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“HXAMR USRS SIEEMRE MR

HEE  ERBC EXFT & R FRE
CTNERZAETEZ 0 A SR RABE N E SRR WYY TR =
VU NI 2500k 5 TV EE R AR O BB 610041)
CPUNIRZEAZE TR 2R RER 610065)

TN KZERTEEBER . BRER 610041)

WE  FEERAESE NN RN BN EESEE S0 TR AR, BN TR T RIS TE K
F3ERE, B H R ML — ML S AHAZe Y BT, XU G PR VR 78 BRI (1) — 222454, 30 R SRR IE I8 FAT I IE
Yo PUEZ LA M. ST AGEUR = HOSUIE 3 KB e YT P I R AT AT, Wit 7 — Rl & b S ik
Z AR AL E R, BT ZE AN SR R AL AT H, B AR AL SRR IE, Eek
FROOUITCER TR 26 Ak ¥ 45 3] — RO B9 o, TS AL SR ST i — ORI AL S i i Bl o e X 5
A TR AT T S RIE. SRS . BEER AR A6 VAN E T = OUIER AL S S PR A & &, K
T 96.00%; K FH = B0 AH G (HPLO)MI B 7 = HXUIMER AL &3 h — AN & &K T 98.50%, H = BUIHR k& 3h
BV AR AR Fe e . LRI R A SRR, — B UM S A B AE A — P &5 M R B AL S AR AT IR A
AT .

KegiE  HOUERALERE, A SHE, mAENRIT

Synthesis, Structural Characterization and Stability Evaluation of
Metformin Hydrosulfide

Hu, Yuefu® Cui, Guiling” Huang, Wencai” Yang, Li** Qi, Qingrong™*
(“ Key Laboratory of Drug-Targeting and Drug Delivery System of the Education Ministry, Sichuan Engineering Laboratory
for Plant-Sourced Drug and Sichuan Research Center of Drug Precision Industrial Technology for
Small Molecule Drugs, West China School of Pharmacy, Sichuan University, Chengdu 610041)
(¢ School of Chemical Engineering, Sichuan University, Chengdu 610065)
(¢ Cancer Center, West China Hospital, Sichuan University, Chengdu 610041)

Abstract Hydrogen sulfide (H,S), the third gas signal molecule in mammals is studied more and more deeply, and great pro-
gress has been made on organic small molecule hydrogen sulfide donors. However, no hydrogen sulfide donor has been mar-
keted as a drug yet. Metformin is a first-line drug for the treatment of diabetes. And some other biological activities such as
anti-obesity, anticancer, and anti-aging have been disclosed in recent years. H,S donor has also shown promising prospect in
antitumor, cardiovascular protection, anti-inflammation, ion channel regulation and anti-oxidation activities. In view of the
potential of hydrogen sulfide and metformin for treatment of diseases, a novel hydrogen sulfide donor, metformin hydrosul-
fide, was thus designed. Till now, there is no report of this type of hydrogen sulfide donor. In our work, metformin hydrochlo-
ride was first basified to obtain metformin, followed by reaction with hydrogen sulfide to afford metformin hydrosulfide. The
structure was fully characterized by 'H NMR, '*C NMR, elemental analysis and X-ray crystal. The content of hydrogen sulfide
was determined by iodometry method, lead acetate test and methylene blue spectrophotometric method to be more than
96.00%. The metformin level was determined by high-pressure liquid chromatography (HPLC) to be more than 98.50%. The
stability of metformin hydrosulfide was evaluated by iodometry method in solution and solid, respectively. The results indicate
that metformin hydrosulfide is a promising new type of hydrogen sulfide donor which deserves further research and develop-
ment.

Keywords metformin hydrosulfide; hydrogen sulfide donor; hydrogen sulfide-based therapeutics
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AL S (HLS) A HOW B = dg, S8 N 8 AU,
WA NZ TR Z &, (BT Rim i x AR AR N Y
R A YR ELS RN TR, R IHLS 7E A4k NO
F CO VUM =FSMME5 0T, BE ZEY
2R, E % KR AT T R oR T RIFHI AT
St WIRTERR A S AT d i B Bk -y- 2 AR B (CSE) A
fik -p- & B (CBS) LA K2 3- %30 2% 1A Ml 18t 22k 4% 7% Iy
@-MST)= 4R BT, WML A CRESE, 70
M. L. PRI, WAL, M. BRI E 248
rh B A A A )

B YRR AL S AR E A8, A S A
B MR A S IE T REE R ITE, B ATHRIE AR
AR EEAMWIER. F—FATLH H,S ik,
Na,S. NaHS, X ZAPRTENLA Py R IR, TG B & fl =
W, (EREPRIG . MARIP L st b R A B 45 R
{ETEMLBR A S BE AR AEAE — L A5 A R ) 1) A, 75 SR =
ROBAERIARTIN . K IR e EAEESE. 55 2R A L
H,S HbAAk, R LB BURME T BIARE, AHEEE
P B AR AN JURR: (1)38 5 B A R i A LB R
R A, AR T S AN O e
(DADS) 1. T & =BMAI(DATS)EN Bt 2,
SREIREEZ 319 N-BERIE IR AT A YI(NSHD) 4T, i
BiAt & (perthiol) 515 (2)if ik K AR S B BETEURR AL A,
AR Lawesson’s W7 6%, 1,2- —Bi-3-BiEAfTA:
PIDTTS)EP I 1,2- ~Hi-3-BRAA(DTT) Ik 5 14t 4 24
(NSAIDs) W WA ST BRI A fiT A4 710 GY Y4317
gl s 3y NI AL BT AL AL, BE b A 1 —
il ol WA AT IS AT 101, AL S
A, (@)ild pH B AR R, Mkt
IR E LR 111, (5)i i WA A RO AL AL, ek
BRI BB BUR AL LAY 1219 (6)i i Bk FR T il 7K
RPERRAL A, SRR s e 2Ktk & 1317,

IR WA AAARTE AP 20PN B, A ER R IR
T R A, Bl AEE s g () K2t
R R AL SR AN A 45 () e itk DTT 2K, 55
FRAFEE, (ARG KEHRZE, HEAER, Q)FLk
fefkan GYY4137 A5 BA SN, BRIy
FURHEN, JEAREIERE B, BT DAE DL ) W R
SR AEDDIE M R AR AR G IE R RS AE R, (4)F it
R E R QR AMELL AT pH %, TEAYIR
SEELRRIAT AN R, anal it R AN R A AR, I
MM HEAE R gERe SN 23 T —Em
BRI SRZAEOLT, N T 182 S R AV ROV
TR R B, F5 B BRI ML, b v 94 B 1R S
YT Be RV 2 oA R, GnER k. WS ARE DL ORI AEY)
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S H
Are, _N__R?
/\/S\ /\/ Ar)J\NHZ N C R1JJ\S \n/
(0]
1 2 3 4
S

o 9
8
o o) 0
HOOC COOH R
s ka
SRS SRGER"
10 11
(0]

@></\‘\SN8 /@/\OJJ\N
) H
\\?2 12 N

13

I FAB ALy IR BAE T (6) A HLBR A6 S B4 il 25 A0 O
TP Ak 22 A e M T B B 5. LA, R R B A
A AR A o B R R P T 5t

H Al B b b i A S A 1 i 7T R O S v A
AN TRACEMEA, B T ol B L A H
AR 29 BT, R B A MU BRI S AR N
AL AR, T BB T

BR AR A L FIUSHRIE 1) 15 AN HUIRET L S 25 DA
Ab, SCHERIRIE (KA HLBRAR A6 S kL 2 N fal e 2Ktk &4,
H AR WA HUREL A S ER A A 22 R G I, TR AL
BBR AL S B A W E PR IE. 1931 4E Achterhof 251H
BT 12 AN A PR AL E SR 1A RO i L BT
W& LRI BRI, e — 2 il
WAL A L 2 Ve N IR N R P s, L EE N
HIEI NS YR, SRl 20 Z4ERA PRI,
UL WA A SR A2 29 b2 b i R TF R AL B 2R
it}

TR I A 32 I8 R R 7 R R 1R N 43
T2, IR IRIE IS B AR, P2
T HEROL R AR — R R SR A LB, T AR A A
— RS ER LR, WA SRR R SR, T
AP FE UG 2 1 A Ak 8 o Bl e ) — PR OUA, T 5%
R, iR = FE U i Ak R (DMGS). — HI XL
ANERAC S Eh ATV 58 = R Al R B B AL S bk, H =
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HOSUNR 1R TT R PRI I — 2 FH 24, oA e 2 A5
BT ZHEIRRIAE. T M, ASCEH T = FBUIR
A, JFEE A ik TR X BT
177 S5 %sE, g E R BRER A AN PO I FY VA
M5E 7 RS & &, JRla HPLC M€ 1 = HOSUIKH)
B T OSUNCR AL SR VA RS E 1 S T A A 5 1 R
RYL, ZACEYAH B N — M RN TR S A
5 FE& B — SIS EE R AF RS s, HLZG LA Rt
FORHAbA WL AR AL ER I R GEA 20 J I AEBEAT .
NH NH

SNTONT ONH, ¢ HeS
| H

1,1- R AE 2 £ (DMGS)

1 RS
1.1 BirtENER

XU 1,1-ZHEXTERREE, Sl
WUNCER A S 3 75 28 P45 380 S el 1 1) — FROGUDICIR 29 ik,
T35 59 R 7 9 B AL & ER (Scheme 1), A 302 2% Wk
(211775, {ETfiik 7 — ZR 514 — B RN R 8 0% B9 1) 2%
FIG, RINAE S BN L BEAE Z W 2 4F T 0] DAAS 21 i 4l
FER — FOXUNCIE B0, RS B A A, B Ve LA
T 45 T8 R 47

NH NH NH  NH
Heeo J L CoHsONa  Hye
SN N ONH, FHC ————— N” "N” “NH,
| H 2 EtOH, r.t. | H
CHs CHs;
DMGH DMG
NH NH NH NH
H,S HaC.
o  JL AL S e LN
A H 2 Acetone, r.t. | H
CH, CHj
DMG DMGS

B 1 AL AT DMGS 2R E 2
Scheme 1 Synthetic route of target compounds DMGS
S ST AT I, i R OB ) i P e T RSO
A S R T B TRE PR, RSS2 SRR [211%
F 4 JRAN/ WAk Z 43 20 = FOSUMCIE 25 50R 32 DA
PR A 9 70 e S T R AT o, 45 281 v 40 2 1Y) - R UM
. R HE SCRR[22]4R0E, 4R S A AL B it
TR, 2R R AE R, SR BRI SR LR
84 0, HPLC 20 KT 99.50%, & & KT 98.50%.
75 30 i 20— WORUNCE BB, AR SO 1 HXL
TG S BN B A S AR ) bk 25, e 280 SR BRiAL
S PR R B PA FR A B0 IO R TV, il
BEKT 96.00%F — SR AL E.
PR 8 25X BLKCORTE A, 3 = FXUN0E Tk,
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FHEmACE SR E R, 55 8 R TR S = UL
WACEEE, FrfEr i a & 94.00%. PR TiEM b, Ei
DURERT G, [FR, BARYIMNIER AT, R A
fle TRERAR, ey EERs, B LR ESEST
K AR 3R, BRAETIE, 7= 5 s 4.

1.2 BirtEaYEmEE

AT EE Bk TGRSR X BT
FA XU AL S Eh 3R AT T 5 AR IE.

bl A8 FEOSUNE B8 6 198 SR RN A S b A% i o
KEBE T ZERAK, WS — AR T 11k
AR AR AL . M E A W E R (161.55 vs
160.09, UL D,O A¥EH), il S5k i ik F 518 25 70
B IR 22 5£(160.09 vs 160.15, LA D,O NIEFH).

Sl 45 /)£ % 7 40> (The Cambridge Crystallographic
Data Centre, CCDC){I& | — HIRUINA Eh IR £ . AHER £R |
SR &b DA K — 655 B AR 24, (HL A I — R OUAIC 25
BT — FOSUNRAR AL SR 1 i R S A . ARSI 7715 3
T HUAT BB (No. CCDC 1881154), — HI XUARAR AL,
S H(No. CCDC 1881155)F1EE R & B fh 4544, &l 1 fr
AN ORI B A G RS 5 A A —AN A
WA SR FAAAE N—H S BAEH

T FFOOUAIC 3 TR 5 11 B o 5 4 S R TR A AT e
B e AR AR A B R 1 b, — FSUIRR b 8 6 11 B
SERY A B R BT s E i SRR AT B T fr R
T b, HZHXIMS8GE 10 1 Bk
1.3 BirtEPNEENE

H AR &Y i BR AL SR — H UL R, BT LA Sy
S

SCHR[231RIE BRI 2 7 A LR VL . RN
VRIS F R, AR SORIFH Bt =P 792543 ) e —
MUIER A H AL A &, g R iR —8(#&k 1
M 2), LA EEEI KT 96.00%. A4, ik HPLC
ME 7 XU & &, S8R ERHEESERT 98.50%.

1 RIS ER AR E 45 1

Table 1 Results of iodometry method and lead acetate method
it E BEER A
mlg Vaas,0, /mL /% mlg EE/Y%
0.3015 13.88 96.71 0.8162 97.70
0.3014 13.91 96.87 5.1204 98.96

© 2019 Chinese Chemical Society & SIOC, CAS

1.4 “HIAGESENREMHR

ST AL ARG R, ORI A S SR R e
PERHRRZG MR B ZY MR R, A BIRR T
TR, A S R B R o 1 I L AR E 1, S5 SRR, ¥ T
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BILILE HRER
@ 3 ARSI R SR 4 FR, 3 A KA
oI FEARGE 4).
R4 HUIER A S AR s
Table 4 Stability of metformin hydrosulfide
t/d mlg VNass,0, /mL EE/%
7 0.3023 14.76 96.74
15 0.3051 14.48 96.62
(b) oc Q. 30 0.3017 14.81 96.79
o e 90 0.3040 14.59 96.66
2 i

B XU EGa) . = USR5 (b) & — H SUIAR
A SR (o) L R S5
Figure 1 Crystal structures of metformin (a), metformin hy-
drochloride (b) and metformin hydrosulfide (c)
2 TOLIWRENELR
Table 2 Results of methylene blue spectrophotometric method

V/mL 1.00 3.00 5.00
1 4 0.26 0.54 0.90
S* o E/ug 10.79 28.09 50.56
H,S & &/% 19.60 19.60 19.60
B/ % 98.02 98.01 98.02

FEREG B4 CHEOLT, 24 h Je R W& B IR FRRCR
3), MEALERDE . —18 CH TR 3 A MRS
B TNEFRCGR 4).

£33 THXUMEA A & R E PR
Table 3  Stability of metformin hydrosulfide solution

t/h mlg VNass,0, /ML L%
0 0.3010 14.90 96.68
2 0.3014 14.90 96.65
4 0.3016 14.84 96.75
8 0.3020 14.79 96.75
12 0.3027 14.76 96.62
18 0.3030 14.69 96.71
24 0.3045 14.50 96.74

B [ ORRE s TR, 0 1AL 2 8 1
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AL LA ER TR — OO S sk, 3 ast i 25 15 81— FE X
A, b1 S AR A SRR P 0 I A i T = F SR AL A
Eh Horb IR R OUNI AR 4 R AN R AR Ak
AR R e, AXSE R T &8
B/ 2B 2 TR TR s B0 R T 5 45 R OBUTCUE 5 R
A, SRR B g5 R TR Z iR T B LR AR TE,
HPLC 2l /% KT 99.50%, & & KT 98.50%. 7E1F2]mal
FE S IS, FHE R, e R IEN
Pl 5 55— B OOUIC P R 5 TR T 1) 7 VR4S B i
KT 96.00%H —H BUINERALE L. S&EMEn, /Bt
BT =FO7VE, TR AR, MR T HERPE, 78
Je 8 TAE AR AE B Ar 8 st A R nDEBEAF 7k, o
eI FH AR i b, RS, MBS R B
BRETRT(E, FH 2 BRI HERR A B, (HKEN, 4t
T4 1E A TR A W, UM AL SR VA S
AR R g, [FII L 0.05%3 FE /KIS TR pH N 8.94,
IR HHE 35 9 R OOURICRR A A A ok 24 P AL A A
PRERAE T SCHE, VN TAE IEFE AT .

3 SRSy
3.1 UESIF
¥ W 3% ¥R 1X (Bruker-AC-E20, Varian-Unity INO-

VA-400); =57 #%)% i1 (Waters Q-TOF-Premier); &3
UV-2450 8436565 1, Varian InovaA400 A% g L3R
130 X B2k 5 AT EHX (Oxford, Xcalibur EOS); JGE& 4
Hr4% (vario MICRO select).

IR OSN3 MM B RH A BRA FD). sL3e By
F G BR 3B w4, BT & gl Jo/KiE 7R
BFRAL R E )7 AT TERAC B SE58 7K 5 53 it B
Ah, YIFE B TRREUK. XK IR BEEREE T ER AN
TV BT TR B A VR e B SR (241 1)
32 WEYHERN
321 1,1-=F EBUINDMG)i# & #5049 H) %

EZERT, AP ®BEIH. oK CaCly
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TR . IR E T XA B 3000 mL B IR, 0
ANTE7K LBE(1200 mL), 048 4H8(23.45 g, 1.02
mol), 20 min W HNEE, WIEFFE] 56 °C, 15 min J58H5E
VR, AR R ORI VR A o\ = R ORUAIG L R R
(DMGH, 168.90 g, 1.02 mol), PILIEE FEE 42 C,
F 150 mL Jo/K ZERErf e inklE b, 4k82RIZI5H: 2 h
f5, FEAORIEH. BIKFERENE 10 CE, Tk,
REBNEIEIEW, 16 35 CRREWRSE, 53] 12493 ¢ A
B E K DMG, 722 95%.

3.2.2  1,1-=F A SUINGF 3 Ak G 4 )

T, BEIR = H XUNDMG) & 60.00 g, A
1500 mL Jo/K A, 2 i T 8 A I 3k B 3 0 0 [
&, N 1.00 g WEPERAEEE 10~15 min . JEHRT
—18 CHrdlh 48 h, iLJETF 35.72 g ot BURLIR d 44
DMG, 7% 60%. m.p. 118~120 C (lit. ™ mp. 119~
120 “C); '"H NMR (400 MHz, D,0) 6: 2.87 (s, 6H); °C
NMR (100 MHz, D,0) 8: 37.14 (2C), 158.44, 161.55.
323 1,1-= % A SUIRERAL £ 2 (DMGS) 49 #) &

ECFRER 500 mL =i, I 250 mL AR,
FEIBAE T IEAHS Sk, BA2h)E, REHESS0 g,
B . FRE DMG RS H](20.83 g)T 1000 mL #E
TEREP, TN 450 mL TAER, =N 908 B 20 E A4
WIRIG, g, BIEREZE] 1000 mL =30EH, 7£=
BT, AEERRREEHA LR HS HEE
W, R B E AT . R, H 20 mL AR
MR, HhUE, B EIEDE H 30 mL FEEBES
—IK, BEZTHE, 152535 g A BEA B E A DMGS,
FEH 96%. m.p. 158~160 C; '"H NMR (400 MHz, D,0)
J: 3.01 (s, 6H); *C NMR (100MHz, D,0) §: 37.45 (2C),
158.39, 160.15. Anal. caled for C,H3NsS: C 29.43, H
8.03, N 42.90; found C 29.41, H 7.94, N 42.77. HRMS
caled for C;H ,NsS (M—HS ") 130.1014, found 130.1034.
3.3 A=ENE
33.1 AREFXENEARNLAASE

Z: [ SCHR[26] 4008 Y 77325, AR V200 e — H BUIR
AL SR R &, S5 IR 1.

3.3.2 BEBRAS RN R BALA A E

KB — a0 — U AL & L, /b &K
ARG, TG E(4 equiv ) BERREAW, =IEMHEE 1 h
Ja, EEARB 30 min, FAGHERE S KBRS IE,
DR KBRS Z G, 105 CTHEEEE, HE XL
TR AL S 25 &, S5 R LR 1.

333 BALFTHEEMNZHALALSE

ZECHR[24], T SEE0 A 75 I S NayS bRl
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T W B ), 2k T 2 s v fh 2R TR RS 35 PR DS B
FE il DMGS, 485 14 BEbR R IR e 1) vk AT I i
Pk, AR E VR, 43X 1.00. 3.00. 5.00 mL £/
WAy AT 5 UCPATIRIRI 2 OB, P A v i 2k
A 0 g, TR A IR AL R

) o o (LR 2).
334 WIS EM R

22 (HEZGH) (2015 FR)ERER — B XUICAY 7 =il
SEJTR, W\ e Rk b B A R RO I RO T,
1.7%WE R — S (A BERR ] pH=3.0) Ny shA, LA
1.0 min/mL FRE, ZEMRA 233 nm ABE TR, DA H
XUBICK R, 32 AR ik DA TRIAR U1 SR B AT 155

BOA  RBHPUIRZE SIS L X AT TR E
DT 0 AR 7 W A B, TR PR s A
SCHIHARAR 3.

HBhA &L (Supporting Information) R — FFOUIT . JiF
2 OO B — FOOUIBR AL S 5 ( 'H NMR., °C NMR,
HRMS. JCER T Bl 5 Sl A S5 # 181, LAR HPLC
BT Bk L I R kLRI DA G B AR T Y sl
(http://sioc-journal.cn/)_E T %K.
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