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Abstract

Vilanterol, a 82 receptor agonist inhibiting chronic obstructive pulmonary disease (COPD), has
been respected for rapid effect, long duration and good tolerance. 2-(2,2-dimethyl-4H-1,3-
benzodioxane heterocyclohexene-6-yl)-2-carbonyl ethyl carbamate is one of the key intermediates
of vilanterol, which has developed by Dexinjia Biopharm Co., Ltd. The green preparation route is
divided into five-step reactions involving five intermediates, namely intermediate 1, 2, 3, 4, 5. In
this study, the HPLC analysis method of intermediate 5 (2-(2,2-dimethyl-4H-1,3-benzodioxane hete-
rocyclohexene-6-yl)-2-carbonyl ethyl carbamate) and its related substances (or impurities) was
optimized mainly through the composition and proportion of mobile phase and detection wave-
length. As a result, the intermediate 1, 2, 4, 5 and related substances can be effectively separated.
Using the established HPLC method, the related substances of two batches of intermediate 5 were
analyzed, three major related substances were detected and the total content was less than 1.5%
according to the peak area normalization. These investigations provided experimental methods
for the further preparation, structural speculation and quantitative analysis of related substances
in the key intermediates and raw drugs of vilanterol.
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Figure 1. The structure of vilanterol
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Figure 2. Some key intermediates of vilanterol
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Figure 3. The synthetic route of key intermediates of vilanterol
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Figure 4. Chromatogram of intermediate 1 and its related substances
in different mobile phase
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fd F A — (63 4 (Agilent ZORBAX SB-C18, 5 um, 4.6 mm x 250 mm). AHEH:E(30°C) K% (1.0
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AN JE .
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[ — s, Hor 20 - /KBEIR Eh 22 b ik & b IR BN (] (RT = 12.03 min)iz KT 2 - /K(RT = 9.35
min)sk 2.1 - BEIR4AR R(RT = 9.52 min). Ih4b, 7E4NE - BEREAR R T, BATIEIZAT 25 min JE A0 F
—NE R BIRME, A0 H AR PR R RIS AT [ E 25 min 81 35 min, £E IS BARATI BE A K
VIR IS o 53— D5 T, 4G 2 - K5 O - BEER SR ik 55 R R4 1 7 S B 40 8 RS AT 06 L AT
e BDELEIR BE A (Z) 0.02 mg/mL)i, H a4 1 04 (RT = 9.35 min)545 )5 (RT = 8.29 min) A 5L
DA BT E(E 4), TTELM - B A R, FIERT = 12.03 min)5 HAHLTMA XY (RT = 10.69
min)FE A ] SEIAE 2R Ar B . DA, R AR A SRR IR B O - PR A MK — IR AHA AT .
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(12.03—>13.72—>21.91 min), HiFZR I AP RHAE . X =FEel b T, FiIE5 &G Y nrik
FIRE 5, RER I SR P RIS IE AN B 2~4 45 SHARELBIE 30:70 4544 R g 4TI )it (30
min), #, IA7E 40:60 % 35:65 Z [AIHATHRZ LM, B 0~8 min (40:60); 8~25 min (40:60—35:65), H1[H]
1 FIE(RT = 9.58 min)5 n] BEAAAE 1) 3 M M (RT = 2.24, 3.37, 8.34 min) il ik K 4743 &5 ; 1fi K 35:65
SEPEYEML, AR 2 AN RPIR, RS SRR I A PR R O - BRI AR PR LI 7E 35:65 it
T, ARIERH R .
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Figure 5. Chromatogram of intermediate 1 and its related substances in different elution condition
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Figure 6. Chromatogram of intermediate 1 and its related substances in differ-
ent detection wavelength
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3.1.3. M KIERFE

DL EBRFCRASE T R 1 R SR TE B U B RIR A A A& B LB . BT OR, g A TR
BEZAS I 28 %5 HPLC 2335 08 Ffr oot S 47 5 )28 AR SO il BT, rr )4k 1 F2 0858 SRRSO 1S Amax = 280 nm
BT, 10 =ANE W Amax = 215~220 nm L. T, AR AR 1 KA )T S AN I KR 220
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K 6(a) ik 1 e HILAEHIAE SR AE 220 nm. 275 nm ) HPLC itk &, BEM 41y 2.6 - B
1% — S5 (40:60—~35:65) b HE L . 5 AT ORI A A L AHEOIT S, =AM W0 R Ao JEE 7E 7
R KRR R, WOE WA I K T )i 1 AT A5 HPLC MRl f i o 45 bt
B, BAEB HPLC il 7 85 2, SR F il 4% (it o B4k 1 004 SRk AT T 43 BRUSCEE RN 40
WA E S, [ 6(b) R — BB ZIIR 4 J5 4 BIFE 220 nm. 285 nm RN #E{T HPLC 204, HIEATH1: &
Hl s IS E RS, P LG PR RE A B2, L 220 nm R H i IEAN R Z ;. BT
220 nm. 285 nm LA WIS A (PR BE I TR BEAE B B) 1M &, 220 nm RIS 3 53 = 1 285 nm, MUR 4R
A IF5 A s s g K AR 3% 220 nm
3.2. #=4FThial{k 2, 4, 58 HPLC 9%k

BU IR R 1 A KR HPLC e 7k i 7, 205 H e o Rk S A R HPLC 43 b 71k
BEATHR L. TR 3 R — D dlith, BEERN T —BRNER PR 4, Rk 4 3477 4k
AEFE, WO HRRA 3 R AT A AT 4 BT 5 1t A
3.2.1. ®hE4k 2HPLC 4347

Al 2 (2-1R-1-[4-F2 HE-3-(F% F R B HE)-1- 1) S A St HPLC 43 Hr ) €t 564 Ay -

WEAH: K BERR AP Ek(pH 3.5) (25:75) 5 FEE VM ALK : 220 nm; A HTisiE: 15 min.
EEREMT, ik 2 e B aiskumE 7 fis.
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Figure 7. Chromatogram of intermediate 2 and its related substances
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Figure 8. Chromatogram of intermediate 4 and its related substances
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Fids KM 220 nm; 3 HTESTE]: 15 min.

15 LR PR RS VE R 26 AF T, AR 5 1B s o Al 9(a). El 9(b)Fiam. HERIAN, R
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Figure 9. Chromatogram of intermediate 5 and its related substances
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Figure 10. Chromatogram of two batches of intermediate 5 related sub-
stance content analysis HPLC

& 10. AR HEE 5 BRYRSE5H HPLC BiEE

3.3 =T X PEE 5 FRIAXYRSH

FIF bR ST R 4 22 4 B h Al K ST HPLC 2059, SR P UG T AR U — 3256 4t v o )
5 72 SR A BT TR, HPLC ik an ] 10 fros. B mIEn, BHEOCRE SR S5 =4
I AR B 8] (2.45 min. 3.11 min & 7.26~7.30 min)JEAmy &,  H AR & HL 2 Bk B 1.43%F0
1.35%.

S UbEI, X CEE PRk 5 BT IR IREGE F (K 1), FRAMON HARSSR: TH NMR (600 MHz,
CDCly), 1.47 (s, 9H, t-Bu), 1.56 (s, 6H, 2CH3 ), 4.59 (d, J = 4.2 Hz, 2H, CH,N), 4.88 (s, 2H, CH,0), 5.55 (br,
NH), 6.88 (d, J = 8.4 Hz, 1H, Ph) 7.66 (s, 1H, Ph), 7.89 (d, J = 8.4 Hz, 1H, Ph).
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Figure 11. 'H NMR of intermediate 5 of vilanterol
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