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Progress on structural modification and its activity of 1-deoxynojirimycin
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Abstract: 1-Deoxynojirimycin is a polyhydroxy alkaloid that can competitively bind to the a-glucosidase. In addition to hypoglycemic
activity, research of 1-deoxynojirimycin on anti-tumor, antiviral, and antioxidant activities is also gradually increasing. Researchers
have used various methods to modify the structure of 1-deoxynojirimycin. People not only carry out structural modifications on the N
atoms in the ring, but also gradually increase the modification of other parts of the skeleton. There are various types of substituents.
Some carbon atoms in the alkyl chain can be substituted by heteroatoms or functional groups, and other groups can also be connected
at the end. Different substituents have a certain impact on the activity. The same substituent may also have more than one activity.
Substitution of carbon atoms with heteroatoms can help improve the activity. The optical activity of compounds is also a factor that
affects the activity. This article reviews the research progress of 1-deoxynojirimycin derivatives with different functional groups and
their activities, providing a reference for the structural modification of 1-deoxynojirimycin.
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Fig.1 Structure of 1-deoxynojirimycin
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Fig. 3 Structures of antiviral alkanes-substituted 1-deoxynojirimycin
derivatives
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Fig. 5 Structures of alkanes-substituted 1-deoxynojirimycinderivatives in treatment of pulmonary hypertension
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Fig. 6 Structures of C-alkanes-substituted 1-deoxynojirimycinderivatives
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Fig. 7 Structures of unsaturated hydrocarbon-substituted
1-deoxynojirimycinderivatives
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Fig. 8 Structures of aromatic hydrocarbon-substituted 1-
deoxynojirimycinderivatives
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Fig. 9 Structures of heterocyclic-substituted 1-deoxynojirimycinderivatives
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Fig. 10 Structure of glycosyl-substituted 1-deoxynojirimycin
derivatives
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Fig. 11 Structure of isotopes-substituted 1-deoxynojirimycin
derivatives

Goujon ZEBIL i) 0-1-C BURHTA Y 28 (K
12) Xt o7 %6E E R A T EEHIHIVER], 1Cs0=39
umol/L. & #]—2EB2AHRZR —Pli i C5 Bk 1-liA
B B R AT G IR LR, TR B A
Iy -t SV BT 2 SR AT AR Rt AN (5] (R0 1 Bl 25 A
BUFHIZERI 1. Co-FHIE-1-i S BF A B RN a-H
MRS MR (1ICso=1 pmol/L), M C5 # 5k
FRHEL, AL FAEERURK 1A S R AT EY)
o B B AR AN, S FIRIE R, K TELT,
RRVEVEZE, AR TIEE, (AR 2T ZEE.

OH
HO,, LOH
Oy .0 OH
>p N
BnO” \ H
OBn
28

E 12 BHEREEEUR 1-REFRERITEMNLEEN
Fig. 12 Structure of phosphate-substituted 1-deoxynojirimycin
derivatives
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Fig. 13 Structures of bicyclic 1-deoxynojirimycin derivatives
6 RE

1-Jlii VBT 7L 85 32— PR AR H s AU FR I o7
T BEEF I 70, BRI 2 1 23 X AT A5 A
i, WHHT 7 2 MIETEN, WHTRERE . PO R
PUMRISE, XL 10 AT RS R AT AR B



FII/BHEIH 202344 A AR & 5l A&

Drugs & Clinic

\ol. 38 No.4 April 2023 + 1001 -

SRR 489 N-BUAR . C-HUAR. O-HUR. ¥ K 2
FIBRIE B Z M2 ke, BURIE ARG LS — 2
HISEIE, [ — BRI AT R AN —FiE 1, il

ABREELE N _E RS BEF B DU Fiishiik

JEHAEVEM, BRI FIZR T B sV B v 7

B, AL e Pt R T AR 3R, C5 LA

FFRIBACIEIU, PFrS e Vst 245

JERIBETE R, ESSEERBIROCIER HA. (EA5RE

(2, 1-Jii S8BT L = AT AE YA B A T sl ik s &

FNEAYEACIRTT, RAEZ AT RIE, ALK

WHFReft 7 — B, ARSI HE A

WAL B, S — MESRIER B REH] . F14b,

ALK 1A B i 1 5 H AR AL S P 0

HRBATHE, BTG O EE R B S AT AR
RBrR AL ERARGEF R TR

SEEk

[1] Oku T, Yamada M, Nakamura M, et al. Inhibitory effects
of extractives from leaves of Morus alba on human and rat
small intestinal disaccharides activity [J]. J Nutr, 20086,
95(5): 933-938.

[2] Liu Q, Li X, Li C, et al. 1-Deoxynojirimycin alleviates
insulin resistance via activation of insulin signaling PI3K/
AKT pathway in skeletal muscle of db/db mice [J].
Molecules, 2015, 20 (12): 21700-21714.

[3] HuX,QiulL,LiuD,etal. Acoustic radiation force impulse
(ARFI) elastography for non-invasive evaluation of
hepatic fibrosis in chronic hepatitis B and C patients: A
systematic review and meta-analysis [J]. Med Ultrason,
2017, 19 (1): 23-31.

[4] LiYG,JiDF Zhong S, et al. Hybrid of 1-deoxynojirimycin
and polysaccharide from mulberry leaves treat diabetes
mellitus by activating PDX-1/insulin-1 signaling pathway
and regulating the expression of glucokinase, phosphoenolpyruvate
carboxykinase and glucose-6-phosphatase in alloxan-
induced diabetic mice [J]. J Ethnopharmacol, 2011,
134(3): 961-970.

[5] Hansawasdi C, Kawabata J. Alpha-glucosidase inhibitory
effect of mulberry (Morus alba) leaves on Caco-2 [J].
Fitoterapia, 2006, 77(7-8): 568-573.

[6] Yamamoto S E K, Sakamoto Y, Mizowaki Y, et al.
Tsuduki, intake of mulberry 1-deoxynojirimycin prevents
colorectal cancer in mice [J]. J Clin Biochem Nutr, 2017,
61: 47-52.

[7] Catalin L, David D, Alina M, et al. Treatment of hepatitis
B virus-infected cells with a-glucosidase inhibitors results
in production of virions with altered molecular

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

composition and infectivity [J]. Antiviral Res, 2007, 76(1):
30-37.

Oliveira J S, Silva A A, Junior S V. Phytotherapy in
reducing glycemic index and testicular oxidative stress
resulting from induced diabetes: A review [J]. Braz J Biol,
2017, 77(1): 68-78.

Pawer N J, Parihar V' S, Chavan S T, et al. a-Geminal
dihydroxymethyl piperidine and pyrrolidine iminosugars:
Synthesis, conformational analysis, glycosidase inhibitory
activity, and molecular docking studies [J]. J Org Chem,
2012, 77(18): 7873-7882.

Wolfsgruber, A, Thonhofer M, Weber P, et al. N-alkylated
iminosugar based ligands: Synthesis and inhibition of
human lysosomal beta-glucocerebrosidase [J]. Molecules,
2020, 25(20): 4618.

JEA iR 2, fifem i HT, AR FEE,
A W FEME L SR T VDR SR g i O vk
CN102625660A [P]. 2012-08-01.

JoA RO R 2R, AR s i, RR S5 2,
S5, LSRR HE AR T A JE U T 0 DA S B 7
PEFR KI5 T [E, CN102639133A [P]. 2012-08-15.
JiA hr s 2R, A s, BRUR FEE,
& WRINE LA LR YT e R BB R T 7% I,
CN102595895A [P]. 2012-07-18.

JoA FLa i RE 2R, A E s, AR 52,
. BRI R RS GR Jivk: HhIE, CN102625801A [P].
2012-07-01.

F, HHEME ES, Wt WSS % it
SARS-CoV-2 JiaEZGH I HTiE: hIE, CN113425720A
[P]. 2021-09-24.

Fenouillet E, Papandreou M J, Jones | M. Recombinant
HIV envelope expressed in an a-glucosidase I-deficient
CHO cell line and its parental cell line in the presence of
1-deoxynojirimycin is functional [J]. Virology, 1997,
231(1): 89-95.

Platt F, Ranes M K, Seyfried T N. Use of imino sugars for
anti-tumor therapy: US, WO 00/56334 [P]. 2000-09-28.
Rtk B, & G, & X, % A 1-ZHBHERNT
AR T BB W B 7% |, CN101355971A [P].
2009-01-28.

RN, XRIH, BRUAER, % DNJ KHATAATES) & T/
sRTT Bk 25 h S, ThIE: CN114796214A
[P]. 2022-07-29.

Yu L, lkeda K, Kato A, et al. Alpha-1-C-octyl-1-
deoxynojirimycin as a pharmacological chaperone for
Gaucher disease. [J]. Bioorg Med Chem, 2006, 14(23):
7736-7744.

Lu T T, Shimadate Y, Cheng B, et al. Synthesis and



+ 1002 -

FEB/HEFEIN 2023FE4H

AR b A

Drugs & Clinic \ol. 38 No.4 April 2023

[22]

(23]

[24]

[25]

[26]

[27]

glycosidase inhibition of 5-C-alkyl-DNJ and 5-C-alkyl-L-ido-
DNJ derivatives [J]. Eur J Med Chem, 2021, 224: 113716.
Yoshimura Y, Ohara C, Imahori T, et al. Synthesis of both
enantiomers of hydroxy pipecolic acid derivatives
equivalent to 5-azapyranuronic acids and evaluation of
their inhibitory activities against glycosidases. [J]. Bioorg
Med Chem, 2008, 16(17): 8273-8286.

Cendret V, Legigan T, Mingot A, et al. Synthetic
deoxynojirimycin derivatives bearing a thiolated, fluorinated
or unsaturated N-alkyl chain: Identification of potent a-
glucosidase and trehalase inhibitors as well as F508del-
CFTR correctors [J]. Org Biomol Chem, 2015, 13(43):
10734-10744.

WE, T kW, & AR RAERTEDER o
A FETER A AN AP E, CN102166210A [P].
2011-08-31.

AR, BRR. W& DN AT & OTE R IR
Fi: ", CN102625660A [P]. 2021-03-05.

Diot J, Garc &-Moreno M |, Gouin S G, et al, Multivalent
iminosugars to modulate affinity and selectivity for
glycosidases [J]. Org Biomol Chem, 2009, 7(2): 357-363.
EHFA, ARh, X, & —FE 1,2,3- =580 -0
ST R & AT ARG BTV HIE, CN101696206A

[28]

[29]

[30]

[31]

[32]

[33]

[P]. 2010-04-21.

Zhang Y L, Gao H L, Liu R J, et al. Quinazoline-1-
deoxynojirimycin hybrids as high active dual inhibitors of
EGFR and a-glucosidase [J]. Bioorg Med Chem Lett, 2017,
27(18): 4309-4313.

Boucheron C, Toumieux S, Compain P, et al. Synthesis of
4-O-glycosylated 1-deoxynojirimycin derivatives as
disaccharide mimics-based inhibitors of human j-
glucocerebrosidase [J]. Carbohyd Res, 2007, 342(12-13):
1960-1965.

75 EA, XK DNI-C-6- JTARRTAED S & BT
% P, CN107973745A [P]. 2018-05-01.

Goujon J, Compain P, Compain P, et al. General synthesis
and biological evaluation of a-1-C-substituted derivatives
of fagomine (2-deoxynojirimycin-alpha-C-glycosides) [J].
Bioorg Med Chem, 2005, 13(6): 2313-2324.

Br¥l—, FEEHET, 28R, COHMLEIR 1-i A nER
AT B H 26 i AR A TR, CN115433119 [P
2022-12-06.

Quentin F, Yuna S, J&&ne M, et al. Synthesis and
glycosidase inhibition of conformationally locked DNJ
and DMJ derivatives exploiting a 2-oxo-C-allyl iminosugar
[J]. Org Biomol Chem, 2019, 17(30): 7204-7214.

[FriEmit MFE]



