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Study on the Process of Ring-opening Fluorination of Betamethasone Epoxide

CHU Dingjun, XIE Xiaoqiang*(Aurisco Pharmaceutical Co., Ltd., Taizhou 317200, China)

ABSTRACT: OBJECTIVE To improve the key step of ring-opening fluorination in the preparation of betamethasone, to
resolve the shortcomings of the traditional fluorination agent, which will produce large amount of waste liquid. METHODS
Screening different fluorination agents, and the optimal conditions for ring-opening fluorination were achieved by investigating
reaction solvent, temperature, concentration of HF, and so on. RESULTS The HF-[Bmim]OTf complex was chosen as
favorable fluorination agents, the optimal ring-opening fluorination of betamethasone epoxide was obtained. The solvent toluene
and ionic liquid [Bmim]OTf could be recycled in this process, which dramatically reduced the production cost and the amount of
polluted fluorine-containing waste water. CONCLUSION The process has the potential for the industrial production of

betamethasone.

KEYWORDS: betamethasone epoxide; HF; [Bmim]OTTf; ring-opening fluorination
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([Bmim]OTh)5 HF AR &Y HA BAAEMHA
RO, PG 53] T A5 K FA R E ) FF 38
AR5, B Tl e A 7= mi Jg .

1 LIy

1.1 SRR

X-4 AU B A (A B AR R 2
7)), IR R IE, '"H-NMR |, *C-NMR ., "’F-NMR
i Zhongke-Niujin WNMR-1-400MHz #% % 4% 1%
RO AR SR AR FRA FDIIE o WA (5%
AYMTE 2 HEAS 1200 BUWRAR G REA, A5 ML
WEREHU(TLC, M8 & T RER)BRES , 254 nm 4%
HNTREN o S 20 N, PE S, wEH PR
HF SRS R A PR E 34 0 Tl i, HeAth3d
el s b 4l .

1.2 B TR Bmim]OTE i &1

$4[Bmim]Br il A £S5 EE /R f NaOH 1) LB
Wb, BERE 3 h, g, CEERRG, WUERRZE O
5 B8 5 A A [Bmim]OH » BU& ¥ 4, /K [Bmim]
OH B T, IMAEEMN LB, Hidt, ik
YRR <17 2 B R B = SR P e R, SR R
P 3 h, KIBER L R, 19305 TR AR [Bmim]OTL,

[Bmim]OTT, % A 4. 'TH-NMR (500 MHz,
CDCls) : 8.61 (s, 1H), 7.43 (s, 1H), 7.38 (s, 1H),
4.14 (t, J=7.3 Hz, 2H), 3.83 (s, 3H), 1.80~1.88 (m,
2H), 1.31~1.43 (m, 2H), 0.91 (t, J=7.3 Hz, 3H).
1.3 fE KA E ) I F AL S

B KA A A, 2.0 g, 5.38 mmol)
BTROET, A 10mL FAEd, BF-25~
=30 'C FHEHE, fmA HF /K% ¥ 1 [Bmim]OTf
(1.0 eq), TEMCIRETHFER Y . TLC(HH: FH
FE=5 : 1) JFRNE G , K R BB A VKK
H, AT AR, SRS B AR AL,
PR B 2 R A B AR AN 2, BBV TORR,
IKIZWEZZIK, R B, W ER
EH.

FEfBRAL 2, AR, mp. 243~245 “C(CCHA
244~245 °C), [a]b+121.8°. 'H-NMR (400 MHz,
DMSO-ds) 8: 0.96 (s, 3H), 1.02 (d, J=7.2 Hz, 3H),
1.30~1.34 (m, 1H), 1.36~1.44 (m, 1H), 1.49 (s,
3H), 1.80~1.99 (m, 3H), 2.04~2.10 (m, 2H), 2.30~
2.45 (m, 2H), 2.58~2.67 (m, 1H), 4.10~4.16(m,
2H), 4.34 (dd, J,=19.6 Hz, J,=5.6 Hz, 1H), 4.45~
480 (m, 1H), 5.11(s, 1H), 5.21~5.23 (m, 1H),
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6.00 (s, 1H), 6.20 (dd, Ji=10.0 Hz, J,=2.0 Hz,
1H), 7.27 (d, J=10.0 Hz, 1H). >*C-NMR (100 MHz,
DMSO-ds) 8: 17.1, 19.9, 22.9 (d, J=5.6 Hz), 27.6,
30.4, 33.2(d, J=19.3 Hz), 34.6, 36.3, 42.9, 46.8,
47.9 (d, J=22.6 Hz), 48.0, 67.8, 70.6 (d, J=36.5 Hz),
87.8, 102.1 (d, J=174.3 Hz), 124.2, 129.0, 152.9,
167.0, 167.1, 185.3, 212.3, "YF-NMR (376 MHz,
DMSO-dys) 8: —165.2,
2 HR5HL
2.1 AR R ISR

FEXHE ORI AN 1 T ERGRAE S D ]
1, LA 70%HF K BAE R #m AL, 535 LLIEBE (Py) |
DU T AL (BuNF) . = ZHE(NEt;) . — ALl
ZB#(BFyOEL) ., FIIfR(HBF4). [Bmim]OTf 254
AT, ST AR, AR 1.

OH OH

(6]
((\Yj@*
o H ALV

1 2
El1 KA E A 0 I3 A &
1-FE R AR E D 5 25 fORAR .
Fig.1 Ring-opening fluorination of betamethasone epoxide
1-betamethasone epoxide; 2—betamethasone.
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Tab.1 Screen of fluorination reagents

il AT AL R B [l /h A%
1 HF-Bu;NF 48 0
2 HF-Py 15 0
3 HF-NEt; 12 0
4 HF-BF;OEt, 3 68
5 HF-HBF,? 9 10
6 HF-[Bmim]OTf 2 82

e DR B2.0 g AEW 1T 10mL —EHked, 25 CTF
SAANA 5.0 eq HEALTFIAT 70%HF K# ; 2 40% HBF, KIFH .

Note: YReaction conditions: 2.0 g of epoxide 1 was dissolved in 10 mL
CH,Cl,, and 5.0 eq of HF-catalyst system was added at —25 'C; 2 40%
HBF, aqueous solution.

ZER R, AIRME AR R X A R N 5
B 5B, Hirh Py, BusNF. NEt; 280814k 2 A F)
FHAFAC L L E s R BF3;-OEt il
[Bmim]OTf & R A H| FHACS Y, Horf HF-[Bmim]
OTf R R = ik 5 82%.,

2.2 BT
SRR R, fE LR NIRRT, RR
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Tab. 2 Effect of solvent on the reaction

5 sl SN ] /b =
1 IR 122 65
2 iiES 0.3 82
3 i B 0.5 78
4 LB 127 8
5 T 8 0
6 ik 8 0

T DERBAAF: MDA 10 mL &5, -40 CHiFE, A
[Bmim]OTf (1.0 eq)fl 70% HF /KW, HBIGMA 2.0 g HEY 1,
~25~-30 ‘CJX B ; VR 6 h FE-20~-30 ‘C F I, J§ 6 h7E 15 CF
Note: VReaction conditions: 10 mL solvent was added into polyethylene
bottle and stirred at about —40 C, [Bmim]OTf(1.0 eq), 70% HF aqueous
solution and 2.0 g epoxide 1 was introduced in turn. Stir the reaction
between —30 C and —25 ‘C; PReaction at —20——30 ‘C for 6 h, then at
15 °C for next 6 h.

2 BRER, MER Ak, e
IKE] 65%, {HINEFAIEE s YR AR —
HHORET, ROV R, 38w SEEAER
ATRVEAE RN, (BSCRABAR, HEAEFE ;. IER A
A1 B AR T AN RN, o 255 25 R 370 1 B A
GRE, BB RN A RN )

HF SARE A B THIRARFIR R T, Bfi% HF
WRE BOARE e, SR HORPA R E A K A A S 55
JRIZ T A SN R R AR BAL B B R AR
I, R s . L, dE—2 % B AR,
HF W . AR R & B B Ak .
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FE MRS PR E AL R N o B %8, RN A R
BT HF W T84, Wk 3, &3
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A=Y ai A BT XY HF W <70%H), &
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Tab. 3 Effect of HF concentration in the ionic liquid on the
reaction

F5  HFWE/% RN/ FER/%  HPLC 4l /%
1 87 0.3 65 86.8
2 83 0.5 76 89.9
3 80 2 88 96.5
4 78 3 87 98.6
5 76 4 89 98.5
6 75 4 86 98.6
7 70 5 86 98.6
8 65 5 80 97.0

T DRRLZAE: MIEROEHTIA 10 mL #55], —40 CHERE, A
[Bmim]OTf (1.0 eq), JNIAMRFIWE HF /KIEW, EIA 2.0 g %
W1, —25~-30 TR,

Note: YReaction conditions: 10 mL solvent was added into polyethylene
bottle and stirred at about —40 C, [Bmim]OTf(1.0 eq), different
concentrations of HF aqueous solution and 2.0 g epoxide 1 was
introduced in turn. Stir the reaction between —30 ‘C and -25 C.

TE— 2568 Y A A ) 5 SO B W A
THEE, LEATRIE 4,

H1e 4 nl 1, PO 0T SO i fa] AR A
EULEN PRI, ROV IREEE
Aot SEUO CEHAAT . BEE PR E Y
S, ORI A BTG, PR R M A
R4 FRENEA KB

Tab. 4 Effect of the amount of toluene solvent on the
reaction

WH kg HR/mL SONEHE/A %/%  HPLC ZEEE/%

1 0.5 1 - -2 _

2 0.5 15 - ) _

3 0.5 2 2 76 78.7
4 0.5 25 2.5 85 98.8
5 0.5 3 2.5 87 98.9
6 0.5 4 3 86 98.9
7 3 30 3 84 99.1
8 1 15 3 84 98.9

TE: DR 3R LA IA R, —40 CHEFE, A [Bmim]OTf
(1.0 eq) 1 75% HF /KIEW, BJGIMATREY 1, —25~-30 CR N ;

VYRGB RIME 8 52 107 T 1 A 14647

Note: DReaction conditions: The toluene was added into polyethylene
bottle and stirred at about —40 C, [Bmim]OTf(1.0 eq), 75% HF aqueous
solution and epoxide 1 was introduced in turn . Stir the reaction between
—30 'C and —25 C; »The solvent was too little to stir and the reaction
could not proceed smoothly.
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Tab.5 Toluene and ionic liquid recycling

Y| £ TR Y% HPLC £l /%
1 0 88 99.1
2 1 87 98.9
3 2 87 98.6
4 4 86 98.5
5 6 85 98.2
6 8 83 96.0
7 10 80 93.1

T DR A 1 2R SR P I ACH 2R, —40 CHEHE, A [Bmim]OTf,
1 75% HF KW, BJEMAREY 1, -25~-30 CRAL. iL3E, 3§
W R, AR IR R, K2R T, A0 s A
[Bmim]OTf, 5FIH KT EEER,

Note: DReaction conditions: The toluene was added into polyethylene
bottle and stirred at about —40 ‘C, [Bmim]OTf, 75% HF aqueous solution
and epoxide 1 was introduced in turn. Stir the reaction between —30 C
and —25 C. The mixture was stirred at —25—30 ‘C for several hours.
The filtrate was separated to get a toluene layer, distilled under reduced
pressure to recycle toluene. The aqueous layer was concentrated to

dryness, and the ionic liquid [Bmim]OTf was recovered, which was
combinded with the recovered toluene for the reuse.

3 g

AL EAY 1 MR, BARNER,
HF-[Bmim]OTf & & WIVERALIA], FEARIE T I3
AL A AR A, VA R AR [Bmim]OTS
e scEl e EH ., SBAME T ZME, L
W T AAEARA 7 A, B 7 i 1 W 2l
B, HREf i & 70% HF KA EL DMF, &
EWRE K HECR, AR RS I S ek Tl A
FERRAE TR S
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