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Crystallization Process Study of Regorafenib

LI Hongming', ZHANG Jiao® (1.Sinopharm Chuankang Pharmaceutical Co., Ltd., Chengdu 611731, China; 2.Sichuan Kelun
Pharmaceutical Research Institute Co., Ltd., Chengdu 611138, China)

ABSTRACT: OBJECTIVE To optimize crystallization process of regorafenib to control the content of genotoxic impurities.
METHODS The solubility of the crude product and the increase of genotoxic impurities in different solvents were determined to
identify the crystallization solvent system and crystallization mode. Suspension transformation experiments and FBRM online
monitoring were used to determine the crystallization process conditions for the target crystal form. Grinding was employed to study
preferred orientation. The changes in liquid phase concentration and solid phase morphology during crystal maturation were
investigated to control the ripening time. RESULTS  The crystallization process for Regorafenib Form I had been established.
CONCLUSION The optimized crystallization process yields a product with low genotoxic impurity content, high crystal form
purity, and easily controllable process parameters, making it suitable for industrial production.
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Fig. 1 Chemical structure of regorafenib and degradation
pathway of genotoxic impurity 2
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Tab.1 Solubility of regorafenib crude material
sl 20 °C/mg-mL™" 50 °C/mg-mL™"

i 34 9.2
SRR 5.9 16.5
T 3.0 /

HIoR 0.6 3.2
UEIURLH] 53.9 126.8
FHLRUCT Rk 0.8 3.6
Bk 0.4 1.6
LR TR 8.2 15.7
A i) 23.8 46.8
TR ZERZTR90 = 10) 19.9 39.1
N - 2R ZER(80 : 20) 16.5 30.9
PR © ZFRZER(70 = 30) 14.6 26.2
TR LERZTR60 = 40) 12.7 223
N = ZFRZER(S0 : 50) 11.8 19.5
PR © ZFR ZBR(40 = 60) 10.8 17.9
W LERZTRBO = 70) 10.1 16.7
N - ZFRZERQ20 : 80) 9.6 16.3
N : ZBR (10 : 90) 9.1 15.9

2.6 2~ H O | L (differential scanning
calorimetry, DSC)

K % PR BCHG X JE 2 Form T &% B BE & 3~
5mg, ¥ TEHEY, I, D HiieiEs
XS IR FERRYT T THR A, RSy 35~
300 °C, JHEEAE 10 C min ',

2.7 #FESHT (thermogravimetric analysis, TGA)

FE 4 FREL Form I A AYAREf 3~5 mg, ¥2)HIT
TR, s REs g, SRR
FHIR A, I Ry 35~500 °C, TR %
10 C-min "',
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40°, K 0.02°, HI5EE (20)0.1°,
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Tab.3 Dissolution and  spontaneous  crystallization
temperature of regorafenib in acetone

RHABUmML BESR S /mg mL™ REAVARHEIE/C A &M iR/ C

166 55.4 55 34
181 51.0 52 30
196 473 50 27
211 44.1 46 24
226 413 42 21
241 38.8 38 18
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Fig.2 Metastable zone of regorafenib in acetone
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Tab.4 Results of suspension tests

R 20 °C 50 C
TN < 7K (98 : 2) Form | Form |
R = 7K(95 = 5) Form A Form |
AR = 7K(90 : 10) Form A Form A
AR : 7K(80 = 20) Form A Form A
T = JK(67 = 33) Form A Form A

R A4FH, S5k R EKE<%. it
JE=50 C B, PER//KE RG] Form T BP# A #;
#i A Form A [ XU o
3.5 i REes

g AR A FBRM Bk DL 3. 45 ik &
TERYBE A%, 249 15 min B 75 R 3F45,
WER B TR 0.5 h B 248 ; IV, mTa
M2 TR H T A B R 45 Al iR R b il AR VR BE AR, 14
BAE FBRM RIARE T FRAR, Bl 2200 E T
LA Z 5, RO 2 28 k45 dad A8 A
BEYRUT 43 2 YOI 71 18 £ TR W] LAt /b BE
Wit BV, /KT (< 10 pm) B 34
i, TR (10~100 pm) BEAE/N, ATRESE SR A
PR BREIS KA, USRS A RS

il — g e
40 000 - I I 1V v i ‘ *i?l(.( F1) 60
fJ - e v
N
30 000 1 JV\ V1 VII 50
i e
= 20 000 ‘ ﬁﬁ (<10 um) L 40 %
10000 M”M\"" 30
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E 3 %434 8 FBRM 4

[-55 C ZEMAEEM (0.2~0.6 h); 11-55 C {315 % KB BUANTH (0.6~1.5 h); M-AkLE2EM ERIARL) 120 mL(1.5~1.8 h); V. V-4r 2 W2 /R 2
BRIFZ810 (1.8~2.3 h, 2.3~2.7h); VI-ZRHEFER (2.7~3.5h); VI-20 °C F##h (3.5~7.0 h).

Fig. 3 FBRM monitoring curve during crystallization process

I —distillation at 55 °C until turbidity occurs(0.2-0.6 h); Il —holding at 55 °C until a large amount of solid precipitates(0.6—1.5 h); lll—continued distillation
until approximately 120 mL remains(1.5-1.8 h); IV, V —ethyl acetate added in 2 batches while distillation(1.8-2.3 h, 2.3-2.7 h); VI-linear cooling(2.7-3.5 h);

Vl-ripening at 20 °C(3.5-7.0 h).
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Fig. 4 Liquid concentration-time curve during ripening
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Fig.5 Micrographs of ripening 0.5 h(A), 2 h(B) and 6 h(C)
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Tab.5 Growth trend of impurity 2 wunder different
temperatures and drying times

B[] /h 30 Clug-g” 40 C/pg-g™ 50 Clug-g”
2 0.6 -1.3 0.9
8 -0.8 1.6 0.7
24 -1.2 1.1 -0.3

3.9 AL SRR

2iy SRS, 38R DL XRPD, DSC #lI
TGA VE AN S B R A TF- B .

AR TR E AR S, SRR XRPD &%
5K A Form [ & A7 AL XRPD [&] % )
XFH, S5 ULE 6. BRI XRPD ElE (1) 45 11
06 20 {85 B ATHTALL XRPD B3 —2, 1M
i —E,

) J. Ijn J.A MJ BRI
l M. l " ll M L e Dt
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20/(°)
6 I XA R EZFRINRK 5 # EAE A XRPD E i

Fig. 6 Experimentally measured and single-crystal simulated

XRPD patterns of regorafenib
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Fig. 7 DSC and TGA curves of regorafenib
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Fig. 8 XRPD patterns of Form I, grinding for 5 min and
grinding for 10 min
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