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Abstract: JSTX-3 (Joro spider toxin-3) (1). a potent neurotoxin isolated from Joro spider 

(Nephila clavatcc), has been efficiently synthesized starting from 5-azido-I-N-Boc- 

pentylamine (11) via the convergent synthetic strategy in which the characteristic polyamine 

components of the toxin were effectively constructed by the use of two key azide 

intermediates. 

Joro spider toxin (JSTX)l and Nephilatoxin (NPTX)2 isolated from the Joro spider 

(Nephila clavaru) have been demonstrated to be potent antagonists of excitatory synaptic 

neurotransmission and glutamate-mediated currents in various types of neurons.3-8 

Particularly these toxins are known as one of the most potent antagonists of non-NMDA type 

glutamatergic receptor channels. 5 The common structural feature of these toxins is that they 

possess an aromatic core and a polycationic side chain composed of polyamine(s) and basic 

amino acids. A series of JSTXs (JSTX-1-4) have a 2,4-dihydroxybenzene ring as the aromatic 

component1 while all NPTXs (NPTX- l- 12) possess an indole nucleus as the aromatic moiety.2 

It has been reported that both the aromatic and the polyamine moieties are essential for the 

binding of the toxins to glutamate receptors. 7-9 Recently Konnerth and co-workers have 

demonstrated that JSTX-3 (1) acts as a potent and subunit-specific blocking agent of AMPA / 

KA (a-amino-3-hydroxy-5-methylisoxazole-4-propionate / kainate) receptor channels10 

Thus Joro spider toxins are emerging as unique tools for understanding excitatory amino acid 

transmission and related pharmacology. Because of extremely limited quantities of the toxins 

in nature, however, their chemical synthesis has been required for pharmacological evaluation 
and ongoing biological studies. 11 

We have studied the chemical synthesis of spider toxins, inter alia NFTXs, and so far 

developed practical synthetic methodologies for NPTX-9 and 11,12 NPTX-10 and 12,13 
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NI’TX-8,l4 and NPTX-715 based on the azide strategy. 

Although JSTX-3 (1) has been synthesized so far by two groups,16 we envisaged a 

more convenient and straightforward synthetic method for polyamine chains in view of the 

chemical synthesis of the toxin. We now wish to report a highly efficient synthesis of JSTX-3 

(1) starting from 5-azido- 1 -N-r-butoxycarbonylpentylamine (11) via the convergent strategy 

in which two key azide intermediates were designed for the construction of the characteristic 

polyamine components. 

6 
JSTX-3 (1) 

JSTX-3 (1) consists of five components, 2,4-dihydroxyphenylacetic acid, asparagine, 

cadaverine (1,5diaminopentane), propionic acid, and spermidine. Crucial points in the 

synthesis of 1 are construction of the two polyamine segments, cadaverine and spermidine, as 

well as the order of coupling of five components. In order to solve these problems and to 

provide an efficient synthetic method for the toxin we designed a synthetic route starting 

from the central cadaverine segment as shown in Scheme 3 (vi& post) 

First, the aromatic component 2,4-dihydroxyphenylacetic acid was prepared from 

commercially available 2,4-dihydroxybenzoic acid (2) (Scheme 1). The treatment of 2 with 

NaH and benzyl bromide in DMF gave benzyl 2,4-dibenzyloxybenzoate which was reduced 

with LiAlH4 in Et20 to afford benzyl alcohol 3 (mp 92-93 “C) in nearly quantitative yield. 

The benzyl alcohol 3 thus obtained was converted to 2,4-dibenzyloxyphenylacetonitrile (4) 
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(mp 95-96 “C) by a two-step reaction sequence; chlorination with thionyl chloride in 

benzene followed by substitution with NaCN in DMF (97% for the two steps). Alkaline 

hydrolysis of the nitrile 4 furnished the desired 2,4-dibenzyloxyphenylacetic acid, which was 

then transformed into the active ester, N-hydroxysuccinimide ester 5 (mp 139-140 “C), by 

treatment with N-hydroxysuccinimide (HONSu) and dicyclohexylcarbodiimide (DCC) in 

AcOEt in 91% overall yield. In this way, the aromatic component was highly efficiently 

synthesized. 

On the other hand, for the construction of the terminal two segments consisting of 

propionic acid and spermidine, we designed methyl 4,9-diaza- 12-azidododecanoate, a key 

azide intermediate in the present synthesis. The protected methyl 4,9-diaza-12- 

azidododecanoate 9 was synthesized according to Scheme 2. Michael addition of putrescine 

(6) to methyl acrylate in EtOH followed by protection of the two amino groups of the 

resulting bis-adduct with (Boc)20 gave rise to 7 in 73% yield. One of the ester groups of 7 

was then reduced with LiBH4 in aq. THF to afford 8 in 57% yield (86% based on the 

consumed starting material). Although a wide variety of reducing agents were examined for 

this transformation, only the above conditions gave the desired product 8 in acceptable yield. 

The alcohol 8 obtained was converted to azide 9 by the following two-step reaction 

sequence; 1) mesylation, 2) substitution with NaN3 in DMF (99% for the two steps). Thus the 

crucial polyamine segment 9 was straightforwardly synthesized starting from putrescine (6). 

Alkaline hydrolysis of the methyl ester 9 furnished the corresponding acid, which was 

quantitatively transformed into the active ester 10 by treatment with HONSu and DCC in 

AcOEt. 
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With the two key segments in hand, we set out the synthesis of JSTX-3 (1). In order to 

achieve a convergent synthesis, the synthesis of 1 was started from the central cadaverine 

moiety as shown in Scheme 3. After elimination of the Boc group of 5azido-l-N-t- 

butoxycarbonylpentylamine (ll), another key polyamine intermediate readily obtainable from 
5-amino-1-pentanol,l2 with HCl generated in situ from acetyl chloride and methanol, the 

resulting hydrochloride salts were condensed with N-(9-fluorenylmethoxycarbonyl)-L- 

asparagine (Fmoc-Asn) in the presence of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 

hydrochloride (EDC.HCl), 1-hydroxybenzotriazole (HOBt), and N,N-diisopropylethylamine 

@Pr2NEt) in DMF to give 12 as colorless crystals (mp 169-170 “C) in 90% yield. Catalytic 

hydrogenation of the azide 12 over Pd-BaSO4 in MeOH followed by condensation of the 

resulting amine with the N-hydroxysuccinimide ester 10 (vide ante) in THF furnished 13 

(mp 122-123 “C) in 8 1% yield. Thus the crucial polyamine segments of JSTX-3 (1) were 

efficiently constructed by employing the two key azide intermediates. 

Scheme 3 
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The aromatic component was connected as follows. Removal of the Fmoc group in 13 

by treatment with iPr2NEt in DMF / DMSO afforded the corresponding amine, which was 

conducted with the aromatic N-hydroxysuccinimide ester 5 (vide ante) and HOBt to yield 

the fully protected compound 14 as colorless crystals (mp 156- 157 “C) in 60% yield. Finally, 
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catalytic hydrogenation of the terminal azido group and two benzyl groups on the aromatic 

ring over 10% Pd-C in AcOH followed by removal of the two Boc groups with trifluoroacetic 

acid (TFA) in CH2C12 containing 1,2-ethanedithiol produced the target molecule 1. The 

crude product obtained as TFA salts was purified by reverse phase flash chromatography 

(H20 / CH3CN / TFA (95:5:1-70:3:1)) to give the pure toxin ([a]$ -1.70“ (c 0.07, H20), 

FAB-MS 588 (M++Na)) in 79% yield. The synthetic compound was identified with TFA 

salts of natural JSTX-3 (1) by comparison of its 1 H-NMR spectra (500 MHz) with those of the 
latter. 

The present synthesis not only provides an efficient synthetic route for JSTX-3 (1) but 

also demonstrates the synthetic potential of the azide strategy in spider toxin synthesis. 

Extension of the methodology to other biologically active polyamine compounds as well as 

spider toxins are in progress in our laboratory. 
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Experimental 
Melting points were determined on a Yanagimoto micro-melting point apparatus and are 

uncorrected. IR spectra were recorded on a Shimadzu IR-408 spectrometer. lH-NMR and 
l3C-NMR spectra were recorded on JEOL FX 90Q (90 MHz), VARIAN Gemini-300 (300 

MHz), and VARIAN UNITY plus 500 (500 MHz) spectrometers with tetramethylsilane and 

chloroform as an internal standard, respectively, and chemical shifts are given in 6 (ppm). 

Optical rotations were measured with a JASCO DIP-370 digital polarimeter and high- 

resolution mass (HR-MS) spectra were taken with a JEOL JMS-DX303 instrument. Merck 

Kieselgel Art. 7734 was used for flash column chromatography and Tokyo-Kasei Cosmosil 

140 C18-PREP was used for reverse phase column chromatography. Sodium sulfate 
(Na2S04) was used as the drying agent. 

2,4-Dibenzyloxybenzyl alcohol (3) 

Benzyl bromide (5.94 ml, 50 mmol) was added dropwise to a mixture of 2,4- 

dihydroxybenzoic acid (2) (1.54 g, 10 mmol) and NaH (60% in oil, 2.0 g, 50 mmol) in DMF (30 

ml) at 0 “C under argon, After stirring at room temperature for 12 h, the excess hydrides were 
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decomposed by addition of a few drops of water. The reaction mixture was then diluted with 
AcOEt (400 ml) and washed with half-saturated brine, water, and saturated brine. The 

organic layer was concentrated after drying. The residual solids were washed with hexane to 

give the benzyl ester as colorless solids. 
A solution of the above benzyl ester in dry Et20 (50 ml) was added dropwise to a 

suspension of LiAlH4 (410 mg, 10.8 mmol) in Et20 (150 ml) at room temperature. The 

resulting mixture was stirred for 1 h and the excess hydrides were decomposed by addition of 

wet ether followed by several drops of water. Inorganic materials were filtered off through 

Celite and the filtrate was washed with saturated NH4Cl and brine, and dried. Removal of the 
solvent left an oil which was purified by column chromatography (hexane-AcOEt (8: 1-5: 1)) to 

give 2,4-dibenzyloxybenzyl alcohol (3) (3.16 g, 99%) as colorless crystals: mp 92-93 “C 
(lit.16a 84-85 “C); IR (KBr) 3250 cm-l; lH-NMR (90 MHz, CDC13) 2.16 (lH, br t), 4.65 (2H, 

br d), 5.03 (2H, s), 5.06 (2H, s), 6.01-6.42 (2H, m), 7.14-7.37 (llH, m). Anal. Calcd for 

C2lH2OO3: C, 78.72; H, 6.30. Found: C, 78.51; H, 6.43. 

2,4-Dibenzyloxyphenylacetonitrile (4) 

SOCl2 (5 ml) was added to a solution of 2,4-dibenzyloxybenzyl alcohol (3) (1.32 g, 4.13 

mmol) in benzene (40 ml) and the mixture was heated at gentle reflux for 5 min. After cooling, 

the solvent and the excess reagent were evaporated in vacua to give the crude benzyl 

chloride. 

A mixture of the crude benzyl chloride and NaCN (245 mg, 5.0 mmol) in DMF (5 ml) was 

stirred at room temperature for 1 h. The reaction mixture was diluted with AcOEt and washed 

with half-saturated brine, water, and saturated brine, and dried. After removal of the solvent, 

the residue was purified by flash column chromatography (hexane-AcOEt (4:l)) to give the 

nitrile 4 (1.32 g, 97%) as colorless crystals: mp 95-96 “C; IR (KBr) 3000, 2920, 2260 cm-l; 

IH-NMR (90 MHz, CDC13) 3.63 (2H, s), 5.03 (2H, s), 5.05 (2H, s), 6.49-6.60 (2H, m), 7.12-7.45 

(1 lH, m). Anal. Calcd for C22Hl9N02: C, 80.21; H, 5.82; N, 4.25. Found: C, 80,24; H, 5.96; 

N, 4.15. 

2&Dibenzyloxyphenylacetic acid N-hydroxysuccinimide ester (5) 
A mixture of the nitrile 4 (106.5 mg, 0.32 mmol) and 1N NaOH (6 ml) in EtOH (20 ml) was 

stirred at 80 “C for 48 h. After removal of the solvent, the residue was poured into 3% HCl 

and extracted with AcOEt. The extracts were washed with water and saturated brine, dried 

and concentrated. The residual crystals were dissolved in AcOEt (5 ml) to which HONSu 

(56.4 mg, 0.49 mmol) and DCC (100 mg, 0.49 mmol) were added and the resulting mixture 
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was stirred at room temperature for 12 h. After evaporation of the solvent, the residue was 

purified by flash column chromatography (hexane-AcOEt (8: 1- 1: 1)) to give the active ester 5 

(132 mg, 91%) as colorless crystals: mp 139-140 “C; IR (KBr) 3000, 2910, 1730 cm-l; lH- 

NMR (90 MHz, CDC13) 2.80 (4H, s), 3.91 (2H, s), 5.00 (2H, s), 5.09 (2H, s), 6.48-6.59 (2H, m), 

7.13-7.44 (llH, m). Anal. Calcd for C26H23N06: C, 70.09; H, 5.21; N, 3.15. Found: C, 69.77; 
H, 5.27; N, 3.18, 

Dimethyl 4,9-diaza(N,N’-bis-rert-butoxycarhonyl)dodecandioate (7) 

To a solution of putrescine (6) (880 mg, 10.0 mmol) in EtOH (10 ml) was added dropwise a 

solution of methyl acrylate (1.89 ml, 21 .O mmol) in EtOH (10 ml) at 0 “C over 30 min, then the 

mixture was stirred at room temperature for 2 h. Concentration of the reaction mixture under 

reduced pressure left the bis-Michael adduct as an oil. 

A mixture of the above bis-adduct, Na2C03 (3.18 g, 30.0 mmol), and di-tert-butyl 

dicarbonate (6.54 g, 30.0 mmol) in water (20 ml) was stirred at room temperature for 12 h. The 

reaction mixture was acidified with 10% citric acid, and extracted with AcOEt. The extracts 
were washed twice with 10% citric acid and three times with saturated brine, and dried. 

Evaporation of the solvent left an oily residue, which was purified by flash column 
chromatography (hexane-AcOEt (4:1-2:l)) to give the diester 7 (3.37 g, 73 %) as a colorless 

oil: IR (CHC13): 2980, 1735, 1685 cm-l; lH-NMR (90 MHz, CDC13) 1.24-1.56 (4H, m), 1.45 

(18H, s), 2.55 (4H, t, 5=7.0 Hz), 3.20 (4H, m), 3.45 (4H, t, J=7.0 Hz), 3.67 (6H, s); 13C-NMR 

(22.5 MHz, CDC13) 25.90 (t), 28.44 (q), 33.59 (t), 43.37 (t), 47.43 (t), 51.63 (q), 79.65 (s), 

155.28 (s), 172.26 (s). HR-MS m/z: Calcd for C22H4ON208 (M+): 460.2784. Found 

460.2793. 

Methyl 4,9-diaza(N,N’-bis-t-butoxycarbonyl)-lZ-hydroxyd~ecan~te (8) 

LiBH4 (480 mg, 21.8 mmol) was added in small quantities to a solution of the diester 7 

(1.67 g, 3.63 mmol) in THF (700 ml) containing water (14 ml) over 6 h at room temperature. 

After stirring for an additional hour, 10% citric acid (50 ml) was added and the mixture was 

concentrated. The residue was extracted with AcOEt and the extracts were washed with 
saturated brine and dried. Removal of the solvent left an oil which was purified by flash 

column chromatography (hexane-AcOEt (1: 1)) to give the starting material 7 (574 mg, 34%) 

and the hydroxy ester 8 (889 mg, 57%): IR (CHC13): 3450,2970, 1735, 1685 cm-l; lH-NMR 

(90 MHz, CDC13): 1.45 (18H, s), 1.24-1.80 (6H. m), 2.56 (2H, t, 3=7.0 Hz), 2.96-3.68 (llH, m), 

3.68 (3H, s); l3C-NMR (75 MHz, CDC13): 25.85, 27.58, 28.50, 30.75, 34.03, 42.71, 43.40, 

46.78, 46.95, 51.80, 58.37, 79.87, 80.11, 155.40, 177.14. HR-MS m/z: Calcd for 

C2lH4ON207 (M+): 432.2836. Found 432.2846. 
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Methyl 4,9-diaza(N,N’-bis-tert-butoxycarbonyl)-12-azidododecanoate (9) 

Methanesulfonyl chloride (0.23 ml, 3.0 mmol) was added to a solution of 8 (634 mg, 1.47 

~ITIO~) and pyridine (0.48 ml, 6.0 mmol) in CH2C12 (5.0 ml) at 0 “C and the mixture was stirred 

at the same temperature for 12 h. More of pyridine (0.48 ml, 6.0 mmol) and methanesulfonyl 

chloride (0.23 ml, 3.0 mmol) were added and the resulting mixture was further stirred for 24 h 

in the cold. The mixture was then poured onto ice-water and extracted with AcOEt. The 

AcOEt extracts were washed with water and saturated brine, and concentrated. The crude 

mesylate obtained was used for the next step without further purification. 

A mixture of the above mesylate and NaN3 (195 mg, 3.0 mmol) in DMF (4 ml) was stirred 

at room temperature for 12 h. The mixture was diluted with AcOEt (200 ml) and washed with 

half-saturated brine, water, and saturated brine. The organic layer was concentrated after 

drying. The residue was purified by flash column chromatography (hexane-AcOEt (4:l)) to 

give the azide 9 (667 mg, 99 %): IR (CHC13): 2980,2120, 1735, 1680 cm-l; IH-NMR (300 

MHZ, CDC13): 1.46 (18H, s), 1.46-1.63 (4H, m), 1.79 (2H, q, .k7 Hz), 2.56 (2H, t, J=7 Hz), 

3.08-3.30 (6H, m), 3.30 (2H, t, 5~7 Hz), 3.45 (2H, t, J=7 Hz), 3.68 (3H, s); 13C-NMR (75 

MHz, CDC13): 26.30 (t), 28.10 (t), 28.50 (t), 34.42 (t), 44.00 (t), 45.20 (t), 47.69 (t), 47.77 (t), 

49.77 (t), 52.39 (q), 80.27 (s), 156.00 (s), 156.19 (s), 173.18 (s). HR-MS m/z: Calcd for 

C2lH39N506 (M+): 457.2900. Found 457.2908. 

4,9-Diaza(N,N’-bis-tert-butoxycarbonyl)-l2-azidododecanoic acid N-hydroxy- 
succinimide ester (10) 

To a solution of the methyl ester 9 (1.47 g, 3.2 mmol) in EtOH (50 ml) was added 1N NaOH 

(10 ml) and the mixture was stirred at room temperature for 2 h. After removal of the solvent, 
the residue was poured into 10% citric acid and extracted with AcOEt. The extracts were 

washed with water and saturated brine, dried, and concentrated. The crude carboxylic acid 

obtained was used for the next step without further purification. 

A mixture of the crude carboxylic acid, HONSu (460 mg, 4.0 mmol), and DCC (824 mg, 4.0 

mmol) in AcOEt (100 ml) was stirred at room temperature for 12 h. After concentration to the 
half-volume, the remaining mixture was passed through a short silica gel column by the aid of 

hexane-AcOEt (1: 1) to remove ureas. The filtrate was concentrated to give the succinimide 

ester 10 (1.54 g) which was immediately used for the next reaction. 

Condensation of Fmoc-L-asparagine and S-azido-1-N-tert-butoxycarbonylpentylamine 

(11) 
Acetyl chloride (1 ml) was added dropwise to a solution of 1112 (1.25 g, 5.49 mmol) in 
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MeOH (20 ml) at 0°C and the mixture was stirred at room temperature for 2 h. Removal of 

the solvent in vacuu gave S-azidopentylamine hydrochloride as colorless amorphous. A 

mixture of the hydrochloride, Fmoc-L-asparagine (2.13 g, 6.0 mmol), EDCeHCl (1.53 g, 8.0 

mol), HOBt (810 mg, 6.0 mmol), and iPr2NEt (0.87 ml, 5.0 mmol) in DMF (40 ml) was stirred 

at room temperature for 12 h. The reaction mixture was diluted with AcOEt (900 ml) and 
washed with half-saturated brine, 10% citric acid, water, and saturated brine. The organic 

layer was concentrated after drying. The residue was dissolved in a small amount of MeOH 

and the product was precipitated by addition of water. The precipitates were collected to 

give 2.28 g (90 %) of 12 as colorless crystals: mp 169-170 ‘C; [a]#) +5.86” (c 0.15, 

MeOH); IR (KBr): 3280, 2920, 2110, 1690, 1646 cm-l; lH-NMR (300 MHz, CDC13): 1.25- 

1.66 (6H, m). 2.51-2.62 (lH, m), 2.92-3.03 (lH, m), 3.23-3.28 (4H, m), 4.22 (lH, t, 5=6.0 Hz), 

4.44 (2H, d, 5=6.0 Hz), 4.49 (lH, m), 5.43 (lH, m), 5.83 (lH, m), 6.39 (lH, m), 6.86 (1H. m), 7.32 
(2H, t, J=7.4 Hz), 7.41 (2H, t, k7.4 Hz), 7.60 (2H, d, 5~7.4 Hz), 7.78 (2H, d, k7.4 Hz); 

13C-NMR (75 MHz, CDC13): 24.98 (t), 29.52 (s), 29.83 (t), 38.30 (t), 40.29 (t), 48.43 (d), 

52.34 (t), 53.46 (d), 68.18 (t), 120.93 (d), 126.18 (d), 128.17 (d), 128.79 (d), 142.60 (s), 145.25 

(s), 158.40 (s), 173.48 (s), 174.95 (s). FAB-MS m/z: 465 (M++l), 487 (M++Na). Anal. Calcd 

for C24H28N604.1/6 H20: C, 61.64; H, 6.11; N, 17.98. Found: C, 61.91; H, 6.02; N, 17.66. 

Condensation of 12 and 10 

A mixture of 12 (696 mg, I .5 mmol) and Pd-BaSO4 (200 mg) in MeOH (100 ml) was stirred 

under a hydrogen atmosphere for 2 h. The catalyst was filtered off through a membrane filter. 

TO this filtrate was added a solution of the active ester 10 (1.54 g) in THF (10 ml) and the 

mixture was stirred for 12 h at room temperature. After removal of the solvent, the residual 

solids were successively washed with hexane-AcOEt (l:l), water, and Et20. The remaining 

solids were dissolved in MeOH and recrystalized by addition of water. By this procedure, 

1.06 g (81%) of pure 13 was obtained as colorless crystals: mp 122-123 “C; [cx]#-) -5.47” (c 

0.34, MeOH); IR (KBr): 3280, 2920, 2120, 1690, 1650 cm-l; lH-NMR (300 MHz, CDC13): 

1201.81 (12H, m), 1.44 (9H, s), 1.45 (9H, s), 2.23-2.64 (3H, m), 2.82-3.56 (15H, m), 4.22 (lH, t, 

J=6.3 Hz), 4.44 (2H, d, 5=6.3 Hz), 4.50 (lH, m), 6.19 (lH, m), 6.44 (2H, m), 6.86 (2H, m), 7.32 

WI, t, J=7.4 Hz), 7.41 (2H, t, J=7.4 Hz), 7.59 (2H, d, J=7.4 Hz), 7.77 (2H, d, J=7.4 Hz); 

13C-NMR (75 MHz, CDC13): 25.35 (t), 26.72 (t), 27.28 (t), 30.20 (t), 36.45 (t), 36.73 (t), 38.59 

(t), 40.55 (t), 40.55 (t), 45.33 (t), 46.08 (t), 48.33 (t), 48.64 (d), 48.84 (t), 48.98 (t), 50.38 (t), 

53.72 (t), 68.37 (t), 81.29 (s), 81.37 (s), 121.23 (d), 126.50 (s), 128.47 (d), 129.09 (d), 142.85 (s), 

145.50 (s), 157.46 (s), 157.55 (s), 158.41 (s), 173.74 (s), 173.90 (s), 175.17 (s). FAB-MS m/z: 

864 (M++l), 886 (M++Na). 
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Condensation of 13 and 5 

A solution of 13 (632 mg, 0.73 mmol) and kr2NEt (1.5 ml, 8.61 mmol) in DMF (2 ml) and 

DMSO (2 ml) was stirred at room temperature for 2 h. To this solution was added the active 

ester 5 (534 mg, 1.2 mmol) and HOBt (67.5 mg, 0.50 mmol), and the resulting mixture was 

further stirred for 12 h at room temperature. After dilution with AcOEt (200 ml), the mixture 

was washed with half-saturated brine, 10% citric acid, water, 5% NaHC03, and saturated 

brine. The organic layer was dried and concentrated to leave a residue, which was purified by 

flash column chromatography (CH2C12-acetone-EtOH (10: 1 :OS-3: 1: 1)) to give 14 (424 mg, 

60%) as colorless crystals: mp 156-157 “C; [a]~ 20 -1.86” (c 0.15, MeOH); IR (KBr): 3250, 

2100, 1690, 1640 cm-l; lH-NMR (500 MHz, CDC13): 0.85-1.61 (12H, m), 1.58 (18H, s), 2.26- 

2.52 (3H, m), 2.80-2.89 (lH, m), 3.06-3.27 (lOH, m), 3.27-3.33 (2H, m), 3.33-3.48 (2H, m), 3.59 

(2H, s), 4.63 (lH, m), 5.02 (2H, s), 5.09 (2H, s), 6.17 (lH, m), 6.24 (lH, m), 6.56-6.60 (lH, m), 
6.65-6.67 (lH, m), 6.72 (lH, m), 6.91 (lH, m), 7.12-7.44 (llH, m); l3C-NMR (125 MHz, 

CDC13): 24.99 (t), 26.72 (t), 27.28 (t), 28.75 (s), 29.84 (t), 29.87 (t), 36.45 (t), 6.73 (t), 37.60 

(t), 38.39 (t), 40.24 (t), 40.24 (t), 45.16 (t), 45.82 (t), 48.32 (t), 48.42 (t), 48.70 (t), 48.98 (d), 

51.64 (t), 71.13 (t), 71.25 (t), 81.03 (t), 81.11 (t), 101.97 (d), 107.54 (d), 128.37 (d), 128.42 (s), 

128.59 (d), 128.92 (d), 129.06 (s), 129.23 (s), 129.35 (d), 129.51 (d), 129.64 (d), 132.68 (d), 

157.20 (s), 157.29 (s), 158.77 (s), 160.94 (s), 172.85 (s), 173.64 (s), 174.36 (s) 174.64 (s), 

174.92 (s). FAB-MS m/z: 972 (M++l), 994 (M++Na). 

JSTX-3 (1) 

A mixture of 14 (23.9 mg, 0.025 mmol) and 10% Pd-C (15 mg) in AcOH (5 ml) was stirred 

under a hydrogen atmosphere for 1 h. After filtration of the catalyst, the filtrate was subjected 

to freeze-drying to leave powders. The powders were dissolved in CH2C12 (0.1 ml) 

containing TFA (0.2 ml) and 1,Zethanedithiol (0.05 ml, 0.60 mmol) and the whole was stirred 
at room temperature for 2h. Then the mixture was concentrated in vacuu and the residue 

was purified by reverse phase flash column chromatography (H20 / CH3CN / TFA (95:5:1- 

70:3:1)) to give JSTX-3 (1) as TFA salts (17.6 mg, 79%); [~l]$’ -1.70” (c 0.07, H20); lH- 
NMR (500 MHz, CDC13): 1.04-1.54 (8H, m), 1.66-1.80 (4H, m), 1.96-2.08 (lH, m), 2.60 (2H, t, 

J=6.6 Hz), 2.69 (lH, dd, J=5.5, 13.7 Hz), 2.93-3.20 (12H, m), 3.24 (2H, t, 5=6.6 Hz), 3.44 

(lH, d, J=15.6 Hz), 3.51 (lH, d, J=15.6 Hz), 4.55 (lH, d, k15.6 Hz), 4.55 (lH, m), 6.40 (2H, 

m), 7.03 (lH, d, J=8.9 Hz); 13C-NMR (125 MHz, CDC13): 22.86 (t), 22.98 (t), 23.44 (t), 

25.99 (0, 28.02 (t), 28.11 (t), 31.16 (t), 36.36 (t), 36.84 (t), 37.21 (t), 39.48 (t), 39.53 (t), 43.82 
(t), 44.80 (t), 47.02 (t), 47.25 (t), 5 1.12 (d), 103.19 (d), 107.83 (d), 114.02 (s), 115.74 (s), 118.07 

(s), 132.68 (d), 155.46 (s), 156.48 (s), 162.85 (s), 163.13 (s), 163.41 (s), 163.69 (s), 171.80 (s), 

172.53 (s), 174.94 (s), 175.12 (s). FAB-MS m/z: 588 (M++Na). 
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