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The present invention provides efficient, economical, and improved methods for
' synthesizing ibrutinib and intermediates thereof. The invention involves a uniqué
biphasic acylation reaction system which advantageously allows for easy separation of
ibrutinib from the reaction mixture without additional extraction and wash steps. The
isolatéd ibrutinib formed using the methods described herein can be useful in the
preparation of an amorphous form of ibrutinib. In some embodiments, the isolated
ibrutinib i)roduced by the processes described herein is a homogepous solution (')f

ibrutinib and DMSO which may be directly used in the formation of the amorphous
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A
polymorph. In some embodiments, the isolated ibrutinib is solid ibrutinib. The solid
ibrutinib may also be used in the formation of amorphous ibrutinib.
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A
polymorph. In some embodiments, the isolated ibrutinib is solid ibrutinib. The solid
ibrutinib may also be used in the formation of amorphous ibrutinib.
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WNHITFAA (18.01 mL » 129.3 mmol)[JADCM (27 mL)H Z AW - {HFTEA
W EZE20°CE30°C » BFE20CE30C NS hr - AIFEHTLCHTHT
HE - B MBS EEF - FERMIM HCl (aq) (55 mLYFRIE - 7£20C &
30T FHRESRAYI10 minZE20 min » ERSAM SRS E - BRKE - 1£45C '
TERBTREARE - EWEBER LR IEER/EOAc (4:)ETEERYE
TEM - FEMEEYI1L (16.6 g > 85%) -

"H NMR (400Hz, MHz, CDCl;) § 3.91-3.79 (m, 2.5H), 3.59-3.27 (m,
2.5H), 2.02-1.88 (m, 2H), 1.71-1.66(m, 2H) -
B2 HiE(LEYS

FE30C T EER MRS (39.08 g 198.2 mmol) ~ {E&#79 (20.0
g > 65.95 mmol) ~ = HE(51.81 g > 198.2 mmol) & THF (500 mL)EMNE
oA IR P 88 ROR ST 2 PUSE BRI T - FEBF 1.5 hr Z BE R ER B 18 R ‘
ME&EEBHE_HE _ERNEM0 mL - 198.2 mmol)jATHF (40 mL)H 2 &
W [FIRE R R S YR IS 455 1E30°C © FE20°C E30°C FHEREEIRS hr -
WFEHHPLCATATHILE @ B RIEEREF - 45T TE?}@E@(M%ESO%)
TIRUEAREL120 mL - F£30°C FHMeOH (240 mL)RINZE KIEREY)
o F£30°C F#$25% NaOH (32 g » 198.2 mmol) Z /KB BRI B L&Y
125 12a/MeOHIER & - #£20°C E30°C FHEREAR2 hr » WIFEHHPLCAH 7T

F I8 HEHRHE)
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FrflE - éé?}i}*g‘m)ﬂzﬂ%u > 28R IISM HCl(aq) (66.95 mL) - [&] HRp {5 IR & 4
FRIESSTC - FEASTCESSC THRHESY)S hr - WFFHHPLCHATHIE @ &
[ FESEECEE - FE45C THEBE (10 ES504%) N EBER BRI ELT140
mL - 7K(280 mL)IRINENR ERE Wy » HFESSC NAEBER(10F £ 2 504E)
TRAEBRELI140 mL « F30°C TH7K(240 mL)FEtOAc (400 mL)ZRAN
EREREYF - F20CE30C THRHESY10 minZE20 min > HREZE
FMHEE - HARF/KE - 1M HCI (200 mL)RIIEFHES » HFE20TC
Z30°CTHEFEI0 min£20 min - ERAEIHE - BBEREHE - affKE
' BAE30°C FIRFEtOAC (200 mL - 10 vo)iFIIZE & HFL K@ T - 7£20C 2
30C FHESES Y10 minE20 min - FEESH - ABRERE - #25%
NaOH//J\\b[l%ij'é‘f%7J<EP DligKieg 2z pHIEEERE 11 » [FIFF R EEFFE
20CFE30T - 1£20 CEIOCTHFKEREYS hit o BIEER > HAK
(23 mL) SRR IR ET - TEW)S’L%%TT‘{EEEASO C T EzBRRIER: - DUEBAL
=78 (21.6 g > 84.8%) -
'"H NMR (400Hz, MHz, DMSO) § 8.24 (s, 1H), 7.68-7.64 (m, 2H),
| 7.47-7.41 (m, 2H), 7.21-7.11 (m, 5H), 4.71-4.65 (m, 1H), 3.09-3.06 (m,
' 1H), 2.97-2.90 (m, 1H), 2.50-2.45 (m, 1H), 2.16-2.01 (m, 2H), 1.77-1.74
(m, 1H), 1.61-1.52 (m, 1H) -
OIS, WA RBEE
F£20°C 30T FEH,0 (28 mL » 5 vol) . &8 (5.58 g » 14.45
mmol - 1.0E &) » K,CO;(2.20 g > 15. 9 mmol » 1.1 EE2)%DCM (75 mL »
Isvol /R EBRHH BB EIREN BB I R ESEF - 7£207C Z30CT
i T AAERERZ(BHT) (32 mg » 0.14 mmol - 0.01E ) RNERERE

% 19 HEHRHEE)
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By - FERS0.5 hr B EL - IS 25 A ARG E.(1.17 mL > 14.45 mmol -
1.0OE&)NDCM (11.16 mL - 2 vo)if  FREERNER FER YT » |
R ERFAE30°C © #E20°C Z230°C T BRI 0.5 hr - MIFEEIHPLC 2347
FOHIZE - B eSS RS HRBRKE - £45C TERE TR
MEATIE - FEW BB R EFEMeOH/DCM (3:97) ¥ B8R YIE T B » B3Ik
BIEFE(7.29 g7 91%) -

'"H NMR (400Hz, MHz, MeOH) 8 8.24 (s, 1H), 8.27 (s, 1H), 7.68 (d,
J = 8.4 Hz, 4H), 7.42 (m, 4H), 7.19 (m, 2H), 7.15.(d, J =8.4 Hz, 4H), 7.10
(m, 2H),‘6.67 (dd,J =16.6,10.6 Hz, 1H), 6.83 (dd, J = 16.6, 10.6 Hz, 1H), '
6.22 (d,J=16.8 Hz, 1H), 6.15 (d, J = 16.8 Hz, 1H), 5.78 (d, T = 10.4 Hz,
1H), 5.64 (d, J =10.4 Hz, 1H), 4.86 (m, 2H), 4.65 (d, J = 12.4 Hz, 1H), 4.22
(m, 1H), 3.88 (dd, J = 13.0, 9.4 Hz, 1H), 3.51 (m, 1H), 4.28 (m, 1H), 4.12
(m, 1H), 3.33 (m, 1H), 3.22 (t, J = 10.4 Hz, 1H), 2.23 (m, 2H), 2.38 (m,
2H), 2.08 (m, 2H), 1.72 (m, 2H)
BEH4. WEREEEIESER

E423°CTE2 gk BERFMEL6 mL DMSOH - HEEFTER &)
BEESLSME - 230 TAELL200 rpmiB T K58 45 7 8 S 4818 ‘
FRIIZE100 mLAKH - 4EHEREL0.5/NBS - BB FRSI80T - H 4950 mL
SUPI /K (vIv = 5/95 ) E B EE 4 ME490.3 hr > DUBERIESE - FIE AT
{LRIEELI0.5 hr > EFEAIEEZE(10046) FIE40°C TEME16/N - 254y
1.25 g RIREETE -
BRI R T E R R E RS B IR A S A XS G R
GHE - XSG R R B TR M B B IE R A S X G G R s 5
B - BAEE -

520 H(BHERFH)
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BHIs. #HEEEY1

HEGEEE (S)-3-FERIRME(13.7 g 99.5 mmol) X DCM (68 mL);KHIZ2 A
HEEREBRIEEXBHSENGHEIEST - ££30C FHEGN (55.5 mL -
397.9 mmol) iR EREWT - KRIEBREYLAECCEIOC « F£I0C T
ANIITFAA (18.01 mL » 129.3 mmol)JDCM (27 mL)F Z 5 - FEFTE A
WHMME20CE30C » HIF20CE30C THEFEEES hr - 0FEHTLCO T
FTAE - & RIESEEEF - FEHEIRIIIM HCl(aq) (55 mL)ZF K& - #£20C
F30C THRERSYI10 minE20 min - BBEEHERHEIE - BRKE - 7

8 45SC M ERB T EREARKE - W EN EHECACHBERYIHETT BT -

"FEMEE IR EtOACH: -

'H NMR (400Hz, MHz, CDCl;) § 3.91-3.79 (m, 2.5H), 3.59-3.27 (m,
2.5H), 2.02-1.88 (m, 2H), 1.71-1.66(m, 2H) °
Hole. HE&Ys8

E3I0C THEESATELAY1L (39.08 g 198.2 mmol)AEtOAcH -

&9 (20.0 g > 65.95 mmol) »

1

ZEB(51.81 g > 198.2 mmol) & THF (500
| mL) R B B R 2 OB S WS E R P - RS 1.5 hro B
' RE > FERMAEEE T T EREE40 mL > 198.2 mmol)jA THF (40
mL) 7 Y+ [EIRE I FER SR BE 4 R AE30C » 7E20°C B30°C Tk

N3 hr o MIEEEHHPLCAIRFTAIE » B RAS » 7545°C T 1EREE(40
FLZSOF) TRMIERELI120 mL - #£30°C FHMeOH (240 mL)RIE R
RGP - £30C Ti#§25% NaOH (32 g » 198.2 mmol)Z ASE IR INZE

¥ L& Y1212a/MeOHER S - FE20°C £30°C FHEBEAR2 hr - 185

HPLCIr M ATAlE » & KB5S I » 41878 05M HCl(aq) (66.95 mL) > [

55 21 H(SHRHE)
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BFEEORELEFFIESSTC < fE45CESSC TEHESY)3 hr - WFEHHPLC O 17
FrAlE > B R IESEEEE E45°CTE?@Z@(I0?%550?E)T5;%éﬁ}iﬁ*§iﬁé\%
F£4J140 mL ° j&/K(280 mLYRMNEKEREY T » HAESSC THEREE(10
FEESOH) TR B RZEL 140 mL - F£30°C F¥7K(240 mL) EEtOAc (400
mLYRNMZREREYF - 7E20CE30C THRAEAY10 minE20 min -
HEB®RESMHEIEE - BREKE © 1M HC1 (200 mL)RINE A HE F
HAE20CZE30C THEH10 minZE20 min » EZAHSE » HBEKERE - &
HEKJE - BAE30°C FHELOAC (200 mL > 10 vol SR IIE K& HE KB -
1£20°C E30°C TR AYI10 min 20 min« & AAA 8 EBRERE - '
7#25% NaOHIRII ZFIER/KE T » I /KBZ pHFEEE'E11 » FIF{H:E
FEEFFE20'CE30T - E20°CE30C TR R EREGY3 hrik  BIEEE
HLFI7K(23 mL)ZENORIERE - (EE 2 REAR FIEER60°C FEBmst b
BELES (216 g » 84.8%) -

'H NMR (400Hz, MHz, DMSO) § 8.24 (s, 1H), 7.68-7.64 (m, 2H),
7.47-7.41 (m, 2H), 7.21-7.11 (m, 5H), 4.71-4.65 (m, 1H), 3.09-3.06 (m,
1H), 2.97-2.90 (m, 1H), 2.50-2.45 (m, 1H), 2.16-2.01 (m, 2H), 1.77-1.74
(m, 1H), 1.61-1.52 (m, 1H) - | '
BT, WAEREEE

F£20CE30C T » #§H,0 (28 mL > 5 vol) ~ (L& 8 (5.58 g » 14.45
mmol > 1.0E &) ~ K,C03(2.20 g > 15.9 mmol > 1.1 &)EDCM (75 mL >
15 Vo) RIMZERHEERBELEER BB RESR S - £20CE30C
T TE(CISE I BHT) (32 me - 0.14 mmol + 0.01% ) FIIE K

REYE o FEEF0.5 hrZ BEEY » HEATE R Y FIBEES(1.17 mL - 14.45

% 22 HEHRES)
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1065 088 280 EFEEE

mmol » 1.0%8)}ADCM (11.16 mL > 2 vol) b 2 W E B INE LIRS
i > EIRSOEE4ERAE30°C - 4E20°C B30°C THEREANO0.5 hr  AIHH
HPLCAM T HIE » & M52 RS - (1S M 08 - BBk « fE45C F
FEREE T R T - £ B L FEOAC/ RIS R e TR -
B FEE40°C T 4 Bf FUBYE &7 B B2 WHE L - 7E40°C FARAIDMSO
(1 voly - FEHEEFAE40C T3l - EEEH RSB - SRAIDMSO (7
vol) » BL/E k&% E/DMS O -

'"H NMR (400Hz, MHz, MeOH) § 8.24 (s, 1H), 8.27 (s, 1H), 7.68 (d,
T =8.4 Hz, 4H), 7.42 (m, 4H), 7.19 (m, 2H), 7.15 (d, J = 8.4 Hz, 4H), 7.10
(m, 2H), 6.67 (dd, J = 16.6, 10.6 Hz, 1H), 6.83 (dd, T=16.6, 10.6 Hz, 1H),
6.22 (d,J = 16.8 Hz, 1H), 6.15 (d, J = 16.8 Hz, 1H), 5.78 (d, J = 10.4 Hz,
1H), 5.64 (d,J=10.4 Hz, 1H), 4.86 (m, 2H), 4.65(d, J=12.4 Hz, IH),'4.22
(m, 1H), 3.88 (dd, J = 13.0, 9.4 Hz, 1H), 3.51 (m, 1H), 4.28 (m, 1H), 4.12
(m, 1H), 3.33 (m, 1H), 3.22 (t, J = 10.4 Hz, 1H), 2.23~(m, 2H), 2.38 (m,
2H), 2.08 (m, 2H), 1.72 (m, 2H) -

EHIS. WEKABEFAER

FE4923°C1200-300 rpm T » 546 BB &7 s B IR K DMS O 2
BEMBERIE KD - HEEREIEG0. 5N  BRFEWER > AfEE
2= FAEA0C FEIERIBNE - BEIRE SRS -

G P ST 1 BB BN Y 3R B A O B A M A
S50 > (0 SV TR T TR AR - T N o A A B R
SRR ST - b o AL P ATERA Y & S UM 2 X3 | AT B A
AT+ EpE AR AN B 2% SR B DS | P O TR BE A AR A

5 23 H(EUASRE)
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T E{EEYS
OPh
NH2
N~ N
g

Oher
HANGEAAESE PR ERESY  HibZ a2 /KAREEY
Ry KA KA AR 2 WItH S B 2% 5 K

(6) B bR IER ST EEikE LR B REE
& °
[5523H]

WEFRIFLZT7A > Ep ik B EH B LT A2 B © Li,CO;
K,COj; * Cs,CO; » Na,CO;3 ~ NaHCO; ~ KHCO3 B H4H & -
(553351

WEFRKFLIZTTA > EFZ—RSEARBERGEERUTERZ
B R - ZBEZEs - 2-HEUERNE - ZBENEREES -

(55475 ]
WEFKIA3ZJT74 » P — S EARSRE R &k -
(55575 ]

WERKIE1Z % » HPIREBERBHEDBR6) TREEBERZKED

5% 1 H(SHH AR EE)
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g - PR IEEEY) ;
(3) FERNERSYEZLENIEMitsunobu reaction) iR - LI
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OPh OPh
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(%1378
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[%51478]

KT I35 » Ho o A0 8 1 DA T ARLR 2 B © DO 4k I -
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