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Optimization of Synthesis Process and Structural Characterization of Moxifloxacin Hydrochloride

LI Yankai, ZHENG Ying, XIE Yanping, WANG Yinuo, HUANG Erfang* , HU Chun” ( Minisiry of Education, Key
Laboratory of Structure-Based Drug Design and Discovery, Shenyang Pharmaceutical University, Shenyang 110016, China)

ABSTRACT: OBJECTIVE To investigate the synthesis and characterization of moxifloxacin hydrochloridle. METHODS  Using
ethyl 1-cyclopropyl-6,7-difluoro-1 ,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylate and (S,S)-2,8-diazabicyclo[ 4. 3. 0] nonane as
the starting materials, moxifloxacin hydrochloride was prepared through five steps: chelation, condensation, hydrolysis, salt formation,
and refinement. RESULTS and CONCLUSION  Compared with other routes, this route is of mild conditions, simple postprocessing,
less impurities, high process safety, and less environmental pollution. The prominent advantage of this route is that it can effectively re-
move boric impurities from moxifloxacin. The chemical structures of the target moxifloxacin hydrochloride and its key intermediates were
characterized by IR, HR-MS, XRD and NMR spectra, including 'H-NMR,'H-'"HCOSY, "C-NMR, DEPT, HSQC, and HMBC spectra.

KEY WORDS:: fluoroquinolone ; moxifloxacin; synthesis; structural characterization
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Fig.1 The structure of moxifloxacin hydrochloride
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SM-1 = 1-Cyclopropyl-6 , 7-difluoro-1 ,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid ethyl ester; SM-2 = (S, S) -2 ,8-Diazabicyclo[ 4,3 ,0 ] nonane; MXSX — moxifloxa-

ciny MXSX-1 - quinolinecarboxylatoboron chelate; MXSX-2 — moxifloxacin boron chelate ; MXSX-3 — moxifloxacin free base; MXSX-4 — moxifloxacin hydrochloride.
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Fig.2 The synthetic route of moxifloxacin
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Fig.3 The synthetic route of quinolinecarboxylato boron chelate
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Tab.1 Factors and levels of orthogonal tests for preparation of

MXSX-1
Level
Factor
1 2 3
Water amount for crystallization( A) 4 6 8
T( Crystallization) (B)/C 0-5 10-15 20 -25
t( Crystallization) (C)/h 0.5 1.0 2.0

B Ly (3%) IE &8 b AT 5L 56 & i1, 45 R
W2,

SEBL R A R A2-B1-C1, BRIHT & 7K FH
6 £5 AT ERIEE 0 ~5 °C #r bt H] 0.5 h, #HRIE AL
JE I T2 H 4515 5 i) MXSX-1 /K i 2% 45 0, fledk
T 27T,
2.2 EVWDEEA N (MXSX2) 8y & &t

MXSX-2 ) MXSX-1 F1(S,S)-2,8-"F W
W[4.3.0] T-be (SM-2) K A= BUAR s 1 75 31 ([
4) xR R AR T N-HER B0 VD BB A
Yy, LB R 45 A B 3 i v R il A R R A
T C8 i iy HH S SE AT, Bl W 86, 5 ) 6 2R 4% 36
AR e A W L A B B A V- FE 3 B 7 b B AR
G S)

Tab.2 Orthogonal test design and results for preparation of MXSX-1

Array Water amount for crystallization( A) Crystallization temperature(B)/C Crystallization time(C)/h Content of hydrolyzed impurities/ %
1 1 1 1 1. 040
2 1 2 2 3.950
3 1 3 3 7.250
4 2 1 2 2.100
5 2 2 3 5.740
6 2 3 1 4.100
7 3 1 3 3.503
8 3 2 1 3.050
9 3 3 2 7.310
K1 4.08 2.21 2.73 -
K2 3.98 4.24 4.45 -
K3 4.62 6.22 5.50 -
R 0.64 4.01 2.77 -
P B-C-A
B A2-B1-C1

T KL ~ K3 ~ FEASHCFHFIIE R - 225 P - W5 B R4S .

Note : K1 — K3 — average value under same level; R —range; P —sequence of the factors; B —optimum level.
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Fig. 4 The synthetic route of moxifloxacin boron chelate (MXSX-2)
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Fig. 5 Structure of N-methylmoxifloxacin boron chelate
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Tab.3 Factors and levels of orthogonal tests for preparation of
MXSX-2

Level
Factor
1 2 3
Reactants ratio("MXSX-1: "SM-2) (A) 1.0:0.9 1.0:1.0 1.0:1.1
T(Reaction) (B)/C 15-25 45 -55  refluxing(75 -85)
t( Concentration) (C)/h 2-4 6-8 10-12

PEHE Ly (3%) IEAS RHAT LI TT, LA MXSX-2
M4l BE N PEM e bR , 255 %5 1 N-H L5 g vb ALl
B MBI B DU S MXSX2 B A 45 T,
W4,

Tab.4 Orthogonal test design and results for preparation of MXSX-2

Array Reactions of molar ratio ("MXSX-1: "SM-2) (A) T(Reaction) (B)/C t(C)/h Purity/%  Content of N-methylmoxifloxacin boron chelate/%
| 1 1 1 90. 650 0.112
2 1 2 2 92. 966 0.136
3 1 3 3 92.710 0. 287
4 2 1 2 95. 625 0.119
5 2 2 3 99. 260 0.153
6 2 3 1 98. 286 0.224
7 3 1 3 97.556 0.125
8 3 2 1 98. 110 0.152
9 3 3 2 96. 575 0. 256

K1 92.11 94. 61 95. 68
K2 97.72 96.79 95. 06
K3 97. 41 95. 86 96. 51
R 5.61 2.18 1.45
P A-B-C

B A2-B2-C3

KL~ K3 - RASECR I T-HE R - 285 P - EVIUF; B - fiikdif.

Note: K1 — K3 — average value under same level; R —range; P —sequence of the factors; B — optimum level.
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Fig. 6 The synthetic route of moxifloxacin free base( MXSX-3)
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RS MG IEAER pH (A X MXSX-3 4h & fu A 4% T %

Tab.5 Effects of pH value on purity and boron impurities of

MXSX-3
pH at Purity Content of boron
dissolution /% impurities/ %
From 7 -8 (dissolved uncompletely ) 99. 898 0. 000 647
to 8 =9 (dissolved completely)
9-10 99. 904 0.000 638
H SE56 25 5K AT 1, Y MXSX-3 KL i i i i pH

{67 ~ 8, 1K R TCHE T Vi ; 24 MXSX-3 L5 % it
i pH {8 ~ 10, /K R AT 58 27 M, HL. & 4l B fn &5
B2 S5 1 TC Y S 22 1), R ORAIE 58 53V Ad i o s e
it pH H 9 ~ 10,

2.3.2  MXSX-3 fiii it pH (%58 [f 5 MXSX-3
HH b S ff T pH (B9 ~ 10, A7 df i BE 20 ~ 30 C, BT iy
BfA] 1 h, L MXSX-3 E@é@fﬁ%ﬁué\ﬁﬂﬂ’“ AN
Febn , kf MXSX-3 #r i i pH {475 48, % 4845
W36,

6 AT A pH (X MXSX-3 4h & An 5 2 Jit B0 % 7
Tab. 6 Effects of pH value on purity and boron impurities of
MXSX-3 at precipitation

pH at precipitation Purity/ % Content of boron impurities/ %
7.0-7.5 99. 896 0. 000 997
6.5-7.0 99. 904 0. 000 638
6.0-6.5 99. 904 0.001 325
I ot
HT S 45 2R m] A, AN [A) ) MXSX-3 A i i pH

JIAE " i R Al B AT 22 51, {H 24 pH {E 6.0 ~6.5
U 2527 5 2025 4 3 15 60 64 6 1)

F7.0 ~7.5 B, B Ak 5T 2 AR X Aoy, DXL

LRI AT MXSX-3 #7 B pH (6.5 ~7.0,

2.3.3  MrihiREFEL [EE MXSX-3 HL i

i pH A 9 ~ 10, MXSX-3 #f Hf i5f pH {4 6.5 ~

7.0, B R EEE T b, DL MXSX-3 i 4fi 5 Fn 5 i 2%
PR R bR, X T R R AT B AR, 5%

BPRWET,

RT M RIE AT MXSX-3 46 & 06 4 4 78 %
Tab.7 Effects of crystallization temperature on purity and bo-
ron impurities of MXSX-3

T( Crystallization ) /°C Purity/ % Content of boron impurity/%
20 -30 99. 904 0.000 638
40 -50 99. 895 0.000 585
50 - 60 99.911 0.000 457

HT S 0 45 5 L R, AN [ B8 A i L A
14 20 5 B B 2% T i AR TG 22 1, BT A% MXSX-3

W AR LA — B, B 2% Jo R Bl A A L E 1 T
R AR, OB B E MXSX-3 A dh i N
50 ~60 C,

2.3.4  PranmfEELE [ MXSX-3 A v i i
pH {9 ~ 10, MXSX-3 #7 s i pH 6.5 ~ 7.0, H1 iy
TREE 50 ~60 °C, DL MXSX-3 (44l 5 i1 2 0 2 0 2
HVERARRR , XA AR T A T 5 B ARG R LR 8

R8BI AT MXSX-3 4 7 A 44 2 8 % v

Tab. 8 Effects of crystallization time on purity and impurities of
MXSX-3

t( Crystallization ) /h Purity/ % Content of boron impurities/ %
1 99.911 0. 000 457
2 99. 896 0. 000 575
3 99.910 0. 000 563

P S 36 25 SR T AN [R] A B i BsF ) BT A i 7
alifg /‘\ﬁﬂﬂf‘:)ﬂiai%tﬂiﬁad\,ﬁ‘ﬁﬁ*ﬁaaﬂﬂ”lﬂﬁfg
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A, LR A P R N A, B 2 MXSX-3 fﬁﬂa
BFEIA 1 hy
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MXSX-3 5 bR iR v] LUIAS 5] MXSX4 (K 7),
AR T 2R E L, FH N RN R E
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Bl7 MXSXA4 & k%
Fig.7 The synthetic route of MXSX-4

F9 MXSXA4 H & TLEREREF AT
Tab.9 Factors and levels of orthogonal tests for preparation of
MXSX4

Level
Factor
1 2 3
T(Reaction) (A)/C 40 -50 50 -60 60 - 70
pH value(B) 1-2 2-3 3-4
T( Crystallization) (C)/°C 0-10 10 -20 20 -30

P Ly (3°) IEACRAATIIN BT, Lh MXSX4
AR PR RIS, 2R I3 10,

R0 MXSX4 #| £ THEXERF ERITMER
Tab. 10  Orthogonal test design and results for preparation of

MXSX-4
Array T(Reaction)/C pH T( Crystallization ) /C Yield/%

1 1 1 1 89.6
2 1 2 2 83.6
3 1 3 3 73.7
4 2 1 2 81.2
5 2 2 3 71.0
6 2 3 1 72.5
7 3 1 3 71.8
8 3 2 1 84.8
9 3 3 2 81.0

K1 8.3 80.9 82.3

K2 74.9 79.8 81.9

K3 79.2 75.7 72.2

R 7.4 52 10. 1

P C-A-B

B Al-BI-C1

TE: K1 ~ K3 - BAZHOT TP R - 0225 P - EWI0UF; B - ikl g .
Note: K1 — K3 — average value under same level; R —range; P — sequence of the

factors; B — optimum level.
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T A AL R, 52 50 3 W 00 5% BR A R A XU, N L
Ko BORAE I Z HT A DA SCHRHRGE SR K A il
A RS e 2, 3R 2] T B AR AL, M
LG G T 75 700 5% B8 R A 1 [ 0, A G S £ Ak
FAME S, /0 T R 5 e A, IRl A5 24 T 2%
A% RIH A 5 2R R 2P K R il 7 751
2.5.1  KEMIEFIHEZE RS ACR Tl
), [ 5E BT AR BE 0 ~ 10 °C A aFsf (] 3 h, L MXSX
ISR 2R AN I T o PR R b , XD RE
IR AT 55, B g R W3R 12,

F S0 235 SR R0 it R T ) R 3
MXSX [ e 2 B A, 243 FH 8 manea * Viaier
(g - L7 =1:50F, 7= Sl SR f i, (AR R, 77 Sl 4%
GifT i SRR N IS i HPLC Rl 25 58 i
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Tab. 11 Crystal forms of moxifloxacin hydrochloride ( MXSX) refined with different solvents

Refining solvent XRD results/26° Crystal form

80% EtOH: H,0 5.646,8.324,9.935,14. 312,15. 431,16. 821 ,17. 237,17. 766,18. 379, 18. 927,19. 441 ,20. 211 ,23. 454 ,23. 924 ,26. 563, I
27.310,29. 004

80% MeOH: H,0 5.982,7.370,8.694,10. 491 ,12. 539,14. 216,17. 233,17. 604, 18. 116,19. 576,19. 933 ,21. 712,24. 987 ,26. 523 ,26. 886, Unknown
27.685,29. 363

70% MeOH: H,0 5.653,6.279,7.962,8.328,9.934,14. 317 ,15. 125,15. 433 ,,16. 829,17. 244,,18. 390,18. 939,19. 438 ,20. 216,23. 453 ,23. 936, Unknown
26.576,27.306,29. 011

50% MeOH: H,0 5.659,8.340,9.950,14. 328 ,15. 449, 16. 833,17. 254,17. 785,18. 409,18. 933,19. 450 ,20. 235,23. 473 ,23. 942 ,26. 590, |
27.339,29.028

H,0 5.660,8.336,9. 936, 14. 308 ,15. 434 ,16. 843 ,17. 242 17. 768 ,18. 380, 18. 930, 19. 415 20. 210,23. 458 23. 927 26. 550, il
27.281,29. 003
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F12 MXSXA H B 5 B A4 e R e B
v

Tab. 12  Effect of the amount of recrystallization solvent on pu-
rity and impurities of refined (MXSX+4)

. Purity Content of boron Yield
(marxsx4 Vaater) o
/% impurities/ % /%
1:5 99. 966 0.000 048 8.8
1:7.5 99.973 0.000 048 85.0
1:10 9. 974 0.000 049 79.4

2.5.2 MrapldBEEE SR Al K o R il
VR myxxa® Ve = 15725, [ ZE AT IS [E]3 b,
DA MIXSX (i Wi 3% | 4 B R 55 B 2% I3 & 45t O D0 48
B, AT R AT BRI AR 13,

F A3 MXSXA HH AR 80 B TR A AU B

Tab. 13  Effects of crystallization temperature for refined MXSX-4

T( Crystallization ) Purity Content of boron Yield
/C /% impurities% /%

0~10 9.973 0. 000 048 85.0

10 ~20 99.970 0. 000 040 78.6

20 ~30 99.974 0. 000 041 73.1

H SR AR R, Bl A e I 3E PR T e, 7 A
ARG, M il BE S IRCR  HPLC A I A5 5 /s
AT ERIRLEE R TR ah B W IREAS TE 2251, 5
2% U AR PR IEE LT, A7 TS 00 7= i S 52 iy
N LR 25 TEICR R, B EHT AR 0 ~ 10 °C,
2.5.3  MrohifIEg SRR, 3
FUFE myxsa® Viae =157, 5, BEEHTARIREEO ~ 10 °C,
L MXSX SR 2l B R 5 B 2% o 5 1 D AN 45 R
X AR ] HEA T 548, B4R LA 14,

14 MXSX A8 RHHT 5 R ALALE 80 2 Al 9
Tab. 14 Effects of crystallization time for refined MXSX

t( Crystallization ) Purity Content of boron impurities Yield
/h /% /% /%

1 99. 980 0. 000 058 83.4

2 9. 969 0. 000 045 8.8

3 99.973 0. 000 048 85.0

HT SR AT, B A & N DA SE S, 7 I
FRICHTE 2253, BT SIS 1D 7 SRR AN,
HPLC A6 0 25 2 8 7% A i B[] 68 7 fh Jo 5 52 i) 4
AN, SNSRI & AR R BE DL HAEASTE 2200, £
JEWCR NG, B E A k] 1 b

T E 2527 2025 45 3 H 55 60 B4 6

i BRI AL G 1 2 T AT S0 = = Aok,
A5 6 iR 2 PG v B o R R A 3k B W H
bro BN TZEMWTF

%2510 L 3SRV 22PN A LR 1 000 g, 3
FETIMAINRR 460 g, BEPETHEZ 100 ~105 °C 454l )2
NAREE 100 ~ 115 C I L FRET 2 415 g, Jnse, 4e+F
100 ~ 115 CHigFk 2 h, [ 2 80 ~85 °C, A SM-1 2
000 g, 4+ 80 ~85 C /i 4 h, KW A5H G , Kk 2 30
~40 °C B SIRABEIA 20 L 338 /2 v 28 v (e i e
FSEIATKIK 12 000 g, 7K 5K E R4 ~5) BT
FEEA, PR 0 ~5 CHTARO. 5 h Hihik, WEUFH T
WE0~10 Craifb/KikE pH{E 5 ~6,T60 ~65 C
BTSRRI AL M AR MXSX-1 2 554 ¢,
W%:97. 5% ,HPLC K&tz 97.96% .

B A420 LBES RN INA NG 12.8 L,
BEEE T A MXSX-1 2 550 g Ji§ i SM-2 758 g, ¥l
TR 20 ~30 °C, ke, iInA = & 669 g, FHl =
45 ~55 CJZ W 6 h, R M 45 H )5 ,45 ~ 55 C W E ik
AR FHHRYPIR MXSX 2, il 4G it H] 12 h LI, B
BT T —2 T, ] MXSX-2 Hjil A HEE 12. 8
LB FF 7 i (AT 38 24 T I8 0 v i), 8 R
10 ~30 °C,ii%fnshme e pH B2 1 ~2, M hnse e, b
T2 0 ~10 CHgk 1 b, g, uEPHh T /5 m= 20 L
PR RN A (RS h ST A Llifbk 12.8 L),
PR 20 ~ 30 C I i 434k 25% A A kK
VA pH =9 ~ 10, finEeTHE % 50 ~60 C ks
FRIEAT pH E 2 6.5 ~ 7.0, i [ A%, 4k 45 75 7 1 1
1 h Ak, EDEH 24K (2.4 L) ik, iEYHh T /5 F
50 ~55 Cog AT 145 1% 5 €5 % o 0 [5] f/ MXSX-3
1910 g, IR :79. 3% ,HPLC £l Fy 98. 77% .

55 =25 1) 20 L BEEE I 248 PR UOm A lifk kK
11.4 L,MXSX-3 1 900 g, iFf M2 40 ~50 C, %
il 5L 40 ~ 50 Cii ik R 464 ¢ W pH =1 ~2 i
Inoe e AERRR EEE 1 h, FEIR %2 0 ~ 10 °C, 4EHFR
JERERE 1 h g8, IEUEHFA 2 0 ~ 10 C pyalifbk
(2 Lx3 %) iy, i UHM T /5 T 50 ~55 CEMT
BRAT VR B0 2 A k) R MXSX4 1 759 g, it 3.
84.9% ,HPLC #il 4l F7 99. 86%

SV« [n] 20 L BEHE 52 248 PR YO A Ak K
13.1 L,MXSX4 1750 g, F}i % 80 ~90 C 4t} %
TRSE AV i, SR G MG P o% 87.5 g, fRIE
0.5 h, A8, 2lifkK 350 g WhPEUEDE, UE L R
220 L BEIEAT AR A8 oh, 0 Bl [ IR E RV A%, RS
B2 0 ~ 10 °C, RIESERE 1 b filuk , DEDFH TS 2

+ 565 -

Chin Pharm J, 2025 March, Vol. 60 No. 6



0 ~10 CHyZEtE/K (1.5 L x3 %) ki, a& Bkl T /e
T 50 ~55 CBIA RGN B @A PR R MX-
SX 1526 g, I % 87.2%, HPLC #5 il & J&
99.98% ,

3 MR
3.1 E4E b ja Kk MXSX-1 B % 4E

) A A i S o S i v (B 4R MXSX-1 i#E 47
T EEMEfIE, MXSX-1 2544 ULIE 8,

17. 18 19
16
D an
0 , 0
SN
o

0

F65 |3
104| 0
21

7

F8 N

o 1l
15779 A

12
B8 MXSX-1 £#y
Fig. 8 Structure of MXSX-1

MXSX-1 fJ' H-NMR &3] I H,8 1.31 ~1.32
LA S 1.41 ~1.43 fbW ZHIE AP 2 AT H
FEfy 4 ANRFETF 56 1.90 b i B AR R 2 A LTk
H RN 6 AU 38 4. 17 Abry Fpide Sy A A
I 3 AT T 36 4. 50 ~ 4. 54 Jb i) 22 I Ry IR AR
HRVR R L — SBT3 8. 14 Ab 2 i J 3t -
5o A7 A i & AEMER HS 536 9.19
AR B SRS T 2 (57 IS 1) H-2 SR AR
MR EGE RS 5 MXSX-1 Z5FH37F
3.2 MXSX4 4 ##5E

LA WG 5 o B BT A% R =
T AL AR ARG R X Ry A AT 5 S X MXSX4 i
17T S5H 0 E
3.2.1  ZAMROLEE MXSX4 20 AR IOE L
PEUNR :3 469 em ™' AL FR LAY O-H FE W YA, 1
708 em ™' C = O SE MR A AT , L B AR & 25 44
G R IE AR ;3 525 em ™ Ab S ZRFF | N —H fifi
AR BT , AR S 25 4 A i 52 925 em ™
Aeb Ay FEY R 4 4 5 4 B WSO 5 721 em ™' b Ay I R 3
FRSAEAR M 1 623 em ™ Ak Shy s Wik 5 2% 0 I 1 4
PRBM I 1 516 .1 454 em ™' kb IR B 5E H.
IR 803 em A HEER I AN 4R BN, 16
AR SR S5 A 2R R 51 184 em ™ AbH A JEH € — O
fAEIR) , LI S 254 g W AR R . S5 RE8WT, 7r
T AR Ml S H I R BREL H RS

+ 566 -
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450 B, 5 MXSX4 Zr 45 H AR

3.2.2  morPEEE MXSX4 i o BTG A R
/R MXSX[M +H] " 43730 Gy Hy FN; O, |, SEI K
Wk T 402. 182 7, S5 HE M — 3%, AT HiIA
MXSX 73530 (M) 2 Gy, Hy, FN; O, S B AH RS 705t
1401, 175 1, BEJRARXT 43 ity 401. 438 4 5p4 7
FL(M +Na) " HIB{E R 424. 164 3, 550 FTT IS 45
TN SEDARXS 43 iy 424. 159 9, 5RLAH 3L,
3.2.3 IR ENE  MXSX4 BR T RE LA
TR R AR T4 T B e, A SR T
5 5 iRk )RR AR R 4 (1819) o

F
LR >SN
4 N .
17 16 5 . 23
OCH,
18 20)—21 CH, .
- 13
jo—HN H
2

9 MXSX4 WHEMAKRKRETFHTHARTHT

Fig.9 The structure, carbon atom number and hydrogen atom
number of MXSX4

MXSX-4 )8 i 2 4R 2038 Fn' H-"H COSY [&]ii%
LEHLE R 50.87 ~0.91 4bF1 S8 1.05 ~1.07 hbfk £
HIENANED 2 ATHEMW 4 AT
(H-12 F1 H-13) ,"H-'"HCOSY i, B R H 5 H-11 .
H-12 5§ H-13 fE7EAH OGS 1. 69 ~ 1. 84 ibfit) £ H i
SR 3 H-17 F0 H-18 19 4 A~EJEF, ' H-"HCOSY
W, BoR H5 H-16 f1 H-19 fF £E A K
82.66 ~2. 674t 1) Z F s Sy Yk Y AL H-16 A i ¥,
"H-"HCOSY i, i 7m 5 H-15 H-17 1 H20 745
A58 2.90 ~2.94 fbF13. 17 ~3. 19 4bpy L g,
M3 HA19 19 2 &R, H-"HCOSY %+,
ANH H-18 FE7EAIE ;8 3. 61 ~3. 64 A ZHIE N
— RGN 22 T Ut 1Y) 2B 0 e, A R L H-14 1T Y 3
H-21 ) 4 NE 5+, ' H-"HCOSY 3#%h  H-14 JoAH %
i, H21 5 H20 fE7EAH ;6 3.74 ~3.77 hbi £
HIE R 3 H-15 (19 1 AR, H-"HCOSY %
o, RS H-16 7E7EAH G ;6 3.87 ~3.92 Ah £
HL UG Ay T 22 T UG 11%) 28 TS, SRk R H-20 I HY
H-15 2 MEJH T, ' H-"HCOSY i, H-20 5 H-16
M H=21 £ 76 #1 ¢, H-15 5 H-16 f£ £ M 5¢;
854.07 ~4. 104 PUE W (J = 5.4 Hz) Jy W7 H 3%
H21/9 1 AME T, ' H-"HCOSY 3, i 7k H 5 H-
20 FAAEAHDG ;8 4. 14 ~4. 18 AbYy 2 His Jhy Y FH L H-

2257 2025 4 3 55 60 55 6




11 1 AEJRT, ' H-"HCOSY i, R H 5H-12,
13 f7 76 f K3 6 7.62 ~ 7.65 Ab iy W H I
(J=13. 8 Hz) Jymesdh LT H-8 1 1 A5
J5 5, | T AR A R A LR 2R ) O X
"H-"HCOSY i, i /R HLICHI G738 8. 65 Ab i 5
W Sy W b B R R BT H3 O 1 D SR T,
"H-"HCOSY i, i /s HICH G738 9. 03 &b 5
ey il H-22 (7% Tk &5, H-"HCOSY %, &g
RHTCAHIE T 156 10. 26 £b 1) 5 U4 Sy R 82 H-23 1Y
Wk AT, H- HCOSY i, /R HCAH T T30
15. 13 4b /Y 58 0, R IR H-1 19 3% ik & i 1,
"H-"HCOSY 3, & /5 T A C i Fo FF S0
"H-NMREHEFI' H-' HCOSY 5 MXSX4 HIS5HIFIAS o
3.2.4  BRWIIREKGE  MXSX4 R REIRER G |
Ry 725 M b % 7% 18 58 3% ( distortionless enhancement by
polarization transfer, DEPT ) | 5% #% % & T #f ¢ 1%
(heteronuclear single quantum coherence, HSQC ) | &
1% £ 5 A0 ¢ 3% ( heteronuclear multiple bond correla-
tion, HMBC ) [&] 1% I % 45 2R 5 MXSX4 45 14 A1 7
PC-NMRiE 8. 38 Ab {55 Ky 4y F 1t C-12 BRJE T,
DEPT IS ik , HSQC 3% /R 5 H-12 Jit 7
A&, HMBC % 7% H 5 5 1 H-13 Af15¢;" C-NMR
g 9. 58 AbME T or 1 C-13 RIS, DEPT j51iE
SR Ak, HSQC 3 7R H 5 H-13 57456, HMBC
iR 5 T HA12 A P C-NMR§E 17,53
20. 53 4455 73 3 D 4 1 C-18 A C-17 e JL 1,
DEPT ¥ 3IE 52 O ff %, HSQC 3% .78 H 55 C-18/
H-18, C-17/H-17 J&EF#1 3%, HMBC i & 7% C-18 5
H-19 #H3%, C-17 5+ H-15 H-18 (H-19 F1 H-20
RSG5 C-NMR it 34,12 34. 13 055 43 o
C-16 )55, DEPT & IE 52 AL f , HSQC % 2 7 H:
5 H-16 Jii 741 5¢, HMBC % 75 H 5 Bt 1 H-15
H-17 \H-18 H-20 F H-21 #g5¢; " C-NMRj&rf 41. 41
WAF S R 7 C-19 Bk 5L, DEPT §EAIESE A fhk
HSQC j& @/ H 5 H-19 JiiFAHC , HMBC 3% i 7 H:
57 H-17 F1 H-18 4% ; " C-NMR %+ 61. 88 Al
54.43 54.45 IMES 5 5 T C-14 F1 C-21 Bk
J5ii5-, DEPT §%E52 )y C-14 A fK, C-21 4 ik,
HSQC i g /rH 5 C-14 5H-144%,C21 5 H-21
B4 2% s HMBC 3% i 7R C-14 JC & 5T+ #H 56, C-21
57 H-15 1 H-20 4 56;" C-NMR 3% 1 51.93
51.99 A5 5 K53 FHh C-158K 51~ , DEPT JE%HIE 5Ly
i, HSQC 3% & 7n 5 H-15 i F-#H %, HMBC 3%
BRI 5T H-17 H20f1 H-21 #56;" C-NMR %

T E 2527 2025 45 3 H 55 60 B4 6

H154.02 51.93 .51.99 &b {Z 543 5 M 4> F €20
F1 C-15 f i -, DEPT §4IESE 2y C-20 iU, C-15
Sy, HSQC 3% B 7r H 5 C-20 5 H-20 #H5¢, C-15
5 H-15 J&F#H 3¢, HMBC i i /8 C20 5 H-15 H-
17 \H-19 f1 H-21 SJi F-AH5¢,C-15 5% 7 H-17 H-
20 1 H-21 #¢;" C-NMR 3% 54. 43 [54. 45 45
58 C-21 i+, DEPT JE4iE 52 e, HSQC 1% 2.
N5 H21 BT 415¢, HMBC i 5 H 5 57+ H-15
1 H-20 #65¢ ;" C-NMRiE 1 40. 62 Ab{E5H C-11 fifk
Ji -, DEPT §5-41E 52 A Uik , HSQC 3% i /s H 5 H-11
TG, HMBC i g /s H 5 it H-3 \H-12 Fil H-
13 ¢ ; C-NMR & 106. 41 106. 57 4bfzE=K C-8
e, DEPT 3E4IE 52 Ui , HSQC 1% /s H 5 H-
8 JRFH1 ¢, HMBC 3 &7 H G i 741 565 7 C-NMR
T 150. 28 4{FS5 4 C-3 Wkt , DEPT J53E5Eh
A, HSQC 3% g /n H 5 H-3 JTF4H5¢, HMBC % i
ARHTCIRFHIE ;P C-NMR 31 106. 35 455 M4
T C2 fi )i, DEPT i & 7y ZR e, HSQC 3% i
RHITCAHOC BT F, HMBC 3% 78 5 H-3 5T £ 41 ¢
BC-NMRiEH 117.17 117. 23 AbES R4 T C9
e, DEPT 3% i 7R 24 2=k , HSQC 3% i 75 H o Al
S F  HMBC % /R 5 H-8 Jfi A6 ;  C-NMR
134,49 L{F5 R o1 C4 Bk 5 F, DEPT §i% (i
7N R 2, HSQC 5 4 7 HL TG AR DG i+, HMBC 3% i
x5 H-3 Fil H-8 i F4H ;" C-NMR i 136. 63,
136. 70 4055 J 3+ C-6 ik )5+, DEPT % /R
R 2Rk , HSQC. % i 7 HJGAH ¢ i+, HMBC 3% I /R
5 H-8 i 746" C-NMR i rf 140. 27 ,140. 32 kb
&% R4+ C-5 fkJii ¥, DEPT 35 i /R o 2= 4k,
HSQC % /< H JCAH 5¢ i -, HMBC i i /R 55 H-14
i FAH ;" C-NMR % 151,61 ,153. 26 Ab (55K
o SRR KM A CT k5, DEPT i
R 2, HSQC i 5 7R HJG AH 56 it -, HMBC
RS H-8 [T AHE; " C-NMR % 1 165. 84 fib
G5 R+ C-1 R 5L Ak )EF , DEPT % i /R ol 2=
fie , HSQC 3% I 7= H: JCAH 3¢ Jit - ; HMBC i i /R 5
H-3 Jii 74156 ;" C-NMR i i 175. 93 4b {55 N4
T C-10 B 5 Ak Ji -, DEPT 3% W IR oy 2% Bk,
HSQC 3% i /s HIGHH 5¢ it -, HMBC 3% /5 55 H-3
1 H-8 BT FAHE

3.2.5 KR X-BFATST (XRD) 3% Hy MXSX4 1y
XRD [l 7] LA th 45 16, MXSX4 [ il fi ik & 1
XRD 5 3Cak[ 111409 T A XRD 25 51—,
B fil AR A, AR L3k 15,
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F 15 MXSX4 #y X S & AT 4 % 404 & 2 U E
Tab.15 XRD ( X-Ray diffraction) data and literature data of
MXSX4

MXSX data Form I data

26/° Diffraction/nm 20/° Diffraction/nm

5.757 15.339 1 5. 800 15.225 1

8. 427 10.483 4 8.480 10.418 4
10. 035 8.807 3 10. 080 8.768 0
11.535 7. 665 2 11. 560 7.64 88
13.364 6.619 7 13. 400 6.502 2
14.415 6.139 5 14. 460 6.120 5
16. 926 5.2340 16. 980 5.217 4
17.352 5.106 4 17.380 5.098 2
17. 867 4.940 3 17. 940 4.940 3
18. 496 4.793 0 18. 560 4.776 7
19. 040 4.657 2 19. 080 4.647 6
19. 542 4.538 8 19. 600 4.5255
20. 315 4.367 8 20. 380 4.354 0
22.617 3.928 2 22. 660 3.920 8
23.564 3.772 4 23.620 3.763 6
24.039 3.699 0 24. 100 3.689 7
24.450 3.6377 24. 480 3.6333
26. 675 3.339 1 26. 760 3.3287
27.408 3.251 4 27.480 3.243 1
29. 124 3.063 6 29. 160 3.059 9
29. 638 3.0117 29. 700 3.005 5
31.395 2.8470 31. 460 2.8413
32.555 2.748 2 32. 560 2.74717
35.073 2.556 4 35. 140 2.5517
38. 605 2.3303 38. 680 2.3259

4 ERE5H®
S LA, A SHEER R T — 408G Tilkfe

AP MXSX4 15 B R, 2 26 B WO iy i
ST RN SR TR RN HXE R YNGR . L
%éﬂ%%ulﬁl%%mﬁﬁﬁ LAt B8 2R HE , 58 M0 Y D0 A 2 D

TR IR MR AS A, B ﬂzﬁ LR
TG P B AR B A S P IR T R
PR, EW&A%ﬂ%%E{ﬂIEMZIKQMI%'M&U“@}}H\

JE X SR R A A S R A i A R S, 4 H-
NMR ,'H-'"HCOSY ,"” C-NMR ,DEPT . HSQC #1 HMBC

SEOP M ILARIN T A
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