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Abstract
drug. These substances were identified as 8-cyclopentyl-5-methyl-2-( ( 5-( piperazin-1-yl) pyridin-2-yl) amino)

To strengthen the quality control of palbociclib, three related substances were separated from the bulk

pyrido [2,3-d] pyrimidin-7(8H) -one( A) , 8-cyclopentyl-5-methyl-2-( (5-( piperazin-1-yl) pyridine-2-yl) amino) -
6-vinylpyrido [ 2, 3-d] pyrimidin-7 ( 8H) -one ( B) , tert-butyl4-( 6-( ( 6-acetyl-8-cyclopentyl-5-methyl-7-0x0-7, 8-
dihydropyrido [ 2, 3-d] pyrimidin-2-yl) amino) pyridin-3-yl) piperazi-ne-1-carboxylate ( C). Based on the struc-

tures of the impurities, the possible routes to them were discussed, and their structures were elucidated by

"H NMR and MS.
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Scheme 1  Synthetic route of palbociclib
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Reagents and conditions; (a) Br, ,AcONa,AcOH,75 °C,30 h,81% ; (b) Lithium hexamethyldisilazide, toluene, 10 °C,2 h,83% ; (¢) Butyl vinyl
ether, pd( dppf) , Cl, , N, N-diisopropylethylamine ,n-BuOH, 110 °C,24 h,86% ; (d) trifluoroacetic acid,dichloromethane,r. t. ,16 h,89%
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Figure 1 HPLC diagram of palbociclib ( three related substances: A,
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Figure 2 Structures of the three related substances
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Figure 3 Formation process and synthesis of related substances in palbociclib

2.2.1 8-FRXAS-H2-(5-vkAm-1-H-wbvz2- K A HL)-
SH-wkwz 5[ 2,3-d ] w2 -T-8 (Z it A) #94-R

1E N, SR T, 1 250 mL = F P ImAb &9 4(6.7
g,24. 1 mmol) W7 50 mL, % i i #1455, 545 ) [
W — (= F e L) (648 (LiHMDS) 119 1 mol/L Y
SRR (24.1 mL,24.1 mmol) . AN, #£E 20 min
TERRA R 2] DM IAL G 2(3.0 ¢,
11.5 mmol) | H14: 30 mL, $if+ 10 min JE AL F L5 K
FOMASA 4 BRAWPIFTES R FHHE 1 b, 25 [ 52
WAL A SR 60 mL HHiHE 2 h, Hris, yE ot
D ARG, TR RIFL A G ER 7 (4.2 ¢,73% ) . MS:
m/z506.3 [M+H]*;'"H NMR(DMSO-d, ,300 MHz)§:9. 87
(1H,s,C,-NH) ,8.81 (1H, s, C,-H),8.06 (1H,d, J = 2. 64
Hz,Py-H),7.89(1H,d,J =8.94 Hz,Py-H),7.48 (1H, m,
Py-H),6.21(1H,s,Cs-H) ,5. 80(1H, m, cyclopentane-CH-) ,
3.48(4H, m, piperazine CH, x 2),3.11 (4H, m, piperazine
CH, x2),2.30(3H,s,Cs-CH; ) ,2.26 (2H, m, cyclopentane-
CH,),1.89 (2H, m, cyclopentane-CH, ) , 1. 75 (2H, m, cyclo-
pentane-CH, ) , 1. 61 (2H, m, cyclopentane-CH, ) , 1. 43 (9H,
s,-C(CH;) ;)

TR E 9 7(1.0 g,2 mmol) T A — 5 H1 4 60 mL
R 1 R I = SR 15 L, IR T HE 20 h
JEIMANEFIBRIER VANV IR 100 mL, $i 4 10 min J5 708, A
HIUAR (S R A0 R SR AL A TR 15 34, T0 /K B R B T Ji il s 25
TR AR 5 @ IRy A 5T A (0.7 ¢,87% ) . MS:m/z
406.3 [M + H]";'H NMR ( DMSO-d,, 300 MHz) §:9. 92
(1H,s,C,-NH) ,8.82(1H,s,C,-H) ,8.75(1H,s, piperazine-
NH),8.06 (1H,d, J =2.76 Hz,Py-H),7.91 (1H,d, ] =9
Hz,Py-H),7.52 (1H, m, Py-H) ,6.22 (1H, s, C;-H) , 5. 80
(1H,m, cyclopentane-CH-) , 3. 35 (4H, m, piperazine CH, x
2),3.21(4H,m,piperazine CH, x2),2.38(3H,s,C;-CH, ),
2.25(2H, m, cyclopentane-CH, ) , 1. 89 (2H, m, cyclopentane-
CH,),1.74 (2H, m, cyclopentane-CH, ) , 1. 59 (2H, m, cyclo-
pentane-CH, ) ,

2.2.2 8-SR AS5-F H-6-T M K 2-(5-0kk-1-F-vbug 2-
R ) 8H-vkwz 3 [2,3-d] 5w -T-8A (5 i B) 9 &

FEN, SRR, 1) 50 mL = SO IR ALE D S
(1.0 g,1.71 mmol) I 20 mL  PY( =ZRFLH40) (0.24 ¢,
0.21 mmol) =T IHELIHEH (9) (0.81 g,2.57 mmol) , $i
FERS) a2 110 °CJUni 6 h, ¥ 0, ik, ey &
HRUE U, TS B AL K 10 (0.69 g,76% ) . MS: m/z
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532.3[M + H]*;'H NMR ( DMSO-d, , 300 MHz) 8: 9. 85
(1H,s,C,-NH),8.88 (1H,s, C,-H) ,8.05 (1H,d, ] = 2.78
Hz,Py-H),7.90 (1H,d, ] =8.95 Hz, Py-H) ,7.48 (1H, m,
Py-H) ,6.65(1H,m,-CH = CH, ) ,5.96(2H,m,-CH = CH, ) ,
5.66 (1H, m, cyclopentane-CH-) , 3. 24 (4H, m, piperazine
CH, x2),2.95(4H,m,piperazine CH, x2),2.62(3H,s,Cs-
CH,) ,2.25(2H, m, cyclopentane-CH, ) , 1. 98 (2H, m, cyclo-
pentane-CH, ) , 1. 75 (2H, m, cyclopentane-CH, ) , 1. 66 (2H,
m, cyclopentane-CH, ) ,1. 42(9H,s,-C(CH; ), ),

i &9 10 (0.7 g, 1.32 mmol ) fill A — 5 Ff 4
40 mL PRI AR , 0] FE R I =2 R 10 mL, 53R R
$E 20 h J5 AL FIRR R S BATE K 80 mL, Hi{HE 10 min J5 43
T, A HUARE P A0 A0 SR AL SRR MR o, TOOK B IR B T4 I
Bl 28 T 50 BT A B ([T 14k 2 5 B (0. 57 ¢,86% ) . MS:
m/z432.3[M +H]*;'H NMR( DMSO-d, ,300 MHz)§:9. 84
(1H,s,C,-NH),8.92 (1H,s,C,-H),8.01 (1H,d, J = 2. 94
Hz,Py-H),7.86(1H,d,J =8.91 Hz,Py-H) ,7.44(1H, m,
Py-H) ,6.70(1H,m,-CH = CH, ) ,5. 86(2H,m,-CH = CH, ) ,
5.56 (1H, m, cyclopentane-CH-) , 3. 04 (4H, m, piperazine
CH, x2),2.85(4H, m, piperazine CH, x2),2.58 (3H, s,
Cs-CH, ), 2.24 (2H, m, cyclopentane-CH, ), 1.91 (2H, m,
cyclopentane-CH, ) , 1. 75 (2H, m, cyclopentane-CH, ) , 1. 60
(2H,m, cyclopentane-CH, ) ,

2.2.3 4-[6-(6-TBLAE-8-3R X AS-FAT-AAKT,8-— 4
Wme It [2,3-d ] o 2- A Bk ) -k ne -3- 0k ] k-1 - A R A
TE (4 C) 898 %

KA &4 6(2.0 g,3.32 mmol ) il A 54 H ki 100 mL
HhE Pl s i, 1) L TP I = B £ R 25 mL, E RN 5 b
10 min J5 AL FIRR BR 25N W 150 mL 3K RO, 4
10 min 550 , A HUARE PR AN SEAL NI IR o , JC/K B R
BETHe 5 24t (i atifh [ Ak 200 ~ 300 H, PR - F B
TAMBE(1:50) JAHBEIR B A AN AT C(1. 1 ¢,62% ) o
MS:m/z 547.3 [M +H]*;'"H NMR( DMSO-d, ,300 MHz)8:
10.06( 1H,s,C,-NH) ,8.96 (1H,s,C,-H) ,8.07(1H,d, J =
2.67 Hz,Py-H),7.86(1H,d,J =9. 15 Hz,Py-H) ,7.50(1H,
m, Py-H),5.82 (1H, m, cyclopentane-CH-) , 3.48 (4H, m,
piperazine CH, x2),3.12(4H, m, piperazine CH, x2) ,2.42
(3H,s, C,-COCH, ), 2.31 (3H, s, C;-CH; ) ,2.23 (2H, m,
cyclopentane-CH, ) , 1. 89 (2H, m, cyclopentane-CH, ) , 1. 76

(2H, m, cyclopentane-CH, ), 1.59 (2H, m, cyclopentane-
CH,),1.43(9H,s,-C(CH;);) .
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