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Abstract - To piscicldal solidagolactones [IV, V, VII and VIII (l-4, cis- 
clerodane diterpenes)] isolated from Solidago altlsslma, a non-steroidaTconfor- 
matlon was assigned on the basis of chemical and physiccchemical evidence. 13c 
NMR chemical shifts of methyl groups proved useful for determining stereochemistry 
of the A/B ring junction in clerodanes. For clerodanes having an epoxide, 1R 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. 

Iotrodmctial 

Some erroneous assignments have been reported for absolute wnfigurationsl, stereo- 

chemistry of the A/B ring junction2 and epoxide configurations3 in clerodane diterpenes. 

We have isolated solidaoglactones IV(l), V(2), VII(S) and VIII(I) (all cis-clerodane - 
diterpenes) from Solidago altlssima L. (&positae) as pisclcidal constituents, and 

determined their absolute configurations, as reported in short communications3r4. In j 
this paper, we wish to describe structure determination of l-4 in detail, and also to 

demonstrate the usefulness of 13C NMR chemical shifts of methyl groups, Cremer's pucker- 

ing parameters and one of the Tori equations for determining stereochemistry of A/B ring 

junction, precise molecular conformation and epoxide configuration, respectively. The 

epoxide coni'igurations of several cis-clerodanes are corrected in this study. - 

By monitoring the piscicidal activity for killiflsh, we Isolated plsclcidal 

compounds 1-4 from the methanol (Mm) extract of S_ altissima by column chromato- 

graphics and recrystallizatioo (l-3) (Scheme 1). 

Compounds l-3 were the known solidagolactones IV, V and VI12, respectively. 1~ NMR 

spectrum of 4, a new compound named as solidagolactone VIII, quite resembled to that of 3 

except for protons on the C6 substituent 161.81 (3H, dm, 2~6.8 Hz, 1.89 (3H, m) and 6.90 

(la. qq, 511.2 and 6.8 Hz)]. which was assigned to tygloyloxyl moiety. The C6 protons 

(H6) showed a triplet in 1 (1S3.71) or double doublets in 3 (65.44) and 4 (65.40) 

signals, all of which possessing small 2 values (2.50-2.80 Hz). This means that the H6 

in these compounds is in equatorial position. 

With diisobutylaluminum hydride (DIBAL) lo tetrahydrofuran (THF) (-35°+-200C, 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 rlng in IR (Vmax 880 cm-l) and lH NKR [66.25 (lH, 

m), 7.2l(lH, m) and 7.35 (la, t, 511.5 Hz)] spectra. Both 5 and 6 gave Identical 
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furano-alcohol (7) [IR: Vmax(film) 3480 cm-l; 1~ NMR: 4.13 (la, t, JI2.6 Hz, H6)l on 

treatment with lithiumaluminium hydride (LAN) (TNF, Oo+15oC, 3 hr). The Ofi proton of 7 

resonated at very low field [65.44 (lH, bs)]. On treatment with g-chloroperbenzoic acid 

(C&$12, room temperature, 1 hr), 1 gave two epoxides 8 and 9 (ratio 1.7:1). According 

to usual epoxidation mechanism of homoallylic alcohol5, the major product 8 was expected 

to have a B-epoxide ring (Pig. 1-A). Acetate (10) yielded only a-epoxide 11 (identified 

by acetylatlon of 0) under the same epoxidation condition as performed for 1 (Fig. 1-B). 

From these observations, a non-steroidal conformation is assigned to 1. 

A: !, 

ArCOOH 

a Fig. 1 

In 8, an intramolecular hydrogen bond exists based on 1~ NYR signal at 65.41 and IR 

(CBC13) band at 3470 cm-1 which was unaffected upon dilution. On the other hand, @ 

showed a strong band at 3600 cm-1 and a weak band at 3475 cm-1 (disappeared upon 

dilution) In IR (CHCl3), and a multiplet signal at much higher field (61.8) in 1~ NYR. 

Therefore, an Intramolecular hydrogen bond exists between the B-CB-OB and the &C3-C4 

epoxide oxygen In 8~which afforded 7 on reaction with DIBAL (THF, -35O +-25OC, 3.5 hr). 

Thus, we assigned B-configuration to the epoxide ring of solidagolactone VII(S) and 

VIII(I). The former was previously reported as the a-epoxlde compounda. 

McCrindle et al.6 added Eu(dpm)3 in the 1~ NMR measurement of ll'b (antipode of -- 
12'r), and gave a normalized ratio of 10 : 9.6 : 1.7 : 4.2 in the Induced shifts of 

protons of C18, C19, Cl7 and C20 methyls, respectively. They gave a steroid-like confor- 

mation to 12'b (see below). We measured 1~ NNN of 12 (C8 epimer of la'r), which was a 

DIBAL reduction product of 1, in the presence of Eu(dpm)3. A normalized ratio for the 

C18, C19, Cl7 and C20 methyl protons was 3.9 : 5.3 : 2.0 : 3.3, respectively. The value 

of 5.3 of Cl9 methyl indicates an anti-Wan8 relation to the axial C6+Xi group. Our 

normalized ratio Is consistent only with non-steroidal conformation, which also agrees 

with the above epoxidatlon results. 

CH,(2.0) 

l& 
(10.0) 

Y= 77 '0' 

A direct confirmation to the stereochemistry of the solidagolactones was obtained by 

chemical reactions. 1 was treated with N-bromosucclnlmlde (NBS) (THF, room temperature, 

45 min) to give an oxetane 13 in quantitative yield (attack of 6+X to C4). 1~ NMR 

spectrum of 13 showed a singlet signal of Cl8 methyl protons (expressed as H3C18) at 6 

1.66 and two double doublet signals at 64.09 (513.9 and 5.6 Ez) and 4.46 (z- 2.6 and 3.3 

Az)(H3 and H6 respectively). 13C NYR signale of 13 at 659.55 (d, C3). 79.81 (d, C6) and 

84.62 (8, C4) supported the structure 13. 

If a compound having an ether bond between C3 and C6 (14) was isolated, It should 
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prove the cis-A/B ring junction and non- - 
steroidal conformation. Indeed, on 

treatment of 13 with ptoluenesulfonic 

acid. 14 was obtained as a minor product b,.* 

&,..* 

(21%) together with a major product 15 z i 

(36%). 1~ NMR of 14 showed signals at 

61.82 (3H. 8, H3Cl8), 3.75 (1H. dd, 

JI2.2 and 3.1 AZ, H0) and 4.02 (la, dd, 

511.7 and 3.0 Hz, 83). 13CNYR signals 

at 674.66 (8). 76.77(d) and 81.63(d) 

were assigned to C4, C3 and C6, respec- 

tively. If C4-C bond cleaves in pre- 

ference to the C6-0 bond, generating a 

carbenium ion on C4, the carbenium ion 

will collapse with the bromine atom at 

C3, forming a bromonium cation. Then, 

attack by the oxygen atom at C3 gives 14 Fig. 2 

(Pig. 2). 15 can be considered as originating from an intermediate 

We conclude the 5a,lOa-cls-clerodane skeleton with B-C6-O6 for - 
The absolute configurations of the solidagolactones were determined 

and the CD beozoate method4 using pbromobenzoate derivative (16). 

13'. 

the solldagolactones. 

by X-ray analyses3 

It is noted tbat 

there Is no essential coni'ormational change in 16 between solution and crystal. 

uti1latial of %NmRCberial8hlftaof~tHethJls toAsslgn8texW&smlstryof 

A/B Bine Jactlm of Cl- Dlterpeaee 

The X-ray analysis of trlcyclosolldagolactone7 revised the stereochemistry of A/R 

ring junction or solidagolactones II-VII rr0m trans to cis. Abe 1% chemical shirts or -- 
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 Cl1 methyl of decallns and Cl9 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 tban 620, 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 611-19. In cis-clerodanes, C20 resonates - 
also at lower rield (SZl- 29) than that in trans-clerodanes (617-19). 

13~ chemical shii't of a carbon atom is influenced by the shielding errect from carbon 

atoms withy-gauche relationshipl5.16. In trans-clerodanes, the number of carbon atoms 

having Y-gauche interaction with Cl9 is larger than that in cis-clerodanes. The chemical - 
shifts of C2O indicate axial orientation in trans-clerodanes and equatorial in cis- - 

cle&danes. Cl7 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. -- 

cnEm3r’s uiog Rwaeri.sg mmme%raforcil3-ClenMaoe Mterpeoee - 
For a quantitative conformational analysis for cyclopentanes. cyclohexanes and 

heterocyclic rings, Cremer and pople 17 have proposed a generalized set of puckering 

coordinate, which is composed of three parameters, Q[total puckering amplitude: length 

(ii)], B[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 atoms17, which is derived from cell 
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Table 1 " C Chemical Shifts of Pendant Methyl Groups In '3c MM 

(6Ppm in CDCl3, unless otherwise stated) 

Compound Cl1 Reference 

cis-lo-Methyldecalln 24.1" 
12.14 

8 
trans-lo-C(ethyldecalin a 

Cl9 

!!g-Androstane 
So-Androstane 
Coprostane 
Chorestane 

24.1b 
12.0b : 
24.1' a 
12.5' a 

I Cl7 Cl9 c20 

e 

15140 
15.17 
15.75 
15.75 
15.75 
15.81 
15.58 

21.2 23.8 
24.18 28.34 
21.55 24.24 
26.64 27.46 
26.53 27.46 
26.53 28.05 
26.47 28.05 
25.24 28.58 

15.52 25.24 28.34 
15.28 22.37 28.87 
15.28 24.54 28.11 
15.05 21.90 28.69 
15.46 24.13 28.58 
15.17 26.29 24.54 
14.58 27.46 28.28 
14.29 21.73 29.28 

0 15.23 28.46 26.66 

OTIg. 

7 

2-Oxokolavenic acid 
Oeacetylajugarin-II 
Teumassilin 

I 

6.19-Olacetylteumassilin 
5 Ajugarln-I 
t Ajugarin-IV 

15.8 
'*9i5 

17.8 10 
15.5 17.6 11 
15.6 t 17.6 
15.5 l 17.3 :1 
15.3 17.3 
15.4 lfo.6 17.8 

Eremone 7.8 (Eg (%p' ii 

a: Taken with neat liquid with TMS. b: Taken In a COC13 solutton and originally shown 

In shift values upfield from CS2. Values converted to the TMS scale are shown here. 

c: Taken in a CH2C12. CH2Cl-CDC13 or CH2C12-dioxane solution. The chemical shifts were 

originally referenced to CH2Ci2 as internal standard and converted to the CS2 scale. 

Values in this table are recpnverted from the CS2 scale to the TM scale. d: The re_ 

ported shift values were assigned by us. e: This carbon is Included in the cycljc 

structure. f: Substituents are not methyl group. 9: These assignments may be reversed. 

Table 2. Cartesian Coordinates (A) for Oecalin Skeleton of l& 

X Y z X Y 7 

B 
‘C 
a 

coordinates Lnduced from X-ray data. 

.C 

c Cl -0.3792 
c2 1.2!59 

1.3988 
0.1734 

e -0.7478 0.1287 

';( 0.2159 
c3 p 

:6" _;*:;"9"7 -1.2160 -0.1680 
.z 1.264% -0.7149 0.0383 

-1.4641 
x LI 0 c7 -1:0720 -0.5923 0.2179 

'& -0.1296 & c ca -0.9941 0.7025 -0.2288 
.r 
L5 -0.7648 -0.0337 1.2536 0.1895 

0.7714 0.2879 0.5996 -0.1895 

In clerodane diterpenes, Eguren et al.18 have reported Cremer'a puckering parameters -- 
for e and norneo-clerodanes having trane A/B ring junctloo. For cla-clerodanes, - 
however, none of the parameters has been reported yet. 

The cell coordinates in the X-ray data for the ekeletal carbons of pbromobenzuate 

(16) were transformed to Cartesian coordinates (Table 2). In this case, Cl and CB were 
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chosen 98 origine of the A- and B-ring, respectively18. Q, 8 and @values were evaluated 

to be QA - 0.541 % and B - 0.447%. ‘A - 124.4O and ‘2 - 11.80, and, +A = 170.7O and $B 

-28l.w. These values imply that the A-ring takes an envelope conformation flapping at 

Cl, and the B-ring a slightly deformed chair conformation flattening at C5 (Pig. 3-A). 

The tortlon around the C5-ClO axis Is shown by dihedral angles of C4-C5-ClO-C1 (35.60°) 

and cB-C5-C10-CG (43.02o)(Plg. 3-B). 

0 
C8 

Cl 4r.e 

8i.v ,J 
c4 %k C# 

s 

#!# $2 
l poxidxtion 

C B 

Fig. 3 

uti~tla of tlm ?ori mtlm to w Bpoxlba oDpi~t.IGm ae Cl_ WleJtxm 

Table 3 compiles 1Ii NMB data of the epoxide proton (H3) and Cl9 methyl protons 

(H#lG) of clerodane dlterpenes possessing a C3-C4 wxlde. 

In our compounds, coupling patterns and/or coupling constants of 83 signals showed 

clear differences between a- and B-epoxldes, 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-epoxldes, while doublet signals have a large value (515.1 Hz) In the a- 

epoxldes. Cl9 methyl protons resonated at a lower field (61.19-1.27) In the B-epoxldes 

than In the mwxldes (61.16). According to these observations, the previous epoxlde 

configurations should bs revised as Indicated In Table 3. 

Tori et al19 have proposed an equation, c-5.1 co&, to correlate coupling - -' 
constants of epoxlde protons with dihedral angles In the :C-&'&-C: system of steroidal 

epoxldes (epleulfldes). We wish to show here that the equation Is useful for the 

confluratlonal assignment of epoxldes In clerodane dlterpenes. 

Prom the X-ray data of 16, the dihedral angles of W-C3-C2-Ha2 and H3-C3-C2-IIg2 are 

47.80° and 7l.800, respectively (Pig. 4-B), which respectively corresponds to b,za - 

0.50 and b.2~ - 2.39 Hz by the Tori equation. These J values agree with the observed 

values, h,2,, - -0 and h,2B - 1.5 Ez In 16; &,2,=-O and h3.2B - 2.40 Ez In 7 and 8. 

The A-ring of 1 IS expected to have dihedral angles of ca. 300 and ca. 900 at H3-C3- 

CZ-IQ2 and Ii3-C3-c3-42. respectively (Fig. 4-A). This means that the change of ca. 180 

occurs In theee dihedral angles between 1 and the B-epoxlde 8. In a-epoxlde (G), the 

change of also ca. 180 Is expected for these dihedral angles, namely, ca. 12O for H3C3- 

C2-52 and ca. 108O for H3-C3-C2-H62 (Fig. 4-C). The values, IL3,2a - 4.88 (12O)and h.2~ 

- 0.49 Hz (lOB"), calculated from the Tori equation agreed with the observed values 

(a,3a - 5.1 and h.26 1-0 Hz). 

Melting points were uncorrected. Specific rotations were measured In ethanol 
(Btm), unless otherwise stated, at 25oC with a Union automatic polarlmeter P&201. w 
spectra were recorded In EtatI on a Gary 17 W spectrometer. CD curves were run In EtCfl 
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Table 3. ' H N4R Data of H3 and H319 of a- and E-Epoxide I" Clerodane Diterpenes 

(Take" in CDC13 and TM5. unless otherwise stated) 

w Original assignment to a-epoxlda Original assignment to ILeporlde 

H Cl9 

1 H3J(Hz) 6:~ 

E 

Revision of z H3 Revlslon of 

Reference epoxlda 
9 

H3C19 
Reference epoxlde 

6ppm configuration 6PM J(Hz) 6ppn co"flguratlo" 

9 3.11 5.1 1.16 this work 3 2.75 bs 1.22 this work 

11 3.04 5.1 1.16 ' 4 2.75 bs 1.22 * )1 N 
17a 1.22 2.20 *e 5 2.15 bs 1.27 0 - - 

',e 2.12 5 1.22 2 "(sb 5 2.75 bs 1.27 
11 

18 2.14 br 1.22 9 ++3(3J 7 3.01 2.4 1.19 
II 

19 2.70 1.26 2 -e(S 16 ,c 2.75 1.5 1.26 w s 

20 2.75 br 1.22 9 +W 2 3.04 4 1.14 9 +a 

21 2.99 2 1.20 6 +a 24 3.04 4 1.16 9 +a 

cc 2.71 wt5 1.27 6 *B 22 2.99 5.0 1.08 6 +a 

7hd 2.89 5.0 1.17 6 +a 

a, No 'HWddata in reference 2. but only H3C19inreference 20. b. Compounds in parentheses indicste our compounds. 

C, Taken in CC14. d, The 'H NMR data VIM presented by Anthansen c fi. (Acta Chem 5ca"d. 1971. 25. 1924). 

on a JASCO J-4OA spectropolarimeter. IR spectra were recorded on a Hitachi Yodel 260-50 
IR spectrometer. +i NMR and % NMR spectra were taken in CDCl3 and TM9 with a JEOL 
PX9OQ spectrometer at 89.55 MIiz and 22.50 MHz, respectively. Ma138 spectra (MS) were 
measured with a Shimadzu GCYS-7000 mass spectrometer using a direct Inlet system. Exact 
MS were obtained with a JEOL JMS-OlsC mass spectrometer. E. Merck silica gel (60, 
particle size 0.063-0.2 mm) and Vako 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 (TIC) wae performed on 
2mm x 20cm x 20cm E. Merck precoated silica gel plates (6OF-254) or Es. Merck precoated 
aluminum oxide plates (150F-254, type T). 

Isolation of plscicidal solidagolactones. 
Isolation procedure Is shown in Scheme 1. 

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

solldagolactones (l-4) isolated. 
Solldagolactone E [(5R, 6& BR, QR, lOS)-6-Hydroxy-cia-cleroda-3,13-diene-15,1f3-olide 
(l)], 13C NMR, Gppm : 15.40 (q, C17). 18.33 (q, ClS), 22.55 (t. C2). 23.25 (t, Cll). 
24.18 (q. ClQ), 26.35 (t, Cl), 28.34 (q, C20), 30.63 (d, C8), 32.91 (t, C7), 33.07 (t, 
C12), 38.65 (6, CQ), 44.21 (8, C5), 44.21 (d, ClO), 71.27 (d, C6), 73.02 (t, Cl6), 115.13 
(d, C14), 128.77 (d, C3), 137.03 (8, C4), 171.10 (8, C13), 173.86 (8, C15). 
Solldagolactone 1 ((5R, 8R, QR, 1OS)-6~eto-cle-3,13-dlene-l5.l6-olide(2)] 13C NYR, Gppm 
: 15.17 (q, C17). 19.56 (t, C2), 20.26 (q, C18), 21.55 (q. Cl9). 22.78 (t, Cl), 23.54 (t, 
Cll), 24.24 (t, C20). 34.84 (t. C12). 38.00 (d, C8). 38.82 (8, CQ), 44.15 (t, C7), 46.32 
(d, ClO). 52.29 (6, C5). 72.96 (t. C16). 115.30 (d. C14). 124.96 (d. C31. 134.27 (8. C4). 
170.52 (8, C13), 173.68.(6, Cl5 j, ilS.Oi-(s, C6). . iolid&olactone iI i-35 4R 5R. 6R.. 
6& 9& lOS)-3,4-Epo~~-angeloyloxy-cis-cleroda-13-ene-15,16-olide ) %+iZ*p&: (3)] 
15.75 (q, Cl7 and, C4' or C5'), 19.03 (t, C2), 20.73 (q, C4' or C5'). 21.73 (q. Ci8). 
23.42 (t, Cll). 26.64 (q. ClQ), 27.64 (q, C20), 27.76 (t. Cl), 32.56 (t, C7). 32.91 (d, 
C8). 34.49 (t. C12). 38.30 (8. CQ), 40.41 (8, C5), 45.21 (d, ClO). 57.27 (d, C3). 61.66 
(8, C4), 75.50 (d, C6), 72.96 (t, C16). 115.30 (d, C14), 128.65 (8, C2'), 137.73 (d, 
C3'). 167.01, (6, Cl'), 170.64 (6, C13), 173.68 (8, C15). SolidagolactoneVIII 35 4R 
5R 6R 8R 9R Irrl -fG- ~-3,4-Epoxy-6-tygloyloxy-cis-cleroda-13-ens-15,16-olide] (4) C NYR, 
dppm : 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, Cll), 26.53 (q. ClQ), 27.46 (q, C20). 27.70 (t. Cl), 32.38 (t. C7), 
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the aerjal parts of sol~dago altlsslna(3.W 
kOH(l3L) extraction 

EtOAc(JL) extraction 

Florisil chromatogaphy(a) 

70% EtOAc fractlon(ll9) 60% EtOAc fractlon(6.6g) 

&:,::ra:::b EtOAc 
30-4M EtOAc 
fractions fractions fractions fractions fraction fractions 

i(2.79) 

solvent system for column chromatographies 

(a) EtOAc(21) after hexane(3t) 

(b) benzene containing increasing .sffOunt 

of EtOAc [o,io,2o.....50,602:expressed 

2 (lsamg) j, (194) 

fractions 3-5 fractions IO-13 

_?. (124w) ft (24%) 

3467 

as 10% stepwise (0+60X)) 

(c) hexane-EtOAc, 10% stepwise (PlOO%) 

(d) benzene-EtOAc. 1M stepwlse (O*loOr) 

(e) hexane-EtOAc, 5% steprise (O*lOOr) 

(f) hexcne-EtOAc (4:l) 

Total yield 

l_ (1.409): ap. 137-13VC (hexane-EtOAc); [0]~~+3.58~ (5 0.921. EtOH) 

2 (1241~19): mp. 106.5'-107.C (hexane); (0)~~+!~5.2' (5 1.15, EtOH) 

3_(2.66g): rp. llg-120.C (hexane-EtOAc); [o]i'-28.4" (5 1.29, EtOH) 

5 (33lmg): 011; (a1;5-27.40 (5 0.341. EtOH) 

Scheme 1 

32.73 (d, C8), 34.43 (t, C12), 38.30 (8, C9), 40.41 (8, C5), 45.15 (d, ClO), 57.33 (d, 
C3), 61.66 (6, C4), 72.96 (t, Clt?), 73.20 (d, C6), 115.24 (d, C14), 129.42 (8, C2'), 
136.68 (d, C3'), 167.41 (8, Cl'), 170.69 (8, C13), 173.88 (8. C15). 

DIBAL reduction of 3 and 4. To a THP (15 ml) solution of 3 (245 mg), 1Y TEP 
solution of DIBAL (0.~11)~~ added dropaise at -350c in argon atmosphere. After 
stirring for 3.5 hr (-35O+ -2OOC) 10% 82SO4(aq. soln.)(0.5 ml) was added to the 
reaction mixture, and the mixture was further stirred for 20 min. at -200+-25oC. After 
addition of water (5.0 ml), the reaction mixture was extracted with BtOAc. The BtOAc 
layer was evaporated to give a residue. Silica gel preparative TL4J (benzene - Etac, 4 : 
1) of the residue gave 5(106.3 mg : conversion yield, 63%) and unchanged S(70.0 q g). 
Similarly, 6 (58.0 mg, conversion yield 57%) was given from 4 (138 mg). 5, [a]D -23.60 
(2 1.10). vd&im, cm-l : 1712, 1650, 1238, 878. 1~ NMR, Gppm : 0.86 (3H. d, J * 6.4 He, 
H3C17). 1.03 (3H. 6, A3C2O). 1.27 (3H, 8, H3C19). 1.31 (3H. 8, H3Cl8), l.G9 (3H, m, 
H3C5'), 2.04 (3H, dm, J - 6.8 Hz. H3C4'). 2.75 (lH, bs, H3'). 5.44 (1A. dd. z - 2.2 and 
3.5 Hz, H6), 6.06 (lH, qq, J = 1.1 and 6.8 Hz, B3'), 6.25 (lH, m, A of furan), 7.21 (lH, 
m, H of furan), 7.35 (la, t, J - 1.6 Hz, H of furan). 13C NMR, dppm : 15.75 (q, Cl7 and 
C4' or C5'), 19.09 (t, C2), 19.32 (t, Cll), 20 79 (q, C4' or C5'), 21.67 (q, C18), 26.53 
(q, ClG), 27.82, (t, Cl), 28.05 (q, C20), 32.62 (t, C7). 32.85 (d, C8), 37.36 (t. C12). 
38.30 (8, C9), 40.35 (8, C5), 44.74 (d, ClO), 57.39 (d, C3), 61.90 (e, C4), 72.73 (d, 
CB), 110.91 (d, C14), 125.56 (8, C13), 128.83 (8, C2'), 137.44 (d, C3'), 138.43 (d, Cl6). 
142.77 (d. C15), 167.07 (8, Cl'). MS, m/z : 400 (H+, C25H3604), 382 (M+-H20). 317 (M+- 
m3(H>C-C(CH3)c0), 301 (M+*3(H)C=C(a3)C02), 300 (M+-CH3(H)C=C(CH3)CO2H). 6, mp. 
84.5O-86oc (hexane-EtOAc). 
lH NYR, dppm 

[a]D -31.G"(c 0.345). Vmrn, cm-l : 1710, 1655, 1270, 880. 
: 0.85 (3H, d, J - 6.6 Hz, H3C17), 1.04 (3B, 8, H3C2O). 1.27 (3H, 8, HgClG), 

1.29 (3H, 8, H3Cl8), 1.80 (3H, dm, J - 6.8 Hz, H3C4'). 1.90 (3H, m, H3C5'). 2.76 (lH, bs, 
H3). 5.41 (lH, dd, J - 2.4 and 3.5 Hz, He), 6.26 (la, m. H of furan), 6.91 (la. qq. 1 - 
1.2 and 6.8 Hz, H3'), 7.21 (1H. m, A of furan), 7.35 (la, t, J - 1.5 Hz. H of furan). 
13C NYR. 6ppm : 12.24 (q, C4' or C5'), 14.41 (q, C41 or C51), 15.81 (q, Cl7), lg27 (t, 
C2), 19.38 (t, Cll), 21.55 (q. C18), 26.47 (q, C19), 27.82 (t. Cl), 28.05 (q, C20), 32.50 
(d, C8), 32.73 (t, C7), 37.36 (t, C12), 38.30 (8, CG), 40.41 (6, C5), 44.80 (d, ClO), 
57.45 (d, C3), 61.96 (8, C4), 73.49 (d, C6), 110.91 (d, C14), 125.55 (8, C13), 129.59 (8, 
C2'), 136.50 (d, C4'). 138.43 (d, Cl6). 142.77 (d, ClS), 167.53 (8, Cl'). MS, m/z : 400 
(M+, C2583804), 385 (Y+a3), 382 (M+-Ii@), 317 (M+-Cli3(H)C=C(CH3)C),301 (M+- 
CH3(H)C-C(CH3)CU2), 300 (M+-C?i3(H)C-C(Ui3)~H). Anal. Calcd. for C25H3604 : C, 74.96; 
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Ii, 9.06. Pound : C, 75.17; R, 9.21. 

LlAlH4 reduction of 5 and 6. To a mixture of LiAlA4 (20 mg) and THF (2 ml), a THP 
(1 ml) solullon of 5 or6 (3Gg) was added dropwise In argon atmosphere under ice- 
cooling, and the reaction mixture was stirred for 3 hr at 15oC. 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 

i 
18.4 mg, 77%) was a colorless oil. 7, [a]D-28.0°(c0.900). u&lm, cm-l : 3480, 875. 
Ii NYR, $pm : 0.85 (3H. d, J = 7.0 Hz, H3C17), 1.02 (3H, 8, H3C20)1.19 (3H, 8. H3Cl9), 
1.37 (3H, 8, H3Cl8), 3.01 (lH, d, J = 2.4 HZ, H3), 4.13 (lH, t, J - 2.6 HZ, AB), 5.44 
(lR, bs, OH), 6.25 (lH, m, H of furan), 7.20 (Xi, m, H of furan), 7.35 (lH, t, J = 1.5 
Hz, A of furan). 13C NYR, Gppm : 15.58 (q, C17), 19.38 (t, Cll), 19.91 (t, C2), 21.78 
(q, ClS), 25.24 (q, Cl9), 27.48 (t, Cl), 28.58 (q, C20), 30.98 (d, C8), 33.85 (t, C7). 
37.42 (t, C12), 38.47 (8, C9), 39.70 (8, CS), 43.57 (d, ClO), 59.91 (d, C3), 65.70 (8, 
C4), 74.43 (d, C6), 110.91 (d, C14), 125.81 (8, C13),138.43 (d, Cl6). 142.78 (d, C15). 
MS, m& : 318 (M+, C~OH~OO~), 300 (M+-H20). 285 (Y+-H2O-CTi3). l&act MS, m/z : 318.2192 
(Cakd. for C20H3003, 318.2195). 

Epoxldation of 1. To a C&$12 solution of 1 (400 mg), solid NaHco3 (330 mg) and 
g-chloroperbenzoi~acid (326 mg) were successively added and stirred for 1 hr at room 
temperature. To consume exe88 peracld, 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 CH2Cl2 (30 ml x 4). the CH2C12 extract was chromatographsd on 
silica gel (hexane-EtOAc, 2 : 1) to give 8 (237 mg, 56.4% and 9 (137 mg, 32.6%)(6 : B - 
1.7 : 1) as colorless oils. 8, [a]D -27.2°(c1.14). m, cm-l : 3475, 1780, 1745, 
1638;V##g13, cm-l : 

v& 1 
3470, 1785, 1750, 1640. 1~ NMR, Gppm : 0.87 (3A, d, z= 6.8 Hz, 

H3C17), 1.00 (3H, 8, H3C2O), 1.14 (3H, 8, H3Cl9>, 1.37 (3H, 8, H3Ct8), 3.02 (lH, d, J = 
2.4 Hz, H3), 4.13 (lH, bt, J - 2.7 Hz, He), 4.75 (2H, d, J - 1.8 Hz, HlB), 5.41 (la, 
bs,OH), 5.83 (lH, tt, J - 1.5 and 1.8 Hz, H14). 13C NMR, dppm : 15.52 (q, C17), 19.91 
(t, C2), 21.73 (q, ClS), 23.42 (t., Cll). 25.24 (q, C19). 27.29 (t, Cl), 28.34 (q, C20), 
30.86 (d, C8), 33.73 (t, C7), 34.43 (t, C12), 38.41 (8, C9), 39.64 (8, C5) 43.86 (d. 
ClO), 59.73 (d, C3), 65.53 (8. C4), 72.96 (t, Cl8), 74.14 (d, C6), 115.18 (d, Cl4), 
170.76 (8, C13), 173.68 (8, C15). MS. m/z : 334 (M+, C2OH3004), 316 (M+-H20). Exact MS, 
m/z : 334.2145 (Calcd. forC H3004, 334.2144). 9, [a]D - 17.1°(c1.29). 

& 13, cm-l 
v&#m, cm'1 

: 3460, 1780. 1745, 1638;V : 3600, 3475, 1785, 1750, 1640. 1~ NMR, Gppm : 
0.87 (3H, d, J = 6.4 Hz, H3C17), 0.97 (3H, 8, H3C2O), 1.18 (3H, 8, H3C19), 1.40 (3H, 8, 
H3Cl8), around 1.8 (lH, OH), 3.11 (la, 8, J - 5.1 Hz, H3), 3.82 (lH, bt, J = 2.6 Hz, He), 
4.73 (2H, d, J - 1.8 Hz, Hl6). 5.82 (lH, tt, J = 1.5 and 1.8 Hz, H14). l3c NYR, Gppm : 
15.28 (q. C17), 19.32 (q, ClS), 20.55 (t, C2), 22.37 (q. ClQ), 23.13 (t, Cl and Cll), 
28.87 (q, C20), 30.51 (d, C8), 33.38 (t, C12), 35.60 (t., C7). 38.53 (8, CQ), 40.46 (d, 
ClO), 41.75 (8, C5), 62.77 (d, C3). 65.06 (8, C4), 73.08 (d, C6), 73.08 (t, C16). 114.95 
(d, C14), 171.34 (8, C13), 174.04 (a, C15). MS, m/z : 
316 (Y+-H20). 

334 (N+, C2083004). 319 (M+-CH3), 
Exact MS, m& : 334.2138 (Calcd. for C20H3004, 334.2144). 

Acetylation of 1. To a solution of 1 (92.6 mg) in CH2Cl2 (1.5 ml), N,N-dimethyl- 
4-amlnopyridine (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 (benzene-EtOAc, 2 : 1) to afford 10 (99.4 mg, 94.8%), [a]D + 22.5O (2 1.04). Xmax, 

: 203.5(~ 18400). v&Am, cm-l 
?i37 (3H, d J 

: 1778, 1740, 1720, (sh.), 1638, 1245. 1H NYR, Gppm : 
, _ - 6.4 Hz, H3C17), 1.06 (3H, 8, H3C2O), 1.19 (3H, 8, H3C19), 1.56 (3H, bs, 

H3Cl8), 1.99 (3H, 8, CH3CO), 4.76 (2H, d, J = 1.8 Hz, H18), 4.96 (lH, dd, J - 2.2 and 3.1 
Hz, He), 5.52 (la, m, H3), 5.84 (lH, tt, J - 1.5 and 1.8 Hz, H14). 13C NMR, Gppm : 15.28 
(q, C17). 18.39 (q. C18). 21.26 (q. COsH3). 21.78 (t. C2). 23.19 (t, Cll). 24.54 (q. 
C19). 26.47 (t, Cl), 28.11 (q, C20), 31.62 (t, C7), 31.91 (d, C8), 33.79 (t, C12), 38.53 
(8, C9), 42.81 (8, C5), 44.74 (d. ClO), 72.96 (t, ClB), 74.02 (d, C6). 115.18 (d, C14). 
124.79 (d, C3), 137.55 (8, C4), 169.82 (8. FHQ), 170.87 (8, C13), 173.74 (8, C15). MS, 
& : 360 (M+, C22H32O4), 318 (Y+-CH20), 317 (M+-Qi3cO), 300 (M+-ai3eH). Exact MS, & 
: 300.2091 (Calcd. for C22H3204-CHfl2H, 300.2089). 

Epoxldalton of 10. Using 10 (48.0 mg), a crude epoxide 11 wae obtained by the same 
procedure as performed In the epoxldation of 1 [@PRA (28 iilg), for 40 min at room 
temperature, (CH3)28(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%). [i]D -13.0° (2 0.920). 
lmax. nm : 204.1(~ 16300). v&&Am, cm-l : 1780, 1745, 1640, 1243. 1H NYR,dppm : 0.85 
(3H. d, J - 6.0 Hz. H3Cl7), 0.98 (3H, s, H3C20), 1.16 (3H. 8, H3C19'), 1.24 (3H, s, 
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H3C18), 2.07 (38, 8, CE3CO). 3.04 (lH, d, 2 - 5.1 Hz, E3), 4.74 (2E, d, J - 1.8 Hz, Hl6). 
4.84 (lH, t, J - 2.0 Hz, lie), 5.82 (lH, tt, J - 1.5 and 1.8 Be, A14). 13c NMR, Gppm : 
15.05 (q, C17), 18.68 (q, C18), 10.01 (t, C2), 21.43 (q, coC_E3), 21.90 (q, ClO), 23.13 
(t, Cl or Cll), 24.30 (t, Cl or Cll), 28.60 (q, C2O), 31.27 (t, C7), 31.27 (d, C8), 33.38 
(t, C12), 38.41 (8, CO), 40.17 (d, ClO), 40.03 (8, C5), 62.31 (d, C3), 64.24 (8, C5), 
72.06 (t, ClB), 75.80 (d, C6), 115.13 (d, Cl4). 160.82 (8, _coCa3). 170.76 (s, C13), 
173.74 (a, C15). MS, m/z : 376 (Y+, C22H32O5), 361(Y+-CH3), 334 (Y+-CH20). 317 (M+- 
CH3aI2), 316 (M+-CX3~H). Rxact MS, IQ& : 376.2268 (CaIcd. iOr C22H3#5, 376.2240). 

DIBAL reduction of 8. By the same method as described In "DIBAL reduction of 3 and 
4", 8 (94 mg) was reazed with DIBAL [ 1Y THF soln. (0.62 ml) 02 DIBAL] and finally gave 
a residue which was purified by preparative silica gel TLC (benzene-Et&k, 3 : 1. The 
TLC afforded unchanged 8 (13.4 mg)and deslred 7 (45.2 mg, conversion yield, 58.0%). 

Compund 12. The same DIBAL reduction method as described above was performed for 
1. 1 (170 q g) and 1Y THF solution (1.3 ml) of DIBAL finally gave unchanged 1 (37 mg) 
and 12 (08 mg, conversion yield, 53.7%) by purification on preparative silica gel TLC 
(benzene-EtOAc, 4 : 1). 12, Ia]D + 12.6O (2 0.050). "dgdrn, cm-l : 3560, 3470 (sb.), 
878. lIi NMR,& ppm : 0.86 (3H, d, J = 6.6 Hz, H3C17), 1.05 (3H, 8, H3C2O), 1.21 (3H, 8, 
H3ClO), 1.70 (3H, be, H3Cl8). 3.60 (la, t, J - 2.5 Hz, H6). 5.83 (la, m, H3), 6.25 (lH, 
m, H of furan), 7.10 (lH, m, H of furan), 7.33 (lH, t, 1= 1.5 Hz, H of furan). Gppm 
[with 0.84 mol. equlv. of Eu(dpm)3] : 2.73 (3H. d, J - 6.6 Hz, H3C17), 4.20 (3H, 8, 
H3C2O). 5.36 (3H, bs, H3C18), 6.22 (3H, 8, H3ClO); Normarlzed ratio : 2.0 : 3.3 : 3.0 : 
5.3, respectively. l3C NYR, Gppm : 15.46 (q, C17), 18.33 (q, C18). 10.00 (t, Cll), 22.60 
(t, C2), 24.13 (q, ClB), 26.41 (t, Cl), 28.58 (q, C20), 30.68 (d, C8), 33.03 (t, C7), 
36.66 (t, C7), 36.66 (t, C12), 38.71 (s, CO), 43.02 (d, ClO). 44.33 (8, C5). 71.56 (d, 
C6), 110.07 (d, Cl4), 125.84 (a, C13), 128.77 (d, C3), 137.32 (8, C4), 138.43 (d, C16), 
142.65 (d, C15). MS, m/z : 302 (M+,C2OH3OO2), 287 (M+-CH3), 284 (Y+ -H20). Exact MS, 
m/z : 302.2235 (Calcd. for C2OH3OO2, 302.2245). 

Compound 13. To a THF(2.0 ml) solution of l(86 mg), NBS (96 mg) was added, and 
stirred for 1.5 br at room temperature. After the addition of sodium thlosulfate 
(Na2Sfl3, 5H20) 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 TIC (CHC13-EtOAc, 4 : 1) t0 afford 13 (102 UIg. 95.2%), [a]D -42.20 
(2 0.900). udkirn, cm-l : 1780. 1745, 1640. 1~ NYR, dppm : 0.86 (38, g-6.8 Hz, H3Cl7), 
O,Q7 (3A, 8, H3C20), 1.16 (38, 8, H3ClB), 1.66 (3H, 8, H3Cl8). 4.09 (lH, dd, J - 3.0 and 
5.6 Hz, H6 or H3), 4.46 (1H. dd, J - 2.6 and 3.3 Hz, H3 or A6). 4.75 (2li, d, J - 1.8 Hz, 
H16), 5.82 (1H. qq, J - 1.5 and 1.8 Hz. H14). l3C NYR. Gppm : 15.17 (q, C17), 20.20 (t, 
C2), 22.84 (t, Cll), 24.54 (q. C20), 24.83 (q. C18), 26.20 (q, ClB), 29.34 (t. Cl), 20.87 
(t, C7), 30.10 (d, C8). 34.20 (t, C12), 37.50 (8, CO), 40.70 (d, ClO), 41.90 (8, C5), 
50.55 (d, C3), 34.20 (t, Cl2), 37.59 (8. CO), 40.70 (d. ClO), 41.99 (6, C5), 59.55 (d, 
C3), 72.96 (t, C16), 79.81 (d, C6), 84.62 (8, C4). 115.24 (d, C14), 170.46 (a, C13), 
173.57 (8. C15). us, m/z : 308 (Y+ + 2)/306 (M+, C2OH2903Br)(l : l), 317 (M+-Br), 316 
(M+-HBr). Exact MS, m& : 317.2131 (Calcd. for C2OH2903Br-Br, 317.2116), 316.2053 
(Calcd. for C2OH2903Br-HBr, 316.2038). 

Compounds 14 and 15. Compound 13 (60.0 mg) was dissolved in CX2C12 (3 ml). To the 
solution, p_toluenexfonlc acid (5 mg) was added and stirred for 7 br at room tempera- 
ture. To the reaction mixture, saturated NaHCO3 was added and extracted with CiiCL3 (15 
ml x 3). The CHIC13 extract was subjected to a preparative silica gel TIC (bexane_RtOAc, 
2 : 1) to give two fractions, one of which contained 14 and, another of which 15. Either 
fraction was purified by HPLC [Llchrosorb 51-60 (5 urn; column, 4.6 mm x 250 mm); bexane- 
EtPAc, 1 : 3; flow rate, 1.5 ml/mln] to give 14 (12.6 mg, 21.0%) and 15 (17.3 mg, 36.3%). 
14. [a]D-63.9'@0.360). vi&Am, cm-l : 1780. 1745, 1640. 1~ NMR, Gppm : 0.88 (3H, d, 
J - 6.8 Hz, H3C17), 1.00 (3H, 8. H3C2O). 1.14 (38, 8, H3ClB), 1.82 (3E, 8. H3C18), 3.75 
(1H. dd, J - 2.2 and 3.1 Hz, 86 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 (lH, tt, J - 1.5 and 1.8 Hz, H14). l3C NMR, &ppm : 14.58 
(q, Cl?), 16.63 (t, C2), 17.33 (q, C18), 22.90 (t, Cll), 27.46 (q, ClO), 28.28 (q, C20), 
29.87 (d, C8), 31.33 (t, Cl. C7 or C12), 32.21 (t, Cl, C7 or C12), 32.01 (t, Cl, C7 or 
C12). 39.94 (8. CB), 43.57 (d, ClO), 45.01 (8, C5). 72.06 (t. Cl6), 74.66 (a, C4), 76.77 
(d, C3), 81.63 (d, C6). 115.24 (d, C14), 170.52 (8, C13). 173.68 (8, C15). MS, m/z : 308 
(N+ + 2)/306 (M+,C2OH2gO3Br)(l: l), 317 (M+-Br), 200 (M+-Br-H20). Exact MS, m/z : 
317.2122 (Calcd. for C20H2903B>Brt 317.2116). 15, [a]D -56.60 (2 0.530). vam, cm-1 : 
1780, 1745, 1640. 1~ NMR, dppm : 0.01 (3H, d. J - 7.0 Hz, H3C17). 1.06 (3H, s. H3C2O), 
1.22 (3H, 8, H3ClO). 4.08 (lH, dd, 2 - 8.1 and 0.5 Hz, H6), 4.20 (lH, dm, J - 13.0 HZ, 

H18). 4.50 (la, dm. J - 13.0 Hz. Hl8), 4.76 (2H, d, J = 1.8 Hz, Hl6). 5.45 (la, bt, 1 - 
3.1 Hz. H3), 5.85 (lH, tt, J - 1.5 and 1.8 Hz, H14). 13C NMR, Gppm : 14.29 (9, c17), 
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17.74 (t, C2), 21.73 (q. ClQ), 22.19 (t, Cl), 23.54 (t. Cll), 29.28 (q, C20). 30.80 (t, 
C7), 38.60 (d, CQ), 37.48 (t, C12), 38.00 (8, CQ), 41.39 (6, CS), 42.75 (d, ClO), 67.75 
(t, C18). 72.96 (t, ClB), 115.18 (d, C14), 115,QS (d, C3), 143.29 (e. C4), 170.87 (8, 
C13). 173.80 (s,ClS). MS, m/z : 316(M+,C2OH2803), 301 (M+-CH3). 283 (M+-CH3-H2D). 
Bxact MS, m/z : 316.1672 (Calcd. for C20H2803, 316.2038). 301. 1793 (Calcd. for C2@l2803- 
CH3, 301.1803). 

p-Bromobensoate (16). To a solution of l(40.0 mg) In pyridine (1.5 ml),N, N- 
dimethyl-4-amlnopyridine (130 mg) and pbromobenzoyl chloride (170 mg) were added, and 
stirred for 6 hr at 65oC. After the addition of 2N NaOH aq. eoln. (7 ml), the reaction 
mixture was extracted with ether (20 ml + 10 ml + 10 ml). The ether layer was wncent- 
rated to give a residue which wae purified by preparative slllca gel TLC (hexane-EtOAc, 1 
: 1) to give a crude 16. The crude 16 wae further purified by preparative aluminum oxide 
TLC (hexane-EtOAc, 1 : l)to glve 16 (38.3 mg, 62.0%), mp. 192.5°-1940C(hexaoe-EtOAc). 
[a]D -10.7O (c 0.466). Amax, nm : 242.9 (E 17200). CD : aext, am : 248.3 (AE + 3.97), 
W;O (O.O), 213.0 (-4.14). vfi#$, cm-l : 1790, 1750, 1715, 1645, 1598, 1490. ~ENYR, 

* 0.89 (3H. d, J - 6.6 Hz, B3C17), 1.07 (3H, 8, H3C2O), 1.26 (3H, 8, A3ClQ). 1.30 
(3H, 8, H3Cl8), 2.7c(lH, d. J - 1.5 Hz, H3), 4.76 (2H. d, J - 1.8 Hz, HlB), 5.57 (la, 
dd, J - 2.4 and 3.5 Hz, H6), 5.66 (lB, tt, J - 1.5 and 1.8 He, Al4), 7.58 (2E, dm, 2 - 
8.7 Hz, benzene ring protons), 7.97 (2H, dm,J 
: 518 (Y+ + 2)/516 (Y+, C27H3305Br)(l : 

- 8.7 Hz, benzene ring protons). MS, m/z 
1). 503 (M+ + 2-CH3)/501 (Y+-CH3)(1 : I). 333 

(M+ -BrC&a)2), 316 (M+-BrC&C02H). Anal. Calcd. for CnH3305Br : C, 62.87; II. 6.43; 
Br, 15.44. Found : C. 62.75; 8, 6.31; Br, 15.50. 
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