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Abstract: Decumbenine B, a 3-arylisoquinoline alkaloid isolated from Corydalis decumbens, has been first
synthesized from piperonal via 18 steps. The key step was condensation of 5,6-(methylenedioxy)- homophthalic
anhydride 5 with Schiff base 6. © 1998 Published by Elsevier Science Lid. All rights reserved.

INTRODUCTION
The tubers of Corydalis decumbens (Thunb.) Pers. (Papaveraceae) have been used in Chinese folk medicine

for treatment of hypertension, hemiplegia, rheumatoid arthritis and sciatic neuralgia.' Chemical investigation
showed that it contains a large amount of various alkaloids, which may be divided into different structural types:
minor 3-arylisoquinoline alkaloid named decumbenine B (1) was isolated from the plant tubers.’ Literature
survey revealed that fewer 3-arylisoquinoline alkaloids were discovered from natural origin.* Besides, classical
approaches to synthesis of isoquinolines are not very satisfactory to that with 3-aryl group, which resulted in
failure or lower yield, especially for those with more substituents in 3-aryl group. The situation attracted our
interest and encouraged us to undertake synthetic studies of this kind of alkaloid. In this paper we present the
first total synthesis of decumbenine B and a preliminary study of its inhibition of spontaneous intestinal

contraction.

RESULTS AND DISCUSSION

veral approaches to 3-arylisoquinolines have been reported, including the classical Bischier-Napieraiski’

and Pictet-Spengler reactions® and others’ as key synthetic steps. However, their use in the synthesis of
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compounds with a polysubstituted 3-aryl group is likely to pose problems. Following successful procedure
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reported by M. Cushman e al. ® our strategy for total synthesis of 1 is outlined in Scheme 1. Retrosynthetic

analysis of 1 suggested that homophthalic anhydride 5 and Schiff base 6 are two key intermediates.
Condensation of § and 6 to form 4, followed by decarboxylation, deprotection and dehydrogenation would
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Scheme 1. Synthetic strategy for 1

in the course of our study, piperonal 7, which is commerciaily availabie, was used as a common starting
material for the preparation of intermediates 5 and 6. The intermediate 5 has not been prepared previously. The
synthesis of S is outlined in Scheme 2, in which the known compounds 8-10 as reported compounds were
¢ determined by comparision of physical data to
literature values”and further spectral studies. Lithiation of 10 resulted in formation of a deep purple solution of
diethyl 0-toluamide anion, which was quenched with dry carbon dioxide to give homophthalic acid amide 11.

Hydrolysis of 11 with perchloric acid yielded homophthalic acid 12, which was converted to the key

i : il ha trantanant writh aoato] ahlacids o das wofloos 1o 0/ oo 11 6o
intermediate § readily by treatment with acetyl chloride under reflux, in 30% overall yield from 7.
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Reagents: a. Ag,0, NaOH. b.1) SOCL,, reflux ; ii) HNEt, , CH, , reflux.

c. i) n-BuLi, THF, TMEDA, -78°C ; ii) CH,]. d. i) n-BuLi, THF, TMEDA,
-78°C ; ii) dry CO, , H;0". €. 10%HCIO, . reflux. f CH,COCI . reflux.
Scheme 2. Synthesis of the homophthalic anhydride 5



X.-Y. Xu et al. / Tetrahedron 54 (1998) 14179-14188 14181

The synthesis of the other key intermediate 6 is summarized in Scheme

w
-

Piperonal cyclohexylimine 13

addition of excess of ethyl chloroformate to give aldehyde 14.° The aldehyde group in 14 was protected with
propane-1,3-dithiol to afford 15, which was converted into 16 by reduction of the ethoxycarbonyl group with

LiAlH,. The alcohol 16 was transformed into benzyl ether 17, and thioacetal was cleaved by bis-(trifluoro-
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Reagents: a. H,NCH,,, CH,, 80°C . 8 h. b. hn-BuLi, THF, -78°

ii) CICOOC,H;. c. HS(CH,),SH, HOAc, BF, OEt,, CHCI, . RT. d. LiAlH,
THF, reflux, 8 h. e. BnBr, NaH THF, TBA. f (CF,CO,),IPh , CH,CN-H,0

RT. g BnNH,, C¢H,, reflux, 10 h. [Bn=PhCH,]
Scheme 3. Synthesis of Schiff base 6

acetoxy)iodobenzene to give aldehyde 18. The intermediate 6 was obtained by reaction of 18 with benzylamine.
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Finaily, the target alkaioid decumbenine B ,i was synthesized successfuily according to Scheme 4.

Condensation of key intermediates 5 and 6 proceeded in acetonitrile at room temperature to the cis-isomer of

UC(*)\ "Eiﬂb/: b
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5+6 TN Cj —_> 3 —>
61% A N T 44% 95%
6 Bn CHzOB'i
4
/0
! 7N
O\}(/‘ ‘Y/\T/Oq
t‘\/ _N o’ _—"0 o 2 ‘ZTJ/—* Decumbenine B
- iBnCl-leBn
19
Reagents: a. CH,CN, RT. b. DMSO, 160°C, 0.5h. ¢ LiAiH,, THF,
RT24h d 10%Pd-C H, HOAc RT, 24 h e DDQ, CH,, reflux, 24 h

Scheme 4. Synthesis of decumbenine B, 1
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isoquinolone 4 (J,,, ,;, =5.7 Hz).”
3 in 44% yield. LiAIH, reduction of 3 provided amine 19, which then yielded 2 by debenzylation with hydrogen
palladium on charcoal in acetic acid. The final step in the synthesis of 1 was dehydrogenation of the
tetrahydroisoquinoline 2. Although several reagents including Pd/C (in acetic acid) and DDQ/1,4-dioxan were
tested, the best results were obtained by DDQ/benzene in 41% yield. The spectra (IR, '"H NMR, "C NMR and
HRMS) of the synthetic product 1 were identical with those of natural decumbenine B. In summary, a first total
synthesis of decumbenine B has been achieved in 18 steps, starting from piperonal 7. The overall yields of 5 and
6, two key intermediates, from piperonal 7 were 30% and 48% respectively. In our preliminary study, the
synthetic decumbenine B was found to induce a concentration-related inhibition on the spontaneous contraction
of the intestine with a maximum effect at 2.8 pg/ml. Meantime, atropine (0.4 pg/ml), an antagonist of
muscarinic agent, also induced an inhibitory effect on the intestine. Although the primary results suggest that 1
may block the spontaneous contraction by acting on muscarinic receptors, further studies are needed to

determine the mechanism of this effect.

. .
General.  All reactions

|v‘r T = A

spectrometer. 'H NMR and '"C NMR spectra were measured on Brucker AM-400 and AC-100 instruments.
Mass spectra were obtained on a MAT-711 spectrometer and HRMS on a Finnigan MAT 8430 spectrometer.

Elemental analyses were performed by Carlo Erba 1106 autoanalytical meter. Melting points were determined
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Marine Chemical Factory. Tetrahydrofuran (THF) distilled from sodium metal under nitrogen atmosphere.
6-( N,N-Diethylcarboxamido)-2 g, 0.081
mol, prepared by lit.” procedure) and tetramethylethylenediamine (12.2 ml, 0.081 mol) in THF (350 ml) was
added a solution of n-butyllithium in hexane (35 ml of 2.5 M, 0.088 mol) dropwise at -78°C. The resulting purple
solution was stirred for 0.5 h and then blanketed with a stream of dry carbon dioxide for 20 min. The solution
was allowed to warm to room temperature and evaporated to yield a gum, which was suspended in water (700
mi) and washed with methylene chloride (100 ml x 2). The aqueous layer was acidified (10N HCI) and
extracted with diethyl ether (4 x 400 ml). Standard work up yielded 20.1 g of a yellow semisolid, which was
recrystallized from petroleum ether- ethyl acetate to afford 11 (16.2 é, 72.1%) as needles, mp 107-109°C. IR v,
3300-2500, 1730 (COOH),1640 (CONEt,)cm™’ ; 'H NMR (CDCl,) § 6.78 (1H, d, J=8.0 Hz), 6.73 (1H, d, ./=8.0
Hz), 6.04(2H, s, OCH,0), 3.56 (4H, q, /=7.0 Hz, NCH,CH, + CH,COOH), 3.36 ( 2H, q, /=7.0Hz, NCH,CH., ),
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6—Carboxy-2,3-(met@vlenediog)phenylacetic acid 12. A solution of 11 (14.8 g, 0.053 mol) in 10%

Iatie acid (£
OTIC acid (o>

aqueous perch
layer was dried by azeotropic removal of water using benzene and evaporated to dryness yielding a gum which
was recrystallized from benzene to give 12 (9.2g , 77% ),needles, mp 221-223°C ( dec ). IR v, 3300-2500,
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6.14 (2H, s, OCH,0), 4.02 (2H, s, CH,COOH) ; EIMS (m/z) 224 (M").

3, 6-(Methylenedioxy)-homophthalic anhydride 5. A mixture of 12 (40g
(30 ml) was refluxed for 6h, then cooled to -10°C and filtered. The obtained solid was recrystallised fro
ethanol to give 5 (3.52 g, 96%), needles, mp 216-217.5°C. IR v, 1790, 1740, 1637, 1600, 1500cm™ ; '"H NMR
(CDCl,) & 7.85 (1H, d, /=8.2Hz), 6.94 (1H, d, /=8.2 Hz), 6.15 (2H, s, OCH,0), 3.99 (2H,s,CH,0) ; EIMS (m/z)
206 (M"). Anal. Calcd for C,,H,Os: C, 58.26; H, 2.93. Found: C, 58.46; H, 2.89.

Ethyl-2-formyl-5,6-methylenedioxybenzoate 14. To a stirred solution of 13 (46.6 g, 0.2 mol) in THF (600
ml) was added a solution of n-butyllithium in hexane (90 ml of 2.5 M, 0.23 mol) dropwise at -78°C. A yellow
color appeared upon introduction of the n-Buli. After stirring for 15 min, to the lithiated imine at -78°C was
added dropwise freshly distilled ethyl chloroformate (30 ml, 0.31 mol) dissolved in THF (90 ml). The yellow

color of the solution was slowly discharged upon warming to room temperature. The reaction mixture was

poured into water (200 ml), extracted with diethyl ether ( nl x 6}, dried over MgSO, and evaporal he
residual oil was purified by column chromatography (chloroform- petroleum ether) to give 14 (27 g, 61%) as

crystals, mp 72-73.5°C (lit."” mp 71-73°C). IR v,,,, 2980, 2935, 2855, 1715, 1680, 1615, 1590, 1500 cm™ ; 'H

NMR (CDCL) § 10.10 (1H, s, CHO), 7.50 (1H, d, J=8.1Hz, H-6), 6.96 (1H, d, J=8.1Hz, H-5), 6.14 (2H, s
OCH,0), 444 (2H, q, J=72 Hz, OCHCH,),139 (3H, tJ=72 HzCH,EIMS (m/z)222 (M)

4
HCl, (60 mi) was added giacial acetic acid (8 mi), trifluoroborane etheraie (4.5 mi, 0.037 mol) and
propane-1,3-dithiol (4.5 ml, 0.045 mol). After stirring for 12 h at room temperature, the mixture solution was

washed three times each with water (10 ml), 10% aqueous KOH (10 ml) and water (50 ml) and dried over
fi

15 (9.27 g, 99%) as neddles, mp 130-131°C. IR v, 2980, 2950, 2900, 2820, 1740, 1630, 1590, 1490, 1280,
1250cm” ; 'H NMR (CDCL,) & 7.27 (1H, d, J=8.2 Hz), 6.86 (1H, d, /=8.2 Hz ), 6.02 (2H, 5, OCH,0), 5.92 (1H,

0o
W2
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s, CHS,), 4.40 (2H, q, J/=7.2 Hz, OCH,CH,), 3.05 (2H, dt, /=22, 144 Hz, SCH,), 2.87 (2H, dt /=3 5, 14 4Hz
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SCH,), 2.15 (1H, m) , 1.86 (1H, m), 139 (3H, 1, /=72 Hz, CH); EIMS (m/z) 312 (M")
2-[2-Hydroxymethyl-3,4-(methylenedioxy)phenyl]-1, 3-dithiane 16 To a solution of 15 (6.24 g, 0.02 mol)
in THE (120 mD) wag added TiATH (1 14 0 002 mall The mivtire wag ctirrad at ranm temnaratira fnr 8 h The
131 REAL VAUV IMIJ VWAD GUULG Ll (1. 157 5, V.UJ HIVUIJ. 1V HUILALUIU Wad SUH WA AL 1 UV WeilpuVI Gl W 1UT O il 1

excess of reagent was destroyed by careful addition of THF-H,O (1:1, 10 ml). The organic layer was washed
with brine, dried over Na,SO, and concentrated in vacuo. The residue was recrystallized from dry diethyl ether

to afford 16 (4.93 g, 91%) as needles, mp 120.5-121.0°C. IR v, 3405, 2950, 2895, 1600, 1500, 1450, 1250,

1060 cm';, '"HNMR (CDCl,) § 7.11 (1H, d, J=8.1 Hz), 6.78 (1H, d, /=8.1 Hz), 5.97 (2H, s, OCH,0), 5.43 (1H, s,
CHS, ), 4.80 (2H, s, CH,0H), 3.09 (2H, dt, J/=2.1, 14.3Hz, SCH,), 2.89 (2H, dt, /=3.5, 14.3Hz, SCH,), 2.17( 1H,
m) .1.87 (1H, m), 1.78 (1H, br, s, OH, D,0 exchangeable); EIMS (m/s) 270 (M").

2-[2-Benzyloxymethyl-3,4-(methylenedioxy)phenyl]-1, 3-dithiane 17. To a solution of 16 (3.0g, 0.011
mol) in THF (25 ml) was added 80% sodium hydride (0.39 g, 0.013 mol) under dry argon. After stirring the

de (1.35 ml, 0.012 mol) was

un
mixture for 30 min, tetrabutylammonium iodide (TBA, 60 mg) and benzyl bromi

filtrated through kieselguhr filter agent layer, washed with brine (2 x 30 ml) and dried over Na,SQ,. Filtration

s purified by flash chromatography (diethyl ether-

i :“

and concentration yielded a slightly yellow syrup, which
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7 1H, d, /=8.1 Hz), 5.95 (2H, s, OCH,0),
), 4.44 (2H, s, OCH,), 2.92 (2H, dt, ./=2.2, 14.6Hz, CH,S) 2.81 (2H, dt,
H

2-Benzyloxymethyl-3,4-(methylenedioxy) benzaldehyde 18. Bis(trifluoroacetoxy)iodobenzene (3.58 g,

8.0 mmol) was added at room temperature to a stirred solution of 17 (2.0 g, 5.56 mmol ) in acetonitrile-H.O

[O-1T 10 il Y ABac canntinn suac mrmvnlatad so bidead Lo MT M abog oo doal oo Sy
(4 1,1u ifit j. ANET [CACUON Was CoOmpICied, as juaged oy 1LL, ui€ SOIULION was pOured into sature ed aqueous

sodium bicarbonate (20 ml ) and extracted with diethyl ether (30 ml x 3). Drying (MgSQ,) and removal of
solvents gave a residue whch was purified by flash chromatography on silica gel (petroleum ether / EtOAc) to
afford 18 (1.49 g, 99%) as an oil. IR v, 1680, 1620, 1600, 1500, 1450, 1355cm™; 'H NMR (CDCl,) 8 10.10
(1H, s, CHO), 7.48 (1H, d, J=8.1 Hz), 7.39 (5H, m, 5Ar-H), 6.87 (1H, d, J=8.1 Hz), 6.08 (2H, s, OCH,0), 4.88
(2H, s, CH,0), 4.59 (2H, s, OCH,) ; EIMS (m/s) 270 (M").

7 n/

lo B » JRESRREDY SREPERNRRry JY B, T B S O LN Y SRRy IS SN SN S ARSI SR Pe A1 at 1
A-Denzymxymemyl-.),4-(memy1 neawxy/nenzalaenyae oenzyuming 0. A Solution or ia (1.

Nz

veg,
mol) and benzylamine (0.61 ml, 5.56 mmol) in benzene (80 ml) was refluxed for 10 h. Evaporation of solvent

U

.
.00

‘J'\

gave 6 as an oil (1.99 g, 100%), which was used in the next step without further purification. 'H NMR (CDCl,)



d 8.56 (1H, s, CH=N), 7.59 (1H, d, /=8.1 Hz), 7.20 (10H, m, 10 Ar-H), 6.79 (1H, d, /=8.1 Hz), 6.00 (2H, s
OCH,0), 476 (2H, s, CH,0), 4.72 (2H, s, CH,0), 4.53 (2H, s, CH,); EIMS (in/z) 359 (M"). Anal. Calcd. for

c18-N-Benzyl-3-12-henzyloxymethyl-3 4-(methylenedioxy)phenyl-4-carboxy-5, 6-(methylenedioxy)-3, 4-dihydro-

1L 44 AT

cd
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{(2H)-isoquinolinone 4. The anhydride 5 (0.76 g, 3
g, 3.7 mmol) in CH,CN (30 ml). The solution was stirred at room temperature for 12 h and then evaporated. The
residure was purified by column chromatography (CHCL,-EtOAc) to afford 4 (1.28 g, 61%), mp 201-202°C. IR

m! THNMR (CECO M

- 'H NMR ( CF,CO,D)
23 ( , 7.09 (1H, d, J=8.2 Hz),
6.15 (2H, d, J=3.5 Hz, OCH,0), 6.06 (2H, d, J=15.8 Hz,
1,Ph), 5.0 (1H, d, J=5.7 Hz, H-3), 4.78 (1H, d, J=11.5Hz, OCH,P!

(1H, d, J=5.7 Hz, H-4), 4.41 (2H, dd, J=8.0, 11.5 Hz, CH,0), 4.26 (1H, d, ./=15.3 Hz, NCH,Ph), 3.62 (1H, d,
J=11.5 Hz, OCH,Ph) ppm; "*CNMR (CF,COOD) 8 176.03 (COOH), 170.16 (CON), 154.83, 149.33, 149.23,
146 14, 135.58, 135.00, 130.28 (2CH), 130.03, 129.86 (2CH), 129.66 (2CH), 129.21, 128.37 (2CH), 128.06,

127.08, 123.77, 120.75, 117.80, 115.05, 110.27, 110.05, 104.31, 102.87, 74.38, 62.41, 57.42, 50.43, 45.76
ppm ; EIMS (m/z) 565 (M"). HRMS (m/z), Found: 565.1759 (M"); Calcd. for C,,H,,NO;: 565.1728.

N-Benzyl-3-[2-benzyloxymethyl-3, 4-(methylenedioxy)phenyl]-5, 6-(methylenedioxy)-3, 4-dihydro-1(2H)-iso-
quinolone 3. 4 (0.57 g, 1.0 mmol) was dissolved in dry DMSO and heated at 160°C for 0.5 h. The
solvent was removed under reduced pressure and the residue was extracted with CHCl,. The CHCI, extract was

evaporated to give a brown oil, which was subjected to column chromatography over silica gel, eluted with

d, /=12 Hz, OCHM, 5.65 (1H, d, J=14.9 Hz, NCH,Ph), 5.01 (1H, dd, J-2.4, 7.1 Hz, H-3), 445 (1H, d, J~10.5
Hz, CH,0), 4.44 (2H, s, CH,0), 4.28 ( 1H, d, /~10.5 Hz, CH,0), 3.50 (1H, d,/=14.9 Hz, NCH,Ph),3 08 (1H, dd,

J=71, 163 Hz, H-4), 297 (1H, dd, /=2.4, 16.3 Hz, H-4) ppm ; EIMS (m/z) 521 (M"); Anal. Calcd for
C,.H,,NO,: C, 73.69; H, 5.22; N, 2.69, Found : C, 73.78 1 H, 5.18 : N, 2.73.

,_..,-.-‘,- v

N-Benzyl-3-|2-benzyloxymethyl-3,4-(methylenedioxy)phenyl]-5, 6-(methylenedioxy)-1, 2, 3, 4-tetrahydro-iso-

quinoline 19. To a solution of 3 (0.4 g, 0.77 mmol) in dried THF ( 200 ml ) was added LiAlH, (90 mg,
2.34 mmol) and mixture was stirred for 24 h. The excess regent was destroyed by addition of water (2ml) and

15% sodium hydroxide (Iml). The reaction mixture was filtered and evaporated. The residue was

chromatographed using diethy! ether-petroleum ether ( 1:1 ) as eluent to afford 19 (0.37 g, 95%), needles, mp
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135-137°C. IR v,,, 1600, 1500, 1450, 1260 cm; '"H NMR (CDCL,) § 7.26 (10H, m, 10 Ar-H), 7.13 (1H, d,

1H, d, /7. d
OCH,0), 5.90 (2H, d, J=6.1 Hz, OCH,0), 4.71 (2H, s, CH,0), 4.57 (IH,d J=11.7 Hz, OCH,Ph), 4.51 (1H, d,
J=11.7 Hz, OCH,Ph), 3.95 (1H, m, H-3), 3.83 (1H, d, J=13.3 Hz, H-1), 3.77 (1H, d, J=15.2 Hz, NCH,Ph), 3.28
(1H, d, /=15.2 Hz, NCH,Ph), 2.98 (1H, d, J=13.3 Hz, H-1), 2.96 (2H, m, H-4) ppm; EIMS ( m/z ) 506 (M"-1),
416 (M"-91); Anal. Calcd for C;,H,,NO; : C, 75.72; H, 5.76; N, 2.76: Found : C, 75.93, H, 5.90; N, 2.46.

3-[2-Hydroxymethyl-3,4-(methylenedioxy)phenyl]-5, 6-(methylenedioxy)- 1,2, 3, 4-tetrahydroisoquinoline 2.

19 (0.29 g, 0.58 mmol) was dissolved in glacial acetic acid (8 ml) and hydrogenolyzed at room temperature with

1 s ~at

10% palladium on charcoal (60 mg) for 24 h. The reaction mixture was filtered through Celite and the filtrate
was evaporated to dryness. The residue was dissolved in 5% aqueous NaOH (80 ml) and extracted with CHCI,
(40 ml x 3). The combined extract was dried ( Na,SO, ) and evaporated to dryness to yield 2 (170 mg, 90%),

in dried benzen

(D

(25 ml)was refluxed under dry argon for 24h. The reaction mixture was filtered and the filtrate
was washed with brine (15 ml x 4), dried with Na,SO, and evaporated to dryness. The residue was purified by
(20 mg, 41%) as needles, mp 2 24°C. IR v, 3254, 2972, 2918, 1648, 1599, 1501, 1462, 1348, 1306, 1279,
1085 cm’'; 'H NMR (CDCl,) § 9.14 (1H, s, H-1), 7.81 (1H, s, H-4), 7.63 (1H, d, J=8.6 Hz, H-7), 7.30 (lH, d,

d I=8 Q0 Hz, H-5" 683 (1H 4 J/=R0Hz H-6" 62512H s OCH.O) 453 (2H ¢
1, U, OV 1 xL ), ULOJ IR Uy JT OV AR, 1150 J, V.aJ (L1, Oy, VAV, T.OJ &

CH,OH) ppm ; *C NMR (CDCl,) & 152.34, 151.20, 148.02, 147.65, 146.98, 140.51, 134.78 12399, 123.70,

123.02, 122.98, 122.22, 119.92, 111.65, 107.57, 102.55, 101.45, 56.50 ppm ; EIMS (m/s) : 323 (M"), 322, 306,
149,97, 71, 57 ; HRMS : Found - 323.0808 (M"), Caled for C,;H,,;NO;: 323.0789. IR, 'H and "C NMR spectra

of the synthetic product 1 were identical with those of natural decumbenine B *

Inhibition of the spontaneous contraction of intestine. Kunming strain mice, male, weighing 20 + 2g, were
decapitated. The intestine was dissected out and placed in Krebs solution of the following composition (mM):
NaCl, 118; KCl, 4.75; CaCl,, 2.54; KH,PO,, 1.19; NaHCOQ,, 25; glucose, 11. After the intestine was cieaned, 1

cm of intestine was suspended under a tension of 300 mg in a organ bath with 25 ml Krebs solution at 37+ 0.1°C
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gassed with 95% O, + 5% CO,. The test compounds were dissolved in H,O and diluted with Krebs solution. The

iitinm nF anch tact csamnmiind wag nrawarmad tn 270 Fallnwing an annilibhration narmnd af 45 min the
SUIULIVEE UL Lauil 1uot wulpuuuu waon Pl CYalllivu W J 7 . L UIJU"III5 ail wquuun arivil p&l IARE UL T RiARE, LIEw
solution of test compound was added to the organ bath and contractions were recorded by means of a transducer

connected to a polygraph recorder.

ACKNOWLEDGMENTS

We are grateful to Prof. Li, Ying of our institute and Prof. Wu, Yu-Lin of Shanghai Institute of Organic

Chemistry, Chinese Academy of Sciences for their constant encouragement and valuable discussion.

REFERENCES

1. Jiangsu New Medical College. Dictionary of Chinese Crude Drugs, Shanghai Scientific and Technological
Press , Shanghai, 1985; p.1826.

(a) Zhu, D.Y; Song, C. Q.; Gao, Y. L.; Xu, R. S; Dai, P. X ; Chen, L ; Deng, S. S. Chinese 1raditional
and Herbal Drugs 1980, 11,341-2. (b) Zhang, J. S.; Yu, H. G.; Lin, L. Z.; Chen, Z L ; Xu, R. S.; Deng, S. S.
Acta Chemica Sinica 1988, 46, 595-7. (c) Zhang, I. S.; Xu, R. S. J. Nat. Prod. 1988, 51, 1241-2.

N\

o Q. Tl TY U . H.  Phviochemistrv
, J.o O, LI, L X, g, - . NYIoCnemiisir

4. (a) Nonaka, G.; Kodera, Y.; Nishioka, I. Chem. Pharm. Bull. 1973, 21, 1020-26. (b) Takao, N.; Iwasa, K.

em. Pharm. Bull 1973, 2/, 1587-91.
5. (a) Narashimhan N S; ; Wadia M. S ; Shete. N R

Vi,

)
™
E:

- ‘r

; Tombari, D. G.; igiesias, M. Y. J. Heferocyl. Chem. 1989,

{b) Aguirre, J. M.; Alesso, E. N.; Ibanez, A. F
26,25-7. (¢) Larsen, R. D.; Reamer, R. A.;

]

orley, E. G.: Davis, P.; Grabowski, E. J.: Reid,

6. (a) Haimova, M. A ; Spassov, S. [.; Novkova, S. I; Palamareva, M. D_; Kurtev, B. J. Chem. Ber.1971, 104,
2601-10. (b) Dominguez, E.; Lete, E.;Dolores, M.; Jesus, V. M.; Castedo, L.; Dominguez, D. Tetrahedron
1987 43, 1943-8.

s Frcs T 22 1008 24 1080 £ (N TY S A - NA T NT
raneqaron Let. 139895, <0, 3¥57-0. (D) ndlIIlUVd lVl AL, IVIOHOV, IN

~J

AN Datae Q. RAncalior TF 0. 0o X7 Totsemds s ke
) D lVldr[lIlC HF L/dbpd.l' V. 1

/‘\

M.; Ivanova, S. C.; Dimitrova, A.1.;0gnyanov, V. . Tetrahedron 1977, 33, 331. (¢) Cushman, M.; Wong,
CW.J Org. Chem. 1984, 49, 1278-80. (d) Clark, R. D.; Jahangir, J. Org.Chem. 1989, 54, 1174-8.



14188 X.-Y. Xu et al. / Tetrahedron 54 (1998) 1417914188

8. (a) Cushman, M,; Dikshit, D. K. J. Org. Chem. 1980, 45, 5064-7. (b) Cushman, M.; Madaj, E.J.J. Org

9. (a) deSilva S, O.; Reed, J. N. ; Snieckus, V. Tetrahedron Lett. 1978, 51, 5099-5102. (b) de Silva S, O ;
Ahmad, 1.; Snieckus, V. Tetrahedron Lett. 1978, 51, 5107-10.
10. Cushman, M.; Choong, T. C.; Valko, J. T.; Koleck, M. P. J. Org. Chem. 1980, 45, 5067-5073.



