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Novel Synthesis of Paricalcitol by Chem-biotransformation
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Abstract Paricalcitol (9) was obtained from Vitamin D, via a route of the combination of seven-step organic reaction and

biotransformation. The overall yield was 3.24%, which was higher than those of the reported methods. The structures of all
intermediates and product were confirmed by 'H NMR, *C NMR and MS techniques.
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1 SRIEERS
1.1 B RIRT

'H NMR 5 *C NMR Jf] Varian INOVA- 400 %K% 1
ARG E, TMS W hR; MS 1 1] Waters Quattro Pre-
mier XE Mass Spectrometer 5 i i, FHE A 5 511).
JIT PR AR89 Sy [l 7 (aladh 1) fh 2 sl 43 4.
1.2 6-BHERE-35-M%EE D, QHEK

Bt 2 D, (1) 10.00 g (25.25 mmol) A F 2K fitl gk
A 12 g (63.16 mmol) N N, i 50 mL HERE 584>
AR, AETEIEA R R (2~4 C)PEHE 48 h. TLC [V(H1
) © V(LR Z08)=5 © 1IINE R V54, A 200
mL R R R AV, LB R A, IR R
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PR, €, AR 200 mL 3%EhERutis, WA 1A
BAr, BT BT AT A AR 1 SN [ R (50 g)
AN, FH 500 mL R 56 4%, 60 CHEHE R 5~
6 h. TLC [V(A ) @ (LR T8 =10 @ 110 % e v
SEA. ORISR EE, ORI 200 mL K, RONRAK
U 218 W6 2 (200 mL X 3), 41 F1£r £ 7K ¥E (200
mL), JC/KBREREN T4, W4d, T9EIFEEMIRY) 9.80 ¢ 2,
Wy 94.7%. BHLE AT BT R M. '"H NMR
(CDCls, 400 MHz) d: 5.23~5.13 (m, 2H, H-22, H-23),
5.03 (brs, 1H, H-19a), 4.98 (d, J=9.2 Hz, 1H, H-7), 4.87
(brs, 1H, H-19b), 4.16 (d, J=9.2 Hz, 1H, H-6), 3.24 (s,
3H, OMe), 2.68~2.60 (m, 1H, H-9a), 2.28~2.20 (m, 1H),
2.12~1.95 (m, 4H), 1.87~1.25 (m, 14H), 1.01 (d, J=6.8

http://sioc-journal.cn/ 1989
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Hz, 3H, H-21), 0.91 (d, J=6.8 Hz, 3H, H-28), 0.87~0.80
(m, 7H, H-4a, H-26, H-27), 0.73 (t, J=4 Hz, 1H, H-4b),
0.54 (s, 3H, H-18); *C NMR (CDCl;, 100 MHz) d: 152.1,
143.3, 135.4, 131.8, 119.0, 103.8, 77.3, 56.3, 55.9, 45.2,
42.7, 403, 40.2, 35.4, 33.0, 30.1, 29. 7, 29.3, 27.7, 25.3,
24.2,23.5,22.0,21.0,19.9, 19.5, 17.5, 16.3, 12.0; ESI-MS
m/z: 433.3 [M+Na]".
1.3 10,19-Wiz£-6-PHE-35- %% % D, QA
15

2 (5.00 g, 12.20 mmol) A [ Wi, FH 500 mL &
i 52 AR, TN 200 mL 3% KMnO, K (3.11
equiv.). —20 CHiHERN 2~3 h. TLC [V(A k) :
V(LR CTR)=4 © 1IN E N 5E 4. ROV T 40 C
KEGHFE 0.5 h, TUE, R ORE, RISHEKIKH &
1R CFEEAAEN(200 mL X 3), MR £h/KPEH (200 mL), TG
IKIR RN, W4, 19 BIEREIPIRY) 5.75 ¢ 3. SEAH A
ATEEH T R RN, '"H NMR (CDCLs, 400 MHz) o:
5.19~5.08 (m, 2H, H-22, H-23), 4.78 (d, J=9.6 Hz, 1H,
H-6), 4.51 (d, J=9.6 Hz, 1H, H-7), 3.64 (d, J=10.8 Hz,
1H, H-19a), 3.53 (d, J=10.8 Hz, 1H, H-19b), 3.18 (s, 3H,
OMe), 2.56~2.46 (m, 1H, H-9a), 2.03~1.89 (m, 4H),
1.84~1.77 (m, 1H), 1.65~1.58 (m, 4H), 1.52~1.37 (m,
6H), 1.33~1.21 (m, 4H), 1.19~1.09 (m, 1H), 0.97 (d, J=
6.4 Hz, 3H, H-21), 0.87 (d, J=6.4 Hz, 3H, H-28), 0.79~
0.76 (m, 6H, H-26, H-27), 0.49 (s, 3H, H-18), 0.42 (t, J=
6.4 Hz, 1H, H-4b); *C NMR (CDCls, 100 MHz) 6: 145.6,
135.3,131.9, 117.0, 83.5, 78.8, 67.6, 56.2, 55.7, 55.4, 45.1,
427, 40.2, 39.9, 35.2, 33.1, 32.9, 28.9, 27.6, 24.3, 23.3,
22.1,21.0,20.3, 19.9, 19.5, 17.5, 12.1, 11.7; ESI-MS m/z:
467.3 [M+Na]".
1.4 10-Fi-6-FAEHE-3,5- TR EEE D, (4)HIE K

BHLAh 3 (575 g, 12.95 mmol)HI A N, FH 100
mL ZFE5E AT, N 50 mL 10% = ML AN /K 7
(1.81 equiv.), VKiHEEE 1 h. TLC [V M) @ (R L
Fig)=4 © 1S I0 5 f N 5E 4. 5 S N 98, 98 [T
LW, EWBAK I L8 CERAEE(100 mL X 3), HIAIEEh
JKPEER (200 mL), Jo/KBREREN T4, Wedd, At 20T
SIEVCRMTEE) @ V(R OHE)=12 © 1145 2% 5 ik
Y 1.95 g 4, B WE A 38.8%. '"H NMR (CDCl;, 400
MHz) d: 5.24~5.13 (m, 2H, H-22, H-23), 4.73 (d, J=9.6
Hz, 1H, H-6), 4.56 (d, J=9.6 Hz, 1H, H-7), 3.23 (s, 3H,
OMe), 2.70~2.58 (m, 1H, H-9a), 2.18~2.10 (m, 3H),
2.04~1.94 (m, 4H), 1.88~1.83 (m, 1H), 1.74~1.67 (m,
4H), 1.51~1.21 (m, 7H), 1.02 (d, J=6.4 Hz, 3H, H-21),
0.92 (d, J=6.8 Hz, 3H, H-28), 0.89~0.81 (m, 8H, H-26,
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H-27, H-4a, H-4b), 0.53 (s, 3H, H-18); °C NMR (CDCl,
100 MHz) J: 214.1, 145.3, 135.4, 131.9, 116.9, 72.8, 56.2,
53.8, 45.1, 42.7, 40.7, 40.3, 40.0, 33.0, 32.9, 29.2, 27.6,
23.9, 23.3, 22.0, 21.4, 21.0, 19.9, 19.6, 17.5, 17.0, 12.1;
ESI-MS m/z: 435.2 [M+Na] .
1.5 6-FEE-10-=HPEE-3,5- R HEEED, B)ME
¥

¥ 4 (1.95 g, 4.73 mmol) NN N, FARY
T, A 1.8 mL Jo/K DY SRR A H S8 iR, AR
LiHMDS (1 mol/L in THF) 9 mL (1.90 equiv.), —78 C
EHE 1 he A 5 mL JG/K DY SRR 5% 1) THNPh 3.04
g (1.80 equiv.), AREERI(—78~—15 C, 1S TIiR )
#F4~5 h. TLC [V(faimfk) @ NS 4HE)=10 © 1]
2R GEA. PR S DY SRR, TR I 50 mL K,
WU L1 LEERE(50 mL X 3), 3% /(50 mL X 2).
MIRTIR R ZAN(50 mL X 2) MR $h/K e (50 mL), &
IKBR RN T 0, WA, RERAEZ M 70 3 (VA k)
V(LR ZTR)=100 © 13RI EHIRY) 1.98 ¢ 5, W
77.0%. "H NMR (CDCls, 400 MHz) d: 5.28 (s, 1H, H-1),
5.24~5.12 (m, 2H, H-22, H-23), 4.55 (d, J=9.2 Hz, 1H,
H-7), 443 (d, J=9.2 Hz, 1H, H-6), 3.25 (s, 3H, OMe),
2.67~2.54 (m, 2H), 2.35~2.31 (m, 1H, H-2b), 2.02~
1.94 (m, 4H), 1.87~1.84 (m, 1H), 1.82~1.64 (m, 4H),
1.49~1.25 (m, 7H), 1.01 (d, J=6.4 Hz, 3H, H-21), 0.91
(d, J=6.8 Hz, 3H, H-28), 0.87~0.80 (m, 7H, H-26, H-27,
H-4b), 0.51 (s, 3H, H-18); *C NMR (CDCls, 100 MHz) §:
152.4, 146.0, 135.4, 132.1, 116.5, 113.1, 74.3, 56.3, 56.3,
55.8, 45.2, 42.8, 40.4, 40.0, 33.1, 30.1, 29.7, 29.2, 27.7,
23.5,22.1,21.1, 19.9, 19.6, 18.7, 17.6, 16.8, 12.1; ESI-MS
m/z: 567.3 [M+Na] .
1.6 6-FAEE-1,10-%-3,5-7R44 % D, 6)BIEH

% 5 (2.85 g, 5.23 mmol), —ZKIEE 137.07 mg (0.10
equiv.), MR 58.72 mg (0.05 equiv. ) BN VI, 2
mL DMF S8 4¥#. A NN- SN ZIE0E 1.98 ¢
(3.00 equiv.), TEETRYTT, FEANTLKTIR 481.31 mg
(2.00 equiv.), 60 C/K#EHEFE 0.5 h. TLC [V(AilE) :
V(LTR LHR)=50 @ 1IN 2 e b se 4. N 25
mL /K, KIXH 4R LB AEL(Q25 ml X 3), 3% & &
(25 mLX2). WRIBRE (25 mLX2). HFeEEh/Kyk
P (25 mL), Jo/KGRER AN T, WRAR HE AT 2 AT 4 B
(VA ) @ V(LR LFg)=150 & 1115 2138 3 ik )
1.36 g 6, W% 4 65.7%. '"H NMR (CDCls, 400 MHz) ¢:
5.98~5.92 (m, 1H, H-10), 5.41 (brd, J=4.4 Hz, 1H, H-1),
5.21~5.18 (m, 2H, H-22, H-23), 4.87 (d, J=8.8 Hz, 1H,
H-7), 3.88 (d, J=9.2 Hz, 1H, H-6), 3.29 (s, 3H, OMe),

Chin. J. Org. Chem. 2012, 32, 1988~1992
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2.59~2.55 (m, 2H, H-9a, H-2a), 2.30 (brd, /=18 Hz, 1H,
H-2b), 2.03~1.95 (m, 4H), 1.88~1.83 (m, 1H), 1.75~
1.24 (m, 10H), 1.05~1.01 (m, 4H, H-4a, H-21), 0.93~
0.89 (m, 4H, H-4b, H-28), 0.85~0.82 (m, 6H, H-26,
H-27), 0.52 (s, 3H, H-18); *C NMR (CDCls;, 100 MHz) ¢:
142.7, 135.5, 134.5, 131.9, 127.8, 119.9, 78.4, 56.4, 60.0,
55.9, 45.3, 42.8, 40.4, 40.3, 40.0, 36.0, 33.0, 29.4, 27.8,
24.0,22.0,21.5,21.1, 19.9, 19.6, 18.4, 17.6, 11.8; ESI-MS
m/z: 419.3 [M+Na]".
1.7 1o-#E-6-REE-19-KH-3,5- ;R HEE D, (7)HY
=34

4 6 (500 mg, 1.26 mmol, [k 9-BBN 339 mg (2.20
equiv.), MM, AERSAEPF, A 2 mL JG/KPY
SUVCIR, VR BEEE 2 h. TLC [V ) @ MO8 8=
50 @ 1MEIINE N SEAS. N 1 mL /K, 3 mL S ALK
(3 mol/L)F1 3 mL 30% X4 /K. VK#Hi#E 0.5 h. TLC
VA ) @ MGIR TR =4 @ 18R RNV 5ES. RN
WK 418 LTEAEL(25 mL X 3), 3%ERfR(25 mL X
2). MAIRIREAN(25 mL X 2). M1 Er #h /K YEVE (25 mL),
TCKBR RN T8, WR4n, TERAEE T4 B [ VCf k)
V(LR CTE)=12 1 EITCEmRY) 183 mg 7, ik
4 35.1%. '"H NMR (CDCl;, 400 MHz) J: 5.24~5.16 (m,
2H, H-22, H-23), 4.82 (d, J=9.2 Hz, 1H, H-7), 4.12~4.02
(m, 1H, H-1), 3.97 (d, J=9.6 Hz, 1H, H-6), 3.25 (s, 3H,
OMe), 2.59~2.55 (m, 1H, H-9a), 2.05~1.64 (m, 10H),
1.50~1.201 (m, 9H), 1.02 (d, J=6.4 Hz, 3H, H-21), 0.92
(d, J=6.8 Hz, 3H, H-28), 0.85~0.82 (m, 6H, H-26,
H-27), 0.71 (dd, J=3.6, 4.8 Hz, 1H, H-4a), 0.57 (s, 3H,
H-18), 0.36 (t, J=4.4 Hz, 1H, H-4b); >*C NMR (CDCl,,
100 MHz) J: 143.9, 135.5, 132.0, 118.6, 78.4, 73.0, 56.0,
56.0, 55.9, 45.2, 42.8, 40.3, 40.2, 38.8, 37.9, 33.0, 31.5,
29.4, 27.7, 23.8, 22.0, 21.1, 19.9, 19.6, 18.3, 17.6, 17.5,
12.1; ESI-MS m/z: 437.33 [M+Na]".
1.8 1o-BE-19-KHHEE R D, B)HEM

57 (150 mg, 0.36 mmol)Al 1 mL IR NN S
i, 60 CHEHE 0.5 h. TLC [V(f1 k) @ (LR LTE)=
40 1R E N TEA. RV IKH LR LR ARE(15
mL X 3), MOFIRK R SN (25 mL X 2). ORI EhAKYE
(25 mL), Jo/KBRIRAN TR, WA, R4S 20 ik
YA 2 mL 10% KOH F BN RV, VKA 1
h. TLC [V(A1ilil) : (LR LR =2.5 @ 112 e Y
A IRNRK I 4R L BRASEL(25 mL X 3), 3%EhIR
(25 mLX2), WRIRKEEH(25 mLX2). MR KL
Y(25 mL), Jo/KBRBREA T, W4n, flAEJEHT 48y
VCHE MR @ (LR GER) =5 © 1143 3 A6 SR8 &
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120 mg 8, W% K 83.3%. 'H NMR (CDCls, 400 MHz) ¢:
6.31 (d, J=11.2 Hz, 1H, H-6), 5.84 (d, J=11.2 Hz, 1H,
H-7), 5.25~5.14 (m, 2H, H-22, H-23), 4.16~4.09 (m, 1H,
H-1), 4.09~4.01 (m, 1H, H-3), 2.82~2.72 (m, 2H, H-9a,
H-2a), 2.49~2.46 (m, 1H, H-4a), 2.24~2.19 (m, 2H),
2.04~1.45 (m, 11H), 1.36~1.25 (m, 5H), 1.01 (d, J=6.8
Hz, 3H, H-21), 0.92 (d, J=6.8 Hz, 3H, H-28), 0.85~0.81
(m, 6H, H-26, H-27), 0.55 (s, 3H, H-18); C NMR
(CD;0D, 100 MHz) §: 141.9, 137.1, 133.9, 133.2, 123.5,
117.2, 67.9, 67.7, 57.8, 57.6, 46.7, 45.4, 44.4, 42.7, 41.9,
41.8, 37.7, 34.4, 29.8, 29.1, 24.5, 23.3, 21.8, 20.6, 20.2,
18.4, 12.8; ESI-MS m/z: 423.3 [M+Na] .
1.9 WAL EHEEQ)MEMEK

500 mL #EH%E 100 mL 5750, 1.5%5%585, 1.5%
YIRS, 0.5%E2K3, 0.5% NaCl, 0.2% CaCO;, pH 7.0.
PR FREAE 121 “C K 20 min. B2 A B FE CGMCC 5098
[PIf =9 2 mL, 27 ‘Clight, i 240 t/min, 3555 4 d.
4 50 mg lo-F2HE-19-2H 443 D, (8), 10 mg S-FFH
¥, 10 mg HHIE-80 ¥R T- 2 mL W, KRR S N
FEWL, GREERTSR 3 d. U R, dUE, MK S
PR CEEAEEN(S50 mL X 3), 3%£hIR(50 mL X 2). YRR
ZUN(50 mL X 2). MaFIE /K YEE (50 mL), Jo/KER AN
T, WAR, FERAE)Z T o B VA M) C M SR L
fig)y=2 : N2 AGEBAEEA 31 mg 9, BEEN 59.6%.
'H NMR (CD;0D, 400 MHz) ¢: 6.12 (d, J=11.2 Hz, 1H,
H-6), 5.79 (d, J=11.2 Hz, 1H, H-7), 5.29~5.18 (m, 2H,
H-22, H-23), 3.96~3.87 (m, 2H, H1, H-3), 2.76~2.72 (m,
1H, H-9a), 2.51~2.47 (m, 1H, H-4a), 2.33~2.29 (m, 1H,
H-4a), 2.14~2.04 (m, 2H), 1.99~1.89 (m, 4H), 1.74~
1.16 (m, 11H), 1.04 (s, 3H, H-26), 1.00 (s, 3H, H-27), 0.94
(d, J=6.4 Hz, 3H, H-21), 0.90 (d, J=6.8 Hz, 3H, H-28),
0.49 (s, 3H, H-18); C NMR (CD;OD, 100 MHz) o:
132.7, 129.1, 124.6, 122.1, 114.1, 107.9, 64.0, 58.7, 58.4,
48.5, 48.3, 39.9, 37.4, 36.1, 33.3, 32.6, 32.5, 28.3, 20.5,
19.7, 19.0, 16.7, 15.2, 14.0, 12.2, 6.4, 3.4; HRMS (ESI)
caled for C,;HyO3Na [M + Na] 4393188, found
439.3191.

2 RSN
2.1 SKIRRERIRER

AHEFCNE S IRAF I YE 38 Dy I AN SCHR[12, 13]
FER I i Z B R JR ) 25-F2 5642k % D, R, %
RIFAR T RA, S T & Bt Feh ot 25 frFedtir
PORUBE R 88— R S M SN R KD R, i A2
TG la-F2dk-19- K YA 3% D, i, FIHIZEYIFA
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LB 25 RS, SRAR T WAL AR, EBCR N
3.24%.
22 A3 THIEK

WS PR RS RS 2 2 )5, AT
Wizt TS e o, AR FE DU, MR B AR
B, CEER ) SRR R, SR SN R AL, 1K
Tl v A STk A R DU SR A B T 55, AN AR O Hh B A
T AR S SO EXE RS, HAZo PR S SRR TE A
L. LAY 7 A 6 BHATIN AL EAL N 1 E
(1, &ML K 9-BBN E &AL, nr LUmA
HUSEIL Lo A FR 384K, TN R 18 SR
2.3 MASLBEILEZ(9)HIFRIZ

STEEZ D RT3 B Sk
HEM, H AT e L % D, B D;, HEIEAL
VER R AAE Ve MR 25 7. LL4EA: 2 Dy HIEYIAE
YIRS 1T B La-FRIEYEE 3K D,, 25-F L4 5%
D, LK 1a,25- W83 4EAE 3R D, XS T4 25-F83E
YerE 2 Dy MELUKEIRF I E RN 2 —. ARWFFUR A
(1) SR A2 B S — AUl I A e AT S B 25 R Ak
LS EE R NG E] lo-FRKE-19-2: YL 2
D, (8)2Ja, Hla— AW A A I 2 A S 56 =5 i ik
JIT 151 CGMCC 5098 T £ bk, % B RRX) 19-2: 4
"2 D A AT 25- 3R BEARTE M, HAL R
60%, A TAERI M AL 19-LF 4k % D 2K
BT 25 R FEAk T JE 1 R,
24 FBdhEAEkBirHEMEHINERE

AR A & H AR s 84t "H NMR, PC
NMR FIMS EAE. H A5 225 SCR13 ) 50E — 5L
6- W4 HE-3,5 i 2 D, ()40 i R A0 K i i s
FeAb 2 JrH TH NMR 3% B R EE 6 5.03 F14.87 Ab IR AN
AR Sk, 55 3.64 F13.53 Bahn 7 P> — HEik

1992 http://sioc-journal.cn/
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5, ST AR R RS ATE B A S T 6
SAHE-1,10-45-3,5- 3R 4k /E & D, (6)Z& kBl A AL A AL S
2 J5 H: "H NMR 3% B 7 0 5.95 F1 5.41 &L AN P 4 46
AMME SR, 160 405 N7 N2 EEES, b
PR IEAE IR PG 5, la-fE3E-19- 21
Y% D, Q)L B2 JE, H PC NMR ¥ K
O 1E 64.0 Ab B T — AN, hy BB AR sty 25 A R R AT
IR IR 5
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