HETEROCYCLES, Vol. 29, Nao. 11, 1989

SOME CHEMICAL REACTIONS OF TACCALONOLIDE A - A BITTER
SUBSTARCE FROM TACCA PLANTAGINEA

Zhong-liang Chen, Ji-hui Shen, and Yi-sheng Gao

Shanghal Institute of Materia liedica, Academia Sdinica
319 Yue-yang Road, Shanghai 200031, China

dhstract — Taccalonolide A, a pentacyclic steroidel
bitter principle from Chinese medicinal plant Tacca

plantaginea (Hance) Drenth, was studied by chemical

reacticns.

Tacca is a genus of the family Taccaceae, They are herbaceous plants and found
predominantly in tropie zones.l Trr the previcus papers we have reported the

P _ §
structure determination of taccaloneclides A 1, B 2, C 3 and D i,j the new

biologically active bitter substances from Tacca plantaginea (Hance) Drenth,

by spectroscopic methods. These rather uausual pentacycelic sterocids are close-
ly related to physalins,4 a type of highly oxygenated steroids that exhibit

the unique structural feature of a seco (/D steroid nucleus at which an addi-
tional carbocyclic ring E and an exira methyl group C-28 are present.

In contlinuation of our investigations we desired to study its chemical charac-
teristics by chemical reactions. Herein we report the resuli of some chemical
regctions carried out with teccalonolide A ).

1 ig very unstable in alkaline solutlons even at room temperature. Alkaline
degradation of 1 gave taccalonel 5. ‘The ir spectrum of 5 presents two keto car-

1 134

bonyls at 1730 and 1705 cm -Hmr spectrum reveals 25 carbons, among which

two are keto carbonyls. We elucidated the structure of 5 by o nmr gpectrum and
spin-decoupling techniques. The stereochemlstry of 5 was established by HOE
difference spectroscopy for indicating the 24-f-methyl configuration, in case of
saturation of 1I-21 the Yenmr of 5 gave NOE with 11-24 (5.69%) and saturation of
H-24 it gave LOE with i-21 (5.23%) also.

By the reduction with LiAlH,, 1 s&lso suffered the split of C bond to pro-

v
247%5
duce compound 6, which was somewnat lixe 4 in the spectral and chemical char-

acteristics, but it has one keto, seven hydroxy groups but no C-2, C-3 epoxy.
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The structure of € was established by speciroscopic data, and the assignment of
1H~«r1mr gpectrum was accomplished by the spin-decouplng method.
Catalytic hydrogenaticn of 1 alforded a main product 7, its ir spectrum pre-

1

sents a typical ¥-lactone absorption at 1770 ¢m’~ instead of the enol v-lactone

5
s 2 ™
FaOH ’\)\/K

8 oH Ohe 4
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1620 em™t in 1.

The reduction of 1 with NaBH4 formed 8, which was easily converted to 9 in CHCL

3
solution. Both 8 and 9 were lack of C-6 keto carbonyl. lH—Nmr of 9 showed the
presence of a 6-8-acetoxy group, owing to 1ts smaller coupling constants, J5,6
= 2.5 Hz and 36,7 = 2.5 Hz. The formation of 3 may be resulted from a two-step
acetyl migration and this kind of migration has slsc beer found in the case of
tacecalonolide D.3

Opening the epoxy ring of 1 with HC1 afforded chloro compeunds 10 and 11, their
C-04 and €-C1 bonds in such two compounds are both equatorial in 10 and both
axial in 11 in accordance with the 1H—nmr spectra analysis.

The above chemlcal reactions provide further supports for the proposed structure

of taccalonolide & 1, which had been deduced by spectroscopic methods and con-

firmed by X-ray crystallograpnic method.2

EXPERTIMENTAL

130 and lﬂ nmr spectra

Ir spectra were recorded on a PE-599B spectrophotometer;
on Bruker AM-400 and AC-100 spectrometer and mass spectra on a Varian MAT-711,

fdms on a Hitachi M-80.

Reacltiopn with Wald Te a golution of 20 ml of 5% agueous WaldH, 600 mg of

taccalonolide A was added. After 1 was dissolved, the resction mixture was
neutralized with 5% aqueous HCLl, and cencentrafed to 2 small amcunt in yacuo,
and then cooled in a refrigerator to give a white precipitete, which was recry-
gtallized from MeCH to yield 250 mg (63%) of D. S mp 252-253 T, me: 464
Cpgiaglgs 446 (M-18]7, 426 {aa6-183", 410 (428-18]F, 392 (420-18]7. ir:(KBr)
3540, 3340 (OH), 1730, 1705 (C=0), 130—Nmr:(umso-d6, 100 MH=) 212.068, 20%.71s,
Y6.97d, 14.85d4, '70.134, 69.50d, 68,154, 5%.91d4, 51.594, 51.22d, 49.79%, 49.74d,
49.304, 45.05d, 44.66s, 43.93s, 42.11d4, 41.86d4, 41.364, 32.424, 21.43t, 18.79q,
12.92q, 12.77q, 12.53c. e (DMSO—dé, 400 MHz): 4.064(J=5,2, H-1), 3.214d

(J=4

. 5, H=2), 2.78ddd(J=4, 2, 2, E=3), 1.96m(H~4}, 1.92m{H-4"}, 2.65ad(J=4.8,

N

10.8, H-5), 3.95d(J=10.8, H-7}, 1.55%d44{J=10.5, 10.5, 10, H-8), 2,23dd(J=10.8,
10.8, H-9), 3.8244(J=10.8, 3, 11-11Y, 2.64d4(J=3, H-12), 2.004d(J=10, 10, H-14),
4.00d4{J=9, 9, H-15), 1.68d4(J=10, 12, H-16), 2.02dd{J=12, 10, 1i-17), 0.6és
(H-18), 0.64s(H-19), 1.62m(H-20), 1.02d4(J=5.6, H-21), 2.18m(H~22), 2.44m(H-24),
1.004(J=6, H-25).
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Reducticn with LiAlH4 A solution of 20 mg of tacealonolide A In 2 ml of

anhydrous tetrahydrofuran was added to 100 mg of LiAlH4 in 2 ml of anhydrous
tetrahydrofuran, the mixture wag gstirred and refluxed for % h. Then the reasc-
tion mixture was evaporated in wvacuc and extracted with EtOAc, the EtOAc solu-
tion was concentrated to dryness. The resgidue was crystallized in MeOH to

afford 10 mg (715%) of 6. & mp 2B6-289°%, ms: 468 C hrms: 450.2593

25H4OO7’
Coailyp0c, (M-1,00%.  Ir(KBr): 3530, 3350 (OH), 1650 (C=0). '2C-lmr(DHSO-d,,

100 MHz): 212.14s, 75.85d, 74.46d, 74.12d, 73.754, 71.364, 67.58d, 65.79d,
53.64d, 49.94d, 49.94t, 49.514, 45.164, 45.16d, 45.01s, 40.39s, 34.77d, 34.03d,
33.62t, 33.25t, 32.57d, 19.90q, 14.95q, 12.55q, 12.55q.  TH-Nmr(DMSO-dg, 400
WH7): 4.1%br(E-1), 3.88Lr{H-3), 1.85m(H-5), 3.174d(J=2, 2, H-6), 3.22dd(d=2, 10,
H-7), 1.87d4d(J=11, 11, H-8), 1.534d(J=10.5, 10.5, H-9), 3.74dd(J=10.5, 4, #-11),
3.58d{J=4, L-12), 2.04dd{J=11, 11, H-14), 3.928d{J=10, 10, H-15), 1.74dd{J=9, 10,
H-16), 1.99d4d(J=11, 12, 0-17}, 0.96s(l-18), 0.68a(H-19), 1.67m{H-20), 1.014(J="7,
H-21), 2.18dd(7=4, 14, H-22), 2.07dd(J=14, 12, H-227), 2.44m(11-24), 1.03d(J=6,
H-25),

Hydrogenation of taccalonoclide A 200 mg of 1 in 10 ml of MeOH were hydro-

gevated over 5% Pd-C (ca. 20 mg) for 12 h., After filtration, the filtrate was

concentrated in vacuo to afford crude crystals, and then recrystailization from

Melll gave 150 mg of dihydrotaccalonclide & 7 {(yield /5%). T omp 230°C, fdms:
SR ) o B i 1

704 036h48014‘ Tr{KBr): 3450 (CH), 1770, 1740 {(C=0), 1375, H-Hmr (CD013,
400 ¥Hz): 4.694(J=5.5, H-1), 3.464d{J=3.5, 5.5, H-2), 3.36ddd{J=2, 2, 3.5, H~3),
3.95brd(J=10.5, H-7}, 5.31d4(J=11.5, 2.5, H-11), 5.264(J=2.5, H-12}, 5.6044(J=
8.5, 8.5, H-15), 4.0944{J=11.5, 6.5, H1-23), 0.76s(H-19), 0.92:(HE-18), 0.844(J=

6.5, H-21), 1.70s(1-27), 1.28s(H-28), 1.99=, 1.97=, 2.17s, 2.153(CEBCUO).

Reduction with MaBH

4 50 mg of NuBH, were added to a solution of 50 mg of 1
in 5 ml of MeQH at 0°C for 5 minr, then 20 ml of ice-cold water were added, the

agqueous sclution was extracted with CHClB. The CHC13 extracts were evaporated

and geparated with tlc (silica gel, CHCLl,-EtOH 95:5), 35 mg {70%) of 8 was ob-

3

tained as a white powder, 8 kept in CHCLl., scluticn at room temperature for 3

3
days, 9 was formed and sgeparated in pure state with tle (yicld about 60%).

8 mp 220°%C, 636H48014' 1H—Nmr (CDCl 400 ¥WHz}: 4.564(J=5.5, HI-1), 3.40dd{(d=

3!
5.5, 3.5, H-2), 3.31dad(J=3.5, 2, 2, H-3), 3.59brd{J=2, H-6 or H-7), 3.29br

(H=6 or H-T7), 5.25dd(J=11.%, 2.5, H=11), 5.204(J=2.5, H-12), 5.49dd(J=9.5, 9.5,
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H-15), 5.01brs(H-22), 0,94s(H-18 or =19}, 0.96s{i-19 or H-18), 0.86d(J=7, H-21),
1.57s(H-27), 1.27s(H-28), 1.90s, 2.00s, 2.02s, 2.07s(CH,000). g mp 227-230°,
fdme: 105 (1)t

677 [(me1y-287, Tr(KBr): 3400 (GlH),

Yagilagl g Cagilygly e
1610, 1740, 1680 (0=0). “H-Nmr (ODO1,, 400 Miz): 3.622(J=5.5, H-1), 3.444d(J=
5.5, 4, H-2), 1.323dd{d=4, 2, 2, H-3), 5.054d(J=2.5, 2.5, H-6), 3.764d(J=2.5,
10.5, H-7), 5.34dd(J=11.5, 3, li=11), 5.20d(J=3, H=12}, 4.35brdd(J=10, 7.5, H-15),

4.974(J=2, U-22), 0.99s(H-18 cr E-19}, 1.01ls(H-1% or H-18), 0.89d(J=7, H-21),

1.63s(H-27), 1.30s8(H-28)}, 1.95s, 2.05%s, 2.11s, E‘.EOS(CHBCOO).
Opening the epoxy ring with HCI A golution of 50 mg of 1L in 2 mi of concen~

trated HC1l waa kept st 0°C for 30 min, and the reaction wmixture was diluted with
water to 20 ml, and extracted with CHCIB, the crganic extracts were washed with
water and evaporated to dryvness. Separation of the residue by tle (silica gel,

CHCL ~EtCH 95:5) yielded pure 10, 25 mg (4¢%) and 11, 10 mg (19%). 16 mp 235-

3
240°C, fdme: 739 (M+117, C gt
1

14701J61. Tr{€Br): 3450 (OH), 1790, 1760, 1740,

1720, 1680 {C=0), 1370, H-Hmr (acetone-d6, 400 MHz): 5.604(J=2.9, BE-1),
3.83dd(J=10, 2.5, H-2), 4.01ddd{J=10, 11.5, 6, H=-3), 3.294d{(J=12, 4.5, H-5),
4.2844(J=10, 2, H-7), 5.23dd(J=11, 2.5, dA-11), 9.274(J=2.5, Li-12), 95.53dd(J=10,
10, H-15), 5.01d(J=1.%, H-22), 0.95s(K-18 or H-19), 1.08a(K-19 or H-18), 0.91d
(J=7, H~21), 1.665s(kE-27), 1,34s(H-28), 1.92s, 2.05s, 2.15sa, 2.198(CH3COO).

11 mp 225°, fdms: 739 {M+1)7T, C.y Ir(KBr): 3450 (OH}, 1800, 1730

_6H4761401‘

(C=0), 1370, IH—Hmr (4nel 400 MHz): 4.89d4(J=1.5, H-1), 4.17m(2H, E-2 and -3},

3!
3.23brd{J=12, H-5), 4.09dd(J=10, 3, H-Y), 2.75ad{J=11, 11, #-9}, 5.274d(J=11,
2.5, H-11), 5.24d(J=2.5, H-12), 5.53d4{J=10, 10, H-15), 9.06d(J=1.5, 1-22),
0.9%s(F-18 or #-19), 1.09s(d-19 or H-18), 0.884(J=7, B-21), 1.62s(H-27), 1.34s

(1-28), 1.98s, 1.98s, 2.09s, 2.13s(C,000).

3

Acetylation of 10 10 mg of 18 were acetylated in usual manner to afford 5

mg of 12 (yield 26%). 12 mp 282-281°C, fams: 781 [M+1]", 038H4901561. o
(acetone~d6, 400 MHz): 5.68d4(J=2.5, H-1), 4.824d(J=11, 2.5, H=2), 4.224dd{J=11,
1.5, 6, H-3), 3.34d4d(J=11.5, 5, H-5), 4.26brd(J=10, H-7), 5.21dd(J=11.5, 2.5,
H-11), 5.24d({J=2.5, H-12), 5.50d4d(J=10, 10, H~15), 4.98d(J=1.5, H-22), 0.98s
{H~18 or H~19), 1.06s(H-19 or H-18), 0.88d4(J=7, H-21), 1.62a(H-27), 1.31s{H-28),

1.89s, 1.53s, 1.94s, 2.09s5, 2.20s(CH,000).

Oxidation with Nanq 50 mg of 1 and 100 mg of Na104 were dissolved in the

golution of acetone—HEO (1:1, 5 ml1) and kept in room temperature for 2 weeka,
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and then the sclution was evaporated in vacuo and the residue was dissclved in
CHClB. The organic solution was evaporated and separated by tle (silica gel,
CHCIB—EtOE 95:5) to give 13, recrystallization from MeCH afforded 10 mg (19.5%)
of 13. 13 mp 225-227°C, fdms: 719 (1), CB6H46015' Ir{EBr): 3300-3500
(OH), 1810, 1740 (C=0), 1230, 1040. TE-%mr (acetone-d , 400 MHz): 4.77d(J=5.5,
H-1), 3.414d(J=5,%, 3, H-2), 3.33dad(J=3, 2, 2, H-3), 6,00d44(J=11.5, 2.7, H-11},
5.254(J=2.7, H-12), 5.144d(J=10, 10, H-15}, 5.004(J=1.5, H-22}, 9.71d(J=5.5,
CHO), 1.06s8(H-18 or H-19), 1.128(H-18 or H-19), 0.91d(J=7, H-21), 1.59s8(E-27),

1.225(H-28), 1.92s, 1.92s, 2.11s, 2.14s(CH,000).
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