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Synthesis and polymorphic study of roflumilast N-oxide

XIANG Zuo-juan, SUN Hong-bin "

Center for Drug Discovery, China Pharmaceutical University, Nanjing 210009, China

Abstract

This paper describes a practical process for the preparation of an active metabolite of roflumilast, with

an overall yield of 19%. The polymorphic substances of roflumilast N-oxide were characterized by means of X-ray

powder diffraction, IR, DSC, TGA and elemental analysis. Roflumilast N-oxide was found to exist in two crystal

forms, form I and monohydrate form II. Monohydrate crystal form Il was further indentified by single-crystal X-ray

structure analysis.
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Figure 1 Structures of roflumilast (1) and roflumilast N-oxide (2)
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Scheme 1 Synthetic route to roflumilast (1) and roflumilast N-oxide (2)
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BRAHL, 73, A HUAH A TS K R AN T8 , 25 T
S 1 (3) (170 £,92% ) smp; 153 ~ 155
(SC kW % 87% , mp: 153 ~ 154 C); ' H NMR
(DMSO-d, ,300 MHz) 8:10.07 (1H, br. s, OH),
9.70(1H, s, CHO),9.53 (1H, br. s, OH) , 7.27
(1H,dd,J =9 Hz and J=0.9 Hz,Ar-H) ,6.91(1H,
d,7=0.9 Hz,Ar-H) ,6.65(1H,d,J =9 Hz, Ar-H) ;
ESI-MS m/z:137. 0[M 1]

3-HAA-ZRATRAXTE(4) KiE
3(20 ¢,0.14 mol) .5 —H L ERHN (22.1 g,
0.14 mol) S E LGN (5.8 g,0.14 mol ) F i T
DMF (200 mL) 57K (2.8 mL) fIR & W+, It
M3 125 Cle 1 h, WJEZEH DMF, F 3 mol/L
ERIR VK BN, ALK 200 mL i B, LR LR A<
W, 00, A MU LTS K BRI B8 T4, 28 T, 459
FIFRREMCR Y, SRk 3% (A MEE-C R &
[,20:1) 13 @A (4) (12.35 g,45% ) (SCHRIKL
#.32% ) ; mp: 84 ~ 86 °C;'H NMR ( CDCL, , 300
MHz) §:9.92(1H,s,CHO),7.54(1H,d,J =1.83
Hz,Ar-H) ,7.45(1H,dd,J =1.83 Hz and J =8.22
Hz,Ar-H) ,7.27(1H,d,J =6.75 Hz, Ar-H) , 6. 65
(1H,t,J =72.6 Hz,0CF,H) ,5.90(1H,br. s,0H) ;
ESI-MS m/z:187. 1[M 1]~
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3R T AAA-ZRTRAKTE(S) H
G W) 4(6.85 g,36.4 mmol) ¥ fif T U < Mk i
(72 mL) ¥ M ABRER AP (10 g,72.5 mmol) , 7KIB
NI P R Y BE(10. 82 ¢,80. 1 mmol ) Y PY
MR (36 mL) 7. THEEN 75 CR 7 h, #M iR
RIFPILE 4 mL, ARZEFHRE] 75 °C 7 10 b, %
FEBRIET, 1n 5% BB I 2 mol/ L & S8 AL BN T
100 mL, PR S BRI, 73 W, A HUAH LA TG 7K B iR
BRI, 25 TR A BB LL AR YY) , 2Rk I
3% (- 1R T, 500 1) 13 To @R Y (5)
(7.1 g,80% ) ( CRRILZR:98% ) J'H NMR ( CDCl,,
300 MHz) 6:9.92(1H,s,CHO),7.45(2H, m, Azr-
H),7.43(1H,m,Ar-H) ,6.50(1H,t,J =72.6 Hz,
OCF,H),3.95(2H,d,J =6.96 Hz,0CH,CH) ,1. 30
(1H,m,CH(CH,),),0.67(2H,m,CH(CH,),),
0.38(2H,m,CH(CH,),)
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(23.5 mL) %W, 5L 0.5 h IAZK 150 mL, 4
U8, B DU AR A R B S ORI K 3, Bt T
Jafs B A A AR (6,22.9 ¢,95% ) (SRR
92%);mp: 114 ~ 116 C;'H NMR ( CDCL, , 300
MHz) §:7.73 (1H,dd,J =1.83 Hz and J =8.43
Hz,Ar-H),7.68 (1H,d,J =1.80 Hz,Ar-H) ,7.24
(1H,d,J =8.22 Hz,Ar-H) ,6.75(1H,t,J =74.8
Hz,0CF,H),3.95(2H,d,J =6.93 Hz,OCH,CH) ,
1.30 ( IH, m, CH (CH, ), ), 0.69 (2H, m,
CH(CH,),),0.38 (2H, m, CH (CH, ), ) ; ESI-MS
m/z:257.0[ M -1]
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HL A, A PR B A E R (1) (47.6 ¢,66% ) smp:
160 ~ 161 C ( 3 #k Y & 75% , mp: 157 ~
157.5 °C);'H NMR ( CDCl,, 300 MHz) §: 8.55
(2H,s, CCICHN),7.83 (1H, br. s, CONHC) ,7.58
(IH,m,Ar-H) ,7.47(1H, m,Ar-H) ,7.27(1H,m,
Ar-H),6.74 (1H,t, J = 74.8 Hz, OCF,H), 3.95
(2H,d,J =6.96 Hz, OCH,CH), 1.31 (1H, m,
CH(CH,),),0.68(2H,m,CH(CH,),),0.37(2H,
m,CH(CH,),) ; ESI-MS m/z:403. 1I[M +H] ",

3-(BRAAT A A)-N-(3,5-= R wbre-1-A4-
E)4-(ZRFAE) RFBEE(2) WKWl
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B4, 2k AT (i ( AU P e - FH e, 80: 1) 75 1
B R (2) (39.6 g,90% ); mp: 179 ~ 180 °C;
'"H NMR (acetone-d, ,300 MHz) §:9.59 (1H,br. s,
CONHC) ,8.41(2H,s,CCICHN),7.75(1H, s, Ar-
H),7.70(1H,m,Ar-H) ,7.35(1H,m, Ar-H) ,7. 06
(1H,t,J=75.0 Hz,0CF,H) ,4.03(2H,d,J =10.2
Hz,0CH,CH), 1.33 (1H, m, CH (CH, ), ), 0. 63
(2H,m,CH(CH,),),0.43(2H, m,CH(CH, ), ) ;
ESI-MS m/z:419. 1[M+H] ",
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Table 1 XRPD results of crystal forms I and II of roflumilast N-oxide

AT 11 (20) R ] (d) ANTR], 2 B4 PR AN )
iR, e REE IR 1,

Crystal form 1

Crystal form II

No. Angle d value Intensity Intensity/ % Angle d value Intensity Intensity/ %

1 5.914 14.933 1 484 100 5.137 17. 190 5824 100

2 6.942 12.724 390 26.3 5.420 16.292 358 6.1
3 11. 809 7. 488 160 10. 8 10. 224 8. 654 1484 25.5
4 13.415 6.595 627 42.3 12.791 6.915 118 2.0
5 13.923 6. 355 304 20.5 13.217 6. 694 446 7.7
6 17.774 4. 986 457 30.8 15.417 5.743 160 2.7
7 18. 705 4.740 182 12.3 15.961 5.548 77.1 1.3
8 19.329 4.588 139 9.4 17.452 5.077 101 1.7
9 21.569 4.177 328 22.1 19. 361 4.581 173 3.0
10 23.053 3.855 323 21.8 20. 538 4.321 169 2.9
11 23.489 3.784 108 7.3 21.473 4.135 577 9.9
12 24.387 3. 647 417 28.1 22.051 4.028 371 6.4
13 25.035 3.554 483 32.6 23.201 3. 831 232 4.0
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IR spectra of crystal forms 1 and II of roflumilast N-oxide
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Figure 3  X-ray structure of crystal form II of roflumilast N-oxide
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