AAEHE%E  Drugs & Clinic F30E B 20154E5 A 483 -

o LR -
T REED 3,5-“S4-FEMESIABN RS RAR

Rxiz!, 2B A 0 B, BHEC KREY, TR
1. g K2 2520, g FFE 475000
2. REEZIWIIEICRE e mlZhEs, Kt 300193

# OE: BE WIHIES R AR 3,5- S E-4-EBENMERE 5INPT 3-(FR T FF AU ) -V-(3- - 5- R -4- T 3 )-4-(— 36
FHAAUIE) 2K BRI R 3-CH TR Y A3 )-V-(3- S 4-TERE 38)-4-( U A R G . 38 DL 4- U 4 SE-3- R oK F R it
BRIFURI L B IR, Ak BRGUL RN B T B ARt & 9. &R AT Bhstb &4, R 'H-.NMR. BC-NMR
FI MS FIE T 45440 ; HPLC U —{biE DA FE 5 5 23 B0 504 98.8% 99.8% . HIE X AN RATAE T B ril b . 8538 X
P21 ST 15 ok 25 R ) AR 2% IO R AT 9 440 T4 HR

K. PR 3,5- A4 IEMBE; 3-GRN A IE)-N-(3-5-5-TR-4- ML ie 56 -4-(— 9 FH D) ZR b 3-CGR A 4R
H5)-N-(3- 5 -4-NHERE 55 )-4-(Z FU AU R BRI 2000 A2 Ak

PENZES: RI4S XHERFRRRS: A XEHRS: 1674 - 5515(2015)05 - 0483 - 04

DOIL: 10.7501/j.issn.1674-5515.2015.05.002

Synthesis of impurities introduced by 4-amine-3,5-dichloropyridine in roflumilast
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Abstract: Objective
3-(cyclopropylmethoxyl)-N-(3-chloro-5-bromo-4-pyridyl)-4-(difluoromethoxyl)benzamide and 3-(cyclopropylmethoxyl)-N-(3-chloro-

To design and synthesize impurities introduced by 4-amine-3,5-dichloropyridine in roflumilast:

4-pyridyl)-4-(difluoromethoxyl)benzamide. Methods 4-Difluoromethoxyl-3-hydroxybenzaldehyde was used as starting material to
synthesize the target compound by nucleophilic substitution, oxidation, acylation and amidation reactions. Results The target
compounds were synthesize and characterized by "H-NMR, "*C-NMR and MS. And the purities detected by HPLC were 98.8% and
99.8%. The two impurities were proved to exist in roflumilast. Conclusion The synthesis of two impurities provides reference for
the study of impurities in roflumilast.

Key words: roflumilast; 4-amine-3,5-dichloropyridine; 3-(cyclopropylmethoxyl)-N-(3-chloro-5-bromo-4-pyridyl)-4-(difluoromethoxyl)
benzamide; 3-(cyclopropylmethoxyl)-N-(3-chloro- 4-pyridyl)-4-(difluoromethoxyl)benzamide; impurities; chemical synthesis
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Fig. 1 Synthetic route of target compounds
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76 100 mL PU RO 4- 950 AU BE-3- 10 0
FKHEE (4.8g, 0.025mol). 1,4- 4 /NH 60 mL.
ToKBRREN (14.4 g, 0.104 mol), UK/KAHI, Wk
EET 10 °C, AAERY, —IRPEIAI A FE
W (5.2mL, 0.052 mol), [/, N 8ho £
Wk - BER 208 (30 1) SHJEIFR], TLC K 5 W
E4%, AFIERN . RIEZETEA], AN ST 50
mL Fl 10%5 57K 30 mL. 2 AL,
KA & e (20 mLX2) 28, &HEHE,
7K (20 mLX3) BE%s, JoKBRRMTLE, 8,
AT AR, BRI R (8.6 ), R
K 100%, FEECh 98.1%. HR-ESI-MS m/z:

243.090 2 [M+H]" . '"H-NMR (400 MHz, DMSO-d)
8: 0.36~0.37 (m, 2H), 0.55~0.60 (m, 2H), 1.23~
1.27 (m, 1H), 3.97 (d, J=6.8 Hz, 2H), 7.26 (t,
J=73.6 Hz, 1H), 7.38 (d, J=8.0 Hz, 1H), 7.54~
7.57 (m, 2H), 9.93 (s, 1H). "C-NMR (100 MHz,
DMSO-dg) d: 3.41, 10.65, 74.42, 114.71, 114.77,
117.33, 117.56, 120.32, 123.24, 131.88, 149.52,
151.57, 188.12.
22 -HERER)A4-(CERERH)EFRE (2) M
é{ﬁi[s'm

76 100 mL DY RZOmA &R 1 (7.2 g,
0.030 mol). £ 24.8 mL. ZILHR (54 g, 0.056
mol), WA 10~20 C, #H. IMAWERM (3.28
g, 0.0036 mol) ¥ T 17 mL /K, M2 4%, RIGHH
Izl EY) VIRGEEH, Tnd R hik R
WEEAET 30 °C, Whnsese, FhEiREs 35 °C,
$iFE 1 h, INAK 40 mL, it 5 min, 4REEIMAIK 100
mL, $H#E 1 ho II7KJG R NVARREG AT H, 98,
DEKUEE, REIAEREE (549, RN 92.8%,
SR BN 98.7%. HR-ESI-MS m/z: 259.075 9 [M—+
H]'. '"H-NMR (400 MHz, DMSO-dy) d: 0.35~0.37
(m, 2H), 0.54~0.58 (m, 2H), 1.19~1.25 (m, 1H),
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3.93 (d, J=6.8 Hz, 2H), 7.19 (t, J=74.1 Hz, 1H),
7.25 (d, J=8.4Hz, 1H), 7.54~7.56 (m, 2H), 13.04
(s, 1H). “C-NMR (100 MHz, acetone~ds) J: 3.43,
10.66, 74.44, 114.73, 114.73, 117.33, 117.55, 120.34,
123.26, 131.89, 149.53, 151.58, 188.13.
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7E 50 mL BRI, ARKmALG® 2 (25 g,
0.01 mol). 5L WH1 6 mL.DMF 0.15 g, iI# % 80 C,
{R¥F 30 min, RELTHREARAES 90 °C, Y. 0.7h, ¥
H, 60 CRUREZATHR, HEMLEY 3 M. A
ZRCPE, EHEIIADYZRAE 10 mL 15 25 H .
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It &4 3 KDY R, 20 30 min 58, THis
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WA, BEIAEREA (3.9 g, BRK 88%, Ji
HOHCN 98.8%. HR-ESI-MS m/z: 448.990 3 [M-+
H]". '"H-NMR (400 MHz, acetone-dg) 5: 0.48~0.53
(m, 2H), 0.66~0.70 (m, 2H), 1.32~1.41 (m,
1H), 4.08 (d, J=6.8Hz, 2H), 7.10 (t, J=11.4
Hz, 1H), 7.39 (d, 1H), 7.76 (dd, J=8.4. 2 Hz,

1H), 7.79 (d, J=748 Hz, 1H), 8.70 (s, 1H),
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8.80 (s, 1H), 9.72 (s, 1H). C-NMR (100 MHz,
acetone~ds) J: 3.43, 10.71, 74.49, 114.71, 114.87,
117.43, 119.99, 121.55, 122.24, 12232, 131.92,
13222, 14330, 144.40, 149.65, 151.37, 164.65.
25 3-GRABREFEHE)-N-G-5-4-MIFHE)4-(—HmH
SE)VERBRR (5) BAKS"

7t 250 mL P FDfEH, AR 3-%(-4-2d Skt
WE (1.9 g, 0.015 mol), PYEMEIE 15 mL, ZHtinA
60%Z AN (1.4 g, 0.034 mol), FIEALEY) 4 (4
ﬁii?‘i?z‘z?%méaﬁl% (3.1 @), WHEH 86%, Jit
R 99.8%. '"H-NMR (400 MHz, acetone-dg)
5: 0.48~0.53 (m, 2H), 0.68~0.78 (m, 2H), 1.37~
1.50 (m, 1H), 4.10 (d, J=4.8 Hz, 2H), 7.10 (t,
J=11.4Hz, 1H), 738 (d, J=8.4Hz, 1H), 7.68
(dd, J=8.4.2Hz, 1H), 7.74 (d, J=2.0 Hz, 1H),
8.37 (d, J=5.4 Hz, 1H), 8.52 (d, J=5.6 Hz,
1H), 8.62 (s, 1H), 9.14 (s, 1H). “C-NMR (100
MHz, acetone-ds) 0: 3.46, 10.69, 74.50, 114.66,
116.65, 117.34, 114.77, 122.01, 119.91, 121.05,
122.15, 132.92, 142.65, 144.52, 149.73, 150.17,
151.35, 165.56,
2.6 TREMMR

O 4A4%: Inertsil NH, (4354E (250 mmX4.6
mm, 5 um; FsIAH N IE B - oK B EE (80 & 20);
AR 1.0 mL/min; #5344 30 C.
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Fig.2 HPLC chromatograms of compound 4 (A), compound 5 (B), roflumilast (C), and compounds 4, 5 + roflumilast (D)
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