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Six cardiac glycosides having a methylenedioxy group in the sugar moiety, elacoden-
droside A, D, E; H, I and J, were isolated from seeds of Elacodendron glaucum Pers. Their
structures were clucidated on the basis of chemical correlation with elaeodendroside A,
which was characterized by X-ray analysis. A new cradiac steroid named elacoden-
drogenin was also isolated from the same plant materials and its structure was established
by direct comparison with a synthetic sample obtained from digitoxigenin. The cardiac
activities of these compounds were tested with Straub’s preparation.

Keywords Elaeodendron glaucum; Celastraceae; cardiac glycoside; elaeodendro-
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In the course of a continuing search for tumor inhibitors and cardiac steroids from natural
sources, we found that the 959, ethanol extract of seeds of Elaeodendron glaucum Pers.
(Celastraceae) showed significant inhibitory activity ix vitro against cells derived from human
nasopharynx carcinoma (KB).» Chloroform-water partition of the alcoholic extract followed
by 909, methanol-hexane partition of the chloroform extract and column chromatography of
the 909, methanol extract on silica gel gave several anti-KB active fractions. Each fraction
was subjected to dry column chromatography or preparative thin-layer chromatography
(TLC) on silica gel. Twenty kinds of anti-KB active compounds exhibiting positive Kedde
reaction were isolated by this method.

Elaeodendroside A (1), mp 299—300°C, was separated as colorless prisms. Elemental
analysis and high resolution mass spectral data provided the molecular formula CaoHg04,.
The complete structure was determined as 1 by direct single-crystal X-ray analysis.¥

Elaeodendroside ] (2), mp 274—276°C (dec.), was separated as colorless prisms. When
adsorbed on alumina or silica gel in methanol-acetone for a week,>® 1 underwent ketol rear-
rangement to yield 2, which was identical with the above product. In the proton nuclear
magnetic resonance ("H-NMR) spectrum, 2 exhibited a singlet signal at 4.15 ppm,” which
lent support to the assigned structure.

Elaeodendroside D (3), mp 275—285°C (dec.), was isolated as colorless prisms. Inspection
of the high resolution mass and 'H-NMR spectra permitted us to assign the structure 3 to
elaeodendroside D. The structure was definitely established by direct comparison with a
synthetic sample derived from 1. Reduction of 1 with sodium borohydride gave two diols
(4, 5). Compound 4 proved to be identical with one of the products obtained from 2 by
borohydride reduction. These results indicated that 4 and 5 possessed the 11a,12«- and 11a,-
12f-diol structures, respectively. Compound 4 was transformed into the monomesylate (6)
in the usual manner. Treatment of 6 with sodium iodide and zinc dust in diglyme® provided
the 12-ketone (7) as colorless prisms. In the 'TH-NMR spectrum, 7 exhibited the signals of
18- and 19-methyl groups at 1.08 and 1.22 ppm, indicating the presence of an oxo group at
C-12 rather than at C-11. The 12-ketone was transformed into the p-tosylhydrazone which
in turn was reduced with sodium borocyanohydride in dimethylformamide-sulfolane.”? The
compound thus obtained proved to be identical with 3.
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Elaeodendroside E (8), mp 283—290°C (dec.), was separated as colorless prisms. The
high resolution mass spectrum and elemental analysis data permitted us to assign the molecular
formula C4H,,0,, to 8. In the ZH-NMR spectrum, 8 exhibited signals at 2.00, 2.60, 3.25 and
5.60 ppm. These data suggested the presence of an acetoxyl group at the 168-position.!”
Hydrolysis of 8 with potassium bicarbonate in methanol under mild conditions afforded
desacetylelacodendroside E (9) as colorless prisms. Compound 9 was readily and quantitatively
transformed into the cyclic phenylboronate, indicating the existence of a cis-glycol structure.'?
When adsorbed on alumina in benzene at 60°C for 5 h, 8 was converted into elaeodendroside H
(15), mp 293—295°C (dec.). Partial hydrogenation of 15 over 5%, palladium-on-charcoal
provided 17a-elacodendroside D together with a small amount of 3. The major product was
also obtained from 3 by the procedure described by Merkel ef al.'® On the basis of these
results elaeodendroside E was unequivocally identified as 164-acetoxyelaeodendroside D (8).

Compound 15 was also obtained from the natural source and its structure was confirmed
by direct comparison with the 4'® compound derived from 8. Compound 8 underwent no
alteration during the isolation procedure using silica gel as an adsorbent. Accordingly, the
possibility that 15 might be an artifact formed from 8 was ruled out.

O 0

R R,
O/\O 2 ,
,’O\
OH
OHO
. H . OAc
1: R, = 0, Ry ={, Ry = H, 8: R; = R, = H,, Ry = {5
H OH
P Ry ={yp Re =0, Ry = H, 9: Ry = R, = H,, Ry ={§;
3: R, =R, = R, = H, 10: R, = H,, R, ={py Ry = H,
4 R, =R, =¢H R —H
e 2 =S’ s 2 11: R, = H,, R, = O, R, = H,
OH H H
5: Ry ={fy » Re={pp Ry =H, 12: R, ={5 o R = O, Ry = H,
H H H
6: R, =g Re ={ope Rs = Ha 13: Ry = Hy, Ry ={, o Ra = H,
7 RZ“O:Rzst—Hz 14: R, =R, =0, R; = H,
Y’ ag
O/\O
0. R,
OH OH
N R
OHO 2
. f/H A/OH
15 16: R, =<0 Ro ={fg
. _/H _/OAC
17: R, ={oAc R, ={{1

H
. 7/

18: Ry ={,p Ry =0
19: R, =H, R, =0

20: Ry =(5 R, = O
. H _ OH
21: R, —(Hp, Ry =C5
Chart 1

NII-Electronic Library Service



No. 11 4077

Elaeodendroside I (10), mp 299—300°C (dec.), was separated as colorless leaflets. The
high resolution mass spectrum and elemental analysis data provided the molecular formula
CooH30,.  Oxidation of 10 with pyridinium chlorochromate in dichloromethane gave the
11-ketone (11) as colorless prisms. The structural assignment was completely established by
direct comparison with a synthetic sample obtained from 2. Usual acetylation of 2 with acetic
anhydride and pyridine afforded the 12-acetate (12). Elimination of the acetoxyl group by
reduction with zinc dust in acetic acid'® yielded the 11-ketone (11) which was identical with
the compound derived from 10. The configurational assignment of the 11a-hydroxyl group
in 10 was supported by the chemical shifts of angular methyl groups in the 1H-NMR spectrum?4
and the fact that 10 was easily converted into the acetate (13). Based upon these data,
elaeodendroside I was unambiguously identified as 10.

Elaeodendrogenin (16), mp 258—262°C, was isolated as colorless leaflets. Elemental
analysis permitted us to assign the molecular formula C,,H,,04 to 16. Usual acetylation with
acetic anhydride and pyridine yielded the diacetate (17) as colorless leaflets. Nuclear
Overhauser effect (NOE) (ca. 309,) observed between the 19-methyl group and 2-hydrogen,
as well as the coupling constants (/, ,=0 Hz, J; ;=10 Hz), lent support to the assignment of
the 2«,3p-glycol 2-monoacetate structure to 16.'Y When treated with manganese dioxide,
16 was readily converted to the 4%-3-ketone (18). In addition, NOE (ca. 209,) was observed
between the 19-methyl group and 2-hydrogen in 18. The circular dichroism (CD) curve of 18
in methanol showed a negative Cotton effect with an extremum at 325 nm. These data
strongly implied the presence of an acetoxyl group at the 2x-position.!® The structure of 16
was definitely estabilished by direct comparison with a synthetic sample. Oxidation of
anhydroperiplogenone (19)'® with lead tetraacetate gave 2f-acetoxyanhydroperiplogenone
(20), which in turn was epimerized by refluxing it with potassium acetate in acetic acid!” and
then reduced with sodium borohydride.’® On the basis of these results, elaeodendrogenin was
unequivocally identified as 16.

The cardiac activities of the newly isolated steroids and their derivatives were tested with
isolated frog heart (Straub’s preparation).!® The results obtained are listed in Table I.
Elaeodendrosides A, D, E, and I showed almost identical activity, that is approximately one-
third of that of digitoxigenin. The compounds (14, 4 and 5) having the 11,12-diketone or
11,12-diol partial structure exhibited somewhat less activity. Elaeodendroside J was much
less toxic than elaeodendroside A. These data suggested that the cardiac activities of these
compounds were significantly influenced by the substituent in ring C.20 Comparison of the

TaBLE [. Biological Activities of Cardiac Steroids

. Cardiac activit Cytotoxicit
Compound RP® y E}ISSO (yg/m}lr)
Digitoxigenin 1
Elaeodendroside A (1) 0.3 0.13
D (3) 0.3
E (8) 0.3 0.23
I (10) 0.3 0.029
Compound 7 0.3
11 0.3
14 0.09—0.06
4 0.09—0.06
5 0.09—0.06
9 0.09—0.06
21 0.09—0.06
Elaeodendroside ] (2) < 0.01 0.49
H (15) € 0.01

a) RP = relative potency. Digitoxigenin was taken as a standard (1.0). RP is shown on molar basis.
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cardiac activities of elaeodendroside E, the desacetyl derivative (9) and elaeodendroside H
was indicative of the significance of the C-16 substituent. Desacetylelacodendrogenin (21)
exhibited much less activity than digitoxigenin. These dataimplied that the 2e,3f-dihydroxy-
4-ene structure may significantly depress the cardiac activity.??

Further structural elucidation studies on other cardiac steroids are being conducted in
these laboratories and the details will be reported elsewhere in the near future.

Experimental

All melting points were taken on a micro hot-stage apparatus and are uncorrected. Optical rotations
and CD spectra were measured with a JASCO DIP-4 automatic polarimeter and a JASCO J-400X optical
rotation spectrometer, respectively.  Low and high resolution mass spectra were run on Hitachi M-52 and
JEOL JMS-01SG-2 spectrometers, respectively.  High resolution mass spectral measurements using chemical
ionization (CI) with methanc were carried out with a AET Model MS-902 spectrometer. 'H-NMR spectra
were recorded on a JEOL PS-100 spectrometer at 100 MHz using tetramethylsilane as an internal standard.
Abbreviations used: s=singlet, d=doublet, t=triplet, q=:quartet, and m=multiplet. Ior preparative
thin-layer chromatography (TLC), silica gel HI%,;, (I2. Merck AG, Darmstadt) and for column chromatography
silica gel (70—230 mesh) (E. Merck AG) were used. Aluminum oxide 90 (E. Merck AG) was used as a
catalyst for ketol rearrangement and climination reactions.

Extraction of Steroidal Components— - Sceds (5 kg) of Elacodendron glaucum Pers. collected in India in
March, 1975, were extracted with IEtOH in a Soxhlet extractor. The cthanolic layer was concentrated
in vacno, and the residuc was partitioned in a CHCl;-H,O system. The organic layer was concentrated
in vacuo, and the residue was again partitioned in a 909, MeOH-hexane system. The methanolic layer
was concentrated in vacuo, and the residue (90 g) was chromatographed repeatedly on silica gel using AcOEt—
benzene, MeOH-ether, or McOH-CHCI, as eluents. Purification of the cluate by preparative TLC using
benzene-AcOLEt, CHCl,~acetone, benzene-ether, or CHClL-McOH gave the following cardiac steroids.?V

Elaeodendroside A (1) (300 mg). mp 299—300°C, colorless prisms (from MeOH-acetone), [«]} +96.0°
{c=0.18, CHCl,). Amnal. Caled for C,gHz4044: C, 63.96; H. 6.66. Tound: C, 63.94; H, 6.68. High resolution
MS (CI) m/z: Found: 545.2371. Caled for CyyH,,0,y (M4 H)*==545.2386. 'H-NMR (CDCl,) 6: 1.15 (3H, s,
18-CH,), 1.43 (3H, s, 19-CH,), 2.50 (1H, dd, J==14, 3.2 Hz, 18-H), 3.60-—+4.30 (5}, m, 28-H, 3’a-H, 5-CH,,
17«-H), 4.38 (1H, br d, J =8 Hz, 3«-H), 4.45 (1H, d, J-=12 Hz, 115-H), 4.67 (1H,s, 1'f-H), 4.90 (2H, m, 21-
CH,), 5.16 (2H, ABq, -OCH,0-},*® 5.30 (1H, br s, 4-H), 6.10 (1H, br s, 22-H).

Elaeodendroside J (2) (22 mg). mp 274—276°C (dec.), colorless prisms (from ether), [o]§ +10.0° (c==
0.05, CHCly).  Anal. Caled for CyyHyO40: €, 63.96; H, 6.66. Found: C, 63.94; H, 6.49. High resolution
MS (Cl) m/z: Found: 545.2371. Caled for CyyH, 05, (M H)*=545.2386. 'H-NMR (CDCl,/D,0) 6: 1.15
(8H, s, 18- or 19-CH,), 1.19 (3H, s, 18- or 19-CH,), 3.60—4.10 (5-H, m, 2-H, 3’«-H, 5-CH,, 17«-H), 4.15
(1H, s, 128-H), 4.45 (1H, d, ] =8 Hz, 3a-H), 4.65 (1H,s, 1'g-H), 5.15 (4H,m, -OCH,O—, 21-CH,), 5.30 (1H,
br s, 4-H), 5.85 (1H, br s, 22-H).

Elaeodendroside D (3) (10 mg). mp 275-—-285°C (dec.), colorless prisms (from CH,Cly~ether), [a]}
+30.0° (¢=0.10, CHCly). Anal. Caled for CyyH, Oy C, 67.68; H, 7.44. Tound: C, 67.75; H, 7.54. High
resolution MS m/z: Found: 514.2608. Caled for CygHyOg (M)+==514.25065. 'H-NMR (CDCl,) ¢: 0.93 (3H, s,
18-CH,), 1.15 (3H, s, 19-CH,), 2.75 (1H, brd, /=8 Hz, 17«-H), 3.50—4.20 (4H, m, 3’«-H, 5’-CH,, 2-H), 4.40
(1H, d, /=9 Hz, 3«-H), 4.66 (1H, s, 1’'8-H), 4.88 (2H, m, 21-CH,), 5.16 (2H, ABq, -OCH,0-), 5.20 (1H, s,
4-H), 5.86 (1H, br s, 22-H).

Elaeodendroside E (8) (70 mg). mp 283—290°C (dec.), colorless prisms (from CH,Cl,-MeOH), [«]}
+7.9° (¢=0.14, CHCl,). Amnal. Caled for C;H, Oyy: C, 65.02; H, 7.04. Tound: C, 64.64; H, 7.00. High
resolution MS (CI) m/z: Found: 573.2700. Calcd for C3,H 0,y (M+H)*=573.2699. 'H-NMR (CDCl,) 8:
0.98 (3H, s, 18-CH,), 1.15 (3H, s, 19-CHjy), 2.00 (3H, s, OCOCH,), 2.60 (1H, dd, /=17, 10 Hz, 152-H), 3.25
(1H,d, /=10 Hz, 17«-H), 3.60—4.20 (4H, m, 3'«-H, 5-CH,, 26-H), 4.45 (1H,d, /=8 Hz, 3a-H), 4.70 (1H, s,
1’8-H), 4.95 (2H, m, 21-CH,), 5.22 (2H, ABq, -OCH,0-), 5.25 (1H, s, 4-H), 5.60 (1H, dt, /=10, 2 Hz, 16a-H),
6.03 (1H, br s, 22-H).

Elaeodendroside H (15) (30 mg). mp 293—295°C (dec.), color ess prisms (from ether). [«]%° +166.7°
(c=0.12, CHCly). UV ¥ 270 nm. Anal. Caled for C,gHy04: C, 67.95; H, 7.08. Tound: C, 67.90; H,
7.18. 'H-NMR (CDCly) é: 1.17 (3H, s, 19-CH,), 1.31 (3H, s, 18-CH,), 3.50—4.20 (4H, m, 3’a-H, 5-CH,,
28-H), 4.39 (1H, d, /=8 Hz, 3x-H), 4.66 (1H, s, 1’8-H), 4.95 (2H, br s, 21-CH,), 5.16 (2H, ABq, -OCH,0-),
5.20 (1H, brs, 4-H), 5.94 (1H, br s, 22-H), 6.07 (1H, br s, 16-H).

Elacodendroside I (10) (50 mg). mp 299—300°C (dec.), colorless leaflets (from acetone-cther), [«]}
+44.3° (¢==0.14, CHCly). Amnal. Caled for CygHyO4-1/2H,0: C, 64.55; H, 7.29. Found: C, 64.42; H, 7.10.
High resolution MS (CI) m/z: Found: 531.2585. Caled for CpgHyqOf (M+4-H)* =531.2594. 'H-NMR (CDCl,)
d: 0.95 (3H, s, 18-CH,), 1.32 (3H, s, 19-CH,), 2.50 (1H, dd, /=3.2, 14 Hz, 15-H), 2.90 (1H, br d, /=10 Hz,
172-H), 3.50—4.20 (5H, m, 3’«-H, 5-CH,, 28-H, 118-H), 4.50 (1H, d, /=10 Hz, 3«-H), 4.75 (1H, s, 1"5-H),
4.95 (2H, m, 21-CH,), 5.25 (2H, ABq, -OCI1,0-), 5.35 (1H, br s, 4-H), 5.95 (1H, br s, 22-H).
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Elaeodendrogenin (16) (30 mg). mp 258—262°C, colorless leaflets (from acetone—ether), [«]® —21.1°
(¢=0.10, CHCl,). Amnal. Calcd for Cy5H,,04: C, 69.74; H, 7.96. Found: C, 69.36; H, 8.18. High resolution
MS m/z: Found: 370.2115. Caled for Cp3Hy O, (M—AcOH)+=370.2143. 'H-NMR (CDCly) é: 0.91 (3H, s,
18-CH,), 1.15 (3H, s, 19-CHj,), 2.11 (3H, s, OCOCHy), 2.76 (1H, m, 17«-H), 4.20 (1H, d, /=10 Hz, 3x-H),
4.80 (1H, m, 28-H), 4.85 and 5.00 (each 1H, each dd, J=15, 2 Hz, 21-CH,), 5.22 (1H, br s, 4-H), 5.88 (1H,
br s, 22-H).

Preparation of Elaeodendrogenin Acetate (17)——Compound 16 (5 mg) was dissolved in Ac,0O-pyridine
(1: 1) (2 ml) and the solution was allowed to stand at room temperature for 12 h. The reaction mixture
was treated in the usual manner. Recrystallization of the crude product from ether gave 17 (3 mg) as
colorless leaflets. mp 225—230°C, [«]7 —45.5° (¢=0.06, CHCl;). Anal. Caled for C,,Hy0,: C, 68.62; H,
7.68. Found: C, 68.58; H, 7.92. 'H-NMR (CDCly) 6: 0.91 (3H, s, 18-CH,), 1.18 (3H, s, 19-CH,), 2.03 (3H,
s, OCOCH,), 2.06 (3H, s, OCOCHy), 2.75 (1H, m, 17«-H), 4.85 and 5.00 {(each 1H, each dd, =15, 2 Hz, 21-
CH,), 5.12 (1H, br s, 4-H), 5.15 (1H, m, 28-H), 5.40 (1H, d, /=9 Hz, 32-H), 5.88 (1H, br s, 22-H).

Preparation of 2a-Acetoxyanhydroperiplogenone (18)-—-—A solution of 16 (10 mg) in CHCl, (2 ml) was
stirred with activated MnO, (30 mg) at room temperature for 48 h. After removal of the precipitate by
filtration, the filtrate was evaporated down. The residue obtained was recrystallized from cther to give 18
(5 mg) as colorless prisms. mp 260—263°C, [«]% +38.2° (c=0.17, CHCl,). UV A¥% 935 nm.  Anal. Caled
for Cy3H,,04: C, 70.07; H, 7.53. Found: C, 69.97; H, 7.50. 'H-NMR (CDCl,) §: 0.95 (3H, s, 18-CH,), 1.30
(3H, s, 19-CH,), 2.20 (3H, s, OCOCHy), 4.95 and 5.05 (each 1H, each dd, J =15, 2 Hz, 21-CH,), 5.40 (1H, dd,
J=15,4Hz, 26-H), 5.80 (1H, s, 4-H), 5.90 (1H, brs, 22-H). CD (c=4.331 x 104, MecOH) [6]2° (nm): — 3.694
x 10% (325) (negative max).

Preparation of Desacetylelacodendrogenin (21)———A solution of 16 (12 mg) in McOH (3 ml) was treated
with 59, KHCO; (2.5 ml), and the mixture was allowed to stand at room temperature for 24 h. The reaction
mixture was treated in the usual manner. Recrystallization of the crude product from MeOH gave 21
(5 mg) as colorless prisms. mp 262-266°C, [a]y —3.1° (c=0.16, MeOH). Anal. Calcd for C,;H,,0,: C,
71.10; H, 8.30. Found: C, 70.83; H, 8.37. H-NMR (CDCly) é: 0.91 (3H, s, 18-CH,), 1.12 (3H, s, 19-CHy),
2.80 (1H, br d, J=8 Hz, 17«-H), 3.50 (1H, m, 28-H), 3.90 (1H, d, J=8 Hz, 3x-H), 4.85 and 5.00 (each 1H,
each dd, J=20, 2 Hz, 21-CH,), 5.10 (1H, br s, 4-H), 5.85 (1H, br s, 22-H).

Preparation of Elaeodendrogenin (16)-——Anhydroperiplogenone (19)1® {20 mg) obtained from digitoxi-
genin was treated with Pb(OAc), (30 mg) in AcOH (2 ml) at 80°C for 12 h. The reaction mixture was ex-
tracted with ether. The organic layer was washed successively with 5%, NaHCO,, 5%, NaHSO, and H,0,
dried over anhydrous Na,SO,, and evaporated down. The crude 2f-acetoxyanhydroperiplogenone (20) was
refluxed with AcOK (100 mg) in AcOH (1.5 ml) for 24 h. The reaction mixture was extracted with cther.
The organic layer was washed successively with H,0, 5% NaHCO, and H,0, dried over anhydrous Na,SO,,
and evaporated down. Recrystallization of the crude product from ether gave 18 (3 mg) as colorless prisms.
mp 258—260°C. The mixed melting point on admixture with the sample obtained from 16 showed no
depression.

A solution of 18 (2 mg) in MeOH (1 ml) was treated with NaBH, (3 mg), and the solution was allowed to
stand at room temperature for 1 h. The reaction mixture was extracted with ether. The organic layer
was washed with 5%, HCl and H,0, dried over anhydrous Na,S0O,, and evaporated down. Recrystallization
of the crude product from ether gave 16 (1 mg) as colorless leaflets. mp 257—262°C. The mixed melting
point on admixture with the sample obtained from the natural source showed no depression.

Transformation of Elaeodendroside A (1) to Elaeodendroside D (3)——A solution of 1 (100 mg) in MeOH
(10 ml) was treated with NaBH, (20 ml) in H,O (2 ml) at room temperature for 12 h. The reaction mixture
was extracted with AcOEt. The organic layer was washed with 59 HCl and H,O, dried over anhydrous
Na,SO,, and evaporated down. The residue obtained was subjected to preparative TLC using benzene-
AcOEt (1: 3) as a developing solvent. Elution of the adsorbent corresponding to the desired spot (Rf 0.35)
with AcOEt and recrystallization of the product from ether-acetone gave 11«,12«-dihydroxyelaeodendroside
D (4) (70 mg) as a colorless amorphous material. mp 206—210°C, [«])} +55.8° (¢=0.43, CHCL;). High
resolution MS m/z: Found: 546.2497. Calcd for CpaHuO,0(M)*+=:546.2465. Reduction of 2 with NaBH,
in the manner described above gave 4.

Elution of the adsorbent corresponding to the spot (Rf 0.30) with AcOEt and recrystallization of the
eluate from CH,Cl,-MeOH gave 11«,128-dihydroxyelacodendroside D (5) (10 mg) as a colorless amorphous
material. mp >300°C. [«]3+30.8° (¢=0.13, MeOH-CHCl; (1:1)). High resolution MS m/z: Found:
546.2485. Calcd for CygHg0,(M*) ==546.2465. Methanesulfonyl chloride (0.1 ml) was added to a solution
of 4 (30 mg) in pyridine (3 ml) under ice-cooling, and the mixture was allowed to stand for 4 h. The reaction
mixture was extracted with AcOEt. The organic layer was washed successively with 5°; HCl, 5%, NaHCO,
and H,0, dried over anhydrous Na,S0O,, and evaporated down. Nal (40 mg) and Zn dust (40 mg) were
added to a solution of the crude 1l«,12a-dihydroxyelacodendroside D 11-mesylate (6) (30 mg) in diglyme
(3 ml), and the whole was heated at 80°C for 1 h. The reaction mixture was extracted with AcOEt. The
organic layer was washed with 5% NaHSO; and H,0, dried over anhydrous Na,SO,, and evaporated down.
Recrystallization of the crude product from CH,Cl,-MeOH gave 12-oxoelaeodendroside D (7) (20 mg) as
colorless prisms. mp 296—300°C, [«]3 +135.0° (¢=0.10, CHCl,-MeOH (3: 1)). Anal. Calcd for C,qH;40,:
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C, 65.89; H,6.87. TFound: C,65.92; H,6.95. *H-NMR (CDCl,) 6: 1.08 (3H, s, 18-CHj), 1.22 (3H, s, 19-CH,),
4.38 (1H, d, J=9 Hz, 3«-H), 4.65 (1H, s, 1’8-H), 4.83 (2H, m, 21-CH,), 5.15 (2H, ABq, -OCH,0-), 5.26
(1H, br s, 4-H), 5.95 (1H, br s, 22-H). A solution of 7 (15 mg) in MeOH (5 ml) was refluxed with p-tosyl-
hydrazine (20 mg) for 38 h. After removal of the solvent by evaporation, the residue was subjected to
preparative TLC using benzene-AcOEt (1: 1) as a developing solvent. Elution of the adsorbent correspond-
ing to the desired spot (Rf 0.39) with AcOLt gave the p-tosylhydrazone (16 mg) as a colorless amorphous
material. A solution of the p-tosylhydrazone in dimethylformamide—sulfolane (1: 1) (1 ml) was heated with
p-toluenesulfonic acid (7 mg) and NaBH,CN (6 mg) at 105°C for 4 h, then the reaction mixture was extracted
with ether. The organic layer was washed with 59, NaHCO, and H,O, dried over anhydrous Na,SO,, and
evaporated down. The residue obtained was subjected to preparative TLC using benzene-AcOEt (1:1)
as a developing solvent. Elution of the adsorbent corresponding to the desired spot (Rf 0.30) with AcOEt
and recrystallization of the product from CH,Cl,—ether gave 3 as colorless leaflets. mp 270—-280°C. The
mixed melting point on admixture with the sample obtained from the natural source showed no depression.

Transformation of Elacodendroside H (15) to Elaeodendroside D (3) ——— A solution of 15 (10 mg) in MeOH
(2 ml) was shaken with 5°; Pd/C (5 mg) under an H, gas stream for 30 min. After removal of the catalyst
by filtration, the filtrate was evaporated down. The residue obtained was subjected to preparative TLC
using benzene-AcOEt (1: 1) as a developing solvent. Elution of the adsorbent corresponding to the desired
spot (Rf 0.32) with AcOLt and recrystallization of the product from ether gave 3 (1 mg), which proved to be
identical with an authentic sample obtained from the natural source.

Elution of the adsorbent corresponding to the desired spot (Rf 0.18) with AcOLt and recrystallization
of the product from acetone-ether gave 17«-elacodendroside D (5 mg) as a colorless amorphous material.
mp 2564-—258°C, [a]P +55.8° (¢=0.22, CHCly). High resolution MS mjz: Found: 514.2530. Calcd for
CaoHagOg(M+) =514.2565. 'H-NMR (CDCly) 6: 1.08 (3H, s, 18-CHy), 1.15 (3H, s, 19-CHy), 3.19 (1H, t, J=
10 Hz, 178-H), 4.38 (1H, d, J=-10 Hz, 3«-H), 4.65 (1H, s, 1’'8-H), 4.75 (2H, m, 21-CH,), 5.15 (2H, ABq,
~0OCH,0-), 5.20 (1H, br s, 4-H), 5.90 (1H, br s, 22-H).

17a-Elaeodendroside D was also obtained from 3 according to the procedure of Merkel e al.'® The
two samples were identical with each other.

Chemical Correlation of Elaeodendroside A (1) with Elaeodendroside J (2) and Elaeodendroside I (10)——
Compound 1 (30 mg) was dissolved in MeOH-acetone (1: 1}, adsorbed on AlL,O, (500 mg), allowed to stand
at room temperature for 1 week, and then eluted with CH,Cl,-AcOEt (1:1). The eluate was subjected
to preparative TLC using benzene-AcOEt (1: 2) as a developing solvent. Elution of the adsorbent corre-
sponding to the desired spot (R/ 0.50) with AcOEt and recrystallization of the product from ether gave 2
as colorless prisms. mp 274-—276°C (dec.) The mixed melting point on admixture with an authentic
sample showed no depression.

Usual acetylation of 2 (20 mg) with Ac,0O-pyridine followed by recrystallization of the product from
acctone-ether gave claeodendroside J acetate (12) (15 mg) as a colorless amorphous material. mp 200—
204°C. [a]¥ +22.2° (¢=0.09, CHCl,). High resolution MS m/z: Found: 586.2396. Caled for C4H; 04,
(M)*=586.2413. Compound 12 was refluxed with Zn dust (100 mg) in AcOH (5 ml)-Ac,0O (0.5 ml) for 3
weeks.  The reaction mixture was extracted with AcOEt. The organic layer was washed successively
with 59, HCI, 5% NaHCO,; and H,O, dried over anhydrous Na,SO,, and evaporated down. The residue
obtained was subjected to preparative TLC using benzenc—ether (1: 3) as a developing solvent. Elution
of the adsorbent corresponding to the desired spot (Rf 0.20) with AcOEt and recrystallization of the product
from AcOEt gave 1l-oxoelacodendroside ID (11) (3 mg) as colorless prisms. mp >300°C. The product
proved to be identical with a sample derived {from 10 as described below.

Compound 10 (5 mg) was treated with pyridinium chlorochromate (5 mg) under ice-cooling for 4 h.
The reaction mixture was extracted with AcOEt. The organic layer was washed with 5%, NaHCO, and
H,O, dried over anhydrous Na,SO,, and evaporated down. Recrystallization of the crude product from
AcOEt gave 11 (3 mg) as colorless prisms. mp >-300°C, [«}} +66.7° (¢=0.08, CHCl;). High resolution
MS m/z: Found: 528.2365. Calcd for CpgHgeOy (M)+=528.2359. 'H-NMR (CDCly) é: 0.90 (3H, s, 18-CH,),
1.35 (3H, s, 19-CH,), 3.60—4.20 (4H, m, 2-H, 3'«-H, 5-CH,), 4.30 (1H, d, /=8 Hz, 32-H), 4.65 (1H, s, 1'p-
H), 4.85 (2H, m, 21-CH,), 5.15 (2H, ABq, -OCH,0-), 5.25 (1H, br s, 4-H), 5.90 (1H, br s, 22-H).

Preparation of Elaeodendroside I Acetate (13)——Compound 10 (5 mg) was dissolved in Ac,O-pyridine
(1: 1) (2 ml) and allowed to stand at room temperature for 12 h. After usval work-up, the crude product
was recrystallized from acetone to give 13 (2 mg) as colorless prisms. mp >=300°C, [«]} +15.4° (¢=0.07,
CHCl,). High resolution MS m/z: Found: 572.2600. Calcd for Cy;H 4O, (M)*=572.2620. *H-NMR (CDCl,)
§: 1.05 (3H, s, 18-CH,), 1.20 (3H, s, 19-CH,), 2.10 (3H. s, OCOCH,), 2.70 (1H, br d, /=8 Hz, 17«-H), 3.50—
4.20 (4H, m, 3’a-H, 5-CH,, 2p-H), 4.50 (1H, d, J=10 Hz, 3¢-H), 4.75 (1H, s, 1’-H), 4.95 (2H, m, 21-CH,),
510 (1H, m, 118-H), 5.25 (2H, ABq, ~OCH,0-), 5.35 (1H, br s, 4-H), 5.95 (1H, br s, 22-H).

Structural Elucidation of Elaeodendroside E (8)——Compound 8 (20 mg) in MeOH (1 ml) was added to a
solution of KHCO, (100 mg) in H,O (2.5 ml) and the mixture was allowed to stand at room temperature for
12 h. The reaction mixture was extracted with AcOEt. The organic layer was washed with H,O, dried
over anhydrous Na,SO,, and evaporated down. Recrystallization of the crude product from ether gave
desacetylelaeodendroside 12 (9) (18 mg) as colorless prisms. mp 289--291°C (dec.), [o]*® +34.5° (¢=0.17,
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CHCL,). Amnal. Caled for C,oHy Oy C, 65.64; H, 7.22. TFound: C, 65.60; H, 7.11. Phenylboric acid (3 mg)
was added to a solution of 9 (10 mg) in anhydrous acetone (3 ml), and the mixture was allowed to stand at
room temperature for 30 min. After removal of the solvent by evaporation, the residue obtained was sub-
jected to preparative TLC using benzene-AcOEt (4: 1) as a developing solvent. Elution of the adsorbent
corresponding to the desired spot (Rf 0.38) with AcOEt and recrystallization of the eluate from acetone
gave the cyclic phenylboronate (4 mg) as colorless needles. mp 300°C (dec.). MS m/z: 616 (M+), 615.

Compound 8 {10 mg) dissolved in CH,Cl, (1 ml) was adsorbed on Al,O4 (200 mg) and dried in vacuo.
The Al,0; was suspended in benzene (3 ml) and kept at 60°C for 5 h, then eluted with acetone-MeOH. The
product was recrystallized from ether to give 15 (2.5 mg) as colorless prisms. mp 293-—295°C (dec.). The
sample was identical with 15 obtained from the natural source.

Preparation of 11,12-Dioxoelacodendroside D (14)———Compound 1 (20 mg) in acctone (2 ml) was oxidized
with Jones reagent (0.5 ml) under ice-cooling for 10 min. After usual work-up, the crude product was
recrystallized from acetone to give 14 (15 mg) as pale yellow crystals.  The UV spectrum of this compound
suggested the presence of the diosphenol structure. mp 275—280°C, [«]® -+66.7° (c==0.15, CHCI,~MeOH
(1:1)). MS m/z: 542 (M*). UV AMeOH 975

Acknowledgement The authors express their deep gratitude to Professor T. Reichstein, University
of Basel, Dr. M. Okada, Tokyo Biochemical Research Institute, and Professor T. Kawasaki, University of
Kyushu, for generous gifts of reference specimens and spectral data. ‘They are grateful to the National
Cancer Institute for financial support of the work at the University of Virginia and to Dr. P.E. Perdue, Jr.
for supplying the plant material in accordance with the program developed by the National Cancer Institute.
Thanks are also due to the staff of the central analytical laboratory of this Institute for elemental analyses
and spectral measurements.

References and Notes

1) Preliminary accounts of this work have been presented: S.M. Kupchan, I. Uchida, K. Shimada, B.Y.
Fei, D.M. Stevens, A.T. Sneden, R.W. Miller, and R.F. Bryan, J. Chem. Soc., Chem. Commun., 1977,
255; K. Shimada, T. Nambara, I. Uchida, and S.M. Kupchan, Heterocycles, 12, 1,45 (1979); K. Shimada
T. Kyuno, T. Nambara, and 1. Uchida, Heterocycles, 15, 355 (1981).

2) Present address: Fujisawa Pharmaceutical Co. Ltd., Osaka, Japan.

3) Cytotoxicity was assayed under the auspices of the National Cancer lnstitute by the procedure described
by R.I. Geran, N.H. Greenberg, M.M. MacDonald, A.M. Schumacher, and B.]. Abbott, Cancer Chemother.
Rep., Part 3, 3, 1 (1972).

4) The details of X-ray analysis will be reported elsewhere in the near future.

5) K. Huber, H. Linde, and K. Meyer, Helv. Chim. Acta, 50, 1994 (1967).

6) O. Renkonen, O. Schindler, and T. Reichstein, Helv. Chim. Acta, 42, 182 (1959).

7) F. Abe and T. Yamauchi, Chem. Pharm. Bull., 30, 1183 (1982).

8) An attempt to obtain 7 from acetylelaeodendroside A by reduction with zinc dust resulted in failure.

9) R.O. Hutchins, B.E. Maryanoff, and C.A. Milewski, /. Am. Chem. Soc., 93, 1793 (1971).

10) G.R. Pettit, P. Brown, F. Bruschweiler, and L.E. Houghton, J. Chem. Soc., Chem. Commun., 1970
1566.

’

b

11) S.M. Kupchan, J.L. Moniot, C.W. Sigel, and R.J. Hemingway, J. Org. Chem., 36, 2611 (1971).
12) W. Merkel and M. Ehrenstein, Helv. Chim. Acta, 52, 2156 (1969).

13) R.S. Rosenfeld and T.F. Gallagher, J. Am. Chem. Soc., 77, 4367 (1955).

14) L. Gsell and Ch. Tamm, Helv. Chim. Acta, 52, 551 (1969).

15) S.L. Patashnik, H.L. Kimball, and S. Burstein, Steroids, 2, 19 (1963).

16) D. satoh and T. Wada, Yakugaku Zasshi, 80, 1314 (1960).

17) R.L. Clarke, K. Dobriner, A. Mooradian, and C.M. Martini, J. Am. Chem. Soc., 77, 661 (1955).
18) T. Abe and A. Kambegawa, Chem. Phaym. Bull., 21, 1295 (1973).

19) T. Shigei, H. Tsuru, and N. Ishikawa, Experientia, 33, 258 (1977).

20) K.K. Chen, J. Med. Chem., 13, 1029 (1970).

21) The details of the isolation procedure will be reported elsewhere in the near future.

22) The chemical shift value represents the center of the second and third peaks of an AB quartet. The

first and fourth peaks are submerged under other signals.

NII-Electronic Library Service





