synthesis of C(3)-quinoline/indolizine galactose derivatives

WEE AR R (MTT) ¥ 7 A6 5 5 e A M JIMT-1, MCE-7 BA 110 SEA0A W35 062 e Aok 2 T HR e P 40 e 2 e
KB H 4B MCF-10A FO R, S246 45 SR80 102~107. 2019 4F, Dahlqvist 25505 f— Z 51| 58 R g 2 7L b
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S ATAEY(B 15), LA3-O-Fe g 23U 97 Ntttk
YIkl, £ Sonogashira IS BIBEANTAY) 111~113, Fifi
J T SRR MURT I 20 A 1 2% 40 T o — #2045 3
DR NE 114~116. ZOGIRIRLIRI], 114~116
%} Galectin-3 ) Kq {453 4 260, 83, 260 pmol/L, H:rh
ZEEIUR A A DTGP SR AR

IR CR)AL B A A B 1 1 2 FLAE A
FRTEY K Z X Galectin-3 FILH B =AM, BAG
TR FUREATAE, X E T 4R EE ) Galectin-3 1]
2yt R EEL BT T .
22 CQ3)-HibEFIEIFMEAEREITEY

2006 4F, Bergh Z5PUHRIE TR FH AR A i i) &N
MR LR AR 16), BARDIERE: Jo¥s p-D-2F3
BE R 102 /£ BuSnO 1EH T 4L R 3,4-0- W45 fk i)
A, S5 F 3-SR IRAE o e R FL kAT I B
HEUE B EY 117, 4RI 7E PA(PPhs)s, Cul #l THF/Et;N
VER T 5 b 7R S0 0 S FF R K 206 R A Sono-

Aroyl chloride, TEA, Cul

gashira N, 531b&4) 118. FIid & Cox(CO)s AbFH
WA 118 13RI -EEIC G4 119, BF3OEL 1 H Tk
Peib R AR B, SR 5 FUE (L 2R e - e B SR 24
AW 120. 8IS ERIRIEIIZ B, 120 X} Galectin-7 F
H R ERET], H Kol 390 pmol/L.

2018 4F Bohari 25321 )\ Galectin-8N [f] CRD i &, &
HIHERT 3-0-FHIE-p-D-F I EHLEY 126(F
17)E RN Galectin-8N NI, HAk G w5k 42 LA
B-D-LFLHEH TR E R, SEEHT 4,6-F XIERIF. 3
P LA AR AN 2 2 MOM {3, Bl J5 75 48 881 F i
T 3 e B B, 4k 2-F R R AR 1Rk
SN, e AR 19 B AN ek 126. 0 ik S I
PIEATO)ME Z B W% Galectin-8N  [{ISE A4 4T,
H KB ATk 32.8 pmol/L, [FIEF 1%} Galectin-8C JG . 3%
HISEA ).

2020 F, Patel SEB3IITHER T —RYIN _FL N
PFBERTAED (B 18). BARE BT EMW TR PR AR

OA
Acog@i ide, i o AcO ~OAc (i) Guanidine, hydrochloride Hzf‘j\ HO OH
PPh3)4Pb, THF 0 K,CO3, THF (e}
o SN (PPhs)s \g//@o 7N o
Q\/ OAc AF»X/O >

OAc > (i) NaOMe, MeOH

97 111 ~ 113 (35% ~ 59%) Ar

Ar: Sgs\ i:

11
114

Gal-3 Ky = 260 pmol/L

114 ~ 116 (95%~ 23%)

o T

112 13
115 116

Gal-3 Ky = 83 pumol/L Gal-3 Ky = 260 pmol/L

B 15 GRS FUAE AL E AT AE I A AR

Figure 15 Synthesis of aminopyrimidine methyl galactose derivatives

(i) Bu,SnO, MeOH, reflux, 2 h

O
HO )
HO&&/OMe - Y —
OH (ii) 3-lodobenzyl bromide, n-BusNBr

102 1,4-dioxane, reflux, 2 h

OH

ja @ kézkg/OMe

Q o~

d(PPhg)s, Cul, THF/Et3N, r.t., 16 h

117 (56%)

HO
O\/O/Q\/o\é&/we Co,(CO)g, dichloromethane, r.t., 4 h Q/O\//Q\/ g@/

OH
118

(i) BF 3 Ety, Allyltrimethylsilane, toluene, r.t., 16 h
(i) I, THF, 0°C, 1.5 h

Co,(CO)g

"\”/’<::ZVHO g
N o
120 OH

Gal-7 K4 = 390 umol/L

50% overall yield calcd from 120

Bl 16  CQ3)-JIk RILEEAFUMEAT A A AR
Figure 16 Synthesis of C(3)-alkynyl benzyl ether galactose derivatives
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BHLKE RS R
Ph Ph Ph
OH OH o o o
Benzaldehyde o] Ag,0, AcCl, KI ¢} DIPEA, MOMBr o]
Q dimethyl acetal o DCM, r.t. o DCM, reflux o
HO OCHs i AcN s0oc. HO OCH; —  ~ AcO OCH; —  ~ AcO OCHjy
OH it OH OH OMOM
102 121 (88%) 122 (70%) 123 (80%)
Ph NaH Ph OH OH
0 o 2-Chloropropionic acid I§O concentrated HCI o O OCH
. 0 HOOC 8
Na metal, MeOH 0 1,4-dioxane, 50 °C MeOH \( OH
—— HoO OCHj o N —
OMOM 3 126 (75%)

124 (90%)

HOOC\<

OMOM

Gal-8N Ky = 32.8 pmol/L
125 (60%)

B 17 3-0-5 N 5E-4- I ERL I 2L FUHL S 10 5k
Figure 17 Synthesis of 3-O-isopropyl-f-methylpyranyl galactose derivatives

P R 2 FURE AT AR 127 N ERL, EAR A NN -
TR RR B R (DCC)FELL T DMAP IfE/E T
ST RRATAEMIEAT Steglich Eeib b, 53755
BRI —RREG - FNERTAEY 128, BEERRM:A1E TR
Ry B2 H b9 129, K 25 w5 i e AT
Galectin-8N 25 & 77, ERFHHAFUEY 129 X
Galectin-8N ISR FLBER) 7 1%, 1L 5.72 umol/L.
WNyF-EAREE 19 a8 SR, HFHBERA
TR T S AL R Y SRR A DT OCHR R B, HoR, Ty
WeEM 25 Tyrldl RAETUEEM EAER, N MEH
FITF 5HkFEE ArgS9, Argds Al Glnd7 45445840 HAEH,
I NTE R Galectin-8 157 (8T B &5 415 R4 it T
1t 57 SR

%O DCC, aryl malonic acid %
DMAP, DCM 1)
Hog&/o\ Og@/o\
o) (¢}

e}
/ Al /
127 128 (81%) Ar = 4-fluorophenyl
OH
60% aqueous oH
acetic acid solution 0 O O—
OH
e}

(e}
Al O 129 (85%) Ar = 4-fluorophenyl
Gal-8N Ky = 5.72 umol/L

B18 P IR ILRERT R B K
Figure 18 Synthesis of malonate galactose derivatives
2021 4F, Kervefors ZPURINE KT — £ 3-0-75
AT L EY(E 20). BAREBOTEIT: Bk,
AL TS 0 R ORI 2 FUHE 3-OH HEAT AL [ B AT
—RINTAEY 130~133, BRI EERBTAED 134~
137; FOmis SLIGUESEATAEY) 134 X Galectin-9N (Ga-

1316 http://sioc-journal.cn/
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lectin-9 N ¥j CRD)F1 Galectin-9C (Galectin-9 C % CRD)
1) Ko fE.53 791 260 F1 250 pmol/L, i /i) F A JE AR (1477
AW 135 BISRANE B R R B, R B ISR/ S 5 B
IR ALE G OC, IX A BTy 280F e e 1 1 1)
Galectin-9 il FIFR AL T 77 ).

N

N ——
Arg69-
. ¢
X Asn67 "

B 19 (L5 129 il Galectin-8N 5 4411 i A 45 4 2)
Figure 19 Complex of compound 129 with Galectin-8N
23 CQ)-ABEFEIGMEAERETEY
2005 4F, Salameh Z5BSIPL C(3)-B & 7L M 5 kL
ERARMETE N,N-—_ N % LZ(DIPEA) T Cu(l)Hf#
N KA Click MV, &1 — R C(3)- =&M7L b
ATAE(E 21). @I T RmIRENR I, X5
KZX Galectin-3 HA WGV Horr, JEPE T )
AL A& 140, Ky EATIA 107 pmol/L, /& D-FLHEE
FATERT 42 15,
2008 4, Cumpstey “5EBORIE | — KA FH
Va5 EBREATEYI(E 22). Bk, 3-BECEARH A
Pb/C AL IR BEALAS B AL AT A 142~144, FIE
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11—
0OBn,OBN Arm—om OBn.OBn
0 Ar 0
HO OMe  g,0K, toluene 0 OMe
OBn Ar OBn
108 130 ~ 133 (7% ~ 99%)
OH
Hap, Pd(OH),/C OH
AcOEY/PrOH o O oMe
At OH
134 ~ 137
130, 134 Ar': /©/ 132,136 Ar': /©/
MeO N

3

133,137 Ar': ©/

OMe N3

Gal-9C Ky =250 pmol/L
Gal-9N Ky =260 pmol/L
Gal-9C Ky =860 umol/L
Gal-9N Ky = 780 pmol/L

131,135 Ar':

134

135

B 20 3-0-F7 B IABEHATEMN G
Figure 20 Synthesis of 3-O-aryl galactoside derivatives
HBr/AcOH fEFHRAL . BiALHAAL RT3 2] 148~150, Jiit f
P15 151~153. FOLMIRSEIRRY], 151~153 BRI
Xf BB R RAFRIRA, e &Y 151 Xt
Galectin-3 [ Kq{E 7] 15 0.046 pmol/L.

2010 4, Salameh 5FP7H 2RI ER b &4 95 HI&
FROTE, BT — &Y HLNE C3)- =T AEY), HAIR
RAFE] o-BAR =M U0E, £ T MIBILEER T,
JE I BACKEAT AP 155 (1) — R A1 B = MU AR
TR AT A 156, LRI S R AEBUAR S NAS A
N HIEERE B AR LE 9 157, i ENREE KR, C(3,3)-
=R MR =N 157 X Galectin-3 AR
I RISEA ], Ka {524 0.029 pmol/L.

[T, AbATTIE LAS B LB R D k), R 2K
BLI S B 26445 21 C(3)- = Z M= FLE T AE 4 158~160,
AR S8 B A 161~163; b4k, @it c3)-SEF
FLRERT AW 53 93 55 5% B R T Ik £, ok 75 R 2R A fin # Ok AR
Click [ NG5 —4H S H1K 164 A1 165, i R4 5 2 15
HAx4 166 F1 167(K 24). Ffidit w e iRkl e 171k
A 1161~163, 166~167 Xf Galectin S ik 71 15 FIE.
GEREM: M= 4 A S AL EEURES, 161 %)
Galectin-3, Galectin-8N fI Galectin-9N JLF-7% A #1#1E
F, % Galectin-7 A TSR F ), {22 4675 NEUR
FEIF, XF Galectin-3 HISEANE T EHR T, Ko BN 120~
130 umol/L.

TD-139 & H 7 & #E NG PRI 78 N LA B3
PG R PIHIF. 2016 4, Hsieh Z£P7L TD-139 5
Galectin-3 FIVEFINZERE, HEAT T R0R0 i 304 1 40

0
AcO
AcO o cu() DIPEA O AcO AcO
N %SM‘? toluene, 40 °C = g&/sm(e
5 — N

BnHN OHOH
BnNH2 MeOH o
SMe

Ne .
AcO N AcO

138
139 (95%)
Gal-3 Kd = 107 pmoliL
B 21 CER)-=FMeAERT A AR
Figure 21 Synthesis of C(3)-triazole galactose derivatives
OA
OAc AcO ¢ AcO Ohc
AcO ° (i) Hp, Pd/C, EtOH, HCI (Et,0) H 0 HBr/AcOH, Ac,0, DCM H&%
" - N
N3 (i) RCOCI, DCM, pyridine, DMAP O AcOOAC @)
AcO OAc Q( Q( A%
141 142~ 144 (40% ~ 91% over two steps) “145 - 147
A M
Aco OA°
NazS, MeCN H O | s _NaOMe, MeOH _
O\V\ AcO or MeNH,, 20 OQ( o o/
R 2 142 145 148 151 Gal-3 Ky = 0.046 umol/L
148 ~ 150 151 ~ 153 (7% ~ 27% over three steps) o

v

i 0~ NO,

143 146 149 152 Gal-3 Ky = 0.050 pmol/L 144 147 150 153 Gal-3 Ky = 0.049 pmol/L

B22 BRAA A FURRTEM A

Figure 22 Synthesis of thiodigalactose derivatives
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AL
Aco OAc methyl propiolate AcO OAc HBr (33% in AcOH), AcO OAc
o Cul, DIPEA, toluene 71\/\ DCM Ac,0 é/w/\
N3
OACOAC’ AcO OAc AcO Br
141 154 (93%) 155 (82%)
AcO _OAc OH _OH
NayS (dried), MeCN O}_Q\N:l}l o BuNH,, MeOH o>_<‘/=r}1 o\ e
MeO N="5nAc BuHN N o
2 2
156 (36%) 157
Gal-3 Kg = 0.029 pmol/L
B 23 COWRIMFLEIEATEY G K
Figure 23  Synthesis of C(3)-lactosamine derivatives
OA A 0 OAc HO JOH _
SMe , toluene \ SMe = 3-methoxypheny
Na or NaOMe AN Gal-3 Ky = 120 pmoliL
Ohc rt. ~40°C R/K/ MeOH R OH ) s n _"1 hi |
138 158 ~ 160 74% 99%) 161 ~ 163 (74% ~ 99%) = 1-naphthy

164 ~ 165 (38% ~

tosylacetylene
toluene, 65 ~ 80 °C

_ inHO

52%)

164 R" = tosyl, R2=H
165 R' = H, R? = tosyl

E24 C3)-=

40% MeNH,

Gal-3 Ky = 130 pmoliL

166 ~ 167 (75%)

166 R = tosyl, R? = H
Gal-3 Ky = 130 umol/L
167 R' = H, R? = tosyl

M LB AT AE I AR 2

Figure 24 Synthesis of C(3)-triazole galactoside derivatives

FFR AL, RIS ERAR AR C3), CB)HfE
[) B R0 PT RE 2 1 R 5 R T 2 A SR AL ). R4,
Delaine B84 T — R 41 = MR = 2L FRERT A=
169~170( 25), Pi# ¥+ Galectin-1 F1 Galectin-3 ) Ky
{H%Z nmol/L 25, b4 169 Al 170 55 Galectin-3 &
ERGERIE (FE 26)K B, L& 169 A1 170 [ —
WAL AR AL His158, FHEEUEF8Am Trpl81 J7 M3,
MTTTTE =R N2 5 Trp181 [F U T2 (B JE B B AH B
e, XS AR S8 EWE ST Galectin-3 B i
SESEAN ). [RIE, A YD 169 K HL AT WHEM PR 25 H
Al E AT Galectin-1 f) Arg73-Asp54 M5O, Kt
ZERJHE AR T 5 Galectin-1 4545
T FIRWFFT, 2018 4F, Peterson ZEBE 57 3L 2,1 H

Iig\ BF3*OEL fEH T X C(3)-B & - AMERT AT C(1)
RrFEATEUR, SR JiEIT DIPEA A1 Cul 4k & 4 Click
MR T — &5 C(1) CR)IARH) =M FUREATAE )
172~175(E 27). sed- 9 e miRsLitss HEH, e
W) 172~175 ISR Galectin-1 HF R IFHI4561H%
e, Hr, A4 173 % Galectin-1 1) KB~ 43 pmol/L.

2018 4F, Pal S50 [ it — B3 58 C(3)-ME k- FLH%
FTEEWD 106 [FISEF1J, FIFRIEMEMRS o-BR AR H
B 25 A ATAE (B 28). %6, H OB EFLNE 176 ¥
R 3,4- ZGEOR I -a-TRACE I 177, AT S
A AN X e B e Ak, B RIRTAEYD 178, PRt K
FR A3 B AH B R B R AR FLBE R 179. B4b, DL 3-
BRI 180 A5k, UEFEERGHED Cu)

4

OH,OH oH,OH _
o Alkyne, Cul, Et;N, DMF N=N 0 S 169 R = 3-thienyl Gal-3 Ky = 0.065 pumol/L
Ns s &N Gal-1 K4 < 0.01 umol/L
On’2 R OH"2 170 R = 3-fluorophenyl  Gal-3 K4= 0.014 umol/L
168 169 ~ 170 (76% ~ 88%)
B 25 AR RTINS R

Figure 25 Synthesis of thiodigalactose derivatives
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B 26 AW 169 (A)F1 170 (B)5 Galectin-3 &AW di R &5 #4038
Figure 26 Crystal structure of compounds 169 (A) and 170 (B) with Galectin-3

OAcOAc methyl thioglycolate (i) Alkyne, Cul OH OH

(e} BF3OEt,,CH,CI OAgOAC o DIPEA, MeCN, 50 °C N=N o) oH
3Ok, LHLLl , MeCN, =N
N3%S/OAC e, Ng&s\/go - N SN
OAc 3 DA (||) N.aOMe, MeOH R OH
84 171 (86%) (iii) LiOH, THF/H,O 172 ~ 175 (30% ~ 73%)

172 R = Thien-3-yl
173 R = Thiazol-2-yl
Gal-1 Ky = 43 umol/L

174 R = Thiazol-4-yl
175 R = Thiazol-5-yl

B 27 C(1), CRYEUAR I =Mt S ZLUBEAT A0 A 1k
Figure 27 Synthesis of C(1), C(3) substituted galactose derivatives

0Ac,CAc
7 (i) BupSnO, MeOH OH OH

OAgOAC 0 H x
&;&ﬁ (i) PCls, BFyEt,0 AcO&A Reflux D o&%
AcO OAc (ii) 3,4-Dichlorothiopheol AcOS Cl (i) BuyNBr, Dry Dioxane R2 N 08 cl
OAc NaH, Dry DMF 85 °C H \@[
Cl

178 s0e 177 (68%) 178 (70%) R = CO CHCI
KOH, EtOH, H,0 r ’ 2
60 °C L~ 179 (65%) R = CO,H
Gal-3 Ky = 1.27 pmoliL
Gal-8N Ky = 1.5 pmol/L
B 28 wEmbk LB ATAE W) B B
Figure 28 Synthesis of quinoline galactose derivatives
EALIEAT Click [RSAGHT 1,2,3- = HUMeSE K 50 B 5 ol _
LI CG) b, AT 18108 29). FARL o ’(c:%}o/_
£I%} Galectin-3, Galectin-8N 1SRRI A K138, H ) %Sm T
F, ALEY) 179 X Galectin-3, Galectin-8N 1] Kq{H 4351 ® OH DIPEA, DCM
A3A 1.27, 1.5 pmol/L. 180 o OH
2018 4, Zetterberg ZE40IDL S5 ALk N JFR], BT N=N, %&/SW
DIPEA #1 Cul #EAL& A% T C(3)-1,2,3-=MEHUAR ] B-H1 - ZUOW N on
i A -D- ML R 2 LA B, ol o gk — 20 ek S B b A 0”0 181 (61%)
JG, BFHA EEM I Galectin-3 7K 30). H Gal-8N Ky = 360 umol/L

T, B 186 1) Ka (B FTIX 0.037 pmol/L, JEIFH 5 _

T ;{Qt ATV A o B 29 C(3)-7 5 %-123-= FUMEFUREAT A & 7R
Galectin-3 IS & dn R a5 f(E 317 TR CEYL= Figure 29 Synthesis of C(3)-coumarin-1,2,3-triazole galactose
MR S EOR I R144 P E F-n S H SR derivatives
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BILE

R SR

AcO OAc
N=N

OHOH

(i) Et-SH, BFyOEt,, DCM E N=N

N O skt

3,4,5-trifluorophenylacetylene
Cul, DIPEA, toluene, 40 °C

AcO OAc

182 (91%)
OH OH

R' = 3,4-dichlorophenylthio
X Gal-3 Ky = 0.037 pmol/L
H R1 187 R = ethylthio

188 R’ = 4-methylphenylthio

F 0
D&N\%S/OAC (ij) NaOMe, MeOH
OAc
F
) 184 (49%)

R'—sH

AcO OAc
PCI5 BF3 OEt2 0 CsCOj; or NaH
N3 cf—

OAc 50 °C, DMF

F OH
F 185 (44%)

AcO PAC (i) 1,2,3-trifluoro-5-[2-(trimethylsilyl)-ethynyllbenzen
ng% Cul, DIPEA, toluene, 40 °C
AcOR1 (i) NaOMe, MeOH

183 (25% ~ 66%)
OHOH

o g‘@s@

B30 = MEELE U AT A A R
Figure 30 Synthesis of triazolyl galactoside derivatives

L
\\W1 8
B 31 (L&Y 186 55 Galectin-3 &A1) i A 4 140
Figure 31 Crystal structure of compound 186 with Galectin-3

1145 A1 S237 MHEAER, C(HMHIRAZEIES G182 Al

Wi81 KAMEH. E&X
Galectin-3 [ F1 /73858,
2019 4, Dahlqvist 55505 % 1 — £ 512 Jk g B
U A (B 32). AR ORI LI AR - — 0K
FEmE AREY R, 2R, Sonogashira B, L5

OAc
AcO (iy NaOMe, MeOH
0 (i) Bu,OSn, MeOH

SAE MR, RS

AcOS Cl (iii) Propargyl bromide
tetrabutylammonium bromlde
190 cl 1,4-dioxane

OAc

IR 25 C(1), CR)- MR A 193(E] 33). sadEak
FelmiRik g R, HX Galectin-3 1 Ky fEN 1.7
umol/L, HHELALEY) 116, VG E T2 150 fi5, #1073,
4- T FORIRAE M ) NRE R P =ik &%) Galectin-3 1)
SEAIE.

2021 #F, Hassan Z54E B T — RV BB R IR DK 4
FIH AT A 33), 3.4- SR I-a- A I bE
FTEEY) 194 5 G IR IR DRI A= i isd st v 4 Bh 25 A
B, FIR T AT IR 45 7 (1) 2 FLBE T A9 196,
A Y% Galectin-3, Galectin-8N ) Kq {85 20514 5, 1.8
umol/L, {E{REENT Galectin-8N E A5 mib &L T, B#
K75 Galectin-3 1456, &I A IEHRIE 1) 5 A 2K
IR LSS Galectin-8N ML &9, NI R miG . mik
BT Galectin-8N #HIIF)BE g T — 7€ FEAth.

2R BRI, 2 FURESUIUARAT AR 4 br S HUARAT AR A5
2 LR Ut K SR B A R I TR SR R . R,

OH

H%ﬁ
191 52%\@

4-Chlorobenzoyl chloride
TEA, Cul, (PPh3),Pb, THF

OH

(i) Guanidine hydrochloride
K,COg, THF

AcO
Q 0
~ (0]
e
o 192 (63%) ol

(i) NaOMe, MeOH

CI
193 (18%) CI

Gal-3 Kg=1.7 pmol/L

B 32 FIEMENEATAEMR AR

Figure 32 Synthesis of arylaminopyrimidines derivatives

1320 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2022, 42, 1307~1325



Chinese Journal of Organic Chemistry

REVIEW

OH OH
(0]

MeOOC‘Q\N

M _cl
N
|

HO

Bu,SnO, n-BuyNI, PhMe
MeCN, MW, 120 °C

HO S\C[CI
194 Cl

KOH, EtOH, H,0, 80°C

OH OH

HOOC’QL o &A

OH OH
MeOOC N N
NJ\,O
, 0s cl
L
195 (31%) cl

o)

| os Cl
S
196 (41%) cl

Gal-3 Kyg = 5 umol/L

Gal-8N Ky =1

.8 umol/L

B33 ZEIFBRME FUBERT AV B K

Figure 33 Synthesis of benzoimidazole galactose derivatives

C(3)fr 12 2805 12 1 (1) > FL 0% 480 E A0t 1 AT 28 P 0t
Galectin-3 B AT SRR FENE, JCH DL R =
WA ) 2 LB B AT AE P iE M e A5 T C(3)A h At
F G ) 2 FURE E T AT AN X Galectin-7, Galec-
tin-8 1 Galectin-9 R I ELFHRIZEAINE, 4l 2 FRIE )
I\, A5 Galectin-8N 747 AR I TE BUAH BLAE FH, Xk
PEVE KRN i e B 2 DTk, Xt~ Galectin-
SN il F P T St 7 R

FABZBRITED

2008 4=, Oeberg 254215 B — £ 41 C(1), C(2), C3)L
HUREFILBEATAEYIE N Galectin-3 #7(E 34).

3
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Na OAc Na OH
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R = 4-Methoxybenzylidene
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V203, LAY 205, 54 DO IR S50 K B R R
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R = 4-Methoxybenzylidene
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201 R = 4-methoxybenzylidene
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A 34

HOAc E

203 R = 4-methoxybenzylidene
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2 steps 44%

= BRI FUREATAE DI &

Figure 34 Synthesis of trisubstituted galactose derivatives
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OH (o} OH © 210
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O
OH
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o O 19 Hg&/o\
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211 (23% over two steps) 212
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Figure 35 Synthesis of talose derivatives

OAc
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orc a0 T Ty RooMe
_ O~ "AcOOMe / € /
214 Ho

215 ~ 216 (76%

~ 83%)

215 R=/©( 216 R= ©/

E 36 CQ)-FERILIVETEMIIA K

Figure 36  Synthesis of C(3)-coumarin galactose derivatives
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¥ 213 %I Galectin-4C (Galectin-4 C %t CRD)JEA B AF )
A Rk, 5 B-D-FANEREAMLL, SFR 5 m
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BEZ BB R B AN T A& A, KA PR LA A
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N3N b
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il (B A ¥R LK 2 ) 1Y) 22 41 53 SN % 3 AL ER - ﬁ%‘@%]z
AT R IR ILREAT A B 72 36). @i %%
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G5 Galectin KR A NS GoEF ), SRERILE
) 217 A1 218 5t Galectin-ON EL AT HISEM 17, H Ky
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217 ~ 218 (30% ~ 35%)

217 R= /©/R‘=Ac 218 R= ©/ R =Ac

Gal-9N Ky = 36 umol/L Gal-9N Ky = 45 umol/L

BRIk 36, 45 pmol/L, 217 A H w41 & 1 & %t
Galectin-ON HAFMEM I FIMLEY), XERT 3-0-
FEREATEN R —FRIE R Galectin-ON #1571 A 5T
R

2020 4E, AEMASILL 4,6-% X I-3-0-Fe 5 3-2-
TR FUNEIE 9 JEoR & i T -5 B =M 37),
JEIT Pd AR IR ORIF o P SR ACHE 219 5AN AR
B RAE Domino KB, & T =i aE, MRS
BEULEY) 221, FE S AR AR AR R R4S 21 B A
B =N R (Al 222, B G, I A AL FAR
TR A Stille IBCHE—BATA, WIISRISHE C(10)4 958
IR =i fiT Ay 223, g 5240 b w5
M, VP T EAT S AR R A A, 5 OME
ZERURNE ) A2, X’ EWI% Galectin-1 A1 Galectin-8N
AR SRR, X H WL Galectin-3 JUTF L&A 1E
PE, XM SRR ] Galectin-8 25 R H248E 1 8 ()
B AR EE .

2021 4F, Xu SFHOHRIE T — RVIE A 75 5 =AM
@ﬁﬁ*ﬁ%’w%ﬂﬁ/ﬁ\ﬁi( 38), KR 1B A B DAt
WA EF S5 R UM RTAE Y. BRSO DARRAR
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Figure 37 Synthesis of galactose-aryl tricyclic compounds
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ﬁ

235 (41%)
Gal-3 1Cs = 0.019 pmol/L
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Figure 38 Synthesis of tetrahydropyran galactose derivatives
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Galectin-3 ft ICso A 0.019 pmol/L, 5 IEAE AT I PR 256
(4 TD-139 (ICso N4 0.01 pmol/L)H A %ua@m@

S HURII BT B BT AR 5D, TRE H
T CONMATAMERERR, HRM{UATE C(2)1i§l)\ﬁfﬁ@a
#hy BEERER. PRSI EUCE S IR YE DR
GERSE. IXBI AT Galectin-3 FISEAPEAS IR
BRI CQR)-RUR FAS I - FUME R AT R4, (2T

FAh A 50 A DR D R I H AL PSR AN, = IR E i 45
FIREMS B INAL &% Galectin-8N FSER ), DLKIER
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Figure 39 D-galactose derived small galectin inhibitors
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