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Determination of residual solvent formic acid and
cyanoacetic acid in tofacitinib citrate by HPLC
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LI Hui', WU Nuo’, GENG Yan-nan®, JIANG Yu—juan'"

(1. Shandong Mingren Freda Pharm. Co., Ltd., Jinan 250104, China; 2. Department of Pharmacy, Affiliated Hospital of Shandong
University of Traditional Chinese Medicine, Jinan 250014, China; 3. Kongjiang Senior High School, Shanghai 200093, China)

Abstract Objective: To establish an HPLC method for the determination of residual solvent formic acid and
cyanoacetic acid content in tofacitinib citrate. Methods: The separation was performed on a Waters Atlantis T3
(250 mm x 4.6 mm, 5 pm) column with a gradient elution of 0.02 mol * L' potassium dihydrogen phosphate (pH was
adjusted to 2.5 with phosphoric acid) (A) — methanol (B) as the mobile phases. The flow rate was 0.5 mL * min™" and
the column temperature was 35 °C . Detection wavelength was 210 nm. Results: Formic acid and cyanoacetic acid
were well separated from the adjacent peaks (R > 5). The linearity was good in the concentration ranges of 9.930-
107.780 pg * mL™" and 14.727-98.908 pg - mL™ (r = 0.999 9, 0.999 8), respectively. The average recoveries (n=9)
were 100.2% and 105.3%, with RSDs of 2.3% and 4.1%, respectively. The determination results of three batches
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of samples were 0.024%, 0.026%, 0.028% (cyanoacetic acid), respectively. Conclusion: The established method is

proved to be suitable for the determination of formic acid and cyanoacetic acid in tofacitinib citrate.

Keyword: tofacitinib citrate; solvent residue; formic acid; cyanoacetic acid; content determination; methodological

validation; HPLC
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R IR BT 1 mL P28 MR 4 mg BV
WL FEAT RIS
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1. MR ( citric acid ) 2. FHR (formic acid ) 3. MR (cyaoace tic acid ) 4. FL3EE A (tofacitinib )

1 EF (A )HGER (B )R (C)FtilRiAk (D) BikE

Fig. 1 Chromatograms of solvent (A), citric acid (B), referenc substance (C) and test solution (D)
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A=1151.2C-1402.7
A =628.22C - 955.28

JEAR R 43 HIE 9.930~107.780 pg - mL™ | 14.727~

r=0.999 9
r=10.999 8

98.908 pg + mL" YU P HIEHIFRL A R R AT

237 [HRCRIR K

R IR % R AT 35 B A (AL 5

F14-2110001 ) £ 100 mg, A5 % FR 2, & 10 mL &
H, ko RSN A “2.2.77 R IR A LR £ TR
0.5.1.0.1.5 mL, 7% 3 ¥, HI¥% 0 F6 Bl 50% X%
W (1%~3%).100% A7 W (4°~6" ). 150% HiE i
(7~9"), EREINSE , 45 5 0L 1, A VR MER 4 L Ao

F1 OKERRBUESR(n=3)

Tab.1 Recovery test measurement results

Wy AR Wi R TR o
( component ) (added ) /ug (' measured ) /pg (recovery ) /% (‘average recovery ) /%

iz (formic acid ) 269.450 271.093 100.6 98.6 2.5
269.450 257.994 95.8
269.450 268.008 99.5
538.900 548.624 101.8 100.1 2.2
538.900 543.630 100.9
538.900 526.171 97.6
808.350 823.774 101.9 101.8 1.4
808.350 810.497 100.3
808.350 833.654 103.1

LR ( eyanoacetic acid ) 247.269 253.595 102.6 108.6 5.7
247.269 268.280 108.5
247.269 283.949 114.83
494.538 517.434 104.63 105.0 1.7
494.538 529.316 107.0
494.538 511.108 103.4
741.807 754.050 101.7 102.2 0.90
741.807 765.899 103.3
741.807 754.246 101.7

2.3.8 M YRS HIE —HEAE S AT RE A ol AR
W ( £0.05 mL - min™" ) HIR ( £5 C). FishA pH
( £0.2) AR S IEH: , %28 R 508 i M R |

FORK . S5 R, RS T BOFE & H
R S O TCAR AL ; X IR p R AR S R B
JETE 4.03~7.99, i FHPE R A4f, W3k 2.

x2 WAMKENELSSR
Tab.2 Durability test results

Z 5541 (conditions of investigation )

ST ESJE (resolution )

Wk (flow rates )/(mL + min™ )

it sli4H pH ( mobile phase pH )

FEI ( column temperature ) /°C

35 HE (column )

0.45 5.63
0.50 5.64
0.55 6.03
2.3 4.03
2.5 7.99
2.7 6.36

30 5.34

35 5.63

40 5.64

1t (lot No. ) 0185302761 5.08

5 (1ot No. ) 0166372651 5.29
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239 FEAIESS R SGE RN R TGS 3 A
(4it5 F14-2110001,F14-2110002 ., F14-2111001 )
ViR RS O . Btk 5 24 F14-2110001 11
FE T 38 S e P R B A IR R G R 1 i (I
3 3), A BRI LT AR 1 A 1) A ™
Yy, o e ek | v T A 1A A Sk R, T LA T I E
BT, IS T b s P AR R B 12 AT A T

x3 MEBREEFEAZMERLRERRGER
Tab.3 Tofacitinib citrate influencing factors test

examination test results

Fri (content ) /%

E2 5SS inqlE
( factor;fi:es:rfna[ion ) ( tinjule;l /d T ML
(formic acid ) ( cyanoacetic acid )

SEREIRE (light test ) 0 ND ND

4500 Ix = 500 Ix 5 ND ND
10 ND ND
20 ND ND

60 C iR (high— 0 ND ND

temperature test 60 °C ) 5 ND ND
10 ND 0.021
20 ND 0.019

BRI [high—humidity 0 ND ND

test (RH90% = 5% ) | 5 ND 0.030
10 ND 0.025
20 ND 0.025

7 (note ): ND. A8 H ( not detected )

2310 FERRITIE R M KB EEE R (R 5L
FR ) MOBRFRFCIE A A TAE Mg 4H (30 °C =
2 C; RH65% = 5% ), 3 it 7 i (F14-2110001 , F14-
2110002, F14-2111001 ) KRR 2 PR 50 % 28 kB,
B BRI HERS R O o g L TR 4, R
W G R AR FE I AT R ff ), e X
AT , DASE 8 MIAG IR FE I A 1) T Fe 4

3 g

3.1 REIOTIE Rk SR e R

311 R HRSIEEEREA R, At 2™
OB B TR, Joik B, I GC kTR Hy
HIRFAL A PR OB, FIH AR & & B, %
I HPLC 354 T R AR LR ARSI, 5 GC kX L,
EAA BRI ARSI 1,

3.2 Rl SRR FES RN ES ( DAD ) Xf
F R A L RAE 190~400 nm I K76 Fl N #-A 7615
i, 0 W £k ( DLIEL 5 ), B R %) e R WAL £

AL HREL

R4 MBBRIEEEHKIPREEER (PR SR ) XBRER
Tab.4 Long-term stability study of tofacitinib citrate

( formic acid, cyanoacetic acid ) test results

i (content ) /%

its ] ( time ) / -
(batch number) 1 (month ) i WM
(formic acid ) ( eyanoacetic acid )
F14-2111001 3 ND ND
6 ND ND
12 ND 0.024
18 ND 0.026
F14-2110002 3 ND ND
6 ND ND
12 ND ND
18 ND 0.028
F14-2110001 3 ND ND
6 ND ND
12 ND ND
18 ND 0.018

7 (note ): ND. A4 H (not detected )

} 206.8 nm, LR ICHFAE WL, (5 F R R £ R Y
AT A AR i WA, W R R SRR A DR Ay
210 nm,

313 At SRR Y, B R ZORBAX
SB-C15( 250 mm x 4.6 mm, 5 um ) {0 % F+ $E AL 7,
S TRV 791 06 S i Y R AR LR Y 4 S 5 D9 A SR
Sunniest SB—C 5 (250 mm x 4.6 mm, 5 pm ) {44, B
TR R LR B PE R 25, TRIE R Bk (R < 1.5) 5
75 S RN SRR, B it HLAR BE A R vk T
T F S N 22— WOR 5B K PE Waters Atlantis
T3 (250 mm x 4.6 mm, 5 um ) 4 3% £, £% B 6 1 51
T ZOBAX SB-Cys (L343, AT LA 4 53 B HARY)
3 X HE A 7] 5 K 5 A, B A1 E R H Waters
Atlantis T3 (250 mm x 4.6 mm, 5 um ) {354}

314 JAHHAE R H LT LL0.02 mol - LT BEMR
AR B AT AL 2 0 DL 28 A B
HH B, Z5 RR IR H CIFWIE X FRME 255 48T 0.02
mol + L™ R — S VAW (BEIRIH pH 2.3~3.0), LA
H Bk i S AH B, [ B LA A6 BE PR MR T | e 4 1
2L 0.02 mol « L™ g — &0 A1 i i (W iR I pH=2.5 )
R shAE A, LR BER IR SAE B, #EFTRR BE VR R
XTFR H A B OR R4S

315 AR Y EIEHRESN 30.35.40 C,
SRR F RN L TR 43 5 B s i), FL 405 8 4
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Fig. 2 Spectral index plots of formic acid and cyanoacetic acid
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