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CRYSTALLINE FORM OF BTK KINASE INHIBITOR AND A PREPARATION METHOD THEREOF
ST &
KA R4 BTK #lliHn 41 B0 & &0 AR A B Gk - At > XBRPRR)-1-G-4-%
H3-(4-2 0 6- K AHR) K R)-T-Fe - THAEog 12 0 3-d )1 hog e 1-2) T # -2 1-8( R,
(e 1 B & AR B E % - AEApEa X0 ey T RS R AH RIFe BB T
e > L BPAERERBRERZY > T LA NERIEGHE -

The present invention relates a crystalline form of BTK kinase inhibitor and a preparation method
thereof. In particular, the present invention relates a type I crystal of (R)-1-(3-(4-amino-3-(4-(2,6-
difluorophenoxy)phenyl)-7-hydroxy-1H-pyrrolo[2,3-d]pyridazin-1-yl)pyrrolidin-1-yl)but-2-yn-1-one
(formula I) and a preparation method thereof. The type I crystal of compound of formula (I) obtained by the
present invention has a good chemical stability and crystal stability, and the used crystal-solvent has a low

toxicity and residue, which can be better used in clinical treatment.
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[SHHARM] (hX/HEX)
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CRYSTALLINE FORM OF BTK KINASE INHIBITOR

AND A PREPARATION METHOD THEREOF
[432])

AGHY R — M BTK MM A M & &Y AR E W
BTk - BBEH > ASHSB K (R) -1- (3- (4-Br % -3- (4-
(27 6-“FERE) FE) T-EE-1HMEFH[2 0 3-d7
BEo1-2ED) MM E-1-E) TE-2R-1-H (R (D {E2w)
TSR EEME TR - ASHEFESERX (D) L&YW
I HEREFRFNEEBESALERBEY L EFRA
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The present invention relates a crystalline form of BTK

v kinase inhibitor and a preparation method thereof. In
particular, the present invention relates a type I crystal of
(R)-1-(3-(4-amino-3-(4-(2,6-difluorophenoxy)phenyl)-7-hydro
xy-1H-pyrrolo[2,3-d]pyridazin-l-yl)pyrrolidin-i-yl)but-2-yn-
l-one (formula I) and a preparation method thereof. The type I
crystal of compound of formula (I) obtained by the present
invention has a good chemical stability and crystal stability,

and the used crystal-solvent has a low toxicity and residue,

which can be better used in clinical treatment.
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CRYSTALLINE FORM OF BTK KINASE INHIBITOR

AND A PREPARATION METHOD THEREOF
[ & 7 435 ]

ABHS R —E BIK R BB ESBAREH
WAk BEBBR (R) -1- (3- (4-BEE-3- (4- (2 6-
THEEReERE) XE) -T-BE-1H-MIEIH[2 3-dBH-1-2 )
HEUE 1B ) TE-2-R-1-FNGEP R REE T - R
BASPN T EUERESNR (DAY TER BARE
Y FE A B 5 R R A
L S A 8 ]

GEMEEE TSR TAIE BAIEME » £0 B
BN IEREES LS ENBEDABEESES KN
A - Bruton B X B E MBS (BTK) EEEBE O %K
HHEBENRET — > BN Tec R HE > TTE B4R D
HH SHRMERGE BEMERMAASE - B RS E
(BCR) HR BEEEKEMBE% G MK (CLL) MEE
HERMERHN (NHL) S E - SFELH M MKE R (MCL)
A B M A B 41N EE (DLBCL) 78 W B9 % 1 H = &Y
HEREGFEEREWESOHEMAE L BARESR
BRMEX  AGHOCHERE SBHE/LE > UREAM
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B E H B (BTK) 2 BCRESBR TN —EHENE 5
v O ME - EMESTEE BABMOKRYE L HESE B M

R EEBA AR BB RN - FE - 8 /N5 T B
BTK % BAIM TR A E 5 %1% 5% 06 RGN
1>_—§ o

fik % % JE (Ibrutinib) 2 B Pharmacyclics ®l Janssen 3£
F B 8 Y 5 — R /N 5 F BTK SM&IA - 2013 48 11 A % FDA
BERMEFNARIEMBEMNEE (MCL) » Bk 2014 4
DB XM AERNAEBEREEME M (CLL) -
Tbrutinib B M F B B W B R M 28 BTK M8 L ATP& &
By 481 SR PR BE M R T WM 454 > T4l BTK % F
WEHOME AR B EE

PCT/US14/61393 Bk —H =X (1) {E&% » Bl (R) -1-
(3-(C4-FgE-3-(4- (2 6-ZHEFEEE)FXE) -T-BRE-1A-
R U FE[2 0 3~ D -1-BE ) MEDR R -1-3 ) T 2 -2-%-1.F -
ZAL S R A BTK MBI 4B - 72 8 06 8 I2 1 - B R 0
MREEE > REEMSHELSEFRLE - B EH %
W LEVNERWRETEATE -
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BRNEERSNEHNEREE Y EIREYNL
BTN GEEEREFRANTRAATEER LY
WRAEEHNSL ERECEBEESLEMBENS
B —HAKHR BENNEYELSLARNNRNERS
GHEAEREMBEKE  LAEYBEERE > FRBH > B
WEH - SER RBMHEES B RErREYNE
FEUEERRALEN RABEFAWERE S M@
RELEAREFLEBENHER

[SHKE]

AGHEE O REME—E (R) -1- (3- (4-FE-3- (4
(2 6-"HEEE) FH) T-BEIHME (2 3-d%
B -1-BE ) MU RE-1-EE ) TE-2-R-1-HREY DB GE S DR
% & BB T 0% - |

RABETR(DLAWETEE SGEE TS5 M —
LI GEREY  HEBEREWERTT X-BH K DSC #

H BEHEAZENERGEET THUAN —EREEER
FHEE  RPABER IHESR AEFHH 1 EEERHK
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DSCEZEERE 236.23CHAF BRI & > £ F Cu-Ka
WA RBEN 20 ABANEEMERIN X-HE& K RKEH

- B EE - P EMT 20102 B AR BIE:9.91-12.20 17.24-
17.64 ~ 21.48 o

E—HN ZIBEEFEUT 2002 EF R HE
7.86 > 9.91~ 12.20 ~ 13.73 ~ 17.24 ~ 17.64 ~ 19.02 ~ 19.93
20.72 ~ 21.48 ~ 22.64 ~ 24.81 ~ 27.44 ~ 27.87 =

E—FZH ZIUEENX-HEVREHBERLOE 3
B AT~ > HF 260 +0.24 5.11(17.30)> 7.86 (11.24) 9.91
(8.92)>12.20(7.25)> 13.73 (6.45)» 15.44 (5.73) > 17.24
(5.14)> 17.64 (5.02)> 19.02 (4.66) 19.93 (4.45)> 20.72
(4.28)>21.48 (4.13)> 22.64 (3.92) 23.12 (3.84) 24.81
(3.59)> 25.43(3.50) 26.24 (3.39)+ 27.44 (3.25) > 27.87
(3.20) M1 29.03 (3.07) BER&HIE -

AHEHBREETA(DILEDHN 1 HE RN H -
AR BENTHE:

(1) BEERENJBEERDN (R) -1- (3- (4-fE-3-
(4-(2 6-ZHRAEEE ) XE) -T-BE-1HAWMEIH[2 3-4]
-1 ) MEEGE-1-E) TE-2-R-1-THEEEBNABEER
BHENEWRAERG » L4817 &

(2) BIE ~ Pk~ 820& -

FE(DFT ZBBNEERETFEINRNER 4 9BE -
FE - BE BE BEAICE-EBERXZE &bﬁ¢m
—ERPEEKNECRE RERFE - 2B - BEFRE -
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« Bl > W DAL EREBRBENESSE -

g RENE-BABRZIE -
BEERNTERARIRE  TURABEENES LB
EFEAET -l TUAESX (DAY ERTBREE
MABERERALANBHENE EEETHE CBEBELE
AT SEIMRENGSE - FRARANE - FAEMOE S
RMEEERET » £ 30~100CEHA » BEE 40~60CH
Mﬁﬁ#Tﬁﬁﬁﬁﬁﬁ’ﬁ%%ﬁ%%%%%%%@ﬁ

H .
RHANEFRHERENE (DSCO - X-BEHERAE  HE
FNEERBET TRENE  AREAMSEENAEREY

7T RO
BEASEN I EARENR (D LEYESEFaER
EEHBBEESRENBEAN  FoHFEMEENEWE
HELBEASHNEEER  RMASHNGE ST UEF
M fE B B BE T MR 4 BE R -
 OBWMERA FHFHNEOR (D LEYNIHES
EXE BE SRNKEETRIHESFNECNE S -
HEHE BEANSREGEET  SUBERAH £
HEEEERBENERAER  SERWEE T EET
o OREHEERT SRR
CET EEL:D |
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& 51 B 5 -

F2E & (D bEYNREERERBY DSCEE -

FIBEGAN(DEEYN IHEEN X-HENKEH
[

i

B 4@ G (1) L&MW [ BESK DSC HH -
G-

LT RECERIEFHAMBERLASZE AR ENE
MO ERRREASHNETIE  LERELASHNE
BMEE -

ERFTANHS &S

1~ DSC &&

% 2B B 5% © Mettler Toledo DSC 1 Stare® System

U A A

FFOREZ : 10.0C /min

m & # & ¢ 40-350C

2~ X-H R G 5L

% 28 B 5% © Bruker D8 Focus X-&F &3 ¥ oK 48 5 &

B4 © B Cu-Koa B4 (A=1.5406)

X 1 0/20 FEREE : 2-40°

BE : 40KV EH ' 40mA

BHH 1-(R) - (3—(4-!3??5_‘-"’?_5-3-(4-(2’‘6-:%‘\9—1§
) FE) -T-BE-IHME (2 3-ABH-1-F) g

97466 6



201725207

fe-1-2) TE-2-R-I-BNHET A BalT=ZEHS
— g e 1Ib VR E

‘ﬁ' Q EtONa, EtOH N OH
| o
_~__CN Ot —————= EOC A A ot
NG NF N~ + EO 0°Ctort - 2
S _ OH CN
~1a 1b

B ZBM ZEER (160ml> REEHSERE 21%
0.49mmol) JOA 110ml BN ZEEF » EXKBHEET - MA
(64ml- 0.47mol) EE —ZF - REWEE 0 IE - A
%% (16g-° 0.15mmol) (E) -©-3-FHE 1a® (30ml) Z B
BEMAZEIREY T  EE2ERGEGHGTEERAE - £KBH
RAK BEBRER EBHAVENZELER REBBER
380ml /K »- FBABRHAERE{LEHAE 4 MEKRKENE
Ae o BIE  RAKZEW R §F 119 EBER 1b-

E_Hao  LEWINEE

F
K,CO3 F Q\F Fe F /Q\F
+ 7 0o 0
Yo @0 T
OH NO, NO NH

NaNO,.CuBr F ; F F F

FE A

¥ (3.0g>21.3mmol) 2 6-= 4 % B » ( 3.04g> 23.4mmol )
1-8-4- T E %M (4.4g 32mmol) BREE$F 0 A % 50ml Z B
B I6/NEF - RAIEERB  BREBE - MMAK » &
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REVMAZBZEZEN=ZXR - BEBRZRWAK  BK%E
W REESEESNE - B B > BE 4.9 MRY 2a -
- % B% B
& (4.9¢g> 19.5mmol) 1 3-Z" & -2- (4-BEFEEE)
7 2a° Sml BRI S AL 8B (5.52 97.5mmol) & ¥ A
AE 40ml EHEE R - B3R 3/ - BORA WA  E B T

MAK  BZBZEZEN=ZX - ESZEDYWEK - 8K
Ve HE R B B BT 41 25 GaHRY
2b -

MS (ESI) : m/z=222.1 [M+H]" -

& B C |

0CT > # (4.1g> 18.5mmol) 4- (2 6-" @ EH ) %
B 2b IO AE 2M By (50ml) BRBEB S » HiM A (6.4g >
92.7mmol) EER EESNEY (20ml) /KEWK - R 40 08 > &
®imA (53g° 37mmol) BRALHH - BABREASYWERK 16 /A
BF - ‘?%ﬂﬁﬁfﬁé HIBZBEN=ZX - BEHEDY
K~ BKEWR > MBEZE BE > BE > 57 16z &
EHRH 2c -

& 8 D

(1.6g° 3.6mmol) 2- (4-3RFE) -1 3-Z & F 2¢
(1.71g> 6.7mmol ) B (A EE ) — Wik > ( 830mg> 8.4mmol)
KOAc f1 (126mg * 0.18mmol) Pd(PPhs).Cl. /il A & 40ml #Y
1 4-Z&ANBET > EERRE SOCHRMETEEE 16 /N8F -
RAZEZER®E  BREBH - -BBRGWERWEREMRGEL
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BE log EEMRY 2-
FE=8o (R) -1-(3- (4-FFE-3-(4- (2 6-Z&HXK

. fE) FE) -T-RE-1H-MEH[2 3-dB0H-1-F) B
fE-1-2 ) TE-2-B-1-FAN8#
HaN N
) | D—co,kt
\-NBo¢ N Bry
EtOAc, B '
1b

Pd,(dba)s, P(Cy)s

& B A

& 1.5g Ib MIAZE 84ml ZBEEZ B A MEE 60T >
BN 1.41g (R) -1-B=T & E-3-FFE UL 1% T 1Y
(2lm]) ZBZEBAR - BRESWEK 4/ NF - SHAE=E
M BRERE - B FEDOWEBEREMA/L - B3 0.686¢
3a -
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$ B B
£ OC IR T 4 0.686g 3a il AFl 120ml — & F f% F >
- &KM&EM (3.7g) Br-#y (5ml) —EHREEBH - HEEY
A LS/ > R& A 109 5 5% B 8 05 % f0 68 A iR B8 &
WMABRER - HHESTE  KEHA_SFRFEN - K& 6
NWERENYHBEEN Boc:OBRHE > EHBMKEE > BE
WRdE - BRGBYELWBBH & > 52 03428 3b -
B C
ERRARRET ¥ (198mg- 0.48mmol) 3b° ( 160mg °
0.48mmol) 2 A (188mg > 0.72mmol) KsPO:3H.0 fil A F]
(10ml/1ml) 1> 4-Z&NB/IKF - #ETFTRMA (22mg >
0.024mmol) Pd:(dba)s # ( 14mg * 0.048mmol) P(Cy)s > ¥ &
ENECYESRBEFER 16 N A E=EE% B
B BERREG BHRYEHBVEBERENTGL > B35 59mg
B & & #& iR 3c -
MS (ESI) : m/z=538 [M+H]" -
& B& D
A (72mg > 0.13mmol) 3¢ A 1ml N.H«H.O HI A F] 5ml
LSBT BEYER 16 /NG - AAEEB%B BESBH -
BeaMEHRHYEBEENMAL B8 24dmg S EE 8 3d-
MS CESI) : m/z=524 [M+H]" -
% (40mg > 0.08mmol) 3d fUAZE Sml Z&F Lk - H
MA Iml Z&8ZB -KEEYEZRTERE 3 /LB
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52 49mg MY 3e- £ 49mg 3e B (5Sml) Z&EFRAB KR
oM AC13mg: 0.16mmol ) T £ -2- & >(31mg> 0.16mmol)
BEiL “EEREA] (17mg - 0.16mmol) SHZEEF - KEHK
BRAMESETEE S IBLRG- BB UEHDBEE
et B 20me MELEGYW 3> BEGEE - % EBEE
B X-H G REREEE 1B B E SR i
DSC S [B 5.5 2 B - £ 350°C Bl F & 505 0 24 - 95 Ik
BEEE W R E EAE B

MS (ESI): m/z = 490 [M+H] " -

=)

B (1.0g° 2.04mmol) =& () b&% (HEHH 1 8
) MAZE SOmlEOMEF - WA 15Sml EAKZE > fIEE
G A EKEEBN L M RS E S 805mg
BERE 80.5% ZUESEREN X-HESHBERE 38 -
ZaEEEL 5.11(17.30)27.86(11.24)29.91(8.92)>12.20
(7.25)> 13.73(6.45) 15.44 (5.73) 17.24 (5.14) > 17.64
‘( 5.02)°19.02 (4.66)° 19.93 (4.45)>20.72 (4.28)+ 21.48
(4.13)>22.64(3.92)°23.12(3.84)>24.81 (3.59)> 25.43
(3.50)26.24(3.39)°27.44(3.25)>27.87(3.20) F1 29.03
(3.07) EEHMIE - DSCHERS 4H SARERE
Bk 236.23C » BHEBEEHR I &E . |

% I B 3

B (1.0g° 2.04mmol) & (1) &% (HEHH 1%
#) MAE S0ml BOMS > 1A 15ml &K HE > 1%

97466 11



201725207

tf

~

gl

BE - RA-FREEBFH HWME ZESBSEE 765mg
ERE T65% ZEHEMRN X-5 4 & 5 B %M DSC & st
KEHELL HMEEY A & -

B B 4

B (1.0g° 2.04mmol) X (1) {E&¥ (FEHE 1 &
#) IMAZE SOml BEOMEF > fIA 15ml 2R E > f1#E K
BE RA G BEREEBNME WHE HESEBE 745mg
ERBT45% ZE&EHBELRN X-HEREHE M DSC B %
KHFTHELE BEEY R &8 -

i

M (1.0g 2.04mmol) X (I) L&Y (HERHEH 1 8
#) MAZE SOml EOEF > A 10ml Z 8 Z B - i1 E
MnEFR RO - AREEHBHH WME ZREER 690me:
ERE 0D ZEFHELN X-HEESH B M DSC B 5%
KHEHE HEEDRI&EE -

& Bl 6

B (1.0g° 2.04mm01) A (D e (ZERS 1 8
D) MAE Soml BEOME > 1A 10ml FER - 02 E %K%
EFoOAH > BEREEBRE  HE R RS E R 660mg
ERE 660% Z&EREEDN X-HRESHBE XA DSC B &t
KBt HHEEYR I SHE -

BB T

Bl (1.0g° 2.04mmol) =X (1) {t&Y (HEHRAH 1 &
) MAZE S50ml EOHF » A 10ml Z K - OEE R &

—.
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EooLA o AAKEBEBFL > HE > 2REEE 810me
BE IR B 81.0% o 3% 4 & BE S B9 X-54 4 48 5 B 3% A0 DSC [E i
G ENE  BEEDR &M -

% e Bl 8

B (1.0g° 2.04mmol) =X (1) &% (# % M6l | 3
B AT 25ml EOHE D > A1 A 3ml P04 Bk o 0 B E
EEAN  AABEBNL > BB RS EE 8Tng
BB 58.7% o 3% & L HE S B9 X-BY 4 5 8 B 3% A1 DSC [E 3
CHEHL > BEEYE 1 EH .

B i Bl 9

B (1.0g 2.04mmol) & (1) &% (HEWA 1 8
#) MAE 25ml O > WA Tml ZE/K (V: V=l
1) MBEREE > A28 FAEEBEFE > HE - &2
B 65Tme  EE R 65.7% - %45 SN X5 & 5 5
B s F1 DSC B @ HLI > BEEYR [ &5 .

B B 10

B (1.0g > 2.04mmol) R (1) {b&® (HEMHE 1 8
B) MAE 25ml EOMES > f1A 7ml N> N- B % B G
K (Vi V=l 1) MEESFER o A4 AR E B
oo HE o R EEE 600mg - EE A 60.0% ¢ &S 5
B X-H GBS M ESA DSCESKWRELL EEEY A

I &2 -

HHE B 11
B (1.0g> 2.04mmol) =X (I) &% (HEHH 1 8
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) MAZE 25ml BEOMRE » A 10ml 1> 4-Z & N B/K
(V:ivVv=1:2) MAERERE > R4 BFEREEEHE -
MR - BZESEE 793mg EEXL 7193% ZEEHESLD
X-HESENEXLA DSCELEMEYL HBEEYWE I &
oo

B fl 12

KMERG 1 FENREUNER 28580 1S
SR MO FPEBKRE > BEENRE (4500Lux) > i1
(40C - 60C ) =& (RH75% » RHO0% ) 44 T L 18
Tt - BENMENFHERS KM I0X HPLCHRHAGE R %

1 [+]
Z1- () tEYIBEERIERENELTNEBESE
bb B
B
#t 9% ¢ 18 40°C 60°C |RH75% | RH90%
(XR)
0 99.21% {99.21% |99.21% |99.21% {99.21%
I Y &5 &
5 99.26% |99.28% | 99.26% |99.30% | 99.30%
20150323
10 99.25% [99.35% | 99.25% [ 99.25% | 99.32%
0 97.70% | 97.70% | 97.70% | 97.70% | 97.70%
% € A
5 97.67% | 97.64% | 97.68% | 97.52% {97.50%
20150331 .
10 97.62% | 97.57% | 97.52% | 97.59% | 97.48%

REMEBEEERRY IUEENREEKE R ERO
BMEHHEET &R

97466
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BEHFNEEEE MR -
BB 13

HEERG 2FEREA (D ey IR
HE - M KREBREHE > HE

EBREMS2ETER2-

ERRY

mAERE > &

R ERNGET 1HEENREH

ey 1T

Z2-X (D EVWIHBEFHRREE T
b 5% e B2 5 0k BERAERE DSC &
B
20150427G | B B2 pE B | Bk (1) L& 1 & 239.32°C
1034 |EgES g BEAR |
RE T 0 7E B &k oo B R
10 7r 8% -
20150427H |80 C #I # |EX= (1) {b&# 15 | [ &E |238.98°C
BRHE 3 /N | B 1g EH &
i 80°C f % 3 /NEF -
20150427P |EER B |HR (1) LW & | 15E |241,19C
Ak mBEER -
[F3EREHE]

fHE o
VAR
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LLl

FH 3 nﬁ =F ﬂ:‘u EB g2

1. — 8 (R) -1- (3- (4-FF&E-3- (4- (2> 6-ZHEEH)
EE ) ST EE 1A MEIR I (2 3-d] W W -1-5E ) NI kT -1-

)T E-2-R-1-EV I &ZE - Hf > #H Cu-Ka & & -

BEL 20 AERNEEEERAN X-HEH KEHE

Y Zem WA 20102 B A REE C 9.91~ 12.20 ~
17.24 ~ 17.64 ~ 21.48 »

2. MHFEHEMNBGES 1 HAEN I &8 > Z&BEMUT
20202 RAEFHIE:7.869.91~12.20~ 13.73~ 17.24 ~
17.64~19.02~19.93~20.72~ 21.48~ 22.64~ 24.81~ 27.44 ~

aliF

27.87 »

3 M HEEARES |HF RN 1A% RENARNS
SE B R X-HGB ARG HE R Kb £ 20402 K
4 5.11~7.86~9.91~12.20~13.73~15.44~17.24~17.64 ~
19.02~19.93~20.72~21.48~22.64~23.12~24.81~25.43 ~
26.24 ~ 27.44 ~ 27.87 1 29.03 B B 4 & &

—ENEN NN EES 1S3 ESE—EHF W
(R) -1- (3- (4-Br-3- (4- (2> 6-“HEEE) £5)
TR IHWE UG (20 3-ITE -1 ) IS k-1 ) T

EoR-1-HNIRENTE RS EABETRSE

) HEERHNEEHN (R) -1- (3- (4-F -3
(4-(2° 6-ZHEFEEE) FE) T-BE- VLMK 2
3-dIUE 12 ) BEIE g -1-E ) T -2k -1-BR E 8 A
BHRBEEOAEBENST S8 FE ZFBGES
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