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A Novel Method for the Synthesis of Latanoprost

Xiu, Zhiming” Wang, Licheng” Huang, Mengyuan” Zhang, Peng”
Guo, Youming” Zhang, Wengqi* Wang, Liping™“
(“ School of Life Science, Jilin University, Changchun 130012)
(® School of Chemistry, Jilin University, Changchun 130012)

Abstract Latanoprost is a kind of PGF,, analogues, which is now one of the first-choice drugs in the clinic for open angle
glaucoma and ocular hypertension. However, the previous synthetic methods have problems of long steps, low yield and diffi-
cult separation of isomeric impurities. Herein, we report a novel method for the synthesis of latanoprost in ten steps. Benzoyl
Corey lactone as starting material was oxidized to form corresponding aldehyde by Dess-Martin oxidation. The o side chain
was bonded by improving Horner-Wadsworth-Emmons reaction with dimethyl(2-oxo-4-phenylbutyl)phosphonate and lithium
chloride, and reduced with (—)-diisopinocampheyl chloroborane at —30 “C because of its greater selectivity towards the
production of desired S-isomer (95%). The deprotection step wherein the protecting group of benzoyl on the hydroxyl group of
the cyclopentane ring was removed, was preferably carried out by potassium carbonate in methanol. The hydrogenation of
double bond in w side chain was carried out by using 5% palladium-carbon as catalyst. The tetrahydropyranyl (THP) group
was used for the protection of the diol with p-toluenesulfonic acid as catalyst. Latanoprost lactol was obtained by reducing the
lactone with diisobutylaluminum hydride (DIBAL) at —78 °C. a side chain of latanoprost was bonded by Wittig reaction
with 4-carboxybutyl triphenylphosphoium bromide and NaHMDS forming phosphorus ylide. The carboxylic acid was alky-
lated with isopropyl iodide in the presence of 1,8-diazabicyclo(5.4.0)undec-7-ene (DBU), and then removed the THP protect-
ing groups with pyridinium 4-toluenesulfonate (PPTS). Latanoprost was separated from two isomers of 15(S)-latanoprost and
5,6-trans-latanoprost after purification by normal-phase high performance liquid chromatography. Thus latanoprost was ob-
tained with high purity of 99.91% and high overall yield of 19.2%, and the structure was characterized by 'H NMR, *C NMR,
IR and HRMS. Compared with the previous routes, the current synthesis is shorter, more practical, and more suitable for
large-scale preparation.
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P FTHZR A ORI, 205 RO 4 ORI
B o Fl o MUEEIERS . TREERIESE . TR ABLORS
SR G I RS, Obadalova Z5U'LL(1S,5R)-2-4 4%
RUIR[3.2.0]F-6- 45 -3- 1 4y J5URE, DU T 368 — F A 3
(TBDMS) A R4 4L, T8 13 6 N AT AR i T Hr i
G AR N ek A, B 12.3%. %5 VE R K,
WCRAR, FLIECRERT o D0BEE LIRS, R S (Corey
Lactone) & & i PGF,, HIFIMEEE S AT 41 iR 2 AU (1)
ORI 5% JFURL RIS 2 Martynow Z5PURL = 2,3
fek BE R HL Y IR N RO, DL = 20 BE Rk JE(TES) b R 3 3,
Wit 17 20 RNA G ATS 2R, BICE 16.9%. 1%k 2k
o M o WAMUEERYR IR AE, SPIREH, 2048 A ZHT
Jii%, SiAL TR ME; Resul ZP2HR 06 DA IEIR F RS RLHL Y
e oA R L 8 D I N A R T B R AT A E, B R
smaﬁﬁﬁiwﬁ?@i 7 A TR 0SS A Ak % B 3

b AR EHTHE LA B, P At AR, ORI

F B | RA R RNV LR 2, RUIEAT 5T
PO AR A O AR5, e UL B & BT 2,
BB DA b A 2R R g R L R O k), 1 TBL 10
N A b R 1 B KB 772 (Scheme 2), I F IEAH
WAR SR Aih, BEE. sk, AR ETS 2 A%
PRBNT REFRIo 8, $Em T SR FIaisE.
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1 ZR51E

B RRREE R F7 R A IR

DURFEL R A AL 46 J5ORHE & sk ig & 71, Resul
S22 R 4 R 2R (Scheme 3) 42 LA H IR 7%, 1%
% 2 AR IR TR SLR] HL PN IR 8 JRURE, P R AR R
J5i, 1T 4 B Horner-Wadsworth-Emmons (HWE) Jx W /£
B o MG, IR o EE Z4 BORY S A R IR, Wittig
RIVTER o W, SRS ENG RN, A T R ETS 2.
A U D R (8 D), (HAL R FENE 2, H NS
Jr R R D R, B RR(5.0%).

ZEIRNWETERN AT, FRATT AR I A% 6 2 7 N A AL R
. HWE RN B o il 24k WERISJE . Wittig
BN A I AR AR — 58 I ) . A T A AR X L )
L, FRATVEEE TR A I 2R R L Y R SRR, DA
(—)-DIP-C1 A FEik J5is, LA THP 4 fR42E, Beih 17—
A 10 2P N (U Scheme 2 FT7R), IF H I A 1k
THHFIAE, BORIE 23.5%. A SCE A LS
JR AR LA, BAR AT, BARWT: 75 A BRELL
FSCRE 1) B NS B R A T iR DCCY R IR S Ak
A, FWBCRAG; AWFITIEH Dess-Martin Oxidation ff
A, EREVELE, AR m, ROV S A R AT

TE R HWE RGP, G A8 AL
PIHEA ], T EUD ERTIER KM, AT PR A
58.5%; MIAHFFTIE H AL B E AL T, RN A5l A
RER L, AP BCRIE S 80.5%.

TEIR I oo S R BP IR, G s A8 A AL
FRRIAVER R, E—130 C WV, ST, AR £
PEZE, AR WO AR A, e 1 52% 1M
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15(S)-$v $H JiF 51 25 5 M A 2% i, A HIF 5 3k F (—)-
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LN BE, JR A T D o IEER R
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THhRRIERM AR, TS 4 5580 DIBAL, 4
A M, ik 0 RS SN S R AT T, AR R
2-{(1R,2R,3R,5S5)-3,5- - ¥2 £ -2-[(3R)-3-F7* Jk -5- K L 1%,
TR IRIEY 208, WOR HAT 65%; ARF5TIUE ] THP 1
PR3, DIBAL WL 1.5 i, Biafsgds o, [A] i it 4

IR N (R R, IR 92.3%.

7 Wittig NS IRA, R 7 VA8 AR SR A R o,
BB T I B A A 90 2 S I S 2 (ELARf A0 T IR,
T3~ S {5 R MM, HAT 3%~ 5% & A Hr i 51
FZINER, W E—D=yrh KRR R T
Wittig s W A Bt e AL SN TR0, 20 S ISCRAN
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DAAE il 7 v A o AR AT 73, BT e
RUA 25 PR e A R 2 S A e AR I, B 22 e i
/N, H AR AT T IEARAME Sy B, PR Al AR A
U, ASHIFFEE T E A RO (0 2z, R P [ 2 A P AR e
P FT A S RPN 25 5, W AE R S A 5 ]
SE A ELAE IR 22 5, ¥ 30y s, &Rk,
PL Waters SunFire Si M[i e A, PLAIE Cke/ 5NN LG
MR EA, BRI VOE k) - VO INEE) ¢
V(ZE)=92 © 6.5 1 1.5 i, R R #1 2 AW Fh S AL A 2y
Jﬁlﬁi*&ﬁ%%‘%ﬂ Skl 2 i R H AN A Y
ZE 5, SRR E, ABeRIES] 81.6%. il
HI 2 AL HTHLSS HPLC 1S B LB 1(A), £ IEAH g4l
b5 BT 4t HPLC 3% B LI 1(B).
AT O, Al R b R A A 2% SR B B (1] 43 31
2} 33.073 F1 41.342 min, 557 3HT 522 A LR B ()
4300 0.92 F1 1.15; 44k 5 B34l i 2 HPLC 404,
WRTHE S5 99.91% 5,6- f 20 F7 17 51 25 KK
15(8)- P FT 51 255 0.09%  H 495 547 1Ay 41 AR
RIS —3, W3R 1 PR,
R YRR 5 EE R A AR AR R B B 1) 2l B

Table 1 Retention time and content of latanoprost and its iso-
mers in product

IR Y AR B I IR) R (AR — k)
VRN RIS 1.00 99.91%
IR EvEEIES 0.92 0.09%
5,6-Jx 2\ hr IR 51 2% 1.15 A
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Figure 1 HPLC of latanoprost crude (A) and puirity (B)
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ARHI ST AR IR AL L B N 5ok, it 10 Pk
N 56 FC HH R 81 38 Ak, T IE A VRRR € i v in LA 4
1k, P=¥H 'H NMR, *C NMR, IR fl HRMS i&ﬁT
FRAE, 45 LW, Ry 51 25 2% i A3 3 [ 4 (1 4)
gk 99.91% BICE N 19.2%. %uﬁﬁﬁkﬁzﬂﬁw,
KWL R A1, G RCD B A, @R N D, Pl
R, W, RORHEEZE P ARG A R R A
FRAL T M

3 SCISERS

31 B 5IRFT

VA 0351 (LC-2010AHT); #1391 (BRUKER
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FE, RN T TCK TR A B, L DY SR SR 4/
TORFMAA R, TS PO S TR A R
3.2 ZWHE
3.2.1 (18,5R,6R,7R)-7-3K F BLAIL-6-F ML -2-A 4
SAIR[3.3.0]F K-3-BA (1) 496~ %,

¥ 55.3 g (0.2 mol) K FIEFLEL B )Y ¥ T 280 mL
ZEMEE, 0~5 °C, ZZEMMAF 1272 g (0.3 mol)
Dess-Martin/650 mL % Feaizl, Eil&MN 3 h
TN 50 g BIEREEMAN 110 g BRACHRERE1/600 mL /K K%
TR BEEE 30 min, 20, A HLZ B B YR
&, TKBREREN T, 194659 1 %W, TLC R=0.8(ZL
12 2 l§); HRMS caled for C;sH;42NaOs [M + Na]
297.0739, found 297.0742.
322 (I1S,5R,6R,7R)-7- K ¥ Bt & Ik -6-[3- A AX-5-K
F-(E)-1-J8 M5 -2 B2 IR [3.3.0]F b-3-BR(2) 49 &
P

FAURYE, #9.3 g (0.22 mol)SALAE N 400 mL
PUEIRI Y, IR S —5 °C, I8N 52.7 g (0.21 mol)
25 AR-4-2K T LR — F§E/240 mL USRI, 0 CR
BEFERON 1 h, SRIGHIEE—10 C, R ImAbEY 1,
el 1 h, I 1 moL FhER W pH 2+, 20, H
RN SN R VR, TOKBR IR T, W42+, H
LWFE L, FAHBHRK 652 g 75X 80.5%. mp.
117~118 C, [a]y —116.3 (¢=1.0, CH;CN), TLC R;=
0.7 [VOECHE) : (LR LTE)=1:1]; '"H NMR (400
MHz, CDCLy) d: 2.29 (dd, J=4.8, 15.6 Hz, 1H), 2.48 (d,
J=16.8 Hz, 1H), 2.57~2.62 (m, 1H), 2.85~2.95 (m, 7H),
5.06~5.09 (m, 1H), 5.28 (dd, J=5.2, 11.2 Hz, 1H), 6.20
(d, J=15.6 Hz, 1H), 6.65 (dd, J=7.8, 16 Hz, 1H), 7.17~
7.20 (m, 3H), 7.27 (t, J=7.6 Hz, 2H), 7.45 (t, J=7.6 Hz,
2H), 7.58 (t, J=7.6 Hz, 1H), 7.98 (d, J=7.6 Hz, 2H);
HRMS calcd for CpsHNaOs [M+Na]" 427.1521, found
427.1526.
3.2.3  (1S,5R,6R,7R)-7-K F BL A -6-[3(S)-3-# L -5-
FRA-1(E)- R A ]-2- B % IR [3.3.0] 5 bu-3-B7(3) 49
B

BT, #60.7 g (0.15 mol)fb &4 2 I 660
mL DU, $3E—30 C Rign 192.5 g (0.6 mol)
(—)- SRR IE G £E/390 mL PUSBRIE W, e
BRSPS 3 h. BN 400 mL FEEEAT 200 mL PR, =
WBERE 1 hy WR4E, TN 1500 mL —&UHEE, I 5%
PRSI 800 mL, 43, A MLZ AN S AL B i vE
a, MK R T, w4s, wERAEEN[VOE
Fi) D MCROER)=1 1], #Hldlh, 4T, 1o
Pk E 4 i, A3 KK 453 g, WOE 74.3%. m.p. 79~81
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C, [a]h —103.0 (¢=1.0, CH;CN), TLC R;=0.5 [V(IF.C.
1%) © (LR ZTHE)=1 : 1]; 'H NMR (400 MHz, CDCl;)
0: 1.76~1.87 (m, 2H), 2.20~2.26 (m, 1H), 2.50 (d, J=
17.2 Hz, 1H), 2.57~2.87 (m, 7H), 4.13 (q, J=6 Hz, 1H),
5.03~5.07 (m, 1H), 5.25 (q, J=6 Hz, 1H), 5.57~5.71 (m,
2H), 7.13~7.16 (m, 2H), 7.19 (d, J=7.6 Hz, 1H), 7.24~
7.28 (m, 2H), 7.43 (t, J=8.0 Hz, 2H), 7.56 (t, J=7.2 Hz,
1H), 7.98 (d, J=7.2 Hz, 2H); HRMS calcd for C,sH,¢Na-
Os [M+Na]" 429.1678, found 429.1677.
3.2.4  (1S,5R,6R,7R)-7-# 3 -6-[3(S)-3- % A -5-F 3 -
1(E)- /"M 2 ]-2- B 22 A IR[3.3.0]3F k.- 3-FFl (4) 49 &~ A%,

¥4 44.7 g (0.11 mo)IAEH 3 I 450 mL FI iz,
B 20 °C, AN 9.1 g (0.066 mol)FRERAN, SR )5 =i &
M3 h. JIAH 1 moL 3R 1H pH 2 rhdE, H 4R LB
W3 Ik, BER 500 mL, A HLJZH A S AR e,
ToRBR RN T, L8, Wk4d, wERAEZIT (LR 48R,
WA By, Wi, T, MR 29.4 g, Wi
88.5%. [a]ly —31.1 (¢=1.0, CH;CN), TLC R;=0.1
[VOIEC4) @ MR ZHE)=1 : 1]; '"H NMR (400 MHz,
CDCly) d: 1.83~1.94 (m, 4H), 2.46~2.74 (m, 7H),
3.94~3.97 (q, J=7.2 Hz, 1H), 4.05~4.15 (m, 2H) 4.88~
491 (m, 1H), 5.57 (ddd, J=6.4, 15.6, 66.8 Hz, 2H),
7.18~7.21 (m, 3H), 7.27~7.31 (m, 2H); HRMS calcd for
CsH304 [M+H]" 303.1596, found 303.1599.
3.2.5 (1S,5R,6R,7R)-7-# 3 -6-[3(R)-3-# H -5-F Xk -
1(E)-7% A5 ]-2- 042 IR[3.3.0]5F 22.-3-BR(5) 49 A~ Ak,

4 27.2 g (0.09 mol) ik 54 4 % T 600 mL JC/K 1
B NN 1.0 g (0.015 mol) W ANERAN . 1.6 g 4/ AL 71,
WMAZA, 75 MPa FEMERMY S h 98, K46, A
0.1 moL #h/#2 150 mL, %+ 10 min, H LR CSHEHHL 3
K, BER 400 mL, &HANZ, WRMSEAE R VER,
JoKBRIRAN T, Wi, 19 otmeiRisifk 233 g e
85.2%. [a]hy —17.8 (¢=1.0, CH;CN), TLC R=0.5(Z. 1%
Z.); "TH NMR (400 MHz, CDCl3) &: 1.48~1.57 (m, 3H),
1.73~1.81 (m, 3H), 2.24~2.31 (m, 2H), 2.47~2.54 (m,
3H), 2.63~2.69 (m, 1H), 2.76~2.79 (m, 2H), 3.68 (br.,
1H), 3.72 (q, J=8.0 Hz, 2H), 4.12 (q, J=8.0 Hz, 1H),
4.90~4.94 (m, 1H), 7.19 (d, J=8.0 Hz, 3H), 7.28 (t, J=
8.0 Hz, 2H); HRMS caled for C;sH»sO, [M+H]"
305.1753, found 305.1758.
3.2.6 (1S,5R,6R,7R)-7-# }-6-[3(R)-3-5 H-(5-F -
3-m9 £ -2H-7t 8 -2- 35 BUR ) R R -7 19 A2 H-vik e -2-
FRE 2- B4 RIR[3.3.0]F 42-3-BR(6) 49 A A%,

H21.3 g (0.07 mol)fb 54 5 A 500 mL — 5 4%
H AR, NN 17.7 g (0.21 mol) 3,4- —Z(IEME/60 mL PU4,

Chin. J. Org. Chem. 2014, 34, 1786~1792
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WRm, PRIEZE 0 °C, A 0.27 g (1.4 mmol)Xi F 2R AR,
U3 0 A 3 he I S%BRIRE 1 300 mL #ii4t: 1 h, 4
W, A HL)Z R SR e i, oK B R A T,
WRYE, R ORI 28.3 g UK 85.6%. [alh) —
13.5 (¢=1.0, CH;CN), TLC R;=0.8 [V(IEC4t) : (L
ZH)=1: 1]; '"H NMR (400 MHz, CDCl;) 6: 1.24~2.01
(m, 20H), 2.15~2.25 (m, 1H), 2.42~2.67 (m, 3H), 2.74~
2.82 (m, 2H), 3.44~3.51 (m, 2H), 3.64~3.69 (m, 1H),
3.79~3.94 (m, 3H), 4.57~4.68 (m, 2H), 4.95~5.00 (m,
1H), 7.16~7.21 (m, 3H), 7.26~7.29 (m, 2H); IR (KBr) v:
2941, 2867, 1774, 1603, 1496, 1454, 1353, 1200, 1175,
1133, 1076, 1024, 748, 701 cm™'; HRMS calcd for CogHyo-
NaOg [M+Na]" 495.2723, found 495.2727
3.2.7  (1S,5R,6R,7R)-6-[3(R)~(5- % #k -3-v9 & -2H- .
-2 25 B ) R IR ]-7-79 E-2H-m-2- 2R AU -2- A
SRER[3.3.0]3F ke-3-BE(7) 494 A%,

¥4 28.3 g (0.06 mol)fh &4 6 ¥ T 600 mL U SN,
SO, B —T78 CLEIEWE N 0.09 mol 5
SR IE R (1.0 mol/L), #4501 h. k& %
i, A HEE 200 mL, #iE#F 10 min, ¥4d, 0.1 mol/L
W2 pH 1, IIAK 300 mL, F 4R AHEAEL 3
K, BER500 mL, S IFAHUZE, FMUA SR BasE S,
TOKIRBRAN T, KR4, 19 0tmpiRisifk 26.2 g, e
92.3%. [a]y —19.0 (¢=1.0, CH;CN), TLC R;=0.6
[VOECKR) : MR LER)=1 : 1]; '"H NMR (400 MHz,
CDCly) 0: 1.22~1.29 (m, 1H), 1.54~2.38 (m, 23H),
2.60~2.68 (m, 2H), 2.77~2.79 (m, 1H), 3.46~3.52 (m,
2H), 3.67~3.74 (m, 2H), 3.85~3.97 (m, 3H), 4.61~4.65
(m, 2H), 5.42~5.62 (m, 1H), 7.16~7.21 (m, 3H), 7.25~
7.29 (m, 2H); IR (KBr) v: 3417, 2940, 2867, 1720, 1603,
1496, 1454, 1353, 1201, 1133, 1076, 1023, 746, 700 cm ™ ';
HRMS calcd for CysHyyNaOg [M—|—Na1]+ 497.2879, found
497.2883.
3.2.8 (2)-7-{(1R,2R,3R,55)-5- # # -2-[3(R)-(5- & 3 -
3-v9 S -2H-wk @ -2- F B ) R AR ]-3-(9 A2 H-vib v -2-
FRGR) IR R IR ) -5- R R (8) 8 A A%,

HA-FREE T A = RIS, 44.3 ¢ (0.10 mol)INA
500 mL PYEmkmgh, @R, BERE—15 °C,
A 100 mL (0.2 mol)7~ FE “REFL AN (2 mol/L), i
FERN 1 h, A 23.7 g (0.05 mol)fb &4 7/60 mL YU,
WV, OV 2 h. JIAUK 30 g, $iidE 10 min, [ 1
mol/L R pH £+, I 600 mL 5 FRLASIN,
TR DR, oK IR RN, WRAG 51571
TLC R=0.4 [V(ECE) : LR LTER) : VIKLIR)=
10 2 5:0.5]; HRMS caled for Cs3HsoNaO; [M+Na]™
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581.3454, found 581.3459.
3.2.9  (2)-7-{(1R,2R,3R,55)-5- # # -2-[3(R)-(5- % # -
3-w9 A -2H-wth v -2- R AR ) R AR ]-3-(W9 A2 H-R i -2-
HER) IR L -5- B BR S+ 7 BB (9) 69 6 A%,

B G 8% 11200 mL AR, 0 ‘CF, WA 15.2
g (0.1 mol) DBU, FF#| =5, A 17.0 g (0.1 mol) 2-
WUAGE, =il RNV 24 h. B RNRHERAE, NN 3%
34 pH 2 PPk, A 1000 mL 5 H 4, 20, HHUZE
FHBAIER K UL, JoKBRIREN T8, W46, rERKEEMT,
M VOECKS) @ MCR CER)=2 0 1 Ve, #llcdng, Wk
ML EMARI AL 23.4 g WE 77.8%; [alh) +76.5
(¢=1.0, CH;CN), TLC R;=1.0 [V(IEC%%) : (LR
Big) @ (VK& 8)=10:5:0.5]; '"H NMR (400 MHz,
CDCly) 6: 1.22 (d, J=7.2 Hz, 6H), 1.32~1.89 (m, 23H),
2.13~2.66 (m, 9H), 3.49~3.50 (m, 2H), 3.66~4.07 (m,
6H), 4.64~4.68 (m, 2H), 4.96~5.03 (m, 1H), 5.37~5.52
(m, 2H), 7.17~7.29 (m, 5H); IR (KBr) v: 2927, 2869,
1730, 1455, 1376, 1111, 1023, 746, 700 cm '; HRMS
caled for CyHsNaO; [M + Na] = 623.3924, found
623.3922.
3.2.10 (2)-7-{(1R,2R,3R,55)-3,5- — ¥ 3 -2-[3(R)-(3-
A -5-F R R IR R AR ) -5- B R BR % 7R BB (10, la-
tanoprost) 494~ %,

+ 18.0 g (0.03 mo)fLEH 9 A 500 mL HIEE, Jin
A 0.4 g (0.0015 mol)%f FREAERILIE, Hit, il 50 C
SRV 4 he W4h, N S%iRIREEN R pH 2, A
500 mL PR CME, 43, ALZE A& i vt
ok, JCKERIREN T, IR L) 12.5 g REIREE)Z
FTH VOESHD) @ MR LT =111 Yk, 4> Bk,
FHVBCRH 038 K6 0 40 B2 [HPLC, Rl K: 210 nm, 43%
F¥: Waters SunFire Si (5 pm, 4.6 mm X250 mm), ¥ishtH:
VOECHE) @ V(FNEE) © MLH5)=93 16 1, Filk 35
C, i 1.0 mL/min, RRE]], A IF4IEE 95% LA 30, 9K
45, 1T EHPIRIEAA 10.9 g, K 84.7%.
32,11 3379 F stk

F 109 g HH AL e ol 25 WU R SR (Gl 4% E T AT
[DAC-50, Waters SunFire Si (10 pm, 50 mm X 650 mm);
WK 210nm, ¥Hii# 50 mL/min, WaHAH: V(ECE) @ V(5
Wl : M E)=92:6.5: 1.5 TRIZR EFE, Bl
FUE, GIF, W4, EAATHE, FLAMREIE 89 g
R 81.6%. ZfEHN 9991%. [aly +35.0 (c=1.0,
CH;CN), TLC R;=02 [V(IEC ) LR LTig) =
21 1]; '"H NMR (400 MHz, CDCl3) 6: 1.22 (d, J=6.0 Hz,
6H), 1.25~1.39 (m, 2H), 1.49~1.80 (m, 9H), 1.81~1.87
(m, 2H), 2.11~2.14 (m, 2H), 2.26~2.33 (m, 5H), 2.46
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(brs, 1H), 2.65~2.71 (m, 1H), 2.76~2.80 (m, 1H), 3.66
(quint, J=5.6 Hz, 1H), 3.94 (br, 1H), 4.16 (br, 1H), 5.00
(quint, J=6.4 Hz, 1H), 5.36~5.49 (m, 2H), 7.16~7.21
(m, 3H), 7.26~7.30 (m, 2H); *C NMR (100 MHz,
CDCl) d: 21.82, 24.91, 26.61, 26.90, 29.63, 32.10, 34.03,
35.79, 39.04, 42.49, 51.88, 52.88, 67.64, 71.29, 74.69,
78.78, 125.80, 128.38, 129.32, 129.58, 142.07, 173.47; IR
(KBr) v: 3397, 3085, 3062, 3025, 2933, 1729, 1496, 1455,
1109, 1031, 996, 747, 700 cm™'; HRMS caled for CygHyo-
NaOs [M+Na]" 455.2773, found 455.2777.
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