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Abstract ; Avanafil ,as an effective drug for the treatment of erectile dysfunction,has been approved for production in China, but
there is no specific method for evaluation in domestic and foreign pharmacopoeia.According to the original research route of avana-
fil, four kinds of process impurities (Imp-A,Imp-B,Imp-C,Imp-D) were studied.The structures of impurities were analyzed by ul-
tra-high performance liquid chromatography ( UPLC) ,liquid chromatography-mass spectrophotometry ( LC-MS) , nuclear magnetic
resonance ( NMR) ,elemental analysis (EA) and other means, and the source of the impurities were inferred combined with the
synthetic route.The corresponding four kinds of impurities were prepared by means of organic synthesis, which verified the correct-
ness of the reasoning.This study provides a strong support for the subsequent establishment of evaluation and quality control for
avanafil.
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Fig.1 Synthetic route of avanafil

SEIAE (31HEAE) ,%: C 55.07(55.03) ; H 5. 40
(5.39); C1 9.00(9.02); N 14.22 (14.26); O
16.31(16.29) ., 'HNMR(DMSO-d, ,400 MHz) ,3:
8.68(s,1H);8.45(d, 1H,J=4.0 Hz);7.41(d,
1H,J=4.0 Hz);7.29(dd, 1H, J=4.0,8.0 Hz) ;
7.08(d, 1H,J=8.0 Hz);4.57(d,2H, J=6.1
Hz) ;4. 18~4.00(m, 1H);3.81(s,3H) ;3. 61 (m,
1H);3.46 (m, 2H); 1.92 (m, 4H). “CNMR
(DMSO-d, , 100 MHz) ,5.168.79,161. 52,160. 31,
153.86,133.57,129.79,129.52,128.05,121. 15,
113. 12, 95.84, 61.99, 61.30, 59.64, 59.50,
42.67,27.89,23. 13,
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.23 (S)-2-(2-( ¥ H 3L ) nik n& be-1-3E ) -4-
((A-F SR HE R I ) S B ) -N- (G -2 FP k) e
WE-5-FRIERE (Imp-B) & A%,

BT ERIBAE & B 42 (B 1) iy 3-58-4-H
AT AR FR H (SM3) e Al 4- 4806 S e 16 iR
£ HARP IR RN SRR AR | e 2l AR
F| Imp-B, Imp-B: 3% & @yl 4k ¥, o6 K 70 #r,
Cy,H,,N,0,, S M & (3 5 fH),%:. C 61.50
(61.46); H 6.07 (6.05); N 21.80 (21.81); O
10. 63(10. 68) , "HNMR( DMSO-d, ,400 MHz) ,5:
9.10(m,1H);8.75(d,2H,J=4.0 Hz) ;8. 54 (s,
1H);7.37(t,1H,J=4.0 Hz);7.26 (d,2H, J =
8.0 Hz) ;6.87(d,2H,J=8.0 Hz);4.58(d,2H,
J=4.0 Hz);4.51(d,2H, J=4.0 Hz);4.13 (s,
1H) ;3.72(s,3H);3.65(m,1H);3.51 (m,2H) ;
2.04~1.79 (m, 4H), "CNMR ( DMSO-d,, 100
MHz ), 8. 167.94, 161.31, 161.17, 160.39,
158.74,157.73,132.15,129. 45, 120. 13, 114. 22,
98. 63,62.61,59.46,55.43 47.71,45.35,43. 16,
28.06,23.23,
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1.2.4.2 LG Imp-C BYE K

B AR A 0.7 g(2.07 mmol) Imp-C-
M4 5 mL 5L, AR R M, A 0.6 g(3.13
mmol) EDCI, 0.42 g (3.11 mmol) HOBt,0.63 ¢
(6.2 mmol) TEA ¥#5 )5 , A 0.4 g(2.75 mmol )
SM5, % 10 h, TLC(V(DCM) :V(MeOH)= 8:
1) Wi, KR AR . RN UPLC Kl
SRS 25% , G ad R AR AR bR AW bl ),
1o P R A8 3 Ao B A5 B 4l (R A C18 spheri-
cal 20 ~ 35 pum 100A 354, W3 AH A B 20
mmol/L HER%E: , I FRH 2 pH(5. 00+0.02) , ¥ii
M B N ), 15 200 mg A [E 44, Imp-C;
m. p.159~160 °C, JTZE 54T, C,yH,, CIN,O,S, 5
WA (8 MH),%: C 52.92(52.96); H 4.46

(4.44);C18.20(8.23);N 19.52(19.50);0 7.42
(7.43);S 7.48(7.44), '"HNMR ( DMSO-d, , 400
MHz) ,8:9.26(t,1H,J=4.0 Hz) ;9. 18(t,1H,J=
4.0 Hz);8.76(d,2H,J=8.0 Hz);8.62(s,1H);
7.38(m,2H);7.27(dd, 1H, J=2.4,4.0 Hz);
7.08(d,1H,J=8.0 Hz);4.63(d,2H,J=5.8
Hz) ;4.57(d,2H,J=5.9 Hz);3.82(s,3H);2.45
(s, 3H), “CNMR ( DMSO-d,, 100 MHz), §:
173.43,167.42,166.95,159. 84, 157.85,155. 15,
153.98,132.93,129. 64, 128.02,121. 20, 120. 30,
113.21,104. 64,56. 52 ,45.45,42.90,14. 02,
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20~25 C N 4~6 h, H4 SO0 i 9212 i fin 31 25 18
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BRI R Y TR 22 0 D A& 2005 20% .,
PR b R il &5 AR L 2lifk, R ] Bonna-Agela
CHEETAH T ( K iy) H He il 2 A 3 4%, C18
spherical 20 ~35 wm 100A 3% WaAH A R
20 mmol/L HIIR%E , B2 1H %2 pH(5. 00+0. 02) ,
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T60/50 : 50, T110/10 : 90, T120/10 : 90, ¥i i Ky
30 mL/min , f5IEK PRHFTE 254 nm, HZ R C
BRI i i 5 mL 26 A BT T, AR A%
10 mL PTES88E A Ik Y b K 2 5T D )
rh R BRI Ak, 251, 15 3] 200 mg IR 1E
@EA, Imp-D:m.p. 111 ~ 113 °C., TCZE4H#T,
Cy H,sCLN, O, S (T3 1H) ,%: C 57.38
(57.34) ;H 5.31(5.28) ;C1 8.21(8.26) ;N 17.90
(17.94);0 11.20(11.18) ., "HNMR ( DMSO-d,,
400 MHz) ,8:9.17 (t,1H,J=8.0 Hz);8.76 (t,
3H,J=8.0 Hz) ;8.56(s,1H) ;8.47(m,2H) ;7. 42
(m,2H);7.28(d,2H,J=4.0 Hz) ;7.15(m,5H) ;
4.55(m,6H);4.34(s,2H);3.81(s,6H);3.50
(m,8H);1.94(m,8H), "CNMR ( DMSO-d, , 100
MHz) , 6: 167. 86, 167.72, 166. 56, 165. 71, 161. 14,
160. 98, 160. 60, 160. 52, 160. 24, 157. 75, 153. 85,
133.64,129. 80, 129. 54, 129. 18, 128. 06, 127. 52,
121. 20, 120. 17, 120. 06, 113. 06, 95.23, 95.06,
63.50,61.90,61.22,59.61,59.40,56.47,47. 83,
47.71,45.34,42.68,28.37,27.93,23.25,22. 94,
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Fig.6 [Fragment cleavage pathways of Imp-A and Imp-B
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H— 2k m/z 322 m/z 289 .m/z 168.2 Fl
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2.3 JRJEAYE RIIE
MRAGART MS/MS 35 18] LAz Bl AR I 9 75



55 45 £45 3 W)

PSR BT HRAR &  ( T228 B 165

BUBE LR HEWTIT T 4 Fho B 454 I Hor st
B G RE I Y 2 B, 4% RS A B HR A A ]
WA A ,{D]Mﬂaﬁ Imp-A [ Imp-B | Imp-C | Imp-D 4l 5
RO HH W BsF (6] 43591 4 4. 28 5. 02 6. 00, 7. 84 min, 4
T2 i 2o ot 1 Ut ] -5 BT RIS A v 2 o ) 3 g
R[] —— X 07, 7T LA Ry ) 24 S5 gl o R IR
G TR 2 i (B 4 B 8) ., thAh, il
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Fig.8 Liquid phase diagram of four synthesized

impurities
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