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Preparation of Finasteride via Oxidative Elimination of
2-lododihydrofinasteride by Using Peroxydisulfates as

Oxidizing Agents
Cao, Chunyu” Shu, Zhijian”
Zheng, Liangbin” Xu, Xinhua**
(“ College of Chemistry and Chemical Engineering, Hunan University, Changsha 410082)
(* Limited Liability Company of Yu Xin Phamacy, Shaoyang 422000)

Mao, Jichuan® Shen, Yuliang”

Abstract The influence of various bases and oxidizing agents to the oxidation elimination of 2-iododihydrofinasteride (2a)
was explored, and the results showed that K,S,Og is the best oxidizing agent. The influences of solvents, amount of K,S,Og,
temperature and reaction time on the oxidation elimination were also investigated, and the optimal conditions were obtained as
follow: tetrahydrofuran (THF), 10 h, room temperature, ng,s,04 + #22=2 - 1. Finasteride 3a was obtained in the yield of 96.3%
with the purity of 99.6%, when the reaction was performed under optimal conditions. The optimal conditions are also suitable
for the oxidation elimination of 2-iodo-3-oxo-4-aza-5a-androstane-17f-carboxylic acid (2b) and 2-iodo-3-oxo0-4-aza-5a-
androstane-17f-carboxylate (2¢), for giving the desired products in good yield and high purity. Other advantages include mild

conditions, excellent yields, high purity and friendly to environment.
Keywords finasteride; peroxydisulfate; oxidation elimination; 2-iododihydrofinasteride
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M 2,3- - 5-4,5- 5 JE-1,4- KB (DDQ) A AL it 2 il
#e AR AN () 53— P 2 5 ik i A B
5t XK BURE BSTFA RFIVE N SR RE, B8 T %
LT AR AERE, AT 2 B bR 0 SRR P SRR
DRI, X AR TS e T 4 ot o 6 AR TR I e (1 7 VAN
FAF b A A = a2 i 05 A2 ) 45 AR B0 I e 1 S — b
BRI, B O AR R ek A Rk Ak, m i
TERUE AR AR B R 51N 5 88 5 3 P (an i R 7 s 2
SRR IE), 24k 7E SR AR (R T i sk DBUM)
FAF, @ bR s NAF B AR . (H1Z% % B 75 BEAE 5
Bl E S5 R AT, SOSIEYIAN B AR 2 Rk A e
FER o8, I3 B BB =238 . 76 TCAUIAT AL
N, DA GRS R el A R AU A A R PO
AT, JE I ST B 1 1 ) % S TS et A ) %
AR () 5 — R B B k. 1%V E A PR R . A
A, I ES AR RN B, HSEE, A
AT DA =, RIS R ST 65 CHY
Bo RENR, (B RAMGEAEEREPAE — E 7R
B Jasic ZEPVPHRGE T I AR XU AR e B 5N E
TR IS, KT 7E R R R R N, 48 4 25 OB R
MR J7 5. SITERPODPIRE AR, R RT %], A
W T Tk A A

gE LTI, H AHRE (1 ) & AR AR L () 5 TR
JERL B a5 o RN ARAE R GRS e
FEVIFE RN A S AR E AN S (EEAAEE 1 Fosi=
Folr 2 J50). 1 I Bt = S e e e 24 1 0 P SR AN v,
H T8 P ) 2% =l 0 A 1 7 v 0 AR B R [A
SR MRS AEA RAKEE, P2 R AL
59 e (0 7 v R ) 4 AR IR I Fee B FLSRAUY, AN ik — D
| HAE R SR IR

H H c

B AR ] o A ) Ao
Figure 1 Impurities through the synthesis of finasteride
F 0T 7 AR T R s B AR v I K )k
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T, EES AR A C. SR R AT O i,
T B A E A T R AT bR, AT ARSI C
FIAE R, TR, 2- R0 S A 00 e f 1) A e 5 SO0 I A e
&2 SR, 0 4G g TR S A3 B e A ) 2-TRXY
SARTR I, DRI T8 T AR A AR AR

A TAR LS B E R AL, I 2-OR SR
TR I S AT e B 1) 5 v 0 55 () AR TR e . 1% 751 [ B
AT 2--3-54R-4- 5 44 -50- 1 55 -175-F ER (2b) AT 2-
- 3-S5 AR -4 4= -Sa- 1 £ - 178- H R H i (2¢) ) S50 T
BRI, e R T 3-A -4 R A -So- T S -1- 4
-17B-H R (3b) A 3-S5 AR -4- 8 A2 -So- 1 {55 - 1-Ji-17 8- R
PTG (3c), Ji A i At A iz 1) o gt b P Ak . A 5 v
AR AR fie B AU ) 2 B T — R =)
HAE.

1 HR5R

FRYESCHR[231 LB R T 2-BOUE AR AR i i (2a)
2-fll-3- 5 AR-4- B A4 -50- T (55 - 17 8- ER (2b) AT 2-if-3-54
- 4-F0%-5a-HE S -174-F R H lig(2¢). il #2455 Bl
EMTHIITERR] T m sl 2-BUR(Eq. 1).

TMSCI, I,

B ———

(CH3CHa)3N

(0]

N”&
HH

N2
HH 1 2
1a: R = NHC(CH,); HEERTE HENTER
1b:R = OH 20 06% oo

‘R =O0OM . (] (]
1c:R =OMe 2¢: 94% 97%

2%, LA THF NV, DL 2-BOUE AR AR e 1 S A
TR R RLAE AR 2 B, 25 AN [R B i AL A4 711 B BB
RS PSANA A R e

1 AT, HPDEUK. EERR. R, A
HR. i LR 0L S = SRR AR, OB
RIJEAK(Entries 1~6). 1M LA ZHREREN . i “HRER#
VENEATINS, ARSI T AT, SRIEGE &~
K (Entries 7, 8). 24 2-FXUE IR A HERZ 1 SE AT BRI N
TESRBE A T AT, P~ 235 5K (Entries 10~12). &
BUR RUNTESRIRIE 25T, IR B b5 =935 kA —
FEEERI oM. 24 DL BRIRAME N AR, RNAE =R
THHT 10 h, P2REE 96%, gkERIEK N A]E 15 h,
SONEFERE AR, R, SRR R R N i A
A7, RBZES A4 10 h.

DL R R N EEAL T, DA 2- XS AR IS i 4
HIH R S AR R Js I, 28 2 751 S v i B T
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s, 45 IE 2.
1 AR B TR SRR ¢

Table 1 Influence of various base, oxidizing agents and reaction
time on the reaction

Entry Base or Oxidizing agent ~ Time/h  Yield®/% of 3a
1 H,0, 6 31
2 HCIO, 6 7.0
3 HIO, 6 6.5
4 HCOOOH 6 32
5 CH;COOOH 6 43
6 CF;COOOH 6 51
7 Na,S,04 6 86
8 K,S,05 6 95
9 (NH,4),S,05 6 67
10 NaOH 6 28
11 ‘BuOK 6 78
12 EtONa 6 54

13 K,S,04 10 98
14 K,S,05 15 98

“Reaction conditions: 2-iododihydrofinasteride (2.0 mmol), base or oxidizing
agents (6.0 mmol), THF (10 mL), r.t.. ® Isolated yields (column chromatog-
raphy).

K2 A R R R RS ¢

Table 2 Influence of solvents and temperature on the reaction

Entry  Solvent Temp./C Yield”/% of 3a
1 DMF 25 92
2 THF 25 97
3 DMSO 25 98
4 Toluene 25 18
5 CH,Cl, 25 23
6 THF 0 76
7° THF 0 81

¢ Reaction conditions: 2-iododihydrofinasteride (2.0 mmol), K,S,0s5 (6.0
mmol), solvent (10 mL); ® Isolated yields (column chromatography). ¢ Reac-
tion time: 15 h.

R 2 vl A1, ML NN-—H I HELZ(DMF). —H
FPA(DMSO). THF 1E RGN, VAR iR T Hm]
DL RGHAT, WSS EERIFZ2. T DMF 1 DMSO
T, RNV EAME AR 25, RIiE#E THF 1E R R
MBI, S MNAE 0 C RHHTH, REIEK RN
BFEZ 15 h, RBIF=HR A 81%, FIHIER: = RAE N
W7 P A U

e, DAt TR N E AR, DL THF /BN R B
A, LA 2-WOSUE TR 0 A e 1 AL 9 B s LA A R e
N, S NAE IR RHET 10 h, % - S AR HERE 5
AT R B2 2 Lo OB 5o, 45 50 LR 3.

H3 3 AT, 24 2-AIOOUE AR AR i i 5 ik — B R B 11
VIR IR N 1.0 B, B R S EI S 15 h, &
RLHGRAF 73% 1075, WA S AR R N, R
AHRLEE N, it —RFRE =34 2.0 equiv. i, SRR
ik 96%. Ak B, RN R E A AR,
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PRI aE - 2-B0U S A R M 5 28 A 7R ) P it ) 2 L
N 2.0 fENEREEBCRLEL.
3 2- MU ARA A 5 ST X SN R

Table 3 Influence of the amount of 2-iododihydrofinasteride
and K,S,05 on the reaction

Entry  72.i0dodihydrofinasteride 11K,3,04 Yield of 3a%/%
1 2.0 2.0 68
2¢ 2.0 2.0 73
3 2.0 3.0 94
4 2.0 4.0 98
5 2.0 5.0 98

© 2017 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 2-iododihydrofinasteride (2.0 mmol), K,S,0s, THF (10
mL), r.t., 10 h; *Isolated yields (column chromatography). ¢ Reaction time: 15
h.

TSRS R AR b, BT 2-i-3-A -4
e -5a-HE &5 -176-H B2 (2b) 1 2-Ft-3- S A8 -4- B I8 -5a- 1
$-178-H 2 H R (2¢) ) AL W B R BLTE DL(Eq. 2). HH Eq.
2 TR, IR SLARAEXT 17 A 2 8 5 R i ik 1) AR S I
AN ELAT AR R R, BT e S 3R AT 1 A N (1)
Hbrr=4.

R
K2S,0g (2.0 equiv.)

_—_—  »

THF, r.t, 10 h
07 N2

HH

2a: R = NHC(CHa);

2b: R = OH

2¢: R = OMe O

@

N72
° HH 3
B R HE R
3a: 96% 98%
3b: 95% 98%
3c: 94% 96%

AR B SRR 0, Bt 2- AR A B
et ) 5 AT 0 T RS A0 Scheme 1.

¥, RS T, 2- U A R
BARIL R, TR 368, (7 C—1
UL, ARSI MO AT, 967 A B
7.

2 #ig

HRIRE TS 5 T BRI B RN 1 £l IS e
[ (3a) i 51, %53 FREE T T R BRI i A 11 |
%, SNSRI i PR A4 (3a~3e, 94%~96%).
N EA RS E O B 100 C UL EAr#) . &
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PERAHRAT . FABEASE 77w > B A SR
SURE AL L, D ARARHERG S H R v L vl
FEd IR0t T — AR5, LRI AR 2 S
KR EF|P,

B 1 AL BRSO AT e
Scheme 1 Proposal mechanism of the oxidation elimination
reaction

3 X
3.1 UHFES5HF

'HNMR 5 “C NMR(LL CDCl; 8 DMSO-d {7,
TMS N FR)H INOVA-400 B RZRESLIROGI 52, i i
MAT 95 XP & 40 H B3 400 52, o RO A il
(HPLC)H Agilent 1100 B i &4 AH (i G e, Atk
AR T4, B DMF. THF. CH,Cl,. HZE.
DMSO ¥y 7. B FHEALBE U NaOH. EtONa.
‘BuONa, AN UIXEIK S g e PR
AR SE =M. o SRR o R
i TR AR, R AR,

32 EWHE
3.2.1 2-sRALA el Hl &

AT, MEAHES 20.0 mmol A= Zf#%(9.3
mL)FEESY N 100 mL T4 Gk, B RN IE
AWIRERE—15 °C, HiE 15 min. 7RSS
JG, BARYT, AURPRAR RN 5.6 mL = H A
WEgE. WNsERUE, gkEEE—15 "C R 30 min. 4R
J&, B E ETHR—5~0 C, &% 30 min 43 % K H R
PRI 5.6 g BT, 4RSRIN 4 h. M ERE,
F 50 mL 20%¥] NaS,0; ¥R A K B, FFH 10 mL —
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AR GERERUKAE, GHANAE, A 15 mL BH2K, %
BRI BRI RIRRL N 20 mL. =il N, Z085m
50 mL Ak, IR FHEE 2 h, ik an R, ik
3477, 4 THF/H,0 B 45515 3 Hbrr=4.

8 F HPLC X /= St AT 4l B b, o d iy i
BNV 0V swt V mowm=280: 10 : 10, HE N 1.5
mL/min.

2-T A AR AR TR (22)2): 9.6 g, 4lJEN 99.7%, 7°
N 96%. m.p. 230~232 C (Lit.** 230~232 C); 'H
NMR (400 MHz, CDCL3) 8: 0.68 (s, 3H), 6.02 (s, 1H), 5.09
(s, 1H), 4.80~4.75 (m, 1H), 3.20~3.16 (m, 1H), 2.59~
2.56 (m, 1H), 2.18~1.92 (m, 4H), 1.78~1.60 (m, 8H),
1.35 (s, 9H), 1.26~1.21 (m, 2H), 1.10~0.98 (m, 2H),
0.88 (s, 3H), 0.85~0.81 (m, 1H); *C NMR (100 MHz,
CDCly) o: 171.645, 168.871, 60.892, 57.495, 55.503,
51.130, 50.825, 48.909, 43.797, 43.797, 39.452, 38.353,
34.746, 29.367, 29.044, 26.978, 24.280, 23.234, 21.114,
18.352, 13.200, 11.062; MS (EI) m/z (%): 500 (M*, 52),
374 (100), 317 (13), 274 (31), 58 (44).

2-Hll-3- S AR -4- 5 28-S0 T 55 -176- FF R (2b)*Y: 8.37
g, FEERA 94%, AN 99.5%. mp. 222~223 C
(Lit.?* 223~224 °C); '"H NMR (400 MHz, DMSO-dy) o:
11.91 (s, 1H), 7.73 (s, 1H), 4.80 (s, 4H), 3.07~3.04 (m,
1H), 2.27~2.23 (m, 1H), 1.99~1.91 (m, 3H), 1.58~1.04
(m, 14H), 0.75 (s, 3H), 0.60~0.58 (m, 3H); *C NMR
(100 MHz, DMSO-dg) 6: 175.18, 167.81, 60.49, 55.15,
54.98, 50.50, 48.81, 43.77, 39.26, 38.10, 34.80, 29.49,
26.42, 24.44, 23.65, 22.13, 21.01, 13.74, 11.12; MS (EI)
miz (%): 445 (M", 16), 318 (100), 304 (24), 289 (31), 272
(16), 247 (23), 232 (16), 173 (14), 147 (30), 128 (56), 91
(33), 56 (58).

2-Fll-3- S AR -4-F 44 - S {55 -17 8- FF R i (20) Y
8.55 g, FERN 94%, 4ifEN 99.3%. m.p. 236~238 C
(Lit.?* 235~238 ‘C); 'H NMR (400 MHz, CDCLy) o:
6.54 (s, 1H), 4.77 (t, J=9.4 Hz, 1H), 3.18 (d, J=8.0 Hz,
1H), 2.60~2.57 (m, 1H), 2.38~2.33 (m, 1H), 2.15~2.02
(m, 3H), 1.87~1.21 (m, 10H), 1.15~0.97 (m, 2H), 0.88
(s, 3H), 0.65~0.63 (m, 3H); *C NMR (100 MHz, CDCl5)
5:174.35, 169.07, 60.86, 55.18, 55.08, 51.35, 50.76, 48.88,
44.13, 39.39, 37.95, 34.84, 29.38, 26.84, 24.34, 23.53,
20.97, 18.56, 13.59, 11.07; MS (EI) m/z (%): 459 (M", 14),
400 (5), 332 (100), 318 (17), 303 (29), 272 (16), 247 (23),
232 (15), 201 (24), 147 (18), 128 (34), 110 (26), 93 (30),
56 (65).
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3.2.2 2-zhAA N R Bk

7 250 mL RS, A THF (50 mL)A1 2-
WAL )(10.0 mmol), = N HEHEAEJFRL 8 AR, 7R
97 VR A P SRR NS 20.0 mmol 3 AR R A T AT 7K
WL WINsER S, EiR NRSIRN 10 h, RN FRE,
] SN I 28 17K 300 mL(XF T 3b AL FE 75 g
2.0 mol/L ORI L% pH E N 2), =IEMFE 1 h, Hhiik
1377 .

R ERE3a)' ) 3.57 g, F2ER 96%, ZliFEHN 99.6%.
m.p. 252~254 C (Lit."" 257~259 “C); "H NMR (400
MHz, CDCly) &: 6.797 (d, J=10.0 Hz, 1H), 5.814 (d, J=
7.6 Hz, 1H), 5.568 (s, 1H), 5.090 (s, 1H), 3.363~3.293
(m, 1H), 2.162 (t, J=4.8 Hz, 1H), 2.030~1.963 (m, 1H),
1.777~1.733 (m, 2H), 1.702~1.449 (m, 8H), 1.353 (s,
9H), 1.293~1.255 (m, 4H), 0.975 (s, 3H), 0.698 (s, 3H);
BC NMR (100 MHz, CDCly) o6: 171.622, 166.477,
150.877, 123.026, 59.683, 57.487, 55.654, 51.125, 47.598,
43.946, 38.452, 35.331, 29.441, 29.055, 26.016, 23.258,
21.269, 13.294, 12.015; MS (El) m/z (%): 372 (M", 100),
357 (42), 317 (20), 272 (48), 58 (44).

3-SR -4- A -5a-HE K -1-0-178- R 3b) ) 3.01
g, FEER 95%, AN 99.8%. 'H NMR (400 MHz,
DMSO-ds) d: 11.95 (s, 1H), 7.42 (s, 1H), 6.82 (d, J=10.0
Hz, 1H), 5.62 (d, J=10.0 Hz, 1H), 3.18 (d, J=12.0 Hz,
1H), 2.29~2.27 (m, 1H), 2.00~1.94 (m, 2H), 1.71~1.60
(m, 5H), 1.42~1.14 (m, 6H), 1.00~0.97 (m, 2H), 0.86 (s,
3H), 0.64~0.61 (m, 3H); *C NMR (100 MHz, DMSO-d;)
5 175.16, 165.64, 150.92, 123.59, 59.55, 55.23, 54.92,
47.50, 43.89, 39.07, 38.16, 35.35, 29.53, 25.49, 24.39,
23.65, 21.04, 13.83, 12.33; MS (EI) m/z (%): 317 (M",
100), 299 (35), 274 (15), 256 (13), 221 (9), 176 (6), 147
(13), 136 (20), 123 (24), 110 (93), 79 (37), 77 (24), 56
(50).

3-SR -4-F A4 -5 o S -1-05-17 - 1 R F G (3 )20
311 g, F7E 94%, 4liE 4 99.7%. '"H NMR (400 MHz,
CDCly) 6: 6.80 (d, J=10.0 Hz, 1H), 5.92 (s, 1H), 5.81 (d,
J=10.0 Hz, 1H), 3.68 (s, 3H), 3.35~3.33 (m, 1H), 2.39~
2.35 (m, 1H), 2.18~2.04 (m, 2H), 1.85~1.61 (m, 7H),
1.43~1.02 (m, 7H), 0.97 (s, 3H), 0.68~0.64 (m, 3H); '°C
NMR (100 MHz, CDCly) &: 17435, 166.66, 151.00,
122.98, 59.65, 55.33, 55.09, 51.35, 47.56, 44.28, 39.43,
38.05, 35.43, 29.45, 25.94, 2434, 23.57, 21.13, 13.68,
12.02; MS (EI) m/z (%): 330 (M, 53), 400 (5), 298 (42),
242 (7), 210 (20), 141 (10), 125 (100), 89 (15), 77 (13), 70
(6).
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i Bh#1 L (Supporting Information) FTA 1 [ 1A F1 H
FRF=H01 "TH NMR A1 °C NMR i . i skl al b4
& A F) W3 (http://sioc-journal.cn/)_E T %K.
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