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HE HB: 23 ¥ A58 X Rn ey HPLC 7 k. J7iE: RA + /SRR sb b s A sk 4 3k o) &%
A2, 74 0.01 mol * L7 BhBs — 84705 (BEBR A pH £ 3.5+0.1) AASNA0 A, TH A R348 B, ¥ E kML,
Fik 0.5 mL - min™', A8 4 25 °C, Mk K A 215 nm, A £ R HAFEMN ZEoN ., BR: TR
AR RAR R TZ N 5 BEART 15:;3-FRAFTAL 4- —RATFTAAEFTR (LK A) 4- &
A -3,5- 8 (LR B)3-(FARAFTAL)-N-(3,5- —&AWT 4- %X )4 BAXTBI (LR
C)3-#K -N-(3,5- =50 -4- K ) 4-( =R FARE)RFBUR (XA D).3,4- —HFHK -N-(3,5-
ZRRE A4- R )R FEBEE (R A E)3-(FAAFTEARL)-N-(bvg 4- K )4- (=R FARE ) KR FBL
B (R F)3-(FRAAFTERL)-N-(3- Zmbrg —4- K )4-( A FEL) XFEME (LK GC)3-(=
RFEA)-N-(3,5- — 8w 4- K )4-(FRARAFTEAL ) RPBER (XA H).3,4- —(RRATFTEA
AK)-N-(3,5- —Fwe —4- K ) RFBEI (R MR 1).3,4- —(ZmFHRE)-N-(3,5- =& 4- &)
RPBE (R T RAFREMD (ERK) AL AL EENEEX R RBIF(r>0.999 0,n=5),
A4 E B T 4 A A 1.14.1.00, 1.17.0.96.,0.70. 1.76. 1.08. 1.37. 1.14 1.65 F= 1.22, ¥ M & 5 %1 4 0.1,
0.03.0.1,0.1,0.1,0.03,0.1,0.1,0.1,0.1 #2 0.1 ng; & &M% % %4 0.3.0.1,0.3,0.2,0.2,.0.1,0.2,0.2.0.2,
0.3 #2 0.3 ng, k. P . & 3 AP R 8 F 3B =K E (n=9) £ 3 4 102.9%. 100.0% . 107.6% . 107.5% 98.1% .
99.9% . 98.3%. 97.6% . 86.9% . 100.0% #= 98.7%. 5 Pkt Fuf %M M F 45 R 27, B Chn e 76955 A&
T 0.1%, Ate Zx K EAN KR 4B T 0.1%, R EZHKRT 0.5%, &it: KFETHTF R4
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Determination of related substances in roflumilast by HPLC

HAO Yan-shan'? , DAI Jun—dongl* , CHAN Yun—xia’

(1. School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 100102, China;
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Abstract Objective: To establish an HPLC method for the determination of related substances in roflumilast

raw material. Methods: HPLC was adopted on a C;5 column with a gradient elution system of acetonitrile—
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(ra

0.01 mol * ™" potassium dihydrogen phosphate solution ( pH was adjusted to 3.5 + 0.1 with phosphate acid )

with a flow rate of 0.5 mL * min"", and the column temperature was maintained at 25 °C, the detection wavelength was
set at 215 nm. The related substances were qualified and quantified by the established method. Results: The
resolutions between roflumilast and adjacent impurities, and between the known impurities were greater than
1.5. The calibration curves of 11 known impurities were linear in the concentration range ( 7>0.999 0, n=5 ).
The relative correction factors were 1.14, 1.00, 1.17, 0.96, 0.70, 1.76, 1.08, 1.37, 1.14, 1.65 and 1.22 for 3—
( cyclopropylmethoxy ) —4— ( difluoromethoxy ) benzoic acid ( impurity A ),3, 5—dichloropyridin—4—amine ( impurity
B ), 3- (cyclopropylmethoxy ) ~N— ( 3, 5—dichloropyridin—4-yl ) —4~hydroxybenzamide ( impurity C ) , N-( 3,
5—dichloropyridin—4—yl ) =4 ( difluoromethoxy ) —3—hydroxybenzamide ( impurity D ), N~ ( 3, 5—-dichloropyridin—
4-yl ) -3, 4—dihydroxybenzamide ( impurity E ) , 3— ( cyclopropylmethoxy ) —4— ( difluoromethoxy ) ~N- ( pyridin—
4-yl ) benzamide ( impurity F ) , N— ( 3—chloropyridin—4-yl ) =3— ( cyclopropylmethoxy ) —4— ( difluoromethoxy )
benzamide ( impurity G ) , 4- ( cyclopropylmethoxy ) =N ( 3, 5—dichloropyridin-4—yl ) —=3- ( difluoromethoxy )
benzamide ( impurity H ) , 3, 4-bis ( cyclopropylmethoxy ) ~N- ( 3, 5—dichloropyridin—4—yl ) benzamide ( impurity
1), N-(3,5-dichloropyridin-4-yl ) =3, 4-bis ( difluoromethoxy ) benzamide ( impurity J ) and roflumilast
oxynitride ( impurity K ) , rspectively; The detection limits were 0.1,0.03,0.1,0.1, 0.1, 0.03, 0.1, 0.1, 0.1,
0.1 and 0.1 ng, and the quantitation limits were 0.3, 0.1, 0.3,0.2,0.2,0.1,0.2,0.2,0.2, 0.3 and 0.3 ng,
respectively; And the average recovery rates ( n=9 )were 102.9%, 100.0%, 107.6%, 107.5%, 98.1%, 99.9%,
98.3%, 97.6%, 86.9%, 100.0% and 98.7% at the concentration level of low, medium and high concentrations,
respectively. The determination results of the five batches of samples showed that the known impurities were less
than 0.1%, the maximum single unknown impurity was less than 0.1%, the total impurities were less than 0.5%.
Conclusion: The method is suitable for the quality control of roflumilast.

Keywords : roflumilast; related substances; impurity assay; HPLC; gradient elution
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Fig. 1 Structures of roflumilast and its known impurities
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L003-20120402, 4f & 97.09%; Z% JF E: #t 5 L004-
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5 wm); WiEhAH: LL0.01 mol - L7 BAMR — A4S (W BHAVAW KB B EUEATAW 1 mL B 50 mL &,
FRYET pH 2 3.5+0.1) NIREA A, ZIE IR INCIERBEEZEE 25 K% B 1 mL & 10 mL &
B, BB REVERG (22 1), ii# 0.5 mL - min™' ,FE75 25 °C, R INCHERBE R Z1 B , FE57 A %) IR ST

R 215 nm, #ERER 10 pl. F G038 PV W O )RR B 10 me, A
1 EERBRER WHRE , B 50 mL B, 0 B EIAZRR A JR
Tab.1 Gradient elution program B %1 C. 240 D 4 E 25 F 225 G 225 H Ak
1] WA A WA B BT 1 2R 5T ) MR BT K A4S 1 mL, NG
(time ) /min (mobile phase A ) /% (mobile phase B ) /% IR ZE B8 AE N R G5E AT

0 60 40 K RGeS IR 10 L, TEATRAH AT,
. " - PO, 452 IR SRS I L R4S 2 e
45 20 %0 [T B ERR T 2.0, RGUEHIMERIF. W2 2 Al 2,

30 60 40 *2 REEAMRBER

60 60 40

Tab. 2 Results of specificity and system applicability test

e . 4 X R Sy B
22 LIRS RGUE L o/ (i) TXTURRIRT - Jri
s s e e " e e component ) (RRT) ( resolution )
FENIVE : BU4 T A Z4 5T B 4% C 245t D 2%

e e e e e e Z&J% E (impurity E ) 3.992 0.15 5.25
N N G‘*%H\fﬁ TR A7 K Z&J5% B (impurity B ) 4.662 0.17 2.78
AT BB L AL gk B AN 3
RIS R AT 2 10 mg, REARAE ST 100 mL A o iy 1) 5637 032 1301
':F' ’ jJ[] ZH%@%%*%*%QZUE ’ T%E‘/}_J 1) ﬁ%”'ﬁzi‘j uig’ ;jgf,ﬁ D( impurity D ) 9.634 0.36 2.34
2R P RE DR T % C Cimpurity C ) 12.460 0.46 6.19
BT W B SRR AR IORL 2 29 10 mg KB 29 K CGimpurity K) 16.267 0.60 8.05
R, B S0 mL =P, ISR E 2%, £ 415 A CimpurityA ) 19.813 0.73 8.49
) e AR 2805 1 Cimpurity J) 22,670 0.84 8.73
X HRVA R : o AR o A VAR5 BT C 4% AU H (impurity H) 26411 0.98 13.89
D 28 E 49 F 4o G 4t H 4= 1. 440 ], B AFE (roflumilast ) 27.035 1.00 2.46
AR K R AR R 43 RS NN A G D 27.970 103 360
) e S A RS > 2= G (i ity G . . .
FERFR RN 1| mL T4 0.1 mg (WLl ATCGmuinG)  wew 110 630
0. 04+ g all
(=) S
_ il B g
0.035 < S —
(roflumilast)
0.03-
0. 0251 E g
. § - 8
3 - Ale g
i ™ Ior) C = o o g |
0.015+ % Fo g & 7008
o > K < o ‘
0.01- 8‘ = ’ l
o ‘ ;
0. 005 |‘| ‘ ‘l d |
- Ll LJ _,__J L UL "~
. \H_‘_l I‘\__ 7 i _'_.a-‘;;f
—-0. 005 T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60
t /min

A~K. [A] % 2 ('same as Tab. 2 )
B2 REGEAMEGLEE

Fig. 2 Chromatogram of system suitability
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2.3 AT
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CIKIBHCE 24 b, BUE B0 NG @ R B2, 172
57, 08T R UE R AE N B AR A
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Fig.3 Chromatograms of degradation tests
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24 MR HEE

A3 U G AL BE A R 2 BT A AR B 2%
C. A%/ D 440 E Z% 0T F 2200 G 2425 H 24T 1. 2%
ot ] AR K X B 29 10 mg, K5 %R, & [/ —
100 mL ff T, N NG ES T 76 B, 2 20 5 #2850 A
TGV . WU AR 1, ) S B 2 B, Tl
195 A R L R BE KV R 0.04,0.08,0.20., 0.80 Fil
1.20 pg- mL™" AU A SRR 10 pl, A
WAR AL IC SR g E . UREIRE C(pg-mL ™)

N ARAR , WETHIER A S AR AR BEATER M [0, -4 iR
FEREITR A SRR B R A AE R 10 B Al 4
2 2R o 2 J7 8 LA B 45 23 o AR AH XA IE PH 745
R 3. SRR 7a AW EN, 54105
e AT ARG R Y ZRE S AR BRZR B B LR Bt DRI Jo
G A, 25 B 2% i AR XL IE [ 5~ 78 0.90~1.10 Z
], 28 7 PRUEAG B0 25 SR A TR , SR AR IR 3
A T ARy & i, HABARAZR BoR A IR E
TR IR

®3 HAFELELERRERTF

Tab.3 Regression equations, linear ranges and correction factors

(linear range )/

sy

( component )

(B35 e

( regression equation )

KIEH T

( correction factor )

(pg-ml™)
IR AHF (roflumilast ) 0.044~1.328 A=1.185 x 10°C-841.2 0.999 8 1.00
Z&J5t A (impurity A ) 0.044~1.320 A=1.039 x 10°C+1.017 x 10’ 0.999 7 1.14
Z&J% B (impurity B) 0.043~1.298 A=1.188 x 10°C-4.458 x 10’ 0.999 4 1.00
Z&J5 C Cimpurity C) 0.042~1.248 A=1.016 x 10°C-92.88 1.000 1.17
2= D (impurity D ) 0.039~1.174 A=1.229 x 10°C-28.25 1.000 0.96
Z&J5 E (impurity E ) 0.044~1.332 A=1.699 x 10°C+580.0 0.999 8 0.70
Z&J% F (impurity F ) 0.043~1.296 A=6.747 x 10'C-113.4 1.000 1.76
2= G (impurity G ) 0.044~1.315 A=1.098 x 10°C-358.1 1.000 1.08
Z&J5t H (impurity H) 0.044~1.332 A=8.622 x 10"C+295.3 1.000 1.37
Z=J5% 1 (impurity 1) 0.042~1.244 A=1.042x 10°C-11.08 0.999 0 1.14
ZRJ% T Cimpurity J ) 0.042~1.242 A=7.187 x 10°C+181.1 1.000 1.65
Z&J5t K (impurity K ) 0.045~1.341 A=9.6764 x 10°C-113.7 1.000 1.22

2.5 K BRAE PRI

H“2.4” TR 020 pg-mL™ MIBERGE R, HC
R i W N [ b7 3 S e Y N = 3 ol R 71 i
FE10 wlo #5145 M H S/N=3 il 2 HokG i FR , 42 155 e
Lt S/N=10 W 72 Hog f PR . 2 S R]Re 28 BT AL 2% o
B4t C. 4T D 2T E. 24 0T F . 4% 0T G 44 it H.
201, 2% I ] A4 i K R A s BR 43 514 0.03.0.1
0.03.0.1.0.1,0.1,0.03,0.1,0.1,0.1.0.1 F1 0.1 ng,

P4 401.0.3.0.1.03.02.02.0.1.0.2,
0.2.0.2.0.3 F10.3 ng, & i B8 J7 &5, fE 0% W 2 0 e

2.6 AUARAEE A
247 TR 020 wg - mL™ B, 53 Bk 2%

hhiHE i

W10 wL, H AW @35 AL, SRR 6 IR, i 5%
%, B R AR R A SRR B R CL R D
FTRE A2 F 4200 G420 H L 2% 0T 1L 2% 5T ) il 2
J5r K TR RSD AR 1.4% . 1.8% . 1.8% . 1.6% .
1.8%.1.5%.2.0%.1.6% . 1.7% . 1.2% . 1.3% 1 2.0%.
VR GER 2 B R AT
2.7 EEMIAE

U R R R 6 17, R 2 10 mg, I/ “2.27
TR 7 gl & B R RS % B 10 L,
TR A, F AR IS T A S ) B i, 2%
JiCL 2% 5 D 2% B H O SF- 2 4% 5053 318 0.008% .
0.006% F1 0.006% , RSD 4354 6.4% . 7.8% 1 7.0%,
SRR M R, WAk 4,
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F4 BBEHAWER (n=6)
Tab. 4 Results of repeatability
% W (related substances ) /%
(component ) ! 2 3 4 5 6 -4 (average )

Z=J5T A (impurity A ) — — — — — — _

e B (impurity B) — — — _ _ _ _

ZJ5 C (impurity C ) 0.008 0.007 0.008 0.007 0.007 0.008 0.008
245 D (impurity D ) 0.005 0.006 0.006 0.006 0.006 0.006 0.006
2% E (impurity E ) — — — — — — _

Z&J% F (impurity F) — — — — _ _ _

Z%J5t G (impurity G ) — — — — _ _ _

Z&J5i H (impurity H ) 0.006 0.006 0.006 0.005 0.006 0.006 0.006

Z& 5 1(impurity 1) — _ _
Z&J% J Cimpurity J) — — _
Z=J%1 K (impurity K ) — — _

7T (note ): “—” KK H (not detected )

2.8 B EYERAL
281 A iim MR o HU2.4” TR 0.20

pe - ml VAT, TEIEAME FCE 24 h, 43517 0.
2.4.8,12.24 h, Ki% 810 wL 73 AT @354,
LS ETE R B AIRE A2 A AR B LAY C LA
|l N/ DR/ 3 [l O S i G il & /31 I |
4% 5t K W T AR RSD AR IKH 1.8% . 1.8% . 1.5%
1.3% . 1.2% . 1.4% . 1.6% . 2.1% . 1.2% . 1.4% . 0.9% #l
1.3%. VLRSS AR IR A5 FHCE 24 h PR E
2.8.2 SRR St R A R R R
10 mg, A HFRE , B 10 mL S, N2 G B ot i
B ZI B 2 5), BRI S T = A T
BLTE0.2.4.8.12.24 h W10 pLIEA

WA, e S A . B A Rp 0 T ALY RSD
H0.15%, 2 Ji C 4% 50 D 4% 5 H U 1 LAY RSD K
A3 2.0% . 1.6% F10.73% , Hifth Z= B 2 K46 L, Ui
AL T TR A R 2 1 T 24 h MRS .

2.9 [

W A 9 3001k 3 A A 3 0y, By
2510 mg G FRE , B 50 mL I, 4 i A LR R
R (TR E N 10 pg-mL™)0.5,1.0 fl 1.5
mL, Il G U A 1A e 22 20 B8, 450, BV [l fic 3 it
I AR 10 pL J AR @RS, ik a0
R R CR S5 DL E 5, A B AR AE 3 4
ANFERFE K (0.05% 7KK 0.1% K- 0.15% 7KF-)
() [T AR IATTE 809%~120% 22 J8] , F5 A AE

x5 ERERREER (n=9)
Tab.5 Results of recovery
%y e SR RSD/%
( component ) (recovery range ) /% (‘average recovery ) /%
Z&JF A (impurity A ) 99.0~111.8 102.9 4.0
Z&J5i B (impurity B) 99.2~101.8 100.0 0.97
Z&J% C Cimpurity C) 105.7~112.4 107.6 2.0
Z&J% D (impurity D ) 103.4~111.4 107.5 2.8
Z&JF E (impurity E ) 90.4~104.0 98.1 5.1
Z&JF F (impurity F) 96.7~102.5 99.9 1.9
Z&J% G (impurity G ) 92.1~103.5 98.3 42
25t H (impurity H ) 93.0~101.7 97.6 3.2
ZJ5 1 Cimpurity 1) 81.1~90.8 86.9 3.9
25 J (impurity J ) 94.6~103.4 100.0 3.0
Z&J% K (impurity K ) 94.9~101.4 98.7 2.0
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2.10 iR PSS i P, 25 R W], AT R | (R AR AR i
W B R GedE PR A SR AR, B A B SR SR pH A I R PR 22 , 5 A ]
QOISR SR pH ALl G R RAR R IR A R IR 6.

*6 MAMRIKER
Tab. 6 Results of durability test

24 ARAR U453 E5 4 (peak separation )

(parameter ) ('specific change ) R, R, R, R, Ry Ry R, Ry Ry Ry Ry
SRR 1.8 um 32 166 20 82 103 97 100 148 25 39 6.6
( column particle size )5 pm
i +5C 39 141 08 75 86 91 103 148 25 41 58
( column temperature ) 25 °C 2 20 1001 28 43 71 77 69 115 25 20 19

-5 28 149 36 16 93 109 94 144 25 35 15
i +0.05 mL * min”' 33 150 2.1 7.8 9.1 103 105 154 27 3.9 6.8
(flow rate ) 0.5 ml. - min™ ~0.05 mL* min” 34 148 22 76 89 97 92 139 24 37 65
pH 3.5 +0.1 22 142 41 78 93 102 97 149 25 38 66
-0.2 1.8 96 37 42 71 8.1 67 114 25 19 20
-0.4 — 128 65 82 103 104 97 150 26 39 62

VE (note ) : R,. 245 E 524Fi B 1§22 1] 435 )& ( resolution between peaks of impurity E and impurity B ) ; R,. Z4Jii B 576 F 22 [08] 53 25 ) ( resolution
between peaks of impurity B and impurity F ) ; Ry. 2% F 524 D Z 18] 50 BB (resolution between peaks of impurity F and — impurity D ) 5 R,. Z%Jf D 5
Z&f C Z 8] 505 BE (resolution between peaks of impurity D and impurity C ) 3 Rs. 245 C 545 K Z 0] 4385 (resolution between peaks of impurity C
and impurity K )3 Re. 240 K 542 A Z[0]53 55 ( resolution between peaks of impurity K and impurity A ) s Ry Z4J5T A 528 T Z 1840 B (resolution
between peaks of impurity A and impurity J ) ; Ry. e ] 5% H 2Z 0] 25 ( resolution between peaks of impurity J and impurity H ) Ry. 245 H S
FREZ 8] 4355 BE (resolution between peaks of impurity H and roflumilast ) ; R, & 9 A4 540 1 2 [0)4385  (resolution between peaks of roflumilast and

impurity [ ); R;;. ZeE 1 5245 G Z[al43 85 3 (resolution between peaks of impurity I and impurity G ) “—" g E A ( overlap )
211 FEAAEI F AR, AR A% B M A

SIS HEJERE 2, #E BR “2.27 TR ik, 41 SRR o SR L T,
) B P ol A TRORI T TR VR, RIS , 4% B R

=7 HEGEEIEER
Tab.7 Results of sample tests
% A FWI B (content of related substance ) /%

( component ) 20120201 20120401 20120501 20120502 20120601
2% A (impurity A ) — — — — —
Z& % B (impurity B) - - - - -
%5 C (impurity C) 0.008 0.006 0.007 0.006 0.015
Z&J% D (impurity D ) 0.007 0.006 0.004 0.005 0.006
Z&J% E (impurity E) — — — — —
Z&J% F (impurity F)
Z%J51 G (impurity G )
Z& % H Cimpurity H) 0.005 0.006 0.006 0.006 0.012

Z&J5% 1 (impurity 1)

3

Z&J5% J (impurity J )
2% K (impurity K )
HABPAA K ZR IR (other maximum single impurity ) 0.022 0.020 0.022 0.024 0.034
7R 4 (total impurities ) 0.074 0.057 0.062 0.063 0.091
 (note ): “—" KKzt (not detected )

hhiHE i
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3 itig
3.1 FAhHRBERE

[ &b SC k) 2R 1 0.005 mol + L7 HY R £ i
W (pH 3.5 ) — ZHER R 5E B 50 AR5 A e i,
AR A RS TR RS R, L2 TR
[ 28 I 2% o AR XA I S ke o B R B 48 A% 0.010
mol « L™ B R — SV VAR, X A0 B DR 2 1 001 5

# 2L SR 0.010 mol - L™ BERR — 2V 1l
S BRI 2R IR, H A 2R O BB AT R0 5
3.2 pH i FHPERE:

Bifi 5 W R R 22 vy pH FOBSIN, 22T F A LR B s
[0, 24 pH Ay 3.7 B, 2% F B 08 B ) R T 4%
D (1) 05 B8 B[], R0k, 200 7 A 42 o 92 o ER 1 pH S
4 3.3~3.6,

pH3. 7
0.40 | pH3.5
' pH3.3
0.30 1
B SRARE
g D (roflumilast)
= 0.20 - .
I 3 pH3. 3
0.10 E | pH3. 5
iE k PH3. 7
0
T T T T T 1
0 10 20 30 40 50 60
t/min
8 pH i i &k E i
Fig.8 Chromatograms of pH durability test
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