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Synthesis of novel 9-fluoroanthracyclines carrying L-fucose as a sugar component is described. Compound 3 
containing a fluorine at the C-9 position was synthesized from an epoxide 2 and HF/Pyr (7:3). Bromination 
and hydrolysis of compound 3 resulted in synthesis of an aglycone, 9-fluoroanthracyclinone 6. The a-(lb) and 
p-anomers (la) of the final product were obtained in high yields by a coupling reaction with the L-fucose.

Introduction Results and Discussion

A numerous anthracycline derivatives have been syn­
thesized and tested for anticancer activity.1 Nevertheless, 
the clinical use of anthracyclines requires further de­
velopment of a more potent derivative with less cardio­
toxicity.2 Recently, it was reported3 that introduction of 
fluorine to anthracycline increases anticancer activity. 
Derivatives of anthracycline showed either improved an­
titumor activity or reduced toxicity when fluorine was in­
troduced at the C-l and/or C-4 positions4 of the D ring, 
나le C-85 or C-146 positions of the A-ring, and the C-2' po­
sition of the glycone.7

We have synthesized a novel anthracycline derivative in 
which fluorine was introduced at the C-9 position on the 
aglycone A-ring. A sugar moiety, L-fucose, was sub­
sequently coupled.8 It was anticipated that the introduction 
of fluorine would result in higher affinity and increased 
binding to DNA.9 Thus, we here describe the synthesis of 
anthracycline derivatives where fluorine and L-fucose were 
introduced.

We have been using 3-phenyIsulfony  1-1 (377)-isobenzofur- 
anone derivatives as Michael donors in constructing tetra­
cyclic ring systems. However, we recently found11 that the 
same results could be obtained by using newly synthesized 
3-carbomethoxy-1 (3H)-isobenzofuranone instead of these 
phthalide sulfones. Initially, a 95% yield of an epoxide (±)- 
2, (Scheme 1; yellow powder, mp 207-209 °C; lit.10c 208- 
211 °C) was obtained using methods previously described 
in the literature.11 Hydrofluorination of epoxide 2 was then 
carried out with Olah's reagent12 under various reaction con­
ditions (Table 1) to obtain compound 3, where a fluorine 
atom was introduced at the C-9 position. When Arcamone's 
method5 was used (run 1), the yield was only 15% and the 
major reaction product was a ketone compound 4. By op­
timizing the reaction time and the solvents (runs 2-5), the 
yield was raised to 50%: shorter reaction time and the use 
of methylene chloride as a solvent improved the yield. To 
improve the yield further, 2 was dissolved in chloroform 
and was added into HF/Pyr (7:3) in an ice-bath. The mix­
ture was then kept at room temperature for 5 minutes to 
complete the reaction (run 6). Using this method, a yield 



Synthesis of Novel 9-Fluoroanthracycline Derivatives Bull. Korean Chem. Soc. 1998, Vol. 19, No. 1 75

more than 80% of compound (±)-3 was obtained. The 
NMR peak splitting of C-9 (JFC_9=183 Hz) confirmed that 
fluorine was introduced on the correct C-9 position, and 
from the scalar couplings (^f,c-7=H-6 Hz, VFi8.h=9.5, 6.5 
Hz), it was concluded that the fluorine was equatorial)3 
From NMR, It was known that a small amount of cis com­
pound of 3 was also obtained.

Reducing the HF concentration slowed the reaction rate 
and decreased the yield of 3 substantially. However, with 
longer reaction time (run 7), new compound (±)-5 was syn­
thesized where the fluorine was introduced at the C-10 po­
sition (f,(mo=181 Hz), although the yield was low (12%). 
This occurs because the epoxide ring is on the benzylic po­
sition unlike the substrates of the Arcamone reaction. Con­
sequently, the hydrofluorination had to be accomplished us­
ing very short reaction times in CHC13. Since fluorine at­
tack to the epoxide ring is characteristically of a SN2 type,14 
the fluorine was introduced at a more hindered position und­
er the acidic conditions (run 6) and was introduced at a less 
hindered position under the basic conditions15 (run 7).

To hydroxylate C-7 of compound 3 in a pseudoaxial 
form and to oxidize 10-OH, the obtained 3 was dissolved in 
CC14 and then refluxed with AIBN (Scheme 1). This was 
followed by addition of Br2 dissolved in CC14, and then hy­
drolysis.16 With this method, product (±)-6 was obtained 
with a 71% yield in racemic mixture. We also confirmed 
that the OH was introduced at the C-7 position as a pseu­
doaxial form from proton scalar coupling constants (V7.h,8-h= 
5.8, 4.2 Hz). An extraordinary long-range **W"  -type cou­
pling (4JFi 7_h=1-6 Hz) was observed, further confirming the 
pseudoaxial introduction of 7-OH. In this reaction, the hy­
droxyl group at C-10 was oxidized (193.4 ppm, 勺丽一如느20 
Hz) probably due to the effect of hydrobromic acid gen­
erated during the bromination process. When we attempted 
to synthesize compound 7 without oxidizing the C-10 hy­
droxyl group using NBS - AIBN for bromination, no reac­
tion was produced. When poly(4-vinylpyridinium bromide 
perbromide)5,17 was used, only compound 6 was occurred 
(14% yield). LS-selectride18 was used at - 78 °C to stereo- 
selectively reduce the C-10 position of 6 thereby making 
compound (±)-7, but the yield turned out to be relatively 
low (25%). The OH substitution at C-10 was confirmed by 
vicinal and lon^ range scalar couplings (3JFi10-h=21.5 Hz, 

Jf,io-oh=L9 Hz, Jio-hjq-oh드 10・7 Hz).
The final products 1 were synthesized by coupling the ob­

tained compound 6 and a fucose (Scheme 2). L-fucose was 
treated with p-nitrobenzoyl chloride in pyridine. This 
fucopyranose was used in the glycosidation of 6. Coupling 
attempts under various conditions using the glycosidic pro­
motors, TMSOTf20 or SnCl4,21 were unsuccessful. Therefore,
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I <±)-2 I (±)-3 4
fo F Jo O O 9H

命 ggK 亠 qOkr
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(±)-5 (±)-« (±)-7

Scheme 1. (a) HF/Pyr(7:3)/CHCl3, 0 °C, rt, 5 min, (b) HF/Pyr 
(44:56)/CHCl3, rt, 24 hr, (c) Br2, AIBN/CC14) reflux (1.5 hr), 
71%, (d) LS-selectride/THF, - 78 °C (2 hr), rt (1 hr), 15%.

in order to use the Koenigs-Knorr coupling method, the 
fucopyranose was converted to fucopyranosyl chloride 8 (1- 
H: 6.94 —>6.59 ppm upfield shift) by substituting C-l with 
chlorine using a,a-dichloromethyl methyl ether and zinc 
chloride. The coupling of compounds 6 and 8 was at­
tempted without success using silver triflate23 in THF, be­
cause a highly viscous slurry was formed probably due to 
formation of an oxonium intermediate from the oxygen of 
THF and AgOTf.24 To remedy this, methylene chloride/eth- 
er was used as the solvent instead of THF. Compounds 6 
and 8 were dissolved in methylene chloride at room tem­
perature and a mixture of AgOTf and ether was added. Aft­
er completion of the reaction, two anomeric mixtures, com­
pounds (±)-9 (57%) and (±)-10 (10%), were separated by 
column chromatography. Without confirming the structures, 
the fucose PNB groups on each of the two products were 
hydrolyzed using 0.1 N-NaOH.25 The final products, (±)-la 
(87%) and (±)-lb (84%), were purified by HPLC using a

Scheme 2.

Table 1. The hydrofluorination of epoxy compound 2
Run Reagents (%) Solvents Products (isolated yield)

1
2
3
4
5
6
7

HF/Pyr (70/30)
HF/Pyr (70/30)
HF/Pyr (70/30)
HF/Pyr (70/30)
HF/Pyr (70/30)
HF/Pyr (70/30)
HF/Pyr (44/56)
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THF 
CH2C12 
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(4 hr), rt (3 hr)
(15 min)
(10 min)
(5 min)

3 (15%), 4 (68%)
4 (76%)
3 (6%), 4 (63%)
3 (44%), 4 (45%)
3 (50%), 4 (40%)
3 (80%), 4 (16%)
3 (10%), 4 (11%), 5 (12%)
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C18 column. From NMR data, the two compounds were 
found to be anomeric isomers. Compound la was con­
firmed to be a p-anomer 8= 4.72 ppm,丿?出,2小=7.7 
Hz), and lb an a-anomer 8=5.43 ppm, Ji，hz-h=4.0 
Hz). The conformation of the fluorine, which was in­
troduced during synthesis of 3, was maintained as e- 
quatorial (3JFC.7=14 Hz for la, 13 Hz for lb) throughout 
the synthesis of the final products. Detailed analysis of the 
structure will be published elsewhere.26

Experimental

All reactions were carried out under nitrogen atmosphere 
with oven-dried glassware. All solvents were purified by dis­
tillation and dried, if necessary, prior to use. H, C, and 
19F NMR spectra were recorded on a Bruker DMX600, 
Bruker DRX300 and JEOL JNM EX-400 spectrometers. 
Chemical shifts were internally referenced to TMS for H or 
to solvent signals for l3C, or externally to CF2Br2 in CDC13 
(8=7.0) for "F. Mass spectra were recorded on a JEOL 
JMX-DX 300 spectrometer (El and FAB+) and on a VG 
QUATTRO spectrometer (ESI). UV/VIS spectra were re­
corded on a Beckman DU 7500 spectrophotometer. Optical 
rotations were recorded on a Perkin-Elmer polarimeter 241. 
Melting point were obtained on a Biichi 510 melting point 
apparatus and were uncorrected. Products were purified by 
flash column chromatography on a silica gel (60-200 mesh), 
HPLC (LCMI-WATERS), MPLC (YFLC 5404-FC) and/or 
by recrystallization.

(±)-6,10-Dihydroxy-9-ethyl-9-fluoro-4-methoxy- 
7,8,9,10・tetrahydTonaphthacen・5,l^・dione (3). 9- 
Ethyl-6-hydroxy-4-methoxy-7,8340-tetrahydrona- 
phthacen-5r 10,12-trione (4). Using polyethylene e- 
quipment and under strict exclusion of moisture, to a cooled 
(0 °C) solution of HF/Pyr (7:3, 30 mL) was added the 
epoxide 2 (0.95 g, 2.71 mmol) in CHC13 (30 mL) in one 
portion, and the mixture was stirred for 5 min under Ar at r. 
t. The reaction mixture was poured into ice-water (30 mL) 
and extracted with CH2C12. The combined organic phases 
were evaporated to dryness, the residure was purified by 
flash chromatography on a silica gel (CHKWEtOAc 2: 98 
-^CH2C12/EtOAc 10 : 90) to give 3 (80%, 0.80 g) as a dark 
yellow powder and 4 (16%, 0.15 g) as a light yellow powd­
er. 3: mp 206-208 °C; NMR (400 MHz, CDC13): 8 13.24 
(s, 1H, 6-OH), 7.84 (d, 1H, J=7.7 Hz, 1-H), 7.77 (s, 1H, 11- 
H), 7.70 (dd, 1H, J=8.4, 7.7 Hz, 2-H), 7.33 (d, 1H, J=8.4 
Hz, 3-H), 4.71 (dd, 1H, J=8.4, 5.0 Hz, 10-H), 4.05 (s, 3H, 
OMe), 2.86 (t, 2H, J=6.6 Hz, 7-H2), 2.59 (d, 1H, J=5.0 Hz, 
10-OH), 2.20-2.04 (m, 2H, 8-H2), 2.02-1.94 (m, 1H, 13-Ha), 
1.76-1.62 (m, 1H, 13-Hb), 1.07 (dd, 3H, J=7.7, 7.3 Hz, 14- 
H3); 13C NMR (100 MHz, CDC13): 8 188.67 (C-5), 182.17 
(C-12), 160.79 (C-4), 160.26 (C-6), 144.11 (C-lOa), 135.82 
(C-6a), 135.64 (2-CH), 133.17 (C-12a), 130.32 (C-lla), 
120.63 (C-4a), 120.14 (1-CH), 119.23 (C-ll), 118.10 (3- 
CH), 114.92 (C・5a), 96.38 (d, JF,C.9=183 Hz, 9-CF), 71.37 
(d, 2JP,c-w =31 Hz, 10-CH), 56.62 (OMe), 26.36 (8-CH2), 
26.13 (13-CH2), 20.76 (d, 7FC-7=11 Hz, 7-CH2), 6.63 (14- 
CH3); MS: m/z=370 (M+, 67.9%), 352 (37), 293 (96.6), 149 
(100).

4: mp 208-210 °C;NMR (600 MHz, CDC13): 8 13.37 
(s, 1H, OH), 8.33 (s, 1H, ArH), 7.96 (d, 1H, J=8.1 Hz, ArH), 

7.77 (t, 1H, J=8.1 Hz, ArH), 7.37 (d, 1H, J=8.1 Hz, ArH), 
4.08 (s, 3H, OMe), 3.22 (dt, 1H, J=18.3, 5.1 Hz), 2.89 (ddd, 
1H, J=13.9, 9.5, 5.1 Hz), 2.47 (dddd, 1H, J=18.3, 9.5, 4.4,
1.5 Hz), 2.32 (dddd, 1H,丿=18.3, 9.5, 5.1, 4.4 Hz), 2.02-1.90 
(m, 2H), 1.63-1.53 (m, 1H), 1.03 (t, 3H, J=7.3 Hz); 13C 
NMR (150 MHz, CDC13)： 8 198.91, 188.91, 181.88, 161.01, 
160.69, 140.28, 137.34, 136.17, 135.95, 130.31, 120.71, 
120.30, 119.21, 118.30, 116.93, 56.67, 48.41, 26.34, 22.14, 
22.03, 11.34; MS: m/z=350 (M+, 83%), 322(100), 304(32), 
266(27).

(± )-6,9-Dihydroxy-9-ethyl-10-fluoro-4-methoxy- 
7,8,9t10"tetrahydronaphthacen-5,12-dinone (5). 
Reaction between 2 and the HF/Pyr (44:56) in CHC13 was 
carried out for 24 h as described for 3. The residue was pu­
rified by flash chromatography on a silica gel to give 3 
(10%), 4 (11%) and 5 (12%) as a redish yellow powder. 5: 
〔H NMR (600 MHz, CDC13): 8 13.35 (s, 1H, OH), 7.97 (d, 
1H, J=7.8 Hz, ArH), 7.86 (s, 1H, ArH), 7.75 (t, 1H, J=7.8 
Hz, ArH), 7.36 (d, 1H, J=7.8 Hz, ArH), 5.26 (d, 1H, J=49.8 
Hz, 10-H), 4.08 (s, 3H, OMe), 2.92-2.88 (m, 2H), 2.05 
(ddd, 1H, J=14.7, 6.8, 5.9 Hz), 1.91 (ddd, 1H, J=14.7, 7.8, 
6.8 Hz), 1.80 (dddd, 1H, J=14.7, 7.8, 6.8, 2.0 Hz), 1.64 
(ddd, 1H, J=14.7, 8.8, 2.0 Hz), 1.07 (t, 3H, J=7.8 Hz); 13C 
NMR (150 MHz, CDC13): 8 188.96, 182.26, 160.95, 16035, 
140.44 (d), 135.93, 134.01, 130.51, 128.87, 120.78, 120.26, 
119.49, 119.44, 118.12, 115.63, 92.20 (d), 71.81 (d), 56.70, 
27.84, 20.70, 6.56; MS: m/z=370 (M+, 67.9%), 350(47.2), 
322(54.3), 305(36.8), 293(96.6), 149(100).

(± )-6,7-Dihydroxy-9-ethyl-9-fluoro-4-methoxy-7, 
8,9,10-naphthacen-5,10,12-trione (6). To a hot solu­
tion of 3 (0.80 g, 2.16 mm이) and AIBN (7.10 mg) in dry 
CC14 (200 mL) was added dropwise a solution of Br2 (0.22 
mL, 4.32 mmol) in CC14 (30 mL) under N2. The mixture 
was heated at reflux further for 1.5 h. The reaction mixture 
was cooled and washed with 10% Na니SO*  The organic 
phase was evaporated to dryness under reduced pressure, 
and the residue was taken up in THF-H2O (1:1, 200 mL) 
and stirred for 2 h at r.t. The THF was removed, and the 
mixture was extracted with CH2C12. The combined organic 
layers were successively washed with NaHCO3 solution, 
H2O and brine, and were dried (MgSO4), filtered and eva­
porated under reduced pressure. The residue was purified 
by flash chromatography on a silica gel (CH2C12/EtOAc 10: 
90CH2C12/EtOAc 20： 80), and by HPLC with a prep pak 
column (buffer soln, CH3CN 35%: 0.02 M NaH2PO4 65%: 
Et3N 0.1%; flow rate, 10 mL/min) to give 6 (0.59 g, 71%) 
as a dark yellow powder, mp 232-234 °C; n NMR (600 
MHz, CDC13): 8 13.81 (s, 1H, 6-OH), 8.43 (s, 1H, 11-H), 
8.05 (d, 1H, J=8.8 Hz, 1-H), 7.85 (dd, 1H, J=8.8, 7.8 Hz, 2- 
H), 7.44 (d, 1H, J=7.8 Hz, 3-H), 5.52 (ddd, 1H, J=5.8, 4.2,
1.6 Hz, 7-Heq), 4.14 (s, 3H, OMe), 3.58 (s, 1H, 7-OH), 2.77 
(ddd, 1H, J=14.6, 9.5, 5.8 Hz, 8■瓦)，2.59 (ddd, 1H, J=14.6, 
6.5, 4.2 Hz, 8-H^, 2.19-2.09 (m, 2H, 13-H2), 1.09 (dd, 3H, 
J=7.8, 6.8 Hz, 14-H3); ”C NMR (150 MHz, CDCI3)： 8 193.37 
(d, 2Jf,C-io=2O Hz, C-10), 188.86 (C-5), 181.34 (C-12), 161.41 
(C-4)/160.77 (C-6), 137.70 (C-6a), 136.69 (2-CH), 135.84 (C- 
12a), 135.03 (C-lOa), 132.61 (C-lla), 120.62 (C-4a), 120.61 
(1-CH), 119.41 (C-5a), 118.51 (3-CH), 117.40 (11-CH), 95.52 
(d, Jf,c_9=183 Hz, 9-CF), 62.24 (d, 3JF>C.7=12 Hz, 7-CH), 56.78 
(OMe), 37.66 (d, \c^=22 Hz, 8-CH2), 28.52 (d, 2JF,c-i3=23 
Hz, 13-CH2), 6.87 (14-CH3); 19F NMR (282 MHz, CDC13): 8 
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-162.30 (m, IF); FT-IR (KBr, pellet): v=3514, 2924, 1714, 
1665, 1623, 1581, 1454, 1384, 1293, 1236, 1194, 1039, 997, 
969, 835, 800, 737 cm-1; UV (MeOH): A (loge)=211(0.88), 
238 (0.92), 526 (0.01); MS (ESI, negative, MeOH): m/z=383 
[M-H] \

(±)-9-Ethyl-9-fluoro-4-methoxy-6,7f10-trihy- 
droxy-T^S^.lO'tetrahydronaphthacen-S, 12-dione 
(7). To a solution of LS-selectride (0.16 mL, 0.16 mmol, 
1.0 M in THF) which was cooled to 一 78 °C under N2, was 
added 6 (50.0 mg, 0.13 mmol) in THF (15 mL), and the 
mixture was stirred further for 2 h. The cooling bath was re­
moved and the mixture was heated at reflux for 1 h. After 
adding H2O, EtOAc, and K2CO3 successively, the organic 
layer was separated. The residue was chromatographed on a 
silica gel (CH2C12/EtOAc 10 ： 90—CI&Cls/EtOAc 20:80) 
to give 7 (12.57 mg, 25%) as a redish yellow powder, mp 
193-195 °C; 'H NMR (400 MHz, CDCI3): 8 13.24 (s, 1H, 
OH), 8.07 (s, 1H, ArH), 7.95 (d, 1H, J=7.8 Hz, ArH), 7.78 
(t, 1H, J=7.8 Hz, ArH), 7.38 (d, 1H, J=7.8 Hz, ArH), 5.33 
(dd, 1H, J=8.8, 6.8 Hz, 7-H), 4.65 에 1H, J=21.5, 10.7 
Hz, 10-H), 2.76 (ddd, 2H, J=14.6, 6.8, 4.9 Hz, 8-H2), 2.31 
(dd, 1H, J=10.7, 2.0 Hz, 10-OH), 2.09-1.86 (m, 3H), 1.08 
(dd, 3H, J=7.8, 6.8 Hz, 14-H); MS: m/z=386 (M+).

chloride (8). To a solution of 6-deoxy-L-galactose (0.5 
g, 3.05 mmol) in dry pyridine (30 mL) which was cooled to 
0 °C under N2, was added p-nitrobenzoyl chloride (3.39 g, 
18.28 mmol), and the mixture was stirred for 16 h to afford 
l,2,3,4-Tetra-<9-(p-nitrobenzoyl)-a-L-fucopyranose (2.16 g, 
93 %) as a white powder, mp 239-241 °C; lH NMR (400 
MHz, CDC1?): 8 8.40 (d, 4H, J=8.8 Hz, ArH), 8.29 (dd, 4H, 
J=8.8, 6.6 Hz, ArH), 8.17 (d, 4H, 7=8.8 Hz, ArH), 7.99 (t, 
4H, J=8.8 Hz, ArH), 6.94 (d, 1H, J=3.7 Hz, 1-H), 6.67 (dd, 
1H, 2.9 Hz), 6.00 (dd, 1H, J=10.3, 3.7 Hz), 5.94 (d,
1H, J=2.9 Hz), 4.71 (q, 1H, J=6.6 Hz, 5-H), 1.39 (d, 3H, J=
6.6 Hz, 6-H); I3C NMR (CDCI3): 8 164.18, 163.85, 163.72, 
162.89, 151.24, 150.97, 134.07, 133.88, 133.77, 133.60, 
131.06, 130.79, 124.11, 123.78, 91.43, 72.09, 69.55, 68.24, 
68.07, 16.25; MS (FAB+): m/z=760 (M+).

To a solution fucopyranose (2.0 g, 2.63 mmol) and a,a- 
dichloromethyl methyl ether (1.31 mL, 14.46 mmol) in 
CH2C12 (90 mL), cooled to 0 °C under N2, was added ZnCl2 
(11.57 mL, 11.57 mmol, 1.0 M in Et2O), and the mixture 
was stirred for 1 h at r.t. The residue was chromatographed 
on a silica gel (CH2C12/Hexane 2:98) to afford 8 (1.29 g, 
78%) as a white powder, mp 137-139 °C;NMR (400 
MHz, CDCI3): 8 8.38 (dd, 2H, 7=8.8, 2.2 Hz, ArH), 8.26 
(dd, 4H, J=8.8, 2.2 Hz, ArH), 8.16 (m, 4H, ArH), 7.97 (dd, 
2H, J=8.8, 2.2 Hz, ArH), 6.59 (d, 1H, J=3.7 Hz, 1-H), 6.06- 
6.02 (m, 1H), 5.87 (d, 1H, J=4.4 Hz), 5.84 (dd, 1H, J=10.3,
3.7 Hz), 4.78 (q, 1H, J=6.6 Hz), 1.38 (d, 3H, J=6.6 Hz); 
13C NMR (CDCI3): 8 164.04, 163.77, 163.55, 151.13, 151.05, 
150.86, 133.90, 133.63, 131.09, 131.01, 130.70, 124.06, 
123.81, 123.70, 91.24, 71.90, 69.36, 69.03, 68.32, 15.86; 
MS (FAB) m/z=629 (M+).

6-hydroxy-4-methoxy-7,8,9,10-tetrahydronaph- 
thacen-5f 10,12-trione (la/lb). A solution of AgOTf 
(47.0 mg, 0.18 mmol) in ether (3 mL) was added to a mix­
ture of fucopyranosyl chloride 8 (98.0 mg, 0.16 mmol) and 
6 (50.0 mg, 0.13 mmol) in CH2CI2 (3 mL) with stirring at r. 

t. and stirred further for 1.5 h under Ar. The mixture was di­
luted with CH2C12 (50 mL), and washed with satd NaHCO3 
(50 mL). The seperated organic layer was dried over MgSO4 
and evaporated in vacuo. Purification by column chro­
matography (CHKL/EtOAc 1:9) —> EtO Ac/Hexane 1:1) 
gave 9 (72.51 mg, 57%, mp 260 °C, dec) as a dark yellow 
powder and 10 (12.72 mg, 10%, mp 205-207 °C) as a yel­
low powder. 9 and 10 was used for the next reaction 
without further confirming the structures.

0.1 M NaOH (0.9 mL) was added to a solution of 9 (20 
mg, 0.02 mmol) in CH2C12 (20 mL) and MeOH (20 mL) 
with stirring at 0 °C under Ar. The deep purple solution pro­
duced was stirred 40 min at 0 °C. To a mixture was added 
glacial AcOH till the purple solution was changed to bright 
orange. The reaction mixture was extracted with EtOAc. 
The extract was washed with satd NaCl, dried with MgSO4, 
and evaporated in vacuo. Purification by HPLC with a Prep 
Pak symmetry C18 40 x 100 mm column (Buffer soln: CH3- 
CN, 35%; 0.06 M Na2HPO4, 39%; citric acid, 26%; Et3N, 
0.05%) gave la (9.43 mg, 87%) as orange crystals. From 10 
by the same method was obtained lb (9.10 mg, 84%) as 
orange crystals, la: mp 132-134 °C; 'H NMR (600 MHz, 
CDCI3/CD3OD): 8 8.37 (s, 1H, 11-H). 7.99 (d, 1H, J=7.8 
Hz, 1-H), 7.83 (dd, 1H, J=8.4, 7.8 Hz, 2-H), 7.44 (d, 1H, 
8.4 Hz, 3-H), 5.36 (m, 1H, 7-H), 4.72 (d, 1H, J=7.8 Hz, 1,- 
H), 4.09 (s, 3H, OMe), 3.77 (dq, 1H, J=6.7, 1.1 Hz, 
3.71 (dd, 1H, J=3.3, 1.1 Hz, 4*-H),  3.64 (dd, 1H, J=9.5, 3.3 
Hz, 3'-H), 3.54 (dd, 1H, J=9.5, 7.8 Hz, 2'-H), 3.11 (ddd, 1H, 
J=14.5, 5.6, 2.2 Hz, 8-Heq), 2.56 (ddd, 1H, J=14.5, 10.6, 5.0 
Hz, 8-Hax) 2.15 (m, 2H, 13-H2), 1.40 (d, 3H, J=6.7 Hz, 5'- 
Me), 1.04 (t, 3H, J=7.8 Hz, 14-1%); NMR (150 MHz, 
CDCI3/CD3OD): 6 194.75 (d, ^f,c-w=18 Hz, C-10), 188.50 
(C-5), 181.39 (C-12), 161.15 (C-4), 160.76 (C-6), 136.75 (2- 
CH), 135.33 (C-6a), 135.26 (C-12a), 134.29 (C-lOa), 132.95 
(C-lla), 120.38 (1-CH), 120.14 (C-4a), 119.53 (C-5a), 
118.54 (3-CH), 116.94 (11-CH), 105.11 (I'-CH), 95.64 (d, 
Jf,c-9=187 Hz, 9-CF), 73.50 (3'-CH), 71.73 (2'-CH), 71.08 
(4'-CH), 70.84 (5*-CH),  70.59 (d, 京*一 7그 14 Hz, 7-CH), 56.57 
(OMe), 36.88 (d, \C-8=22 Hz, 8・C瓦)，29.12 (d, 2JFiC.i3=23 

Hz, 13-CH2), 16.22 (S-Me), 6.36 (14-CH3); % NMR (282 
MHz, CDCIJCDQD): 8 - 161.05 (m, IF); MS (ESI, ne­
gative, MeOH): m/z=529 [M-H] \

lb: mp 130-132 °C;NMR (600 MHz, CDCI3/CD3OD): 
8 8.36 (s, 1H, 11-H), 7.97 (d, 1H, J=7.7 Hz, 1-H), 7.81 (dd, 
1H, J=8.3, 7.7 Hz, 2-H), 7.42 (d, 1H, J=8.3 Hz, 3-H), 5.43 
(d, 1H, J=4.0 Hz, 5.33 (m, 1H, 7-H), 4.07 (s, 3H, 
OMe), 4.05 (m, 1H, 5'-H), 3.86 (dd, 1H, J=10.0, 4.0 Hz, 2'- 
H), 3.76 (dd, 1H, J=2.9, 2.2 Hz, 4'-H), 3.62 (dd, 1H, J=10.0, 
2.9 Hz, 3'-H), 2.74 (m, 2H, 8-H2), 2.26 (m, 2H, 13-H2), 1.32 
(d, 3H, J=6.5 Hz, 5'-Me), 0.97 (t, 3H, J=7.4 Hz, 14-H3); 13C 
NMR (150 MHz, CDCWCD3OD): 5 193.71 (d, \c.10=18 
Hz, C-10), 188.49 (C-5), 181.32 (C-12), 161.23 (C.4),‘160.58 
(C-6), 136.83 (2-CH), 135.49 (C-6a), 135.23 (C-12a), 134.12 
(C-lOa), 133.02 (C-lla), 120.39 (1-CH), 120.12 (C-4a), 
119.60 (C-5a), 118.60 (3-CH), 117.09 (11-CH), 101.50 (1*-  
CH), 95.17 (d, Jf,c-9=187 Hz, 9-CF), 71.49 (4'-CH), 70.87 
(3'-CH), 70.60 (d,，3Jf,C-7=13 Hz, 7-CH), 69.10 (2'-CH), 67.56 
(5'-CH), 56.60 (OMej, 37.81 (d, 2JFiC-8=22 Hz, 8-CH2), 29.19 
(d, 2Jf,c」3=23 Hz, 13-CH2), 16.08' (5'-Me), 6.90 (14-CH3); 
19F NMR (282 MHz, CDCIJCD3OD): 8 - 161.05 (m, IF); 
MS (ESI, negative, MeOH): m/z=529 [M-H]1
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