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Abstract

tor tofacitinib citrate was improved based on the analysis of the methods previously published. Using 2, 4-dichloro-

In order to improve the yield and simplify the operation, the synthesizing process of JAK3 inhibi-

7H-pyrrolo [2, 3-d] pyrimidine and (3R, 4R)-1-benzyl-N, 4-dimethylpiperidin-3-amine dihydrochloride as starting
materials, tofacitinib citrate was obtained through four steps of nucleophilic substitution, catalytic transfer hydro-
genation, cyanide acetylation and citrate salt, and its crystal form was consistent with the original research. After

optimization, the yield was better than those reported in literature, and the mild reaction conditions were suitable

for industrial production.
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Scheme 1  Synthesis of tofacitinib by Route 1!
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Reagents and conditions: (a) K,CO4, H,0, 95-105 °C, 10 h; (b) Pd(OH)z/C, 345 kPa H,, 75 °C, 1 h; (¢) Ethyl 2-cyanoacetate, triethylamine,

toluene, 100 °C, 24 h; C,H,0,-H,0, H,0, 80-85°C, 7h
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Scheme 2 Synthesis of tofacitinib by Route 2!°!
Reagents and conditions: (a) K,CO,, H,0, 90-105 °C, 10 h; (b) 50% NaOH, 95-105 °C, 5 h; (c) Pd(OH)Z/C, AcOH, isopropanol, 345 kPa H,, 45-55 °C,
1 h; (d) ethyl 2-cyanoacetate, triethylamine, toluene, 100 °C, 24 h; CeHg0,-H,0, H,0, 80-85 °C,7h
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Scheme 3  Synthesis rout of tofacitinib citate

Reagents and conditions: (a) K,CO,, H,0, 90-100 °C, 15 h; (b) Pd(OH),/C, NH,HCO,, AcOH, 70-75 °C, 2 h; (c) ethyl 2-cyanoacetate, DBU, n-BuOH,

33-37 °C, 12 h; CH,0, H,0, n-BuOH, H,0, 80-85 °C, 1 h
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2.1 N-[(3RAR)-1-7F J-4-F Hokrg -3- 3 ]-2- F-N-
WK TH-wr& 51[2,3-d |28 v -4- e (4) 04 ) &
B4k A W 6 100.00 g (0.34 mol) L& W) 2
64.56 g(0.34 mol) . JC /K filk TR ¥ 284. 69 g (2. 06
mol) . Zfi £k 7K 600 mL il A Jz W R H, F+ 2 90 ~
100 “CHEFES N, I TLC[ GF,q, )2 M, R P57 1
M- CWR (3 1) J W s i 26 a5 . S g B,
R %20 ~ 30 °C, it 3, JEVFH 41K 100 mL 43K
VR, AT KR BE BRI A £ T 500 mL A4l £k K
500 mL B IR AR, THE 55 ~ 60 CHEFE 1 h, B
2210 ~ 20 CHEE 2 h, 12 3, B UFH £ 8 50 mL
VRV, T 50 “CUUE T 445 F1 U [ 4K 108. 51 ¢, i
R 85. 4%, 21 i 99. 25% [HPLC 4 —fb ik : C o #E
(4.6 mm x 250 mm, 5 wm) ; i s AH A: 10 mol/L
i — SV BRI 1T pH 23, 0),B: O M B
JEYEME (0 ~ 5 min, A 90%;5 ~ 40 min, A 90% —
40%; 40 ~ 50 min, A 40%; 50 ~ 50.01 min, A
40% — 90%350. 01 ~ 60 min, A 90%) ; i # 1. 0 mL/
min A K 210 nm; A3 40 'CT. mp: 155.2 ~
155.9 C ( SCHR™ : 155 ~ 156 “C) ; '"H NMR (600
MHz, DMSO-d, ) 8:11.793(1 H,s,NH) ,7.316(4
H,d,J=6Hz,Ar-H),7.235(1 H,q,J = 4.2 Hz, Ar-
H),7.131(1 H,d,J=3.6 Hz,Ar-H),6.589(1 H,
s,Ar-H),4.999(1 H,s,CH),3.538(2 H,s,CH,) ,
3.480(3 H,q,J = 13.2 Hz,CH,) ,2.796(1 H,q,J =
6 Hz, CH) , 2.650~2.545(2 H, m, CH,) , 2. 251~
2.109(2 H,m, CH,) , 1. 665~1.573(2 H,m, CH,) ,

0.876 (3 H,d, J = 6.6 Hz, CH;) ; HR-MS (m/z) :
Caled. for C,,H,;CIN; [M + H]370.172 0, Found
370. 178 1,

2.2 N-W 2 -N-[(3R,4R)-4-F F v vz -3- 2 |-TH-wk
24 FF[2,3-d |5z -4- B (5) 4 ) &

P& 4 107.99 g(0.29 mol) . JE/K Z B
1080 mL.Z. 1% 37. 46 g(0. 62 mol) FIIF fiR4% 39. 29 ¢
(0. 62 mol) IILA SR, AU ARA T I AEL A AL
ik (20%)8. 65 g, W FETH 2 70 ~ 75 °C, W 2 h,
F TLC [ GF,s, T J2 R, J& IF ) — & W Joe - W B
(10:1) J W Jsz 10 2% 55 o [ e, B %2 30 ~ 40 °C,
UERR S A AR , DR TC/K £ 200 mL R4, U8
WD R e i o iR BE 1 FE A o A A b
648 mL F17K 216 mL, il A Z /K575 pH £ 9 ~ 10,
O3, K ARARSE ] S H BE (324 mIL x 2) B 1L, A 5F
MU, B s 21 A5 2 ARy 67. 18 ¢, 1
% 93.8%), 4l i 98.96% [ HPLC H —fb ik : C o 1
(4.6 mm x 250 mm, 5 },Lm) ;B A:0. 01 mol/L
BEIR — AW (B JH 7 pH 2£3.0),B: OJIF,
Ff FEBEE (0 ~ 5 min, A 90%35 ~ 40 min, A 90% —
40% ;40 ~ 50 min, A 40% ;50 ~ 50. 01 min, A 40% —
90%350. 01 ~ 60 min, A 90% ) ; i 1. 0 mL/min; K5
I3 K 210 nm; A3 50 “C] . '"H NMR (600 MHz,
DMSO-d,) 8:11.566(1 H,s,NH),8.052(1 H,s,Ar-
H),7.075(1 H,d,J = 3.6 Hz, Ar-H) ,6.490(1 H,
d,J=3Hz,Ar-H),4.769(1 H,s,CH), 3.101(3 H,
dd,J,=11.4Hz,J,=9.6 Hz,CH,),2. 810(1 H,dd,
J,=11.4Hz,J,=3.6Hz,CH,),2.734(1 H,t,J =
10. 8 Hz,CH,),2. 623 ~2.596(1 H,m,CH,),2. 277
(1 H,t,J =6 Hz,CH) ,1.729 ~ 1.690(1 H, m,
CH,),1.449 ~ 1.421(1 H,m,CH,),0.931(3 H,d,
J =7.2Hz,CH,) ; HR-MS (m/z) : Caled. for C,;H,,N;
[M + H]246. 164 0,Found 246. 170 2.,

2.3 3-{(3RA4R)-4-F 3 -3-[ ¥ & -(TH-wt7% 5[2,3-d]
WERE -4- ) R ]-Tk R -1- ) -3- AR A R 2
(1) 894 &

P95 68.76 g(0. 28 mol) L 1E T ¥ 358 mL
MIE R 2.1k 95. 01 g(0. 84 mol) Jl A KW i+
P 25 ~ 35 “Cif A DBU 42. 62 g(0. 28 mol) . i
e 233 ~ 37 “CHhi kO, I TLCL GF,, Wi E AR,
JEFFF : L8 Mg -H B (10 1) ] W0 2 g 28 45
J2 N BE ) S5 I P AR R VA T (— 7K G i
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M2 118. 50 g(0. 56 mol) i T~ 1E T % 215 mL Fl4fifk,
K107 mLfilA) . HHe, F+ % 80 ~ 85 CHiFE 1 h,
FEFEZ 10 ~ 20 CHEFE 1 by F 08, UEEH] O T B
75 mLYEHE, T 50 CHl TS 11 B4 135. 67 g0
B A A 2lifk K 1085 mL ., PSR 543 mL 1l
TEPIEE 543 mL TR AR RT3 80 ~ 85 °C
2[RV AR , FERE 210 ~ 15 °CREFE2 h, 2 g, EDE
FHIE N B 25 mL . A il 25 mL FI7K 50 mL IR &
FIE, F 50 CHUE T4 € [ 126. 86 ¢, Y&
K 89.7%, 46 JE 99. 67% [HPLC V4 — {1k : C i 4
(4.6 mm x 250 mm, 5 wm) ;TR A:0. 01 mol/L
iR — LBV VR (FH =SB AL BAT VR 15 pH 22 6. 8) -
CNE(92:8),B: ONF BB EEVENL(O ~ 5 min, A 90%:;
5 ~ 40 min, A 90% — 40% 340 ~ 50 min, A 40%;
50 ~ 50.01 min, A 40% — 90% ; 50. 01 ~ 60 min,
A 90%) ; 734 1. 0 mL/min; K% K 210 nm; A 6
35°CJ. mp 201.3 ~202.2 ‘C(3CHL":201 °C);
'H NMR (400 MHz, DMSO-d,) &8:12.355(2 H, br,
COOH),11.670(1 H,s,O0H),8.111(1 H,d, J =
5.6 Hz, Ar-H),7.149(1 H,t,J = 3.2 Hz, Ar-H) ,
6.572(1 H,d,J =1.6 Hz, Ar-H) ,4.856(1 H, s,
CH),4.163 ~ 3.648 (4 H, m, CH, x 2) , 3.429 ~
3.406(2 H,m,CH,),3.269(3 H,d,/ =4 Hz,CH,),
2.757(2H,d,J=15.2 Hz,CH,),2. 654(2 H,d,J =
15.2 Hz,CH,),2. 434 ~2.335(1 H,m,CH), 1. 880 ~
1.529(2 H, m, CH,) , 1.013(3 H,d, J = 7.2 Hg,
CH,) ; HR-MS (m/z) : Caled. for C,H,N,O [M +
H]313.169 9,Found 313. 176 39,

3 R
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(3R, 4R)-1-"FH-N, 4- — W JLOR W -3- i —Eh iR £k
IR, ZOEAZ IR AL Ak R 2R R
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