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Synthesis and Quality Evaluation of Mitoxantrone

WANG Mingming', CAI Jinyuan®, LIU Jing', GU Puzhong', SHI Huihui', ZHANG Yanjun' (1.Kangda College of
Nanjing Medical University, Jiangsu Lianyungang 222000, China; 2.Lushan College of Guangxi University of
Science and Technology, Guangxi Liuzhou 545616, China)

ABSTRACT OBJECTIVE: To synthetize the synthesis of mitoxantrone and evaluate its quality. METHODS: Crude product of
mitoxantrone was prepared by slow oxidation of 1,4, 5, 8-tetrahydro-anthraquinone with N- (2-hydroxyethyl) ethylenediamine in
water bath at 50 °C for 2 h under argon protection and in dry air for 4 h. The crude product was crystallized by ethanol-n-hexane
(4:1, V/V) mixture solution, which was cooled overnight and then washed by ethanol-n-hexane mixture for many times. The
melting range, pH value of solution, ultraviolet-visible absorption spectrum, infrared structural characteristics, drying weight loss
(water loss rate) and critical relative humidity (CRH) of the purified products (4 batches) were investigated. HPLC method was
used to determine the contents of mitoxantrone. RESULTS: The mitoxantrone was prepared successfully, and synthetic yield of
mitoxantrone was 34.3% ; the melting point ranged from 159.1-163.6 °C. The aqueous solution was alkaline (pH 7.63-9.54) ; there
was a maximum ultraviolet absorption peak at 235-245 nm; there was a maximum absorption peak of visible light at 590-600 nm;
the infrared characteristics were consistent with those described of mitoxantrone in the 2015 edition of the Infrared Spectrum
Collection of Drugs; water loss rate were —0.83%-2.36% ; CRH value was 54.7% , and the average content of the product was
78.1% (n=4) by HPLC method. CONCLUSIONS: The mitoxantrone is synthesized under mild, non-toxic and harmless
experiment conditions. The synthesis step is simple, the cost is low and the yield is high. The quality of products meets the quality
requirements.
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I9E (F1 I , Leukemia ) J2& — Ff W o , J2& f 5
R 1 ML 240 L R T B4 T 43 Ak, TREIUR A AR TE 8 41
A E 5| & T 0 ) fe B A A BT e AR Y A
FAFFE — R IR IR FRIN R BTG L T
JEEY B LA K A By 22 I A 1 L L 9 5 1) iR DA
S RE I RS RRAE , B RTIm RIA YT 32 5% AT FE- i
BRI %, BB T R 0,

KFE R (Mitoxantrone) N 44 22 54 iR , & —Fh A
A BB ZAR T 259, HoA Bu e Ve F s O
PEARA DL, TR T e 09 2L 1 PR ok 28 400 i 1 o
J (Chronic lymphocytic leukemia, CLL ) Fl AL 2 PEAE M
EXL 200 60 P s 257 ORFE R A AR5 SR AE AR 41 i
KN, 3] DNA $HFh 244 11, 38 11 Cheng [K N-0-0 —
FRE R 20 A1 i A DNA B RUEESSF , Bt X DNA figi ik
Xif (B X 22 (] A B 5 FR 0.34 nm 14 %8 0.68 nm, 5
DNA (246" BHIBT DNA 5 RNA A . KFEERR Y
N-O-0O = FATEE2580 A Ko i A DNA /R B IEIDLE 1,

OH HO,

AKSTER M N-0-0 ?Hﬁj‘?%‘fi?i%lw B.ift A DNA
Bl XKEEBON-O-O=ZRAEFEHYAREHAN
DNA HREE
Fig 1 Triangular structure of N-0-O activity of mito-
xantrone and DNA embedding diagram

TE CAIGE B9 R HE SR 45 18 1k P oRR TS5
TORFCREBE I 95 i, LA 4- FH AR 28 — IR o it
B ARB R RREMEE Y 1,4- —FHE-6- A L9,
10- W, AN LE AR R 12.6% , 5 P BREK (B9
Z WORAK. ASRIER A 1,4,5, 8-PUFRIE B R ORI
HARFCERR G T2, ARG TR s e |
B ARG AR 77 A, ARG 3045 B 1) 25 LU ot ) B
P, SR R RORA (157 (HPLC) N7 5 1l 5 119 7 2%
KT IR A B ORI BT P S R AR A

1 #7#l
1.1 88

1220 # HPLC {¥ ( 3£ [® Agilent /A 7 ) ; IRAffinity-1S
U B AR Y 21 SR 6 TEASURT AP-125WD BT 43 2 — 43
M1 K- (H 4% Shimadzu 23 H ) ; ZF-20D %148 4h ] i 4> i
B A R PR TRHE AT B A ) s WRR A wi
WA CE RS RSO AT B F]) 5 Smart-Q 7 258 40
JKHL( 2 [ The-Lab 23 ) ) s GZX-9070MBE B i, $1 5% JXI
THRAE (R RS0 A BRA ] ) s RE-D2AA RIS 78 &
(R o A A AER ) ) 5 SHB- T AUIE I K 20 B2 22
(LT RAERA R TTEA A ) s HH-4 BUECE (H IR K5
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iy (AR AR A PR F]) s KQ5200 AU A il e de (R 1L T
A A A BR N ] ) s TGL-16C ) 5 i 2500 (F i 2 s
BT )
1.2 #ARE5RF

ER R OKHT BT X et (o T 24 R e A A B
#5:101134-201001, 4% :98.9% ) ;1,4,5,8-PUFR KL
Pk C L 2R PG Ak 2 I A A7 BR 2 A, 4tk - M 3290, 4 i
96.0% ) ;1,4- SN N-(2-225) 2 —jg GEC ke
TOKBRERES \ TC/K W B R . O (I 2548 HT b2k
FIABRA ] s 7K Atk .
2 HAEEHER
2.1 KRIEEMHIIEK
2.1.1 ORFCEEHLG W& FRELL, 4,5, 8-PUEsSL
fit 5 g(0.018 mol) , W PRI T IIA 1, 4- 575 35 32
mL, B 7140k 2 A S s A, 18 I 2 T =12 A
N-(2-¥2 2. 35) 2.~ JHie 15 g(0.15 mol ) , SN W AR B B8
WA . FREetitPE , /K 50 °C R 2 h, SN IR A 648 (i
PR, A 100 mL Jo7K 2B, 835 K Vs i3 22 55 °C L
AT 2R TCRBRBRESAE R T ) 242 44k 4 h, U
T ER W (e i S A TN IR AN E S EE AR
PR AW 250 mL ) IR P, SR A 0F il 24
h, UG AT BH S A9 R TR, D8R D8 A5 1 (a4
RIOKRFE AL b o KRFEE 5 B 2k B LI 2,

HO 0 -OH
OH O OH
P R e ST e
+ - .
O‘O HaN OH  5o~55CkiE.2h BN O NH
OH O OH HN/_/ \_\N
1,4,5,8-PURSLBR  N-(2-2.38) 2 — Ik \—\ /_/H
OH HO
AKICHR

B2 XKIEEMHAKELE

Fig 2 Synthesis pathway of mitoxantrone
2.1.2  ORFEEBML RS E]  BOKRFE BRRL L 25 5 9.2
g, BT AR, A S BE-1E C 8E (40 1) IR -A W 200
mL, AR 58 2, N AGE S35 1 ¢, #4081 15 min,
EAAE , DR S TR K R b i, TS R FE R
A A, SR - IE 2 e (3 1) vk 3R IRt =
M K FE A AR TR 2.8 g, PR RN 34.3% , WIMEE
SREZ PR H BT R X 10, PrBE A 5 R <40 , ORFE B O
SERA R A FCIR b AU, SRR, JUR KNy pum 2, KA
BUBRY A 0 2 S DL ] 3. 43 il il 28 K FE R i A3t
44, 54390 171102 171106, 171112180313,
22 RIEEMHIBUHEURLEHET
221 M AE T oK HE BOR A N (HE S
180313) idi it , WA AR A , B T — g £ F A9 B 414
P8 SO R 5 A5 T L R 159.1~163.6 °C, A% TR HE B
PR IS4 A 170~ 174 °C, Fh W K FE BUR Ar e i 203~
205 C, WA TE , 15 5 B W RAIG, SRR 25 45 b el e
A HEA R AT A 8 2 o, e LA i Ei 4 R 2.
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Fig 3 Microscopic morphology of mitoxantrone

2.2.2 pHllE HASHEUOKFE BB AL A K 0.05 g,
7K 25 mL 4R 6 58 A0, 45 B4 1 mL %5 2 mg 24
VI, TP DR AR, BRI 5] SR AR TR 5
min, FEE R RS E , VE 0 pH I G2 A BUI E A
TR H R 100 75, [FIvE#RAE VB pH I E W B, 43 511
SE DU E WA TN ZE W B A pHAEL, A AL UCRE i 2000 3 7K
SEEL A K HT R = VR AR (O Y A P
Fis TR S KV TR I 22 9 B ) 3T Rk, A5 AR 7 i ] pH
ZE5E/N B T B AR RS A . R TR
KAT R I pHAB B 2 5 R L2 1,
F1 AREHKIERRKE R pHENNEL R

Tab 1 pH value of different batches of mitoxantrone

solution
o TER A WERB
1 2 3 1 2 3
171102 9.50 9.50 9.49 8.04 8.06 8.06
171106 9.39 9.39 9.39 7.63 7.64 7.63
171112 941 9.39 9.40 7.1 7.67 7.69
180313 9.54 9.46 9.51 7.66 7.66 7.67
2.2.3  EHM-A] WSS AR B HEUORFE R

P, A A 0 1 mL 3 0.2 mg BV, BT
M SC i R, 8145 5 A= R L BE D 200~800 nm, $14#E
JE R R, SR AR B 0.5 nm A 744 . A FRIHEUCOKSE
TR KA A 22 S h- 0] DL A I B F L i 141 WL I 4.

5.0 A
" AU\
4.0 7 180313
3.51
% 307 171106
;,% 2.5 1
2.0
151 171112
1.07 /\_\_’/\
0.5 1 171102
0 T T T T
200 400 600 800
P, nm
B4 AEHRKIEEEKBRAOLIN- TSR
RAFENEE

Fig 4 UYV full-band screening spectrum of different
batches of mitoxantrone solution
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B4 R, 4 LR K FE BORR X5 7 28 Ak B 235~
245 nm G P H B MR IR IR , 268 nm K AL BT
AETE R W, 7E T DI B 590~600 nm i 1 9 Bl 4 i 30
AT DL E KW e , 3R AF S 7E 680 nm Y 1A H B AT L
TR EE I, R A SEUCKFE B 1) 22 -] WL Bt
TR Al R AR R — B
2.2.4  LIAMEERFRAE S E  BORFE BB AL 5, (it
5 :180313) 1 mg, B T HEGHFER i A T i B AL B
AL 200 mg, FAIFES , R, (4B B AR 42T
TR IMLT AN ES  KFE R 2T EIE R LR 5.

4000 3000 2000 1000
WH em ™

BE5 RIEERALLIMEIEE

Fig 5 IR spectrum of mitoxantrone

15 87, KFE RS A 2L MR 5 €24 S 21510
£ ) (2015 4E I R G RERR I T 4138 — 2, Hovb 3 317
oAb Shy HL AR A SR AR S P R R ) R S, W
AR, IR A AL | 1 B R D5 R AL W R AT
—E RIS G " SR OR S T 465 088, iR
Zxpr A B A a5 2 940 cm AT 2 859 em Ak Ay f i ik
VA P AT U, 33K 2 R TR B ) A flg ik 141 52 B 48 3R
L P LB AT T, 5557 2% B0 a2 45 1) S 2 2 5 3 i
SR A RBU B 51 6091 5691 475,
1 448.82 em ™" Ay H- 2% R A A RRAE IR AU , AR St F S
S IF B P A AR T R A, R A B R 22
TR BT WO e AR Sy R I
225 THEARFEELE BESHRETHARSTER B
AR Y 1.0 g, 214080, Fa T EHAR N 5 em 1A ~F
PRI, BT 105 C AP T 2 h 2R, UL &
T E TR P OS O REARE , T KR (AT
Jt — TR B ) /TR BT X< 100% 1. ASRIHEUCOK
FERIR TR R A R A 2.

R2 AEHRKIEBMRTERELER

Tab 2 Drying weightlessness of different batches of

mitoxantrone
ik FE g TG g JKE, %
180313 1.098 1.072 2.36
171102 0.967 0.953 145
171106 0.986 0.971 1.52
171112 1.082 1.091 -0.83

2.2.6 I FAXHEE (CRH) B9MlE Ot RAE R 251
il £ CH,COOK ,MgCl. . K.CO; NaBr . KC1 . KNO; [ {1 FI
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WA L, 0l BT TS, e R
25 Co £ ERVA WO IR B X R L3R 3. QWi - i)
() PN < s 2 R T H 2 1 P R T R A By R
($1t5-: 180313 )24 50 mg, YL Hl AT T8 210 T A i 1T
HEERREI T, B TR 25 °C AHIRHE R 75 % )% ]
B, BERR 4 KUK PRI S S . BEMREMTA
[ IH1A] 5. (0.6.,9.21 .28 ,36,52.61 h) ity EFAL IR &, i
AN e [ (e S o — W i o )/ 3 i o
HEx1009% ], LATSCE: B (8] R 1 AL A, W 1 43 % S Y\ Ak
B, 2 WP T pih 2, R R R I i Ak T PR S
T TR I P S T4 A5 A RSP ], 25 SR B, ORAT
TR A0 W 8 ST AT ) Ry 48 b KRATIEERAE TR 25 °C Al
X 75 % 55 T J3CE AN TR Bsf 1] B IR 388 7 43R L3 4,
o o7 B R S8 - i 2R DL 6. (DCRH AN A8 « K % FR B
T 2 R (R R FE ORI 3K R R (L5 2 180313) 24
50 mg, 2316 4y, [FI@ILHERAE, 735 & T O 6 Rt FriEk
VR T RS T, IR 25 CCE 48 h, BUE SRS 2%
FRAE o LAPREE IR BE A A A A , A i W 7 4038 S A Ak
b, 221 CRH 2R , 78 CRH [ 2R 1 = (PR 00 B Ab BE B — 551
VEYIEZR , B VIR A T — a5, 158 A5 FR A AR b Xof oy ) B 35
TR IO KFE R CRHAE . TR 25 °C R KICIETRAF
AR RV T IR ) IR 1 493 L4 3, X+ oz (1Y) CRH

MR LI 7.
£33 BED CTAIERMBEARLARKCGEE) TH
A=

Tab 3 Hygroscopicity percentage of mitoxantrone in
different salt solution (humidity) at 25 °C

AW TR, % R M5, %
CH,COOK il F£h ¥ 20 124
MgCLIfRIZR A 34 243
KCO: AL 44 475
NaBr {B AL 58 9.14
KCUERIERE R 76 1891
KNO AR 925 30.36

R4 KIEEMERE2 C HMRE R ZETHE
NGRS A= S
Tab 4 Hygroscopicity percentage of mitoxantrone
placing for different time at 25 °C with rela-
tive humidity of 756%

Wi kg e e PEEER g g
i, g i, g
0 0.0396 446152 445756 0.039 0
6 0.039 6 446168 445756 0.0412 404
9 0.039 6 446175 445756 0.0419 5.81
21 0.039 6 44.620 9 445756 0.0453 1439
28 0.0396 446215 445756 0.0459 15.91
36 0.0396 446227 445756 0.047 1 18.94
52 0.0396 44,6232 445756 0.047 6 20.20
61 0.039 6 44.623 5 445756 0.0479 20.96

K778, 25 CFORFTEERAY CRH Y 54.7% , Wi
TN 2.4% , 7 ARFE R H il WA T Gl
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Tab 6 Water absorption percentage of mitoxantrone
placing for different time at 25 C with humidi-
ty of 75%

351
25

15

T4, %

0 2 50 - 100
ARRHRE , %
B7 RE2 CTAREBEBREABEBARCEE) M
CRH Hi%;
Fig 7 Hygroscopic equilibrium curve of mitoxantrone
in different salt solution (humidity) at 25 °C

25 C, AHXHR L 409% ) W A7 Gy W W R v g K £y, By
5 IR (HR S, KON T4 5 % B A7

2.3 KEERMHEENE

23.1 oS {4i%4E . Agilent BDS Cis (250 mmx
4.6 mm, 5 pm) ; Y SAH : L FREZ KW (0.2 mol/L, pH=
4.4)- (14, V1V) s Kl P : 242 nm A1 30 °C5 3
T :0.5 mL/min; JFEEEE: 10 pL.

2.3.2 XTRESL WA EI A BOKFE BUSR X R g 25.43
mg NG EHE BT 100 mL P KIEMGRER S
ZIBE B S) AR AW RS Bl mL A, BT 25
mL I SRRV A R R 20, $E47,0.22 um A AL
WAL , VA X BE S VA

2.3.3 LA WA H A BUHE S 4 S R 180313
171102171106, 171112 FRFE R L35 45 25 mg, K
BERRAE , UL sh AR AR R i BT R VR B 2 R 10 pg/mL A
W AE AL TR

234 RGUEAMERLE I shAR K T R
WeJE M 0.01 mg/mL, 1,4, 5, 8- U ¥ 5 B0 o i vk i
10.0 mg/mL IRA I IRAE b R G0E AR .. RS
T8 VA R X B VA VBRI 3t S VA R (5 180313)
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Fi42.3. 17T A% AR RN E il sk g R . 450 R
T, K HE R L G IS 1] 7 10.23 min, FRVS A EL LUK AT B

RIETTHAMIRT 6 000, X FRIAF KT 0.7551,4,5,8-P0 %%
FHE TR HY 06 I A] Sh 12.36 min, FHABIG 2 B B KT 2,
s LA 8.

AAC R

= 100 1,4,5, 8- 103 W

0 4 8 12 16 20

Ml , min
A ZRGEiE VAR
KATHERE
200 4
150 3
=) E
= 100
£ 501 y
0 . ——
50 4
0 4 8 12 16
5[], min
B RE S
KT
150 3
125 3
2100
75
& 50 - 1,4,5,8-PYFR5L B
25 KSR KA
0
0 4 8 12 16 20
Bl , min
C U R

8 BREEBILE
Fig8 HPLC chromatograms

235 ZMEXRRFLE AEHEBOKIEEIRI & 0.5,
0.8.1.0.1.2.1.5 mL, 435 & T 25 mL i iffirh , I s AR
MR FRE R B ZIE 1257, 0.22 pm A HLUE I g 1N
50% .80% .100% .120% .150% ZHIFRAEMM L IAW .. &
T 2% R S bR UE M2 VA T 10 nL HERE , BEOYRR S A T
TRE 2 U, KFE BRI R (4) A AL bR TR ()
Ry A A b 22 AR U 2R o 45 [T H 5 R R 4=6.555 0%
10°c—1.375 9(r=0.999 8) , Z5 5 F B, K HE &R 78 i
He i R 5.086~15.258 pg/mL 3t Fil AR5 BL A A 2 vk
2.3.6 HEHEEIALE RS S PORFE B X B S 10
pL, #2317 T (8 i S5 R 1% 22 EAE 6 1K, 10 SR U TR
T, S5R R, LAY RSD 4 0.19% (n=6) , £ HI{Y
Rl e

2.3.7  MEGRREER RS R HCE N R KSR R K
TR (52 180313) 1 mL, & F 100 mL F I, /K F B¢
R R B ZE S H IR 1 mL, 3L 943, 43901
BT 100 mL B H G B AR BORFE B X IS0 29 5.15
7.15.9.15 mg, £ 34y, 43 5l E T Fik 94~ 100 mL & i
o K R IR ST R R 20 B 43 AE S 80% L 100%
120 % e BE AT IO, #5 K5 %6 3 B 1 mL & T 10 mL

HEZED; 2019455 30 5 131

LR, FEEIAH AR R 2208, ERE 10 L, i sRig iR,
FOA BT B3 i A e . S5 R R, K 4E
TR ) -2 [ % A 99.85% ,RSD % K 1.69% (n=9) ,
MEV &SI e 3N
x5 EWRIXIEER
Tab 5 Results of recovery tests
k¥ B mg AR mg MR mg BRI, % FHEICR, % RSD, %

80% 2.85 544 8.23 98.90 99.85 1.69
2.85 551 8.57 103.81
2.85 5.46 8.20 99.08
100% 2.85 750 10.36 100.13
2.85 7.86 10.70 99.87
2.85 751 10.42 100.80
120% 2.85 8.89 11.61 98.54
2.85 9.17 11.86 98.26
2.85 9.23 12.01 99.24

2.3.8  MAMRE B S (S 180313) , 4
SRR “2.3. 173 % S5 A4 R i pH K AH pH ik 4.4 +
0.2) AFIR[FERC R (30 +2) C1 7 shAH LB 206 i
SIAHARFR AR (80 + 5) % Y I PN 145 R 2%, 25 28 i
FELE AT UUE T BT 2 R . S50 RT,
pH L I IR B A8 F R G IR 114 H 06 Hs) [i) AT T 0
R , R o i 25 1 i R I R
2.3.9  THEME RS B HEUOKRFE BB AL 5 %
W, 4 MR U231 TN 3 A5 R AR I E SR A
FE o e LA BR R AR L 5 SR R LS 40 )
7180313 ,171102., 171106, 171112 (il KFE BRI b o
KICHR & 9 M 83.2% .76.3% .73.9% .79.1% , -
IR 78.1% .
3 Tt

ARG LA 1,4, 5, 8-PUFRIE BERAE A 5ok}, g as <,
CRAGRI) a0 A5 A5 R FE AL, L

SR IR DAY W 5E & PR i R R A

77 i 28 L B R E 4 AR AE IR R HURD TR AR
R 50% ~T0% , 13X ] AE S FH T SN TR A T 6
AP P R T G TR A A, TR W% L
A TR/ AE K, AT A RO HEBR A £ P A a3 <,
FRIL B AL L AR SN, fiE 2E C—N B Y AR 5 [T
BN i LR O F LAY, 50~55 C AR Y S
JE IR FH R 60 C LA R KT = R A, 24 R
W2 7 b R SRS RSO R 5 SO I EE AR F 50 C
B, BB N AN 58 4, T A R e o DR FCBURR AR 5 1
il £ 75 284k 24 h B AT AR ERAE DL 00 Al AR SURE I 2 BV W
HOT AN ECR VKKV I AT R, =R K Bk
1 4 R [B) A BT f L R S R B T R L, B A A 4 e
KH12~24 h,

e A5 20 0 KT R EL A s A, T H e
b AR B s SR K A B B, BF5Y CRH
RENS S0 3 T i 0 R G R 8 R0 R I A7 2%
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7, Bs 125 S e A I A A b e i A A AR
WA SRR, 25 “CTRORFEER A CRH 4 54.7% , 71
207 B TR IR TP A O AUKAL . AR T 2015

AR R [ 24 ) 25 )5 e v e s S SR U AR S

CRH WZE 5 vk B0 1R PR, SO T

P v U B P T P D R T IRZE 5 I, X T AR

a7 R AR Y 1™ A& A RILE | At i Hh SR Al

JERY RN 2 mm, STHUZ 9 EAR R 1 em BYBIDRIR , 1X 2K

A TRAT A TR BB ) — BRI A T REE 4 W) ik

6 vp B3 B 0 T 2 R v AR e SR T 5

PRE VR AT A5 RGN o A AR 54T

KYBaR , N IE RS B b Al G877 4R A4 BN R BT

Pt /) 3 S R A, SR P L Cos (354 2 B AGEIN , [] 93-Sy

ARG 0 22 1) 2 7 A B I AL R B G2, T gl SRl e |

AJ 2% B — 20 SR T 20 B A 3 A A B i R B AR A

N TEHIBFTE N A

KICER A —Fh N A IR T bk L AR Y

K4 G O E R 4 & S B 7Y 2 HR 2N

M , i UREZ A B B AR R 1, 4,5, 8-14

TR IR A A R, T RN €2 e 25 4 T A5 1

KIS i ZAE )5 7 3805 15 34.3% , 7 il i BRAL 7
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