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STEREOCHEMISTRY OF cis-CLERODANE DITERPENES
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Abetract - To piscicidal solidagolactones [IV, V, VII and VIII (1~4, cis-
clerodane diterpenes)] isolated from Solidago altissima, a non-steroidal confor—
mation was assigned on the basis of chemical and physicochemical evidence. 13¢
NMR chemical shifts of methyl groups proved useful for determining stereochemistry
of the A/B ring junction in clerodanes. For clerodanes having an epoxide, 1§ NMR
data and the Tori equation were useful for assigning the epoxide configuration.
Cremer's puckering parameters were used to express the conformation of the
solidagolactones.

Introduction
Some erroneous assignments have been reported for absolute configurationsl, stereo—
chemistry of the A/B ring ,junction2 and epoxide configurations3 in clerodane diterpenes.,
We have isolated solidaoglactones IV(1), V(2), VII(3) and VIII(4) (all cis-clerodane
diterpenes) from Solidago altissima L. (Compositae) as piscicidal constituents, and

determined their absolute configurations, as reported in short communications3,4. In
this paper, we wish to describe structure determination of 1~4 in detail, and also to
demonstrate the usefulness of 13C NMR chemical shifts of methyl groups, Cremer's pﬁcker-
ing parameters and one of the Torl equations for determining stereochemistry of A/B ring
Junction, precise molecular conformation and epoxide configuration, respectively. The
epoxide configurat:lons of several cis-clerodanes are corrected in this study.

Isolation and Structures of Solidagolactones

By monitoring the piscicidal activity for killifish, we isolated piscicidal
compounds 1~ 4 from the methanol (MeOH) extract of S. altissima by column chromato-
graphies and recrystallization (1 ~3) (Scheme 1).

Compounds 1 ~3 were the known solidagolactones IV, V and VII2, respectively. l1H NMR
spectrum of 4, a new compound named as solidagolactone VIII, quite resembled to that of 3
except for protons on the C6 substituent [§1.81 (3H, dm, J=6.8 Hz, 1.89 (34, m) and 6.90
(1H, qq, J=1.2 and 6.8 Hz)], which was assigned to tygloyloxyl moiety. The C6 protons
(H6) showed a triplet in 1 (§3.71) or double doublets in 3 (§5.44) and 4 (§5.40)
signals, all of which possessing small J values (2.50~ 2.80 Hz). This means that the H6
in these compounds is in equatorial position.
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With diisobutylaluminum hydride (DIBAL) io tetrahydrofuran (THF) (-35°-+ -20°C, 3.5
hr), 3 and 4 converted into furano-compounds 5 and 6, respectively, both of which showed

the presence of a B-substituted furan ring in IR (Vpgay 880 cm~1) and 1H NMR {68.25 (1H,
m), 7.21 (1H, m) and 7.35 (1H, t, J=1.5 Hz)] spectra. Both 5 and 6 gave identical
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furano-alcohol (7) [IR: Vpax(film) 3480 cm~1; 1§ NMR: 4.13 (18, t, J=2.6 Hz, H6)) on
treatment with lithiumaluminium hydride (LAH) (THF, 0°+ 15°C, 3 hr). The OH proton of 7
resonated at very low field [65.44 (1H, bs)]. On treatment with m-chloroperbenzoic acid
(CHoClg, room temperature, 1 hr), 1 gave two epoxides 8 and 8 (ratio 1.7:1). According
to usual epoxidation mechanism of homoallylic alcohol5, the major product 8 was expected
to have a R-epoxide ring (Fig. 1-A). Acetate (10) ylelded only a-epoxide 11 (identified
by acetylation of 9) under the same epoxidation condition as performed for 1 (Fig. 1-B).
From these observations, a non~steroidal conformation is assigned to 1.

X

Fig. 1

In 8, an intramolecular hydrogen bond exists based on 1§ NMR signal at $5.41 and IR
(CHCl3) band at 3470 cm~1 which was unaffected upon dilution. On the other hand, 9
showed a strong band at 3600 cu~! and a weak band at 3475 cm™1 (disappeared upon
dilution) in IR (CHCl3), and a multiplet signal at much higher field (§1.8) in 1H NMR.
Therefore, an intramolecular hydrogen bond exists between the B-C8-OH and the B-C3-C4
epoxide oxygen in 8 which afforded 7 on reaction with DIBAL (THF, -35° +-250C, 3.5 hr).
Thus, we assigned B-configuration to the epoxide ring of solidagolactone VII(3) and
V1II(4). The former was previously reported as the q-epoxide compound?,

McCrindle et al.6 added Eu(dpm)3 in the 1H NMR measurement of 12'b (antipode of
12'a), and gave a normalized ratio of 10 : 9.8 : 1.7 : 4.2 in the induced shifts of
protons of C18, C19, C17 and C20 methyls, respectively. They gave a steroid-like confor-
mation to 12'b (see below). We measured 14 NMR of 12 (C8 epimer of 12'a), which was a
DIBAL reduction product of 1, in the presence of Eu(dpm)3. A normalized ratio for the
Cc18, C19, C17 and C20 methyl protons was 3.9 : 5.3 : 2.0 : 3.3, respectively. The value
of 5.3 of C19 methyl indicates an anti-trans relation to the axial C8-OH group. Our
normalized ratio is consistent only with non-steroidal conformation, which also agrees
with the above ep_ox:l.dation results.

CH,(2.0) H
Ho—¢H
(3.3)HLC ~Y
CH,
(5.3)
CH, (3.9) s (10.0})
13 12b

A direct confirmation to the stereochemistry of the solidagolactones was obtained by
chemical reactions. 1 was treated with N-bromosuccinimide (NBS) (THF, room temperature,
45 min) to give an oxetane 13 in quantitative yield (attack of 8-OH to C4). 14 NMR
spectrum of 13 showed a singlet signal of C18 methyl protons (expressed as H3C18) at §
1.66 and two double doublet signals at 64.09 (J=3.9 and 5.8 Hz) and 4.46 (J= 2.6 and 3.3
Hz)(H3 and H6 respectively). 13C NMR signals of 13 at §59.55 (d, C3), 79.81 (d, C6) and
84.62 (s, C4) supported the structure 13.

If a compound having an ether bond between C3 and C8 (14) was 1solated, it should
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prove the cis-A/B ring junction and non-
steroidal conformation. Indeed, on N ’3‘ "
treatment of 13 with p—toluenesulfonic S w
acid, 14 was obtained as a minor product
(21%) together with a major product 15
(36%). 1lH NMR of 14 showed signals at
61.82 (3H, s, H3C18), 3.75 (1H, ad,
J=2.2 and 3.1 Hz, H6) and 4.02 (1H, dd,

W'

a

J=1.7 and 3.0 Hz, H3). 13C NUR signals u
at 874.66 (8), 76.77(d) and 81.63(d)

were assigned to C4, C3 and C6, respec-

tively. If C4-O bond cleaves in pre-

ference to the C6-0 bond, generating a

carbenium ion on C4, the carbenium ion 15

will collapse with the bromine atom at

C3, forming a bromonium cation. Then,
attack by the oxygen atom at C3 gives 14 Fig. 2
(Fig. 2). 15 can be considered as originating from an intermediate 13°.

We conclude the 5a,10a—cis-clerodane skeleton with B~C6-OH for the solidagolactones.
The absolute configurations of the solidagolactones were determined by X-ray analyses3
and the CD benzoate method4 using p-bromobenzoate derivative (18). It is noted that
there is no essential conformational change in 16 between solution and crystal.

Utilization of 13C NMR Chemical Shifts of Pendant Methyls to Assign Stereochemistry of
A/B Ring Jumction of Clerodane Diterpenes

The X-ray analysis of tricyclosolidagolactone7 revised the stereochemistry of A/B
ring Junction of solidagolactones II~ V11 from trans to cis. The 13C chemical shifts of
some pendant methyl groups of clerodane diterpenes is discussed here in relation to the
stereochemistry of ring junction.

As shown in Table 1, 13c chemical shifts of Cl11 methyl of decalins and C19 methyl of
steroids reflect stereochemistry of A/B ring junction. The methyl carbon atoms in cis
resonate in a region of about 12 ppm higher field than those in trans. Similarly, C19's
of our clerodanes resonate in a region higher than §20, in particular around 625. The
corresponding carbon atoms of other cis-clerodanes also resonate in the same region,
whereas C19's in trans-clerodanes appear at §11~ 19. In cis-clerodanes, C20 resonates
also at lower field (821~ 29) than that in trans-clerodanes (§17 ~19).

13¢ chemical shift of a carbon atom is influenced by the shielding effect from carbon
atoms with Y -gauche relationshipl5.16, 1n trans-clerodanes, the number of carbon atoms
baving Y-gauche interaction with C19 is larger than that in cis~clerodanes. The chemical
shifts of C20 indicate axial orientation in tramns-clerodanes and equatorial in cis-
clerodanes. C17 carbon atoms are generally possess constant chemical shifts (around 615)
because this methyl is equatorial in both cis- and trans-clerodanes.

13¢ chemical shifts of methyls, especially C19, are thus useful to distinguish
between cis and trans ring junction in clerodane diterpenes.

Cremer's Ring Puckering Parameters for cig-Clerodane Diterpenes

For a quantitative conformational analysis for cyclopentanes, cyclohexanes and
heterocyclic rings, Cremer and Pop1e17 have proposed a generalized set of puckering
coordinate, which is composed of three parameters, Q[total puckering amplitude: length
(3)1, 6[magnitude of distortion from complete chair conformation: angle (degree)] and
¢[magnitude in change of conformation: angle (degree)]. Calculation of Cremer's
parameters needs Cartesian coordinate of the skeletal atomsl?, which is derived from cell
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Table 1 '3¢ Chemical Shifts of Pendant Methyl Groups in 13C MMR
(§ppm 1in CDCI3, unless otherwise stated)

Compound cNn Reference
cis-10-Methyldecalin . 24.1: 8
Trans-10-Methyldecalin 12.1 8

c19
58 -Androstane 24.1: 8
Sa-Androstane 12.0 8
Coprastane 24.1 8
Chorestane 12.5 8
c17 c19 c20
Tricyclosoﬁdagolactoned -¢ 21.2 23.8 7
1 15.40 24.18 28.34
2 15.17 21.55 24.24
3 15.78 26.64 27.46
1 15.75 26.53 27.46
5 15.75 26.53 28.05
% 15.81 26.47 28.05
15.58 25.24 28.58
8 15.52 25.24 28.34
3 15.28 22.37 28.87
1% 15.28 24.54 28.11
1 15.08 21.90 28.69
12 15.46 24.13 28.58
15.17 26.29 24.54
14.58 27.46 28.28
E 14.29 21.73 29.28
15.23 28.46 26.66 9
OTig.
2-0Oxokolavenic acid 15.8 19.5 17.8 10
Deacetylajugarin-11 15.5 «f 17.6 n
Teumassilin 15.6 * 17.6 n
|61 19-Diacetylteumassitin 15.5 * 17.3 1
g|(Ajugarin-I 15.3 * 17.3 12
£l|Ajugarin-1Iv 15.4 10.6 17.8 13
18.59 18.59
Eremone 7.8 18.8 18.8 14
18.9 18.9

a: Taken with neat liquid with TMS. b: Taken in a C€0CY5 solutfon and originally shown

in shift values upfield from CS,. Values converted to the TMS scale are shown here.

c: Taken in a CH2612. CHZCI—CDCI3 or CHZCIZ-dioxane solution. The chemical shifts were
originally referenced to CK2C12 as internal standard and converted to the CSZ scale.

Values in this table are reconverted from the CSZ scale to the TMS scale. d: The re-
ported shift values were assigned by us. e: This carbon is included in the cyclic
structure.  f: Substituents are not methyl group. g: These assignments may be reversed.

Table 2. Cartesian Coordinates (A) for Decalin Skeleton of lg

X Y 3 X Y 4

Q1 0 1.3988 -0.3792
€2 1.2759 0.7734 0.2159
€3 1.2645 -0.7149 0.0383
€4  0.0359 -1.4641 -0.1296
C5 -1,3550 -0.7648 -0.0337
€10 -1,2216 0.7714 0.2879

C5  1.0366 -0.7478 0.1287
C6  -0.0697 -1.2160 -0.1680
€7 -1.0720 -0.5923 0.2179
-0.9941 0.7025 -0.2288
C9 0 1.2536 0.1895
€10 1.0990 0.5996 -0.1895

A-ring
8-ring

origin at C1
origin at C9
o
&

coordinates induced from X-ray data.

In clerodane diterpenes, Eguren et a_1.18 have reported Cremer's puckering parameters
for neo— and norneo-clerodanes having trans A/B ring junction. For cis~-clerodanes,
however, none of the parameters has been reported yet. _

The cell coordinates in the X-ray data for the skeletal carbons of p-bromobenzoate
(16) were transformed to Cartesian coordinates (Table 2). 1In this case, ~01 and C9 were
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chosen as origins of the A- and B-ring, respectivelyl8. Q, 6 and ¢ values were evaluated
to be Q3 = 0.541 % and Q= 0.447x, 9A = 124.4° and eB = 11.8°, and, °A = 170.7° and ¢p
=281.9°. Theee values imply that the A-ring takes an envelope conformation flapping at
C1, and the B-ring a slightly deformed chair conformation flattening at C5 (Fig. 3-A).
The tortion around the C5-C10 axis 1s shown by dihedral angles of C4-~C5~C10-Cl (35.60°)
and C8-C5-C10-C9 (43.02°)(Pig. 3-B).

A
ce
24'\-——-4’\;5 =
A
[+
e ¥l

H

BN

(~100)

Ha2 ‘ Hp2
« —spoxide 8 -epoxide
(V)] (18, 8)
Fig.4

Fig. 3

Utilizmatioa of the Torl Equation to Assiga Epoxide Comfiguration om Clerodane Skeletom

Table 3 compiles 1H NMR data of the epoxide proton (H3) and C19 methyl protons
(H3C19) of clerodane diterpenes posesessing a C3-C4 epoxide.

In our compounds, coupling patterns and/or coupling constants of H3 signals showed
clear differences between a- and S8-epoxides, despite no significant difference in their
chemical shifts. Singlet or doublet signals having small J values (1.5~ 2.4 Hz) were
observed in the B-epoxides, while doublet sgignals have a large value (J=5.1 Hz) io the a-
epoxides. C19 methyl protons resonated at a lower field (§1.19~1.27) in the fB-epoxides
than in the c—epoxides (§1.16). According to these observations, the previous epoxide
configurations should be revised as indicated in Table 3.

Tori et a_1.19 have proposed an equation, J=5.1 eos%, to correlate coupling
constants of epoxide protons with dihedral angles in the :c-cﬁeix-c: system of steroidal
epoxides (episulfides). We wish to show here that the equation is useful for the
confiurational assignment of epoxides in clerodane diterpenes.

From the X-ray data of 16, the dihedral angles of H3-C3-C2-H,2 and H3-C3-C2-Hg2 are
47.80° and 71.80°, respectively (Fig. 4-B), which respectively corresponds to J3,2¢ =
0.50 and _.]3'23 = 2.30 Hz by the Tori equation. These J values agree with the observed
values, J3 2, = ~0 and J3 25 = 1.5 Hz 1in 18; J3 2, =~0 and Jd3,2g = 2.40 Hz in 7 and 8.

The A-ring of 1 is expected to have dihedral angles of ca. 30° and ca. 90° at H3-C3-
C2-Hy2 and H3-C3-C3-Hg2, respectively (Fig. 4-A). This means that the change of ca. 18°
" occurs in these dihedral angles between 1 and the B-epoxide 8. In a-epoxide (9), the
change of also ca. 18° is expected for these dihedral angles, namely, ca. 12° for H3-C3-
C2-Hy2 and ca. 108° for H3~-C3-C2-Hg2 (Pig. 4-C). The values, J3,2q¢ = 4.88 (12°) and d3,28
= 0.49 Hz (108°), calculated from the Tori equation agreed with the observed values
(42,3¢ = 5-1 and J3 25 =~0 Hz).

EXPERTMENTAL
Melting points were uncorrected. Specific rotations were measured in ethanol

(EtCH), unless otherwise stated, at 25°C with a Union automatic polarimeter PM-201. UV
spectra were recorded in EtGH on a Cary 17 UV spectrometer. CD curves were run in EtOH



3466 S. MANABE and C. NisHINO

Table 3. ]H NMR Data of H3 and H319 of a- and B-Epoxide in Clerodane Diterpenes
(Taken in Cl)Cl3 and TMS. unless otherwise stated)

° Original assignment to a-epoxide o Original assignment to B-epoxide
5
g u H3C]9 Reference Re:;::?:ed % ———H3 H3C19 Reference R.Z;::?:‘;eo{
o Sppm  J(Hz)  Sppm configuration| < | &ppm  J(Hz)  Sppm configuration
ki n 5.1 1,16  this work - 2’ 2.75 bs 1.22 this work -
n 3.04 5.1 1.16 " - :, 2.75 bs 1.22 " -
1}" - - .22 2,20 ] 5§ 275  bs 1.27 " -
B 2712 s 1.22 2 8% | 5 275 bs 12 " -
‘I’E 2.74 br 1.22 9 -*8(2) Z' 3.1 2.4 1.19 " -
12 2.70 s 1.26 2 -‘8(2) 1\6, 2.75 1.5 1.26 " -
20 2.75 br 1.22 9 +8(8) gg 3.04 4 1.14 9 -
; 2.99 2 1.20 6 +8 ’2\4, 3,04 4 1.16 9 +a
%C 277 W5 1.2 6 +8 25 2.9 5.0 1.08 6 -
2° 2.89 5.0 117 6 -
17 Re0-Ac, X (11)° 20 R=0-Tig., X RN 23 R=0+Ang., X (3) /\@
8 ” N Re0-Tig., X (4 0°~0

18 R=0+Ang., X 21 ReH, Y
-~ ~
19 R=0-Ang., Y

R=H, Y Y= || ll
o}

R=H, X
~

22
£

a, No ~|HNJ'-‘Rdzata in reference 2, but only H3C191nreference 20. b, Compounds in parentheses indicate our compounds.

c, Taken in CCl,.  d, The TH NMR data was presented by Anthansen et al. (Acta Chem Scand, 1971, 25, 1924).

on a JASCO J-40A spectropolarimeter. IR spectra were recorded on a Hitachl Model 260-50
IR spectrometer. 1H NMR and 13C NMR spectra were taken in CDClz and TMS with a JEOL
FX90Q spectrometer at 89.55 MHz and 22.50 MHz, respectively. Mass spectra (MS) were
measured with a Shimadzu GCMS-7000 mass spectrometer using a direct inlet system. Exact
MS were obtained with a JEOL JMS-01SC mass spectrometer. E. Nerck silica gel (60,
particle size 0.063-0.2 mm) and Wako alumina activated (200 mesh) were used for column
chromatographies. The above silica gel impregnated with 10% (w/w) AgNO3 was also used
for column chromatography. Preparative thin layer chromatography (TLC) was performed on
2mm x 20cm x 20cm E. Merck precoated silica gel plates (60F-254) or E. Merck precoated
aluminum oxide plates (150F-254, type T).

Isolation of piscicidal solidagolactones.
Isolation procedure is shown in Scheme 1.

139 NMR data of solidagolactones
Physical data other than 13C NMR are reported in a previous paper3 for

solidagolactones (1~ 4) isolated.
Solidafolactone IV [(5R, 6R, 8R, 9R, 108)-6-Hydroxy-cis-cleroda-3,13-diene-15,16-olide
)], C NMR, Sppm : 15.40 (q, C17), 18.33 (q, C18), 22.55 (t, C2), 23.25 (t, C11),
24.18 (q, C19), 26.35 (t, C1), 28.34 (q, C20), 30.83 (d, C8), 32.91 (t, C7), 33.67 (t,
Cc12), 38.65 (s, C9), 44.21 (s, C5), 44.21 (d, C10), 71.27 (d, C6), 73.02 (t, C16), 115.13
(d, C14), 128.77 (d, C3), 137.03 (s, C4), 171.10 (s, C13), 173.86 (s, C15).
Solidagolactone V [(5R, 8R, 9R, 108)-6-Keto-cis~3,13-diene-15.16—-olide(2)] 13c NMR, 6ppm

15.17 (q, C17), 19.56 (t, C2), 20.26 (q, C18), 21.55 (q, C19), 22.78 (t, Cl1), 23.54 (t,
C11), 24.24 (t, C20), 34.84 (t, C12), 38.00 (d, C8), 38.82 (s, C9), 44.15 (t, C7), 46.32
(d, C10), 52.29 (s, C5), 72.96 (t, C16), 115.30 (d, C14), 124.96 (d, C3), 134.27 (s, C4),
170.52 (s, C13), 173.68 (8, C15), 215.08 (s, C6). Solidagolactone VII [(3S, 4R, 5R, 6R,
8R, 9R, 10S)-3,4-Epoxy-6-angeloyloxy-cis-cleroda-13-ene-15,16-olide) (3)] C NMR:—#ppm :
15.75 (q, C17 and, C4' or C5'), 19.03 (t, C2), 20.73 (q, C4' or C5'), 21.73 (q, C18),
23.42 (t, Cl1), 26.64 (q, C19), 27.64 (q, C20), 27.76 (t, C1), 32.56 (t, C7), 32.91 (d,
C8), 34.49 (t, C12), 38.30 (s, C9), 40.41 (s, C5), 45.21 (d, C10), 57,27 (d, C3), 61.88
(s, C4), 75.50 (d, C6), 72.96 (t, C16), 115.30 (d, C14), 128.85 (s, C2"), 137.73 (d,
c3'), 167.01, (s, C1'), 170.64 (s, C13), 173.68 (s, C15). Solidagolactone VIII [(38, 4R,
SR, 6R, 8R, 9R, 108)-3,4-Epoxy-6-tygloyloxy-cis-cleroda-13-ene-15,16-olide] (4) C NMR,
Sppm : 12.18 (q, C4' or C5'), 14.41 (q, C4' or C5'), 15.75 (q, C17), 19.15 (t, C2), 21.61
(q, C18), 23.42 (t, Cl11), 26.53 (q, C19), 27.46 (q, C20), 27.70 (t, C1), 32.38 (t, C7),
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The aerial parts of Solidago altissima(3.4kg)
MeOH(13L) extraction
EtOAc{3L) extraction
Florisil chromatogaphy(a)}
EtOAc fraction(60g)
Silica gel chromatography(b)
40-50% EtOAc fractions(48g)
Silica gel chromatography(c)

f =
70% EtOAc fraction(11g) 80X EtOAc fraction(6.89)
Alumina chromatography(d)

[ | | I
30-40% Et0Ac 45-50% EtOAc  55-60% EtOAc  30-50% EtOAc  40% EtOAc 40-50& EtOAc

fractions fractions fractions fractions fraction fractions
3 (2.79) (1.09) 1 (300mg) (1-9l9) (1i19) (1-091)
10% AgNO,-Silica gel m AgNO,-STTica gel chrwatography(e)l
chromatoaraphy(e
100% EtOAc fraction 100% EtOAc 100% EtOAc
1 (500mg) 90-95% 100% fraction fraction
~ £LOAC EtOAC 4 (63mg) (715mg)
fractions fraction
3 (180mg) 4 (19mg) Silica gel
Solvent system for column chromatographies chro:a?:;
(a) EtOAc(21) after hexane{3¢) graphy|
(b) benzene containing increasing amount fractions 3-5 fractions 10-13
2 (124mg) 4 (249mq)
of Et0Ac [0,10,20,...,50,60%:expressed £ 2
as 10% stepwise (0+60%)) Total yield
(c) hexane-EtOAc, 10X stepwise (0+100%) 1 (1.40g): mp. 137-138°C (hexane-Et0Ac); [u]zsos §8° (c 0.921, EtOH)
(d) benzene-Et0Ac, 10% stepwise (0+100%) 2 {(124mg): mp. 106.5°-107°C (hexane); [a]n #125 2° (c 1.15, EtOH)
{e) hexane-Et0AC, 5% stepwise (0=100%) 3 (2.889): wp. 119-120°C (hexane-Et0Ac); [a)2%-28.4° (c 1.29, EtON)
(f) hexzne-EtOAc (4:1) A4 (33img): oil; [c]o -27.4° (c 0.341, EtOH)
Scheme 1

32.73 (d, C8), 34.43 (t, C12), 38.30 (s, C9), 40.41 (s, C5), 45.15 (d, C10), 57.33 (d,
C3), 61.68 (s, C4), 72.96 (t, C18), 73.20 (d, C8), 115.24 (d, Cl4), 129.42 (s, C2"),
136.68 (d, C3'), 167.41 (s, C1'), 170.69 (s, C13), 173.68 (s, C15).

DIBAL reduction of 3 and 4. To a THF (15 ml) solution of 3 (245 mg), 1M THF
solution of DIBAL (0. 66 ml) was added dropwise at -35°C in argon atmosphere. After
stirring for 3.5 hr (-359+ -20°C) 10% H2S04 (aq. soln.) (0.5 ml) was added to the
reaction mixture, and the mixture was further stirred for 20 min. at -200+-250C. After
addition of water (5.0 ml), the reaction mixture was extracted with EtOAc. The EtOAc
layer was evaporated to give a residue. Silica gel preparative TLC (benzene - EtOAc, 4 :
1) of the residue gave 5 (106.3 mg : conversion yleld, 63%) and unchanged 3 (70.0 mg).
Similarly, 8 (58.0 mg, conversion yield 57%) was given from 4 (138 mg). 5, [a]p -23.6°
(c 1.10). v4}}®, cm~1 : 1712, 1650, 1238, 878. 1lH NMR, Sppm : 0.86 (3H, d, J = 6.4 Hz,
H3Cl7), 1.03 (3H, s, H3C20), 1.27 (3H, s, H3C19), 1.31 (3H, s, H3C18), 1.99 (3H, m,
H3C5'), 2.04 (3H, dm, J = 6.8 Hz, H3C4'), 2.75 (1H, bs, H3'), 5.44 (1H, dd, J = 22 and
3.5 Hz, H6), 6.06 (1H, qq, J = 1.1 and 6.8 Hz, H3'), 6.25 (1H, m, H of furan) 7.21 (1H,
m, H of furan), 7.35 (1R, t, J = 1.6 Az, H of furan). 13¢ NMR, Sppm : 15.75 (q, C17 and
C4' or C5'), 19.09 (t, C2), 19.32 (t, Cl1), 20 79 (q, C4' or C5'), 21.87 (q, C18), 26.53
(q, C19), 27.82, (t, C1), 28.05 (q, C20), 32.62 (t, C7), 32.85 (d, C8), 37.36 (t, C12),
38.30 (s, C9), 40.35 (s, C5), 44.74 (d, C10), 57.39 (d, C3), 61.90 (s, C4), 72.73 (d,
c8), 110.91 (d, C14), 125.56 (s, C13), 128.83 (s, C2'), 137.44 (d, C3'), 138.43 (d, C18),
142.77 (d, C15), 167.07 (s, C1'). MS, m/z : 400 (M*, Co5H3g04), 382 (M*-H0), 317 (M*-
CH3(H)C=C(CH3)C0), 301 (I(*-CH;;(H)C-C(CHs)Coz), 300 (M*-CH3(H)C=C(CH3)COgH). &, mp.
84.50-860C (hexane-EtOAc). [a]p -31.89%(c 0.345). v £i}®m, em~l : 1710, 1655, 1270, 880.
1y NMR, Sppm : 0.85 (3H, d, J = 6.6 Hz, H3C17), 1.04 (3H, s, H3C20), 1.27 (3H, s, H3C19),
1.29 (3H, s, H3C18), 1.80 (SH dm, J = 6.8 Hz, H3C4'), 1.90 (3H, m, H3C5'), 2.75 (1H, bs,
H3), 5.41 (1H, dd, J = 2.4 and 3.5 Hz, H8), 6.26 (1H, m, H of furan), 6.91 (1H, qq, J =
1.2 and 6.8 Hz, H3' ), 7.21 (14, m, H of furan), 7.35 (1H, t, J = 1.5 Hz, H of furan)
13¢ NMR, &ppm : 12.24 (q, C4' or C5'), 14.41 (q, C41 or C51), 15.81 (q, C17), 18°27 (t,
c2), 19.38 (t, C11), 21.55 (q, C18), 26.47 (q, C19), 27.82 (t, C1), 28.05 (q, C20), 32.50
(d, C8), 32.73 (t, C7), 37.36 (t, C12), 38.30 (s, C9), 40.41 (s, C5), 44.80 (d, C10),
57.45 (d, C3), 61.96 (s, C4), 73.49 (d, C6), 110.81 (d, C14), 125.55 (s, C13), 129.59 (s,
c2'), 138.50 (d, C4'), 138.43 (d, C16), 142.77 (d, C15), 167.53 (s, C1'). M8, m/z : 400
(M*, CsH3gO4), 385 (MY—CHg), 382 (M*-Hg0), 317 (M*~CH3(H)C=C(CH3)C),301 (M*-
CH3(H)C=C(CH3)(03), 300 (M*-CH3(H)C=C(CH3)COoH). Anal. Caled. for CosHzgO4 : C, 74.96;
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H, 9.06. Found : C, 75.17; H, 9.21.

LiAlH4 reduction of 5 and 6. To a mixture of LiAlH4 (20 mg) and THF (2 ml), a THF
(1 ml) solation of 5§ or € (30 mg) was added dropwise in argon atmosphere under ice—
cooling, and the reaction mixture was stirred for 3 hr at 15°C. After a small amount of
an aqueous solution of potassium sodium tartrate was added to the mixture under ice-
cooling, and then the mixture was filtered. The filtrate was concentrated to give a
residue which was chromatographed on silica gel (benzene-EtOAc, 4 : 1). The obtained 7
18.4 mg, 77%) was a colorless oil. 7, [a]p -28.0° (c 0.900). v,{&}m, cm-1 : 3480, 875.
H NMR, Sppm : 0.85 (3H, d, J = 7.0 Hz, H3C17), 1.02 (3H, s, H3C20)1.19 (3H, s, H3C19),
1.37 (3H, s, H3C18), 3.01 (1H d, J = 2.4 Hz, H3), 4.13 (1H, t, J = 2.6 Hz, H6), 5.44
(1H, bs, OH), 6.25 (1H, m, H of furan), 7.20 (1H, m, H of furan), 7.35 (1H, t, J = 1.5
Hz, H of furan). 13¢C Nun éppm : 15.58 (q, C17), 18.38 (t, C11), 19.91 (t, C2), 21.78
(q, C18), 25.24 (q, C19), 27.48 (t, C1), 28.58 (q, C20), 30.98 (d, C8), 33.85 (t, C7),
37.42 (t, C12), 38.47 (s, C9), 39.70 (s, C5), 43.57 (d, C10), 59.91 (d, C3), 65.70 (s,
C4), 74.43 (d, C6), 110.91 (d, C14), 125.81 (s, C13),138.43 (d, C18), 142.78 (d, C15).
MS, m/z : 318 (M*, CgoH3003), 300 (M*-Hg0), 285 (M*-Hp0-CH3). Exact MS, m/z : 318.2192
(Calcd. for CggH3003, 318.2195).

Epoxidation of 1. To a CHgClg solution of 1 (400 mg), solid NaHCO3 (330 mg) and
m-chloroperbenzoic acid (326 mg) were successively added and stirred for 1 hr at room
temperature. To consume exess peracid, dimethylsulfide (0.2 ml) was added to the
reaction mixture and followed by the addition of water (10 ml). After extraction of
reaction mixture with CHgCly (30 ml x 4), the CHgCly extract was chromatographed on
silica gel (hexane-EtOAc, 2 : 1) to give 8 (237 mg, 56.4%) and 8 (137 mg, 32.6%) (8 : 9 =
1.7 : 1) as colorless oils. 8, [a]p -27.2° (c 1.14). v,{ m em-1 3475, 1780, 1745,
1638; v FHEL3, cm~1 : 3470, 1785, 1750, 1640. lH NMR, Sppm : 0.87 (3H, d, J = 6.8 Hz,
H3C17), 1.00 (3H, s, H3C20), 1.14 (3H, s, H3C19), 1.37 (3H, s, H3C18), 3. 02 (1H, d, J=
2.4 Bz, H3), 4.13 (1H, bt, J = 2.7 Hz, H6), 4.75 (2H, d, J = 1.8 Hz, H16), 5.41 (1H,
bs,0H), 5.83 (1H, tt, J = 1.5 and 1.8 Hz, H14). 13C NMR, Sppm : 15.52 (q, C17), 19.91
(t, C2), 21.73 (q, C18), 23.42 (t, C11), 25.24 (q, C19), 27.29 (t, Cl1), 28.34 (q, C20),
30.86 (d, C8), 33.73 (t, C7), 34.43 (t, C12), 38.41 (s, C9), 39.64 (s, C5) 43.86 (d,
C10), 59.73 (d, C3), 65.53 (s. C4), 72.96 (t, C18), 74.14 (d, C6), 115.18 (d, Cl4),
170.76 (s, C13), 173.68 (s, C15). MS, m/z : 334 (n+ Co0H3004), 316 (M*-H0). Exact MS,
m/z : 334.2145 (Caled. for CpgH3004, 334.2144). 9, [a]p - 17.1° (c 1. 29) vddie, cm-1
: 3460, 1780, 1745, 1638; vé?}la, cm~l : 3800, 3475, 1785, 1750, 1640. 1B NMR, Sppm :
0.87 (3H, d, J = 6.4 Hz, H3C17), 0.97 (3H, s, H3C20), 1.16 (3H, s, H3C19), 1.40 (3H, s,
H3C18), around 1.8 (1H, OH), 3.11 (1H, s, J = 5.1 Hz, H3), 3.82 (1H, bt, J = 2.6 Hz, HS6),
4.73 (2H, d, J = 1.8 Hz, H18), 5.82 (1H, tt, J = 1.5 and 1.8 Hz, H14). 13C NMR, éppm :
15.28 (q, Cl7), 19.32 (q, C18), 20.55 (t, cz). 22.37 (q, C19), 23.13 (t, C1 and C11),
28.87 (q, C20), 30.51 (d, C8), 33.38 (t, C12), 35.60 (t, C7), 38.53 (s, C9), 40.46 (d,
c10), 41.75 (s, C5), 62.77 (d, C3), 65.06 (s, C4), 73.08 (d, C6), 73.08 (t, C16), 114.95
(d, C14), 171.34 (s, C13), 174.04 (8, C15). MS, m/z : 334 (M*, CgoH3004), 319 (M*-CH3),
318 (M*-Hg0). Exact MS, m/z : 334.2138 (Caled. for CggHzgOs, 334.2144).

Acetylation of 1. To a solution of 1 (92.6 mg) in CHpCly (1.5 ml), N,N-dimethyl-
4-aminopyridine (214 mg) and acetic anhydride (0.13 ml) were added at room temperature,
and stirred for 3 hr at room temperature. After the addition of IN-HCl (aq. soln.)

(12.8 ml), the reaction mixture was extracted with ether (40 ml + 15 ml). Removal of the
solvent from the ether layer gave a residue which was subjected to preparative silica gel
TLC (henzene-EtOAc, 2 : 1) to afford 10 (99.4 mg, 94.8%), [a]p + 22.5° (c 1.04). Apax.

: 203.5 (e 18400). v,ﬁi}m, cm~1: 1778, 1740, 1720, (sh.), 1638, 1245. 1H NMR, & ppm :
0 87 (3H, d, J = 6.4 Hz, H3C17), 1.06 (3H, s, H3C20), 1.19 (3H, s, H3C19), 1.56 (3H, bs,
H3C18), 1. 99 (34, s, CH3CO), 4.76 (2H, d, J = 1.8 Hz, H16), 4.96 (1H, dd, J = 2.2 and 3.1
Hz, HE), 5.52 (1H, m, H3), 5.84 (1H, tt, J = 1.5 and 1.8 Hz, H14). 13C NMR, sppm : 15.28
(q, C17), 18.39 (q, C18), 21.26 (q, COCH3), 21.78 (t, C2), 23.19 (t, C11), 24.54 (q,
C19), 26.47 (t, C1), 28.11 (q, C20), 31.62 (t, C7), 31.91 (d, C8), 33.79 (t, C12), 38.53
(s, C9), 42.81 (s, C5), 44.74 (d, C10), 72.98 (t, C16), 74.02 (d, C8), 115.18 (d, C1l4),
124.79 (d, CS) 137.55 (s, C4), 169.82 (s, COCH3), 170.87 (s, C13), 173.74 (s, C15). MS,
m/z : 360 (M%, CooH3zp04), 318 (M*-CH90), 317 (M*-CH3C0), 300 (M*-CH3zOOoH). Exact MS, m/z

300.2091 (Calcd. for CgoH3204-CH3002H, 300.2089).

Epoxidaiton of 10. Using 10 (48.0 mg), a crude epoxide 11 was obtailned by the same
procedure as performed in the epoxidation of 1 [m—CPBA (28 mg), for 40 min at room
temperature, (CH3)2S8(0.05 ml)]. The crude 11 was purified by a preparative silica gel
TLC (benzene-EtOAc, 3 : 2) to give pure 11 (46.7 mg, 93.2%), [¢]lp ~13.0° (¢ 0.920).
Amax, Om : 204.1 (¢ 16300). v£314®, cmn-1 : 1780, 1745, 1640, 1243. 1H NMR, S ppm : 0.85
(3H, d, J = 6.0 Hz, H3C17), 0.98 (3H, s, H3C20), 1.16 (3H, s, H3C19), 1.24 (3, s,
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H3C18), 2.07 (3H, s, CH3CO), 3.04 (1H, 4, J = 5.1 Hz, H3), 4.74 (2H, d, J = 1.8 Hz, H16),
4.84 (1H, t, J = 2.9 Hz, HE), 5.82 (1H, tt, J = 1.5 and 1.8 Hz, H14). 13C NMR, Sppm :
15.05 (q, C17), 18.68 (q, C18), 19.91 (t, C2), 21.43 (q, COCH3), 21.80 (q, C18), 23.13
(t, C1 or C11), 24.30 (t, C1 or C11), 28.89 (q, C20), 31.27 (t, C7), 31.27 (d, C8), 33.38
(t, C12), 38.41 (s, C9), 40.17 (d, C10), 40.93 (s, C5), 62.31 (d, C3), 64.24 (s, C5),
72.96 (t, C18), 75.89 (d, C6), 115.13 (d, Cl4), 169.82 (s, COCH3), 170.76 (s, C13),
173.74 (s, C15). MS, m/z : 376 (M*, Co2H3205), 361 (M*-CH3), 334 (M*-CH20), 317 (M*-
CH3005), 318 (M*—CH3C0gH). Exact MS, m/z : 376.2268 (Calcd. for CgoHag0s, 376.2249).

DIBAL reduction of 8. By the same method as described in "DIBAL reduction of 3 and
4", 8 (94 mg) was reacted with DIBAL [1M THF soln. (0.62 ml) of DIBAL) and finally gave
a residue which was purified by preparative silica gel TLC (benzene~EtOAc, 3 : 1. The
TLC afforded unchanged 8 (13.4 mg)and desired 7 (45.2 mg, conversion yleld, 58.9%).

Compund 12. The same DIBAL reduction method as described above was performed for
1. 1 (170 mg) and 1M THF solution (1.3 ml) of DIBAL finally gave unchanged 1 (37 mg)
and 12 (68 mg, conversion yield, 53.7%) by purification on preparative silica gel TLC
(benzene-EtOAc, 4 : 1). 12, [®]p + 12.6° (c 0.950). v fi}®, cm~1 : 3560, 3470 (sh.),
878. lH NMR, § ppm : 0.86 (3H, d, J = 6.6 Hz, H3C17), 1.06 (3H, s, H3C20), 1.21 (3H, s,
H3C19), 1.70 (3H, bs, H3C18), 3. 69 (1H, t, J = 2.5 Hz, H6), 5.83 (1H, m, H3), 6.25 (1H,
m, H of furan), 7.19 (1H, m, H of furan), 7.33 (1H, t, J = 1.5 Hz, H of furan). éppm
[vith 0.84 mol. equiv. of Eu(dpm)3] : 2.73 (3H, d, J = 6.6 Hz, H3C17), 4.20 (3H, s,
H3C20), 5.36 (3H, bs, H3C18), 6.22 (3H, s, H3C19); Normarized ratio : 2.0 : 3.3 : 3.9 :
5.3, respectively. 13C NMR, Sppm : 15.46 (q, C17), 18.33 (q, C18), 19.09 (t, C11), 22.60
(t, C2), 24.13 (q, C19), 26.41 (t, C1), 28.58 (q, C20), 30.88 (d, C8), 33.03 (t, C7),
36.66 (t, C7), 36.68 (t, C12), 38.71 (s, C9), 43.92 (d, C10), 44.33 (s, C5), 71.56 (d,
cé6), 110.97 (d, C14), 125.84 (s, C13), 128,77 (d, C3), 137.32 (s, C4), 138.43 (d, C18),
142.65 (d, C15). MS, m/z : 302 (M*,Cg0H3g02), 287 (M*-CH3z), 284 (M* -H20). Ezxact MS,
m/z : 302.2235 (Calcd. for CggHj3002, 302.2245).

Compound 13. To a THF (2.0 ml) solution of 1 (86 mg), NBS (96 mg) was added, and
stirred for 1.5 hr at room temperature. After the addition of sodium thiosulfate
(NagS8903, 5Ho90) and water (5.0 ml), the reaction mixture was extracted with ether (20 ml
x 3). The ether layer was concentrated to give a residue which was purified by
preparative silica gel TLC (CHCl3-EtOAc, 4 : 1) to afford 13 (102 mg, 95.2%), [qlp —42.2°
(¢ 0.900). vfi}®™, cm~1 : 1780, 1745, 1640. 1H NMR, éppm : 0.86 (3H, J = 6.8 Hz, H3C17),
0,97 (3H, s, H3C20), 1.16 (3H, s, H3C19), 1.66 (3H, s, H3C18), 4.09 (1H, dd, J = 3.9 and
5.6 Hz, H6 or H3), 4.46 (1H, dd, J = 2.6 and 3.3 Hz, H3 or HE), 4.75 (2H, d, J-18Hz,
H168), 5.82 (1H, qq, J = 1.5 and 1.8 Hz, H14). 13C NMR, 6ppm : 15.17 (q, C17), 20.20 (t,
c2), 22.84 (t, Cl11), 24.54 (q, C20), 24.83 (q, C18), 26.29 (q, C19), 29.34 (t, Cl), 29.87
(t, C7), 30.10 (d, C8), 34.20 (t, C12), 37.59 (s, C9), 40.70 (d, C10), 41.99 (s, C5),
59.55 (d, C3), 34.20 (t, C12), 37.59 (s, C9), 40.70 (d, C10), 41.99 (8, C5), 59.55 (d,
Cc3), 72.96 (t, C16), 79.81 (d, C6), 84.62 (s, C4), 115.24 (d, C14), 170.48 (s, C13),
173.57 (s, C15). MS, m/z : 398 (M* + 2)/396 (M*, CggHg903Br) (1 : 1), 317 (M*-Br), 318
(M*-HBr). Exact MS, m/z : 317.2131 (Caled. for CooHpgO3Br-Br, 317.2116), 316.2053
(Caled. for CgogHggO3Br-HBr, 316.2038).

Compounds 14 and 15. Compound 13 (60.0 mg) was dissolved in CHaClg (3 ml). To the
solution, p-toluenesulfonic acid (5 mg) was added and stirred for 7 hr at room tempera-
ture. To the reaction mixture, saturated NaHCO3 was added and extracted with CHCl3 (15
ml x 3). The CHClj extract was subjected to a preparative silica gel TLC (hexane-EtOAc,
2 : 1) to give two fractions, one of which contained 14 and, another of which 15. Either
fraction was purified by HPLC [Lichrosorb 81-60 (5 um; column, 4.6 mm x 250 mm); hexane—
EtOAc, 1 : 3; flow rate, 1.5 ml/min)] to give 14 (12.6 mg, 21.0%) and 15 (17.3 mg, 36.3%).
14, [a]p =63.9° (c 0.360). v 4™, em~1 : 1780, 1745, 1640. lH NMR, Sppm : 0.88 (3H, d,
J = 6.8 Hz, H3C17), 1.00 (3H, s, H3C20), 1.14 (3H, s, H3C19), 1.82 (3H, s, H3C18), 3.75
(1}{ dd, J = 2.2 and 3.1 Hz, H6 or H3), 4.02 (1H, dd, J = 1.7 and 3.0 Hz, H3 or H6), 4.76
(2H, d, J = 1.8 Hz, H16), 5.84 (1H, tt, J = 1.5 and 1.8 Hz, H14). 13C NMR, sppm : 14.58
(q, Cl7), 16.63 (t, C2), 17.33 (q, C18), 22.90 (t, C11), 27.46 (q, C19), 28.28 (q, C20),
29.87 (d, C8), 31.33 (t, C1, C7 or C12), 32.21 (t, C1, C7 or C12), 32.91 (t, C1, C7 or
C12), 39.94 (s, C9), 43.57 (d, C10), 45.91 (s, C5), 72.96 (t, C18), 74.68 (s, C4), 78.77
(d, C3), 81.63 (d, C6), 115.24 (d, C14), 170.52 (s, C13), 173.68 (s, C15). MS, m/z : 398
(M* + 2)/396 (M*, CooHo9O3Br) (1 : 1), 317 (M*-Br), 209 (M*-Br-H0). Exact MS, m/z :
317.2122 (Calcd. for CgoHggO3Br-Br, 317.2116). 15, [a]p -56.6° (c 0.530). vﬁ}m. en1
1780, 1745, 1640. 1H NMR, Sppm : 0.91 (3H, d, d = 7.0 Hz, H3C17), 1.08 (3H, s, H3C20),
1.22 (3H, s, H3C19), 4.08 (1H, dd, J = 8.1 and 9.5 Hz, H6), 4.29 (1H, dm, J = 13.0 Hz,
H18), 4.50 (1H, dm, J = 13.0 Hz, H18) 4.76 (2H, d, J = 1.8 Hz, H18), 545 (1H bt, J =
3.1 Hz, H3), 5.85 (1H, tt, J = 1.5 and 1.8 Hz, H14).  13C NMR, Sppm : 14.29 (q, C17),
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17.74 (t, C2), 21.73 (q, C19), 22.19 (t, C1), 23.54 (t, C11), 29.28 (q, C20), 30.80 (t,
C7), 36.60 (d, C9), 37.48 (t, C12), 38.00 (s, CO), 41.39 (s, C5), 42.75 (d, C10), 67.75
(t, C18), 72.96 (t, C18), 115.18 (d, C14), 115,95 (d, C3), 143.29 (s, C4), 170.87 (s,
C13), 173.80 (s, C15). MS, m/z : 318 (M*, CggHgg03), 301 (M*-CH3), 283 (M*-CH3-H30).
Exact MS, m/z : 316.1672 (Calcd. for CggHogO3, 316.2038), 301, 1793 (Calcd. for CoqgHogOz-
CH3, 301.18083).

p-Bromobenzoate (168). To a solution of 1 (40.0 mg) in pyridine (1.5 ml), N, N-
dimethyl-4-aminopyridine (130 mg) and p-bromobenzoyl chloride (170 mg) were added, and
stirred for 6 hr at 85°C. After the addition of 2N NaOH aq. soln. (7 ml), the reaction
mixture was extracted with ether (20 ml + 10 ml + 10 ml). The ether layer was concent-
rated to give & residue which was purified by preparative silica gel TLC (hexane-EtOAc, 1
: 1) to give a crude 16. The crude 16 was further purified by preparative aluminum oxide
TLC (hexane-EtOAc, 1 : 1) to give 16 (38.3 mg, 62.0%), mp. 192.50-1949C (hexane-EtOAc).
[alp -10.7° (c 0.468). Aimax, nm : 242.9 (¢ 17200). CD : A gzt, nm : 248.3 (Ac + 3.97),
229.0 (0.0), 213.0 (-4.14). v&ﬁf, cm=-1 : 1790, 1750, 1715, 1645, 1598, 1490. lH NMR,
Sppm : 0.89 (38, d, J = 6.6 Hz, H3C17), 1.07 (3H, s, H3C20), 1.26 (3H, s, H3C19), 1.30
(34, s, H3C18), 2.75 (1H, d, J = 1.5 Hz, H3), 4.76 (2H, d, J = 1.8 Hz, H16), 5.57 (1H,
dd, J = 2.4 and 3.5 Hz, HE), 5.86 (1H, tt, J = 1.5 and 1.8 Hz, H14), 7.58 (2H, dm, J =
8.7 Hz, benzene ring protons), 7.97 (2H, dm, J = 8.7 Hz, benzene ring protons). MS, m/z
: 518 (MY + 2)/516 (M*, Ca7H3305Br) (1 : 1), 503 (M* + 2-CH3)/501 (M*-CHg) (1 : 1), 333
(M* -BrCgH4C0p), 316 (MY-BrCgH4COpH). Anal. Caled. for Ca7H33OsBr : C, 62.67; H, 6.43;
Br, 15.44. Found : C, 62.75; H, 6.31; Br, 15.50.
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