
Tefrahedron Vol. 49, No. 26, pp. 5777-5790.1993 

Riled in Great Britain 
00404020/93 $6.00+.00 

0 1993 Pergmncm Press Ltd 

Synthesis and Assay of Hybrid Analogs of Argiotoxin-636 
and Philanthotoxin-433: Glutamate Receptor Antagonists 

Seok-Ki Choi, Koji Nakanishi* 

Department of Chemiswy, Columbia University. New York, NY 10027, USA 

,Peter N. R. Usherwood 

Deqartment of Life Science, University of Nottingham, Nottingham NG7 2RD, UK 

(Received in USA 19 April 1993) 

Key wotds: Argiotoxin-636: Philanthotoxin-433: Clutanute receptor antagonists: Structure-activity 
relationship; Selective antagonism; Photo@nity label: Polyamhe-amide toxins 

Abstmct: The synthesis of rhe non-compelidve glutamate recepwr antagonist. argiotoxin-636 is described. 
Furthermore. synthetic rouies are presentedfor the preparation of structural analogs including or&toxin- 
philanthotoxin hybriak. Biologica/ activides on glutamate receptors are discussed. 

INTRODUCTION 

Glutamate receptors(Glu-R) comprise a class of excitatory amino acid receptors involved in signal 

transduction in the central nervous systems (CNS) of vertebrates and some invertebrate animals.* Glu-R 

have been the focus of intense research because of their participation in the process of learning, long-term 

potentiation (memory) and their possible involvement in neuronal pathologies such as Alzheimer disease, 

Huntington’s chorea, ischemia, and epilepsy. 2 The Glu-R is classified into two classes, the G-protein 

coupled metarbotropic class and the ionotropic class. The latter ionotropic Glu-R is further divided into two 

subtypes based on their responses to exogenous ligands: (i) N-methyl-D-aspartate receptor (NMDA-R) and 

(ii) kainate (KAINYquisqualate (QUIS)/a-amino-3-hydroxy-5-methyl-4-isoxazolepropionate (AMPA) 

receptor (KAIN or non-NMDA-R).t The ionotropic Glu-R are multi-subunit protein complexes with 

external, glutamate binding site(s) and an internal ion channel. Nicotinic acetylcholine receptors (nACh-R) 

are also widely distributed. For example, nACh-R are the major ion channels of the excitable membrane of 

the mammalian skeletal neuromuscular junction. 3 Here, it is a membrane-bound, 270 kilodalton 

glycoprotein with two agonist binding sites and an internal ion channel. Recently, several polyamine 

amides have been reported as potent inhibitors of ionotropic Glu-R as well as nACh-R in both vertebrates 

and invertebrates.4 

Philanthotoxin-433 (numerals denote the number of methylene groups in the polyamine) has been 

identified as the most active component of the venom of the solitary digger wasp, P hilanrhur triungulum F.5 

and its structure has been determined as la by both spc~tros~~py and synthesis (Figure 1).6 Argiotoxin- 

636 (636 indicates the molecular weight) is one of a number of the polyamine-amides isolated from the 

venom of the spider, Argiope (2 in Figure 1). It strongly antagonizes Glu-R.7 Electrophysiological and 

biochemical studies suggest that these polyamine toxins are non-competitive antagonists, blocking the ion 

channels of Glu-R and nACh-R allosterically or directly at submicmmolar concentrations.8 
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Philanthotoxin-433 (1 a) 

Argiotoxin-636 (2 ) 
K) + 

Figure 1. Structures and Philanthotoxin-433 and Argiotoxin-636 

Although the genes encoding several Glu-R subtypes have been cloned and sequenced,9 isolation of 

receptor proteins is still rare due to the lack of abundant natural sources and selective ligands. Since 

polyamine-amides such as philanthotoxin (PhTX) and argiotoxin (ArgTX) have high binding affinities for 

Glu-R, coupled with afftnity chromatography, they could be used to isolate natural Glu-R from a relatively 

pure source of the receptor. Moreover, since the elongated structures can be modified at various sites,10 

they provide unique probes for tertiary structural studies of nACh-R and Glu-R ion channels via usage of 

photolabile analogs. For example, preliminary photoaffinity labeling studies have shown that PhTX analogs 

block the nACh-R gate by having the aromatic moiety in the cytoplasmic side and inserting the polyamine 

chain into the channel.tt 

We recently reported that ArgTX-636 is about 65 times more potent than PhTX-343 (lb in Figure 2) 

as an antagonist of the NMDA subtype of mammalian Glu-R (ICsO = 0.04 pM for ArgTX-636). whereas 

ArgTX-636 and PhTX-343 have similar potencies on the KAIN subtype of mammalian Glu-R ( ICSOs; 

0.07pM and 0.12pM respectively).12 These results indicate that the structural variations such as the 

sequence and length of polyamine sequences, and the non-polyamine structures are major factors involved 

in the selective bindings to these two highly homologous Glu-R subtypes. This finding led us to prepare 

further analogs of ArgTX-636, structural hybrids of PhTX/ArgTX and several photoaffinity labeled 

analogs. The syntheses of these analogs are presented together with preliminary assays results on the 

quisqualate-sensitive (non-NMDA subtype) Glu-R; comparative studies of assays on different Glu-R 

subtypes and photoaffiiity labeling studies are subjects of ongoing and future studies. 

SYNTHETIC ANALOGS OF AtgTX-636 AND PhTX-343 

In Figure 2 are shown structures of analogs derived from ArgTX-636 and/or PhTX-343; most 

ArgTXs are characterized by the presence of an asparagine moiety. In 3 to 5. the 2,4- 

dihydroxyphenylacetyl group of ArgTX-636 is replaced with 2,4-dimethoxyphenylacetyl, 3.4- 

dimethoxycinnamoyl, or p-azidophenylacetyl (photoafflnity labeled), respectively. In the ArgTX-PhTX 

hybrid analogs, the 2,4-dihydroxyphenylacetyl group from ArgTX-636 was replaced with the non- 

polyamine portion of PhTX-343. Analog 6 is half PhTX-343 and half ArgTX-636; it is composed of 

butyryl-L-tyrosyl (from PhTX-343) and L-asparagine-533-L-arginine (from ArgTX-636). In 7 to 8, a long 

aliphatic chain (ClO) or trans-diene is used instead of a butyryl group, since previous structure-activity 
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relationship studies of PhTX-343 analogs showed highly enhanced activities with Cl0 and dienoyl 

analogs.tolt3 Compounds 5.7 and 8 have the photosensitive azide group, which upon irradiation has been 
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Figure 2. Structures and Activities of AkgTX-636 / PhTX-343 Analogs 
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shown to irreversibly inactivate the locust QUIS-R.14 In analog 9, L-asparagine has been inserted into the 

region between L-tyrosine and the polyamine of PhTX-343. These synthetic analogs have been assayed for 

activity on QUIS-R of locust skeletal muscle, the results of which are shown in Figure 2. 

Although synthesis of ArgTX-636 has been reported earlier.15 we have developed an alternative 

synthetic route for easy preparation of ArgTX-636 and other related analogs. The synthesis of ArgTX-636 

is shown in three separate Schemes 1, 2, and 3. For the polyamine portion of ArgTX-636, three 

consecutive steps involving addition, protection and reduction reactions are reiterated (Scheme 1). The N- 

Cbz protected cadaverine (to)16 was added to acryloninile, a synthetic unit for ptopylamine. The generated 
secondary amine was protected as an N-Boc group and then the nitrile was reduced with LiAlH4 to afford 

11. These procedures were repeated to prepare 12. The free terminal amine of 12 was condensed with 

an activated ester of N-Boc protected L-arginine and the N-Cbz group was hydrogenolysed using 10% 
Pd/C and H2 (1 atm). The primary amine of 13 was reacted with an activated ester of N-Cbz protected L- 

asparagine. After deprotection of N-Cbz group, the polyamine structure of ArgTX-636 (14) was 

obtained. 

1 0 Ct,z*t-NH, l), 21, 3) 

overall 66% ” csla-F 
4)s 5) 1 2 CbzUH/\/\/\N--NHI 1). a31= 

Qoc L overall 65% 

Scheme 1. Preparation of Polyamine Portion of ArgTX-636 

feagentsrl) actybnirnle, MeOH, n; 2) @cc) 20, MeOH, rt; 3) LiAIH4, ether, 0°C; 4) N “. NG, NG: 

tti-Eoc-L-arginine N-hydmxysuccinimtde ester, DMF, 65%; 5) Hz, 10% P&C, MeOH. rt; 6) N- 

Cbz-L-asparagine p-nitmphenyl ester, DMF, rt, 88% 

The 2,4_dibenzyloxyphenylacetic acid for the aromatic portion of ArgTX-636 was prepared in three 

steps starting from a commercially available 2,4_dihydroxyacetophenone (Scheme 2). After benzylation of 

the dihydroxy groups of 15, the acetophenone derivative was treated with Tl(III) and HC104 in MeQH 

(Willgercdt-Kindler rearrangement conditionl7) to get 16 in 91% yield. After hydrolysis of the methyl 

15 16 17 

Scheme 2. Preparation of Aromatic Portion of ArgTX-636 

reagents:l) BnBr, K&Q, acetone, retlux, 929/o; 2) TI(NOs)s, 70% HCl04, MeOH, rt, 91%; 
3) LiOH, MeOH-DME-Hz0 (3:2:1), It, 96%; 4) p-nitrophenol, DCC, acetone-EtOAc (1:3), 66% 
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ester, dibenzyloxyphenylacetic acid was converted to p-nitrophenyl ester (17) by conventional DCC 

coupling. For the methylated analog of ArgTX-636 (3), 2,4dimethoxyacetophenone was similarly treated 

to afford 2,4dimethoxyphenylacetic acid in overall 84% yield (not shown ). 

The synthesis of ArgTX-636 and its analogs is summarized in Scheme 3. The Boc-protected 

polyamine moiety (14) was coupled with the activated ester (17) in DMF. The benzyl and Boc-protected 

argiotoxin-636 was treated with H2 gas (1 atm) on 10% Pd/C and then trifluoroacetic acid. Argiotoxin-636 

was obtained as a trifluoroacetic acid salt (2) t*. ArgTX-636 analogs (3 to 5) and ArgTX-PhTX hybrids (6 

to 8)19 were prepared similarly by coupling of 14 with one of the activated esters of corresponding acids 

and by deprotection of Bee groups with trifluoroacetic acid. 

argiotoxin-636 (2) 

Scheme 3. Synthesis of ArgT?C-636 and ArgTX-PhTX Analogs 

reagenrs:l) 1 7 DMAP, DMF, 94%; 2) H 2, 10% PdlC. MeOH, 95%; 3) CF@&H-CHsCls (1:l). 
0°C quantitative; 4) 2,4-dimethoxyphenylacetic acid p-nitmphenyl ester. 93%; 5) 3,4-dimeth. 
oxycinnamic acid p-nitrophenyl ester, 74%; 6) 4-azidophenyl acetic acid p-nitrophenyl ester, 
95%; 7) bulyryl-L-tyrosine p-nitrophenyl ester, 75%; 9) 2,4-hexadienoyl-p-azido-l-phenyl- 
alanine p-nitrophenyl ester, 79%; 9) decanoyl-p-azido-L-phenyhhnine pnitrophenyl ester, 
84% 

Analog (9) was synthesized as shown in Scheme 4. The commercially available N-Cbz-L-asparagine 

p-nitrophenyl ester was reacted with spermine followed by Boc-protection of the free amines. The amino 

group of L-asparagine obtained after hydrogenolysis (19) was coupled with butyryl-L-tyrosine p- 

niuophenyl ester. Trifluoroacetic acid treatment gave butyryl-L-tyrosine-L-asparagine-343 in overall 43% 

yield. 

Scheme 4. Synthesis of PhTX-Asn-343 

reagerwl) a. spermine, MeDH ; b. (Do&C. MeOH. overall 54% ; 2) HP, 10% w/C, MeOH. 67% 
3) N-butyryl-L-tymsine p-nitrophenyl ester, DMF, 9% ; 4) TFA- CHsCls ( 1:l ), 0°C 4 hrs, quantitative 
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The inhibitory activities of ArgTX-636 and PhTX-343 analogs were. assayed on locust skeletal 

muscle,13 where Glu-R sensitive to quisqualate (QUIS-R)I are highly abundant. Although it is premature to 

discuss any structure-activity relationships with the limited data, a few comments are as follows. 

Argiotoxin-636 (2, ICSO = 3.2 pM) has relative activity of 7 compared to PhTX-343 (lb, relative activity 

= 1, ICSO = 23 pM). As noted earlier in the assays on PhTX analogs for the QUIS-R, NMDA-R and nACh- 

R assays.8, 10, 13 the hydroxyl function of the Tyr moiety plays no significant role, while increasing the 

hydrophobicity or bulk in the west end of the molecule increases the activity. This is noted in the similar 

activities of Argiotoxin-636 2 and its 0-methylated analog 3, and the enhanced activities seen in analogs 4 

and 8. It is encouraging to note the potent activities of the photoaffinity labeled analogs, 5. 7 and 8. 

Insertion of the asparagine moiety into PhTX-343 as in 9 leads to greatly diminished activity; this reduction 

is unique and could not be predicted from past structure-activity studies. All of the compounds reversibly 

antagonized QUIS-R, and when muscle preparations were irradiated with U.V., the azido analogs became 

irreversible antagonists, showing that photolabile polyamine-amides (5,7 and 8) could serve as potent 

reagents for the identification and characterization of Glu-R. 

In summary, a synthetic scheme has been developed for the synthesis of argiotoxin analogs and 

argiotoxin-636/philanthotoxin-343 hybrids. These and other synthetic polyamine-amide toxins will be used 

in future studies directed towards clarifying the differences in the NMDA and KAIN subtypes and 

designing specific antagonists of mammalian Glu-R. 
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EXPERIMENTAL 
DCI-MS spectra were obtained on a Nermag-10 instrument while FAB-MS (3-nitrobenzyl alcohol or 

thioglycerol matrix) wete obtained with a JEOL JMS-DX303HF mass spectrometer. Proton NMR spectra 
were measured with any one of three instruments: a Varian-200 MHz, Varian-300 MHz, or Varian-40 
MHz. Carbon-13 spectra were recorded with a Varian-300 (75.4 MHz for carbon-13 resonance). The 
proton and carbon spectra were measured in any of the following deuterated solvents: deuterochloroform 
(CDCl3) with 0.03% tetramethylsilane (TMS) and CD3OD with 0.015% TMS. Proton chemical shifts are 
reported in parts per million (ppm) downfield from TMS (O.OOppm) as referenced accordingly for each 
compound. Spectra were referenced when not otherwise specified on the basis of residual solvent peaks 
(CD30D, 4.78 ppm or 3.30 ppm; CDC13, 7.24 ppm). Carbon-13 spectra were measured in CDC13 or 
CD30D and wem referenced with respect to the carbon-13 signal of CDC13 (6 = 77.0 ppm) or CD30D (6 = 
49.0 ppm). 

The solvents DMP and i -PrNH2 were distilled at atmospheric pressure over CaH2, while CH30H 
was distilled over magnesium turnings. Hydrogenolysis of N-Cbz or 0-Benzyl group was carried out under 
H2 gas (1 arm) in the presence of a catalytic amount of 10% Pd/C. 

2-(NS’-Cbz-1 ‘,S’-diaminopcntyl)-ethylnitrile: Acrylonitr-lle (0.68g. 12.82 mmol) in 5 mL CH30H 
was added to a 12 mL CH30H solution containing 2.888 (12.20 mmol) of N-Cbz-1.5 
diaminopentanet6(10) at room temperature and was stirred for 24 hr. The reaction was terminated by 
evaporation of the solvent and the oil was applied to a silica gel flash column, eluted with 5% 
CH30H/CH2C12. The product was obtained as an oil in 92% (3.25g) yield. DCI-MS (CH4, 
C16H23N302): m/z 290(M+l)+, 159; ‘H-NMR (200 MHz, CD30D, TMS) 6: 1.33-1.55 (m. 6Hl. 2.53- 
2.61 (t, J = 6.8Hz, 4H), 2.81-2.87 (t, J = 6.8Hz, 2H), 3.08-3.15 (t. J = 6.8Hz, 2H), 5.06 (s. ‘H). 7.3@ 
7.35 (m, 5H) 
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2-(NS’-Cbr-Nt’-Bo~-Z’,5’-diaminopcntyl)-rthylnitrilc: To 15 mL of a CH3CH solution 
containing the above nitrile (3.253. 11.24 mmol) was added di-rerr -butyl diarbona~ (2.94g. 13.47 mmol) 
dks~l~cd in 10 mL of CH3OH. The mixture was stirred at room temperature for 24 hr. The reaction 
mixture was concentrated in vacua and the oily residue was taken up in 150 mL of CH2Cl2. The organic 
layer was washed with 0.5 M citric acid, sat. NaHCO3 and brine solutions. After drying the solution over 
MgS04 and evaporating the solvent, the crude oil was chromatographed on a flash silica gel column with 
CH2Cl2, followed by 5% CH30HKH2C12, yielding 4.18g (95%) of the desired product. DCI-MS (CHq. 
C21H31N304): m/z 39O(M+l)+, 334,290,279; tH-NMR (400 MHz, CDC13, TMS) 8: 1.29-1.34 (quintet, 
J = 7.OHz. 2H), 1.46 (s, 9H), 1.53-1.54 (m, 4H), 2.55-2.61 (broad d, 2H), 3.18-3.26 (m, 2H), 3.42-3.45 
(t, J = 6.7Hz. 2H), 5.09 (s,2H), 7.31-7.36 (m, 5H) 

Nt-Cbz-N7-Boc-polyamine53 (II): To a suspension of 1.42g (37.42 mmol) of lithium aluminum 
hydride (LAH) in 200 mL of dry ether was added 4.16g (10.70 mmol) of 2-(NY-Cbz-Nt’-Boc-1’,5’- 
diaminopentyl)-ethylniaile dissolved in 70 mL of ether at 0°C. and the mixture was stirred under Ar 
atmosphere at WC for 3 hr. The excess LAH was quenched with 1N NaOH at 0°C and the resulting white 
precipitate was filtered through Celite and washed with 50 mL of Et20. The combined ethereal layers were 
washed with brine, dried over MgS04, and evaporated in vacua. The crude oil was flash chromatographed 
on silica gel with 5% CH30HKH2C12, and 16:2: 1 CH2Cl2/CH3OHWrNH2. The product was obtained 
in 75% (3.15g) yield. DCI-MS (CHq, C21H35N304): m/z 394(M+l)+, 366, 338. 322, 294; tH-NMR 
(300 MHz, CD30D, TMS) 6: 1.28-1.32 (quintet, J = 7.OH2, 2H), 1.45 (s. 9H), 1.50-1.55 (m, 4H), 1.64- 
1.68 (quintet, J = 6.9Hz. 2H), 2.58-2.62 (t, J = 6.9Hz, 2H). 3.09-3.25 (m, 6H), 5.06 (s, 2H), 7.31-7.35 
(m. 5H); t3C-NMR (75.43 MHz, CD30D) 6: 25.0, 28.7, 29.1, 30.6, 32.1, 39.9, 40.0, 41.6, 45.0. 45.9, 
67.3, 80.8, 128.7, 128.9, 129.4, 138.5, 157.5, 158.9. 

N*-Cbr-NT-Boc-polyaminc53-ethylnitrile: A mixture of 2.8g (7.12 mmol) of 11 and 0.39g (7.35 
mmol) of acrylonitrile in 25 mL of CH3OH was stirred at room temperatute for 20 hr. The reaction mixture 
was worked up as for 2-(NT-Cbz- 1’,5’-diaminopentyl)-ethylnitrile. The desired product was obtained in 
89% (2.830) yield. Rf = 0.64 in 10% CH3OHKWCl2. *H-NMR (300 MHz, CD3OD. TMS) & 1.26-1.33 
(quintet, J = 6.9Hz. 2H), 1.46 (s, 9H), 1.50-1.58 (m, 4H). 1.70-1.75 (quintet, J = 7.OHz. 2H), 2.57-2.61 
(t, J = 7.OHz. 4H). 2,83-2.88 (t. J = 7.OHz. 2H), 3.10-3.28 (m. 6H), 5.07 (s, 2H), 7.34-7.36 (m, 5H) 

Nl-Cbz-NI,Ntl-di-Boc-polyamineS3-ethylnitrile: To a 20 mL CH3OH solution containing 2.7Og 
(6.05 mmol) of the above nitrile was added 1.58g (7.24 mmol) of di-rerr -butyl dicarbonate in 10 mL of 
CH30H . The mixture was stirred for 20 hr. The reaction was worked up in the same manner as 2-(NY- 
Cbz-N*‘-Boc-1’,5’-diaminopentyl)-ethylnitrile yielding 3.24g (98%) of the product. Rf = 0.59 in 5% 
CH30H/CH2C12. tH-NMR (400 MHz, CDC13, TMS) 8: 1.28-1.35 (quintet, J =7.2Hz, 2H). 1.46 (s, 
18H), 1.52-1.53 (m, 4H). 1.73-1.79 (quintet, J = 7.2Hz. 2H), 2.58-2.63 (broad d, 2H), 3.17-3.22 (m, 
6H), 3.25-3.29 (t. J = 7.2Hz. 2H). 3.46-3.48 (broad s, 4H). 5.10 (s, 2H), 7.30-7.37 (m. 5H) 

Nt-Cbz-N7,Ntl-di-Boc-polyamine533 (12): A dry ether solution of 2.5g (4.58 mmol) of Nt-Cbz- 
N7,Nt t-di-Boc-polyamine53-ethylnitrile was treated with 0.63g (16.60 mmol) of LAH as described in the 
synthesis of 11. The product was obtained after a flash silica column chromatography in 74% yield (1.86g). 
FAB-MS (thioglycerol matrix, C29H50N406): m/z 55 1 (M+ I)+, 443.343; t H-NMR (400 MHz, CD3CD. 
TMS) 6: 1.29-1.32 (quintet, J = 7.1Hs 2H). 1.46 (s, 18H). 1.50-1.54 (m. 4H). 1.65-1.70 (quintet, J = 
6.8Hz, 2H), 1.72-1.80 (quintet, J = 6.8Hz. 2H). 2.60-2.63 (t. J = 6.8Hz. 2H). 3.10-3.13 (t. J = 6.8Hz. 
2H), 3.17-3.21 (t. J = 6.8Hz, 4H), 3.26-3.31 (m, 4H), 5.06 (s, 2H), 7.34-7.35 (m, 5H). 

Nt-Cbz-NT* Ntt-di-Boc-polyamine533-N a, NG, @‘-tri-Boc-L-arg-amide: To a 5 mL 
solution of 1.33g (2.42 mmol) of 12 was added 1.45g (2.54 mmol) of No. NG, NG’-tri-Boc-L-arginine N- 
hydroxysuccinimide ester (Bachem) dissolved in 5 mL of DMF. The reaction was worked up by 
evaporation of the solvent and extraction of the pale yellow oil with CH2Cl2 and by washmg the organic 
extracts with sat. NaHC03 and brine. After drying over MgS04 and evaporation, the crude product was 
chromatographed on a flash silica column with 5% CH30H/CH2C12 to yield 2.07g (85%) of the desired 
product. Rf = 0.64 in 10% CH30H/CH2C12. FAB-MS (3-nitrobenzyl alcohol matrix, C50H86N8013): 
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m/z 1007(M)+. 908,808,752.507; ‘H-NMR (400 MHz. CD30D, TMS) 6: 1.31-1.36 (m, 4H), l.45- 
1.48 (four s, 45H). 1.50-1.85 (m, lOH), 3.10-3.29 (m, 12H), 3.80-3.95 (m, 2H), 3.95-4.01 (broad S, 

lH), 5.01 (s, 2H), 7.30-7.35 (m, 5H); ‘3C-NMR (75.43 MHz, CD30D) 6: 25.0, 26.1, 26.4, 26.7, 28.6, 
28.8, 29.2, 29.4, 30.5, 30.6, 34.7, 41.6, 45.4, 45.8, 45.9, 46.0, 46.1, 46.2, 56.1, 67.3, 79.9, 80.9, 
81.0, 85.2, 128.7, 128.9, 129,4, 138.5, 156.0, 157.3, 157.4, 157.7, 162.0, 164.6, 174.9. 

NT, Ntl-di-Boc-polyamine533.Na, NG, NG’-M-B oc-L-arg-amide (13): To a 50 mL CH30H 
solution of 1.61g (1.60 mmol) of N*-Cbz-N79 N*t-di-Boc-polyamine533-No, NG, NG’-tri-Roc-L-arg- 
amide was added 0.3g of 10% Pd/C. This solution was purged several times with H2 gas. The mixture was 
stirred overnight at room temperature under H2 (1 atm) gas. The reaction was terminated by filtration 
through a pad of Celite and by careful washing of the catalyst with copious volumes of CH3OH. After 
evaporation of the solvent, the clear oil was chromatographed on a silica gel with 1O:l CH2ClZ/CH30H and 
2012: 1 CH2ClZ/CH30H&PrNH2. The desired product, 1.27g (91%) was obtained as a clear oil. Rf = 0.5 
in 20:2:1 CH2C12/CH30H/i-PrNH2. FAB-MS (3-nitrobenzyl alcohol matrix, C42H80N8011): mlz 

873(M)+, 773,673; tH-NMR (400 MHz, CD30D, TMS) S: 1.29-1.38 (m, 4H), 1.44-1.48 (three s, 45H), 
1.51-1.65 (m, 4H), 1.70-1.77 (m. 6H). 2.61-2.64 (t, J = 7.2Hz, 2H), 3.14-3.31 (m, lOH), 3.83-3.86 (m, 
2H), 3.98 (broad s, 1H); l3C-NMR (75.43 MHz, CD30D) 6: 25.2, 25.6, 26.3, 28.0, 28.3, 28.7, 28.8, 
29.5, 30.0, 30.5, 33.6, 36.2, 37.6, 37.8, 38.1. 42.5, 45.4, 46.1, 48.1, 52.6, 56.0, 79.9, 80.4, 80.7, 
80.9, 85.1, 156.0, 157.1, 157.6, 161.7. 174.7. 

Na-Cbz-L-asn-N7*NII-di-Boc-polyamineS33.Na, NG, NG’-tri-Boc-L-arg-amide: To a 15 
mL DMF solution of 0.95g (1.09 mmol) of 13 was added 0.45g (1.16 mmol) of N-Cbz-L-asparagine p- 
nitrophenyl ester, and this solution was stirred overnight at room temperature. The reaction was worked up 
by evaporation of the solvent and extraction of the oily residue with CH2Cl2 (200 mL) and by washing the 
organic extract with sat. NaHC03 and brine. After drying over MgS04 and evaporation, the oily residue 
was flash chromatographed on a silica gel column with 10% CH3OWCH2Cl2 to yield 1.07g (88%) of the 
desired product. Rf = 0.48 in 10% CH30H/CH2C12. FAB-MS (3-nitrobenzyl alcohol matrix, 
C54H92N10015): m/z 1121(M)+. 1072, 1021,935,921.865.721,621; ‘H-NMR (400 MHz. CD30D, 
TMS) 8: 1.25-1.40 (m, 4H), 1.44-1.48 (five s, 45H). 1.51-1.64 (m, 4H), 1.70-1.80 (m. 6H), 2.58-2.71 
(two dd, J = 6.0, 7.6Hz, 2H), 3.29-3.10 (broad s, 12H). 3.80-3.90 (m, 2H), 3.92-4.02 (broad s. lH), 
4.46-4.48 (dd, J = 6.0, 7.6Hz, lH), 5.09 (s, 2H), 7.30-7.35 (m, 5H); *3C-NMR (75.43 MHz, CD30D) S: 
25.0, 26.4, 28.1, 28.3, 28.7, 28.8, 29.7, 29.8, 30.0, 30.5, 37.6, 37.7, 38.0, 38.2, 38.3, 38.7, 40.3, 
45.2, 45.5, 45.7, 45.9, 46.2, 53.4, 56.1, 67.8, 79.9, 80.5, 80.8, 81.0, 85.2, 128.9, 129.0, 129.5, 138.0, 
156.0, 157.2, 157.7, 162.0, 164.6, 173.4, 174.8. 

H2N-L-asn-k’p N”-di-Boc-polyamineS33.N N N a, G, G’-tri-Boc-L-arg-amide (14): To a 50 

mL CH30H solution of 1.06g (0.95 mmol) No-Cbz-L-asn-N7V Ntkli-Boc-polyamine533-Nu, NC, NC- 
tri-Boc-L-arg-amide was added 0.3g of 10% Pd/C followed by hydrogenolysis at room temperature 
overnight. The reaction mixture was filtered and washed through Celite with 50 mL of CH30H. After 
evaporation of the solvent, the crude oil was passed through a silica column with 10% CH3OWCH2Cl2. 
The product was obtained as a clear foam, 0.83g (89%). Rf = 0.40 in 10% CH3OH/CH2Cl2. FAB-MS (3- 
nitrobenzyl alcohol matrix, C46H86N10013): m/z 987(M)+, 887,801,787,727.687,487,343; IH-NMR 
(400 MHz, CD30D. TMS) 6: 1.31-1.41 (m. 4H), 1.46-1.56 (fours, 45H), 1.61-1.70 (m, 4H), 1.72-1.78 
(m. 6H). 2.42-2.48 (dd, J = 8.0, 15.OHz, lH), 2.60-2.65 (dd, J = 5.0, 15.OHz. lH), 3.14-3.30 (broad s, 
12H), 3.63-3.67 (dd, J = 5.0, 8.OHz. lH), 3.85-3.95 (m, 2H), 4.00 (broad s. 1H); l3C-NMR (75.43 
MHz. CD30D) 6: 25.2, 26.4, 28.3, 28.7, 28.8, 29.1, 29.2, 29.4, 30.1, 30.5. 30.6, 40.2, 41.3, 46.0. 
46.2, 53.4, 56.1, 79.9, 80.5, 80.9, 81.0. 85.2, 156.1. 157.2, 157.3, 162.0, 164.6. 174.9. 175.8, 176.3. 

2,4-Dibenzyloxyphenylcrcetic acid methyl ester (15): To a solution of 70% HC104-CH30H (0.8 
mL : 3 mL) containing 0.74g (1.67 mmol) of Tl(N03)3*3H20 was added O.Jg (1.50 mmol) of 2,4- 
dibenzyloxyacetophenone20 in 5 mL CH30H. This solution was stirred for 80 min at room temperature, 
forming a white precipitate which was filtered and washed through a pad of Celite with 5 mL of CH3OH. 
The filtrate was diluted with 20 mL water and extracted with 60 mL of CH2Cl2. The organic extract was 
washed with sat. NaHC03 and brine. After drying with MgS04 and evaporation, the crude oil was purified 
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with a flash silica column eluted with 1:2 EtOAc/bexane. The desired product was obtained as a clear oil in 
91% (0.4958) yield. Rf = 0.65 in 1:2 EtOAckxane. lH-NMR (300 MHz, CDCl3, TMS) I: 3.58 (s, 3H), 
4.96 (s, 2H), 4.97 (s. 2H). 6.49-6.52 (dd, J = 2.1, 8.1Hz. IH), 6.57-6.58 (d, J = 2.1Hz, lH), 7.05-7.08 
(d, J = 8.1Hz, lH), 7.26-7.39 ( m, 1OH) ; 13C-NMR (75.43 MHz, CDC13) 6: 35.4, 51.7, 69.9, 70.1, 
100.6, 105.5. 116.1, 127.1, 127.5, 127.8, 127.9, 128.5, 128.6, 131.2, 136.9, 157.5, 159.3, 172.5. 

2,4-Dibanzyloxyphcnylacetic acid: To 4 mL of DME containing 0.38g (1.05 mmole) of 2,4- 
dibenzyloxyphcnylacetic acid methyl ester was added 0.13g (3.15 mmol) of LiOH*H20 in 8 mL of CH3OH- 
H20 (3: 1). The solution was stirred overnight at room temperature and was worked up by evaporation of 
the solvent and addition of 4 mL of 1.0 M HCl to the residue. The white precipitates were collected and 
washed with 10 mL of water, yielding 0.3588 of the desired product (98%) which was used without further 
purification. DCI-MS (CH4, C22H2004): m/z 349(M+l)+, 331, 181; IH-NMR (400 MHZ, CD30D, 
TMS) 6: 3.52 (s, 2H). 5.03 (s, 2H), 5.06 (s, 2H), 6.51-6.54 (dd, J = 2.4, 8.4Hz, lH), 6.61 (d, J = 2.4Hz, 
lH), 7.08-7.09 (d, J = 8.4Hz, lH), 7.27-7.45 (m, 1OH). 

2,4-Dibcnzyloxyphcnylacetic acid p-nitrophcnyl ester (16): To a 3 mL solution of acetone- 
EtOAc (1:2) containing 0. lg (0.2 mmol) of 2,4dibenzyloxyphenylacetic acid and 0.044g (0.32 mmol) of p- 
nitrophenol was added 0.062g (0.30 mmol) of dicycloheylcarbodiimide (DCC) in 1 mL of BaAc at O°C 
under Ar atmosphere. This solution was stirred for 12 hr, while the bath temperature was slowly inma& 
to room temperature. The white precipitate was filtered through a pad of Celite and the filtrate was 
concentrated to dryness. The crude product was chromatographed on a flash silica gel column with 1:2 
EtOAc/hexane. The desired product was obtained as a white solid in 86% (0.116 mg) yield. Rf = 0.60 in 
1:2 EtOAc/hexane. DCI-MS (CI-k$ C28H23N106): m/z 470(M)+, 331,230; IH-NMR (200 MHz, CDC13, 
TMS) 6: 3.84 (s, 2H), 5.04 (s, 4H), 6.54-6.59 (dd, J = 2.4, 8.2Hz, lH), 6.65-6.66 (d, J = 2.4Hz. lH), 
$.Wl.O22&y, J =9.2Hz, 2H), 7.14-7.18 (d, J = 8.2Hz, lH), 7.32-7.40 (m, 10H). 8.12-8.16 (d, J = 

. 9 . 

argiotoxin-636 (2): To a 2 mL DMF solution containing 92 mg (0.093 mmol) of 14 and 6 mg (0.049 
mmol) of N,N-dimethyl-4-aminopyridine @MAP) was added 53 mg (0.11 mmol) of 16 dissolved in 1 mL 
of DMF. This solution was stirred overnight at room temperature. After evaporation of the solvent, the 
residue was dissolved in 50 mL CH2Cl2 and washed 3 times with sat. NaHC03. The organic layer was 
further washed with brine and then dried with MgS04 before filtration through a pad of Cclite. The filtrate 
was concentrated in vacua to yield a pale yellow oil which was purified by flash chromatography on a silica 
gel column using 10% CH30WCH2C12. The desired product (Rf = 0.7-0.6 in 10% CH30HKH2C12) 
was obtained in 94% yield (116 mg). FAB-MS (3-nitrobenzyl alcohol matrix, C68H104N10016): m/z 
1339(M+Na)+, 1317(M)+, 1249, 1217, 1117, 1061, 1027,817; tH-NMR (400 MHz. CD30D, TMS) 6: 
1.19-1.41 (m, 4H), 1.44-1.53 (five s, 45H), 1.60-1.80 (m, IOH), 2.48-2.54 (dd, J = 6.0, 15.6Hz, 1H). 
2.57-2.62 (dd, J = 6.0, 15.6Hz, lH), 3.12-3.25 (m. 12H). 3.55 (s. 2H), 3.82-3.87 (m. 2H), 3.99 (broad 
s, IH), 4.63-4.65 (t, J = 6.OHz, 1H). 5.04 (s. 2H), 5.10 (s, 2H). 6.56-6.60 (dd, J = 2.4, 8.4HZ. 1H). 
6.69 (d, J =2.4Hz, lH), 7.11-7.14 (d, J = 8.4Hz, lH), 7.28-7.44 (m, 10H); 13C-NMR (75.43 MHz, 
CD30D) 6: 24.9, 26.3, 28.3, 28.6, 28.8, 29.9, 30.4, 34.7, 37.6, 38.4, 40.2, 45.4, 45.9, 46.1, 51.4, 
55.9, 71.0, 71.1, 80.5, 80.7, 80.9, 85.1, 101.8, 107.4, 117.3, 128.2, 128.5, 128.8, 129.5, 132.6, 138.4, 
155.9, 157.1, 158.6. 160.8. 172.6, 174.2, 174.8. 

To a 5 mL CH3OH solution of 0.1 g (0.076 mmol) di-0-benzyl-penta-N-Boc-argiotoxin-636 (above) 
was added 50 mg of 10% Pd/C followed by hydrogenolysis at room temperature overnight. The reaction 
mixture was filtered and washed through a pad of Celite with 10 mL CH3OH. The crude product was 
passed through a column of silica gel and eluted with 10% CH3OWCH2Cl2. The desired product was 
obtained as a clear foam, 82 mg (95%). FAB-MS (3-nitrobenzyl alcohol matrix, C54H92N10016): m/z 
1159(M+Na)+, 1137(M)+, 1037,937.923,837,637; IH-NMR (400 MHZ, CD3OD, TMS) 6: 1.22-1.42 
(m, 4H), 1.44-1.54 (five s, 45H), 1.58-1.80 (m, lOH), 2.59-2.65 (dd, J =6.0, 15.6Hz. lH), 2.69-2.75 
(dd, J =6.0, 15.6Hz, lH), 3.12-3.20 (m, 12H), 3.44-3.45 (d, J =4.8Hz, 2H), 3.82-3.89 (m. 2H), 3.98 
(broad s, IH), 4.63-4.66 (t, J. = 6.OHz, lH), 6.26-6.29 (dd. J -2.4, 8.4Hz. 1H). 6.34 (d, 2.4Hz. lH), 
6.93-6.95 (d, J =8.4Hz, 1H); ‘3C-NMR (75.43 MHz, CD30D) 6: 25.1, 26.5, 28.3, 28.5, 28.6, 28.7, 
29.3, 29.5, 29.6, 30.0, 30.1, 30.5, 30.8, 37.4, 37.7, 38.9, 40.4, 45.4, 45.5, 45.9, 46.1, 46.2, 46.3, 
51.6, 56,2, 80.0, 80.6, 80.9, 81.1, 85.3, 103.9, 108.1. 114.1, 132.8, 156.1. 157.4. 159.2. 172.98, 
174.96, 175.05, 175.13. 
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To 2 mL of dry CHZCl2 containing 0.073 g (0.064 mmol) of penta-N-Boc-argiotoxin-636 was add& 
2 mL of TFA in ice bath. This mixture was stirted for 3 hr under Ar amsphere at O°C. The solvent was 
removed in VacuQ yiekiing an oily residue. The free TFA was removed by repeatedly dissolving the oily 
residue in 2ml of CH3OH and evaporating, and finally by lyophilization of a frozen ~QUCOUS mh&n of the 

residue. Argiotoxin-636 as a TFA salt was obtained in quantitative yield. FAB-MS (fnitro&zyl al&o1 
matrix, C29H52N1006): m/z 659(M+Na)+, 637(M)+, 623,509,487,329; lH-NMR (400 MHz, CD30D, 
TMS; TFA salt) 6: 1.28-1.49 (m. ZH), 1.51-1.69 (m, 6H), 1.87-l.% (m, 4H), 2.06-2.11 (m, 2H), 2.70. 
2.71 (d, J = 6.OHz. 2H), 2.81-3.43 (m, 16H), 3.87-3.90 (t. J = 6.4Hz, lH), 4.60-4.63 (t, J = 6.0&, U-i), 
6.28-6.31 (dd. J =2.4, 8.4Hz, lH), 6.35 (d, J = 2.4Hz, lH), 6.95-6.97 (d, J = 8.4Hz, 1H); 13C-NMR 
(75.43 MHz, CD30D; TFA salt) 6: 24.2, 24.3, 25.6, 26.4, 27.4, 28.1, 29.3, 29.7, 37.2, 37.4, $3.7, 
39.7. 41.7, 45.6. 46.0, 46.7, 52.1, 54.2, 103.9, 108.1, 114.4, 133.0, 157.4, 159.2, 162.1, 170.7, 173.4, 
175.5. 

2,4-Di-methoxyphenylacetyl-L-asn-polyamind33-L-arg (3): To a 1 mL DMF solution of 50 mg 
(0.051 mmol) 14 and 4 mg (0.033 mmol) of DMAP was added 18 mg (0.057 mmol) of 2,4- 
dimcthoxyphenylacctic acid p-nitrophenyl ester dissolved in 1 mL of DMP. The solution was stirred 
overnight at room temperature. The reaction mixture was worked up and purified in the same manner as for 
synthesis of argiotoxin-636. The desired product was obtained as a white foam in 93% (55mg) yield. Rf = 
0.58 in 10% CH3OHICH2Cl2. FAB-MS (3-nitrobenzyl alcohol matrix, C56H96N10016 ): m/z 
1187(M+Na)+. 1165(M)+, 1065,979,%5,909,803,687,665,604,457; tH-NMR (400 MHz, CD30D, 
TMS) 8: 1.20-1.32 (m, 4H), 1.44-1.54 (four s, 45H), 1.55-1.80 (m, 1OH). 2.56-2.63 (dd, J -6.0, 
l5.OHz. 1H). X65-2.75 (dd, J ~6.0, lS.OHz, lH), 3.10-3.30 (broad s, 12H). 3.47-3.48 (d, J =4.OHz, 
2H), 3.76-3.88 (m, 8H). 3.99 (broad s, .lH), 4.62-4.65 (t, J = 6.OHz, 1H). 6.46-6.49 (dd, J ~2.0. 8.OHz, 
lH), 6.53-6.54 (d, 2.OHz, lH), 7.09-7.11 (d. J =8.OHz, IH); ‘3C-NMR (75.43 MHz, CD3OD) LQ25.2, 
26.4, 28.3, 28.7, 28.8, 29.1. 29.2, 29.4, 30.2, 30.5, 30.6, 40.2. 41.3, 46.0, 46.2, 53.4, 56.1, 57.0, 
79.9, 80.5, 80.8, 81.0, 85.2, 99.8, 106.0, 116.9, 133.4, 156.0, 157.2, 157.7, 159.7, 162.0, 172.9, 
174.4, 174.9. 

The N-Boc groups were removed as described for synthesis of argiotoxin-636. FAB-MS (3- 
nitrobenzyl alcohol matrix, C31H56Nloo6 ): m/z 687(M+Na)+, 665(M)+, 373,329; tH-NMR (400 MHz, 
CD30D, TMS; ‘IFA salt) 6: 1.33-1.39 (m, 2H), 1.48-1.53 (quintet. J =7.OHz, W), 1.62-1.71 (m. 4H). 
1.87-1.96 (m, 4H), 2.09-2.13 (quintet. J = 7Hz, 2H), 2.61-2.72 (two dd, J = 6.0, 15.0 Hz, 2H), 2.92- 
3.47 (m, 14H), 3.49-3.50 (d, J = 4.OHz. 2H), 3.78 (s, 3H), 3.82 (s, 3H). 3.88-3.91 (t, J = 6.4 Hz, lH), 
4.61-4.65 (t, J = 6.OHz. lH), 6.48-6.50 ( dd, J = 2.4, 8.4Hz. IH), 6.54 (d. J = 2.4Hz. 1H). 7.10-7.12 (d, 
J = 8.4Hz. 1H) ; I3C-NMR (75.43 MHz, CD30D; TFA salt) S: 24.2, 24.4, 25.5, 25.6, 27.4, 29.5, 29.7. 
30.5, 37.4, 37.7, 38.3, 39.9, 41.7, 45.7, 46.0, 46.6, 51.9. 54.2, 55.9, 56.2, 99.6, 105.9, 117.0, 132.0, 
158.8, 159.8, 162.1. 170.8, 173.3, 174.8. 

3.4-Di-mcthoxycinnamoyl-L-asn-polyamiad33-L-arg (4): To a 1 ml, DMF solution of 40 mg 
(0.04lmmol) 14 and 4 mg (0.033 mmol) DMAP WL added 15 mg (0.046 mmol) 3&di-mcthoxycinnamic 
acid p-nitrophcnyl ester dissolvai in 1 mL DMF. The solution was stirred overnight at room temperature. 
The reaction mixture was worked up and purified in the same manner as for synthesis of argiotoxin-636. 
The desired product was obtained as a white foam in 74% (35.8 mg) yield. Rf = 0.72 in 10% 
CH30H/CH2C12. FAB-MS (3-nitrobcnzyl alcohol matrix, C57H96N10016): m/z 1199(M+Na)+, 
1177(M)+, 1077.977, 877,699, IH-NMR (300 MHz, CD3OD. TMS) 6: 1.28-1.40 (m, 4H), 1.43-1.53 
(five s. 45H), 1.58-1.73 (m, lOH), 2.65-2.80 (two dd, J = 6.3, 15.6Hz. 2H), 3.10-3.22 (m, 12H), 3.81- 
3.86 (broad s. 8H). 3.98 (broad s, lH), 4.80-4.85 (t, J = 6.3Hz, lH), 6.52-6.58 (d. J = 15.5Hz, lH), 
6.94-6.97 (d, J = 8.2Hz. lH), 7.13-7.14 (dd, J = 2.0, 8.2Hz, IH). 7.15-7.16 (d, J = 2.OHz. IH), 7.46- 
7.51 (d, J = 15SHz. 1H) ; t3C-NMR (75.43 MHz, CD3OD) 8: 25.1, 26.4, 28.3, 28.7, 28.8, 29.3, 30.1, 
30.5, 38.2, 40.4, 45.5, 46.0, 46.2, 51.9, 56.1. 56.4, 56.5, 80.5, 80.8, 81.0, 85.2, 114.4, 112.7, 119.3, 
123.4, 129.2, 142.4, 150.7. 152.4. 156.0, 157.2. 157.7, 162.0, 168.6, 173.1, 174.8. 

The N-Boc groups were removed as for the synthesis of argiotoxin-636. FAB-MS (3-nitrobcnzyl 
alcohol matrix, C32H56N1006): m/z 699(M+Na)+. 677(M)+. 427; *H-NMR (400 MHz, CD30D, TMS; 
TFA salt) 6: 1.42-1.46 (quintet, J = 7.6Hz. 2H), 1.53-1.59 (quintet, J = 7.2Hz. ZH), 1.67-1.75 (m, 4H), 
1.87-1.99 (m. 4H). 2.12-2.17 (quintet, J = 8.OHz. 2H), 2.70-2.82 (two dd, J = 6.0, 15.6Hz, 2H), 3.00- 
3.04 (t. J = 7.6Hz. 2H), 3.06-3.09 (t. J = 7.6Hz, 2H), 3.10-3.12 0, J = 7.2Hz. 2H). 3.20-3.30 (m, 4H). 
3.41-3.48 ( q, J = 7.2Hz, 2H), 3.86 (s, 3H), 3.88-3.92 (t, J = 7.6Hz, lH), 3.98 (s, 3H), 4.81-4.82 (t. J = 
6.OHz. lH), 6.56-6.60 (d, J = 15.6Hz, IH), 6.95-6.98 (d. J = 8.OHz, lH), 7.12-7.15 (dd, J = 2.0. 
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8.0Hz. lH), 7.17 (d, J = 2.OHz. lH), 7.47-7.51 (d. J = 15.6Hz, 1H); t3C-NMR (75.43 MH~, CD3CD; 
TFA salt) 6: 24.1, 24.4, 25.5, 26.5, 27.3, 29.5, 29.7, 37.4, 39.8, 41.7, 45.7, 45.9, 46.6, 52.1, 54.1, 
55.1, 55.4, 111.4. 112.7, 119.2, 123.5, 129.2, 142.5, 150.7, 152.5, 158.7, 168.9, 170.7, 173.4. 

4-Azidophenylacctyl-L-as+polyamineS33-L-arg (5): To a 1 mL DMF solution of 40 mg 
(004lmmol) 14 and 4 mg (0.033 mmol) DMAP was added 13 mg (0.044 mmol) of4-azidophenylacedc 
acid p-nitrophenyl ester dissolved in 1 mL DMP. The solution was stirred overnight while b&g p~~wd 
from direct, strong light at room temperature. The reaction mixture was worked up and purified in the same 
manner as for synthesis of argiotoxin-636. The desired product was obtained as a white foam in 85% (39.5 
mg) yield. Rf = 0.47 in 10% CH30HKH2C12. FAB-MS (3-nitrobenzyl alcohol matrix, C54HglN13014): 
m/z 1168(M+Na)+, 1146(M)+, 1120, 1046, 1020,960,946,920; tH-NMR (400 MHZ. CD30D, TMS) 6: 
1.20-1.41 (m, 4H), 1.44-1.54 (five s, 45H). 1.58-1.80 (m. lOH), 2.59-2.64 (dd, J = 7.0,15.OH~, HI), 
2.66-2.71 (dd, J = 7.0, 15.OHz, lH), 3.12-3.25 (m, 12H). 3.55 (s. 2H), 3.80-3.95 (m, 2H), 3.99 (broad 
s, lH), 4.65-4.69 (t. J = 7.OHz, lH), 6.99-7.02 (d, J = 8.4Hz. 2H), 7.30-7.33 (d, J = 8.4Hz, 2H); t3C- 
NMR (75.43 MHz, CD30D) 6: 25.1, 26.4, 28.3, 28.7, 28.8, 30.0, 30.5, 38.0, 40.4, 42.8, 45.5, 46.0, 
46.1, 46.2, 46.3, 51.8, 56.1, 80.9, 81.1, 85.2, 120.1. 131.8, 133.6, 140.1, 156.1, 157.3, 162.0, 172.9, 
173.5, 174.8, 174.9. 

The N-Boc groups were removed as for the synthesis of argiotoxin-636. FAB-MS (3-nitrobenzyl 
alcohol matrix, C29H5lNl304): m/z 646(M)+, 620,399,367,237; tH-NMR (400 MHz, CD30D, TMS; 
TFA salt) 6: 1.34-1.40 (quintet, J = 7.2Hz, 2H), 1.50-1.56 (m, 2H). 1.64-1.73 (m, 4H), 1.87-1.98 (m, 
4H), 2.10-2.14 (quintet, J = 7.OHz. 2H), 2.61-2.67 (dd, J = 7.0, 15.6Hz, 1H). 2.69-2.74 (dd, J = 7.0, 
15.6Hz, lH), 2.96-3.28 (m, 12H), 3.41-3.52 (q, J = 6.8Hz. 2H), 3.57 (s. 2H). 3.88-3.91 (t. J = 6.4Hz, 
lH), 4.63-4.67 (t, J = 7.OHz. IH), 7.00-7.03 (d, J = 8.4Hz, 2H), 7.30-7.33 (d, J = 8.4Hz. 1H) ; t3C- 
NMR (75.43 MHz, CD30D; TPA salt) S: 24.2, 24.4, 25.5, 26.5, 27.4, 29.5, 29.7, 37.4, 37.8, 39.7, 41.7, 
42.7, 45.6, 45.9, 46.6, 52.1, 54.1, 120.1, 131.8, 133.6, 140.2, 170.7, 173.2, 173.8, 174.8. 

Butyryl-L-tyr-L-usn-polyumineS33-L-urg (6): To a 1 mL DMF solution of 50 mg (0.05mmol) 14 
and 4 mg (0.033 mmol) DMAP was added 2 1 mg (0.056 mmol) butyryl-L-tyrosine p-nitrophenyl ester21 
dissolved in 1 mL DMF. The solution was stirred overnight at room temperature. The reaction mixture was 
worked up and purified in the same manner as for the synthesis of argiotoxin-636. The desired product was 
obtained as a white foam in 75% (46.3 mg) yield. Rf = 0.59 in 12% CH3OHKH2Cl2. FAB-MS (3- 
nitrobenzyl alcohol matrix, C59HlOlN11016): m/z 1243(M+Na)+, 1221(M)+, 1121,1021,965; tH-NMR 
(400 MHz, CD30D, TMS) S: 0.83-0.90 (t. J =lO.OHz. 3H), 1.27-1.40 (m. 6H). 1.44-1.54 (five s. 45H), 
1.56-1.75 (m, lOH), 2.16-2.19 (t, J = 7.2Hz, 2H), 2.44-2.72 (m, 2H), 2.78-2.89 (m, lH), 2.93-3.06 (m. 
lH), 3.12-3.28 (broad s, 12H), 3.81-3.88 (m. 2H), 3.98 (broad s, 1H). 4.31-4.46 (two* t, J = 7.OHz. 
lH), 4.58-4.64 (two* t, J = 6.OHz. lH), 6.70-6.72 (d, J = 8.OHz. 28)..7.03-7.05 (d, J = 8.OHz. IH), 
7.06-7.08 (d, J = 8.OHz, 1H); J3C-NMR (75.43 MHz, CD30D) 6: 14.0, 14.1, 20.2, 25.1. 26.4, 28.3, 
28.6, 28.8, 30.0, 30.5, 37.2, 37.3, 37.4, 37.5, 38.4, 38.6, 40.5, 45.5, 46.0. 46.2, 48.1, 48.4, 48.7, 
49.0, 49.3, 49.6, 49.9, 51.3, 51.5, 56.1, 57.0, 57.6, 79.9, 80.5, 80.8, 81.0, 85.2, 116.2, 128.8, 131.3, 
156.0, 157.2, 157.3. 157.4, 157.7, 162.0. 172.6, 173.9, 174.9, 175.1, 176.5. 

The N-Boc groups were removed as in the synthesis of argiotoxin-636. FAB-MS (3nitrobenzyl 
alcohol matrix, C34H61N1106): m/z 742(M+Na)+.720(M) +; IH-NMR (400 MHz, CD30D. TMS; TFA 
salt) 6: 0.84-0.90 (m, 3H), 1.33-1.40 (m, 2H), 1.53-1.58 (m, 2H), 1.60-1.70 (m. 2H), 1.84-1.97 (m, 
2H), 2.13-2.19 (two* t, J = 6.5Hz, 2H), 2.55 (broad s, lH), 2.71 (broad s, lH), 2.81-3.47 (m, 16H), 
3.89-3.92 (t, J = 6.OHz. lH), 4.29-4.45 (two* t, J = 7.OHz, lH), 4604.63 (t, J = 5.2Hz. lH), 6.71-6.73 
(d, J = 7.OHz, 2H), 7.04-7.09 (two* d, J =7.2Hz, 2H); t3C-NMR (75.43 MHz, CD30D; TFA salt) 6: 
14.0, 20.2, 24.1, 24.4, 25.5, 26.5, 27.3, 29.5, 29.6, 37.3, 38.4, 38.6, 39.8, 41.6. 45.6, 45.9, 46.6, 
51.4, 51.6. 54.1, 57.2, 57.7, 116.3. 128.8, 131.2, 157.3, 158.7, 170.7, 172.9. 174.1, 176.7. *1:1 
conformational isomerstg 

2,4-Hexadienoyl-p-azido-L-phe-L-asn-polyamine533-L-arg (7): TO a 1 mL DMF solution of 50 
mg (0.05mmol) 14 and 4 mg (0.033 mmol) DMAP was added 23 mg (0.055 mtnol) 2,4-hexadienoyl-p- 
azido-L-phenylalanine p-nitrophenyl ester 22 dissolved in 1 mL DMF. The solution was stirred overnight 
protected from direct, strong light at room temperature. The reaction mixture was worked up and purified in 
the same manner as for the synthesis of argiotoxin-636. The desired product was obtained as a white foam 
in 79% (51 mg) yield. Rf = 0.53 in 12% CH3OH/CH2Cl2. FAB-MS (3-nitrobenzyl alcohol matrix, 
C61HlOON14015): m/z 1270(M)+, 1243. 1285, 1170, 1098, 1084,107O; IH-NMR (300 MHz. CD3CD) 
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6: 1.23-1.39 (m, 4J-Q 1.44-1.54 (five s, 45H), 1.61-1.X (m, lOH), 1.82-1.84 (d, J = 6.3~z, 3~). 2.65_ 
2.75 (m, 2H). 2.85-2.93 (dd. J = 8.0, 15.OHz. lH), 2.95-3.04 (dd, J = 8.0, 12.0~. lH), 3.10-3.20 (m, 
12H). 3.80-3.90 (m, W), 3.99 (broad s, lH), 4.54-4.62 (m, 2H), 5.92-5.97 (d, J = 15.oHz, H-I), 6.12- 
6.26 (m, Z-I), 6.96-6.99 (d, J = 8.4Hz. 2H), 7.06-7.14 (dd, J = 10.0, ~~.OHZ, H-J), 7.26729 (d, J = 
8.4Hz. H-J); 13C-NMR (75.43 MHz, CD30D) S: 18.7, 25.1, 26.4, 28.3, 28.7, 28.8, 29.3, 30.0, 30.5, 
37.4. 37.8, 40.5, 45.5, 45.9, 46.1, 46.2, 51.6, 56.9, 79.9, 80.5. 80.8, 81.0, 85.2, 120.1, 122.0, 131.1, 
131.9, 135.2, 139.5, 140.0, 143.1, 156.0, 157.3, 157.7. 164.7, 169.3, 172.5, 173.3, 174.9, 175.1. 

The N-Boc groups were removed as in the synthesis of argiotoxin-636. PAR-MS (3-nitrobcnzy1 
alcohol matrix, C36H6ON1405): m/z 791(M+Na)+, 769(M)+, 741,487; tH-NMR (400 MJ-J~, CD~OD, 
TMS; TFA salt) 6: 1.36-1.43 (m, 2H), 1.53-1.57 (m, 2H), 1.66-1.76 (m. 4H), 1.83-1.84 (d, J = 5.6Hz, 
3H), 1.86-1.99 (m, 4H), 2.12-2.15 (quintet, J = 6.OHz, 2H). 2.70-2.71 (d, J = 5.OHz. 2H), 2.93-3.39 (m, 
l6H). 3.89-3.92 (t, J = 6.0Hz, IH), 4.52-4.55 (dd, J = 6.0, 8.4Hz, lH), 4.59-4.61 (t, J = 5.OHz, IH), 
5.94-5.97 (d, J = 15.2Hz, IH), 6.12-6.25 (m, 2H), 6.98-7.00 (d, J = 8.4Hz. 2H), 7.07-7.13 (dd, J = 
10.4. 15.2Hz. lH), 7.27-7.29 (d, J = 8.4Hz. 2H); 13C-NMR (75.43 MHz, CD30D; TFA salt) 8: 18.7, 
24.2, 24.4, 25.5, 26.6, 27.4, 29.5, 29.7, 37.4, 37.7, 39.9, 41.7, 45.7, 46.0, 46.7, 47.5, 47.8, 51.8, 
54.2, 57.2, 120.1, 122.0, 131.1, 131.9, 135.2, 139.7, 140.1, 143.3, 158.8, 169.7, 170.8, 172.8, 173.6. 

Decanoyl-p-atido-L-phc-L-am-polyamine533-L-arg (8): To a 1 rnL DMF solution of 40 mg 
(0.04lmmol) 14 and 4 mg (0.033 mrnol) DMAP was added 22 mg (0.046 mmol) dccanoyl-p-azido-L- 
phcnylalaninc p-nitrophenyl ester 23 dissolved in 1 mL DMF. The solution was stirred overnight while 
bcin protected from direct, strong light at room tempcraturc. The reaction mixture was worked up and 

pun led in the same manner as for the synthesis of argiotoxin-636. *P The desired product was obtained as a 
white foam in 84% (45 mg) yield. Rf =.0.55 in 12% CH3OH/CH2Cl2. FAB-MS (3-nitrobcnzyl alcohol 
matrix, C65Hll2Nl4015): m/z 135l(M+Na)+, 1329(M)+, 1277, 1251, 1229, 1143, 1129, 1101, 1073; 
tH-NMR (400 MHz, CD30D, TMS) 6: 0.88-0.91 (t, J = 5.OHz, 3H), 1.14-1.38 (broad s, 18H), 1.44- 
1.54 (five s, 45H), 1.59-1.75 (m, lOH), 2.16-2.20(t, J = 5.7Hz, 2H), 2.60-2.75 (m, 2H), 2.83-2.88 (dd, 
J =6.0, 10.5Hz, lH), 2.89-2.95 (dd, J -6.0, lO.SHt,lH), 3.04-3.18 (m. 12H), 3.81-3.87 (m, 2H). 3.98 
(broad s, 1H). 4.60-4.66 (m, 2H), 6.97-6.99 (d, J = 6.3Hz. 2H), 7.25-7.29 (d. J = 6.3Hz. 2H); t3C- 
NMR (75.43 MHz, CD30D) 6: 14.5, 23.8, 25.1, 26.4, 28.3, 28.7, 28.8, 30.0, 30.2. 30.5, 30.6, 33.0. 
36.6, 36.8, 37.3, 37.4, 37.5, 37.6, 40.5, 45.5, 45.9, 46.1, 46.2, 51.3, 51.6. 56.0, 56.1, 56.4, 57.1, 
80.0, 80.5, 80.8, 81.0, 85.2, 120.1, 131.9, 135.4, 139.9, 156.0, 157.3, 162.1, 172.6, 173.5, 174.9, 
175.0, 176.6. 

The N-Boc groups were removed as in the synthesis of argiotoxin-636. FAB-MS (3-nitrobcnzyl 
alcohol matrix, C4OH72Nl405 ): m/z 851(M+Na)+, 829(M)+, 801,427,399,354; tH-NMR (400 MHz. 
CD30D, TMS; TFA salt) 6: 0.88-0.92 (t, J =6.8Hz, 3H). 1.13-1.59 (m, 13H), 1.66-1.72 (m, 4H), 1.87- 
1.97 (m, 4H), 2.11-2.16(m, 2H). 2.17-2.21 (t, J = 7.6Hz. 2H), 2.57-2.72 (two* dd. J = 6.0, 1 l.OHz. and 
d, J = 6.OH2, 1H). 2.85-2.91 (two* dd, J =6.0, ll.OHz. lH), 3.02-3.28 (m. 13H). 3.43-3.46 (quintet, J 
= 7.6Hz, 2H), 3.88-3.91 (t. J = 6.0Hz,lH), 4.40-4.53 (dd, J = 6.0, lO.OHz, and t, J =6.OHz. lH), 4.59- 
4.65 (two* t, J =6.OHz, 1H). 6.97-7.00 (d, J = 8.4Hz. 2H), 7.25-7.29 (two* d, J = 8.4Hz, 2H); 13C- 
NMR (75.43 MHz, CD3OD, TPA salt) 6:14.5, 23.8, 24.2, 24.4, 25.5, 26.5, 26.9, 27.4, 29.5, 30.0. 30.2, 
30.5, 30.6. 33.1, 36.6, 36.8, 37.3, 37.5, 39.9, 41.7, 45.7, 45.9, 46.6, 51.4, 51.7, 54.1. 56.7. 57.1, 
120.1, 131.8, 135.3, 140.0. 170.7, 172.9, 173.8. 175.0, 176.8. *l:l conformational isomers19 

N-Cbz-L-asn-N,N*,N”-tri-Boc-poly(rminc 343: To a 10 mL solution containing 0.43 g (2.13 
mmol) of spcrminc was added 0.55g (1.42 mmol) of N-Cbz-L-asparaginc p-nitrophenyl ester (18) while 
stirring. After 10 hr stirring at room tcmpcraturc, the reaction mixture was concentrated to a yellow oil and 
10 mL CH3OH/CH2Cl2(l:l) was added to enhance crystallization of undesired yellow precipitates. The 
resulting suspension was filtcrcd and washed through a pad of Cclite with 10 mL of the same solution. The 
filtrate was concentrated to yield crude product as a clear yellow oil. The crude product containing momeric 
as well as bis-mcric adducts was dissolved in 6 mL CH3OH followed by addition of 1.86g (8.52 mmol) di- 
rerr-butyl dicarbonatc. in 4 mL CH3OH. The reaction mixture was stirred overnight at room tempcraturc. 
~hc clear oil obtained after evaporation of solvent was chromatographcd on a flash silica column and elutcd 
with 1% CH30H/CH2Cl2 and 10% CH30WCH2Cl2 yielding 0.58g (54%) of the desired product as a 
colorless oil. Rf = 0.60 in 10% CH30H/CH2Cl2. FAB-MS (3-nitrobcnzyl alcohol matrix, 

C37H62N6010): m/z 773(M+Na)+, 751(M)+, 651.595.451; ‘H-NMR (300 MHz, CD3OD) 6: I .43- I .45 
(two s, 27H), 1.51-1.58 (broad s, 4H), 1.60-1.69 (broad s, 4H), 2.65-2.70 (rn, 2H). 3.07-3.19 (rn I2H), 
4.48-4.52 (t. J = 6.9Hz, IH), 5.09 (s, 2H), 7.26-7.35 (m, 5H); ‘SC-NMR (75.43 MHz, CD30D) 6: 26.5, 
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26.8, 26.9, 28.8, 29.4, 29.6, 38.1, 38.9, 45.3, 45.6. 45.9, 47.7, 47. 9, 48.1, 53.4, 67.7, 79.7, 80.7, 
128.8, 128.9, 129.4, 137.9, 157.1, 1579, 158.2, 173.3, 174.7. 

H2N-Lssn-tn’-Boc-polyamine343 (19): To a 15 mL CH30H’solution of 0.55g,(O.73 mmol) N-tJbz- 
L-asn-N,N’,N’Qri-Boc-polyamine 343 was added 100 mg of 10% Pd/C followed by hydrogenolysis at 
room temperature overnight. The reaction mixture was filtered and washed through a pad of Celite. The 
solvent was evaporated in vacua and the residue was purified by chromatography on a flash silica column 
using 5% CH3OWCH2Cl2. This yielded 0.39g (87%) of desired product as a white foam. Rf = 0.4 in 10% 
CH30HKH2C12. FAB-MS (3-nitrobenzyl alcohol matrix, C29H56N608): m/z 617(M)+, 517,417, 317; 
IH-NMR (300 MHz, CD30D) 6: 1.51-1.53 (two s, 27H). 1.55-1.59 (m, 4H), 1.72-1.81 (m, 4H), 2.41- 
2.58 (dd, J = 8.0, 15.3Hz. IH), 2.68-2.74 (dd, J = 4.8, 15.3Hz. lH), 3.09-3.13 (t. J= 6.6Hz, 2H), 3.20 
3.29 (broad s, lOH), 3.70-3.74 (dd. J = 4.8, 8.OHz, 1H); 13C-NMR (75.43 MHz, CD30D) S: 37.8, 38.8, 
41.2, 45.6, 45.9, 47.9, 48.1, 48.2, 53.4, 79.7, 80.7, 157.2, 158.2. 175.6. 176.3. 

Butyryl-L-tyr-L-asn-tri-Boc-polyamine343: In 1 mL DMF containing 0.142g (0.23 mmol) of 19 
was added while stirring 90 mg (0.24 mmol) of butyryl-L-tyrosine p-nitrophenyl es&t dissolved in 1 mL 
DMF. This solution was stirred at room temperature for 24 hr before evaporation of the solvent. The 
slightly yellow oily residue was dissolved in 50 mL CH2Cl2. The orgatksolution was washed with sat. 
NaHC03 and brine. The organic layer was dried with MgS04 before filtration through a pad of Celite. The 
filtrate was concentrated in vacua to yield the oily residue;which was chmmatographed on a flash silica gel 
column with 91 CH2CQKH3OH. eluting 0.18g (92%) of the desired product as a clear oil. Rf = 0.48 in 
10% CH30H/CH2C12. FAB-MS (3-nitrobenzyl alcohol matrix, C42H71N7011 ): m/z 872(M+Na)+, 
850(M)+, 750,694, 650,576, 550; IH-NMR (400 MHz, CD30D) 6: 0.82-0.89 (t, J = 7.2Hz. 3H), l/IO- 
1.44 (three s, 27H), 1.49-1.57 (m, 6H). 1.60-1.67 (broad S, 4H). 2.14-2.18 (t, J = 7.2Hz, 2H), 2X-2.70 
(m. IH), 2.79-2.88 (two* dd, J = 8.0. 13.2Hz, lH), 3.00-3.04 (m, 3H), 3.10-3.20 (broad s, lOH), 4.31- 
4.47 (m, 1H). 4.61-4.62 (m, lH), 6.69-6.71 (d, J = 8.4Hz. 2H). 7.02-7.04 (d. J = 8.4Hz. lH), 7.05-7.07 
(d, J = 8.4Hz. 1H); t3C-NMR (75.43 MHz. CD30D) 6: 14.0, 20.1, 26.7, 27.1. 28.5, 28.8, 29.3, 29.4, 
29.6, 37.1, 37.4, 37.5, 38.5, 38.6, 38.9, 45.7, 46.0, 46.1, 47.9, 48.0, 48.1, 51.3, 51.5, 56.8, 57.6, 
79.9, 80.9, 116.3, 128.9, 131.3, 157.4, 158.4, 172.7, 173.8, 175.0, 176.3. *I:1 conformational 
isomers19 

Butyryl-L-tyr-L-4sn-polyamine343 (9): The deprotection of N-Boc groups of butyryl-l-tyr-l-asn-tri- 
Bocpolyamine343 (0.13g. 0.15 mmol) was effected in 2 mL dry CH2CI2 and 2 mL TFA in the same 
manner as described in the synthesis of argiotoxin-636. FAB-MS (3-nitrobenzyl alcohol matrix, 
C27H47N705): m/z 572(M+Na)+, 550(M)+, 476; IH-NMR (300 MHz, CD30D. TFA salt) 6: 0.81-0.89 
(t, J =7.5Hz, 3H), 1.50-1.59 (quintet, J = 6.OHz, 2H), 1.77-1.89 (m, 6H). 2.03-2.14(m, 2H), 2.15-2.20 
(t, J = 7.8Hz, 2H), 2.48-2.67 (dd*, J = 6.0. 15.OHz, and dd*. J = 8.0. 15.OHz. 1H). 2.69-2.73 (t, J 
=8.OHz, IH). 2.80-2.94 (two* dd, J = 5.7. 13.8Hz. 1H). 2.95-3.15 (m, 13H). 3.20-3.34 (m, 2H). 4.28- 
4.45 (dd*, J = 6.0, 8.OHz, and t*. J =8.OHz. lH), 4.57-4.64 (two* t, J =5.7Hz, 1H). 6.70-6.73 (two* d, 
J = 8.4Hz, 2H), 7.02-7.04 (d, J = 8.7Hz, IH), 7.05-7.08 (d, J = 8.7Hz. 1H); t3C-NMR (75.43 MHz. 
CD3OD; TFA salt) 8: 13.9, 20.1, 20.2, 24.1, 25.3, 27.3, 36.9, 37.0, 37.2, 37.4, 37.8, 38.4, 38.6, 45.8, 
46.0. 51.2. 51.5, 57.2, 57.7, 116.3, 128.8, 131.3, 157.3, 174.0, 174.3, 174.9, 176.7. *l:l 
conformational isomers19 
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dihydroxyacetophenone (1.0 q). benzylbromide (2.1 q) and K2CG3(2.5 eq) in acetone. Rf = 0.63 in 
1:2 EtGAcIhexane. 
Goodnow. Jr., R.; Konno. K.; Niwa, M.; Kallimopoulos, T. A.; Bukownik, R.; Lenare, D.; 
Nakanishi, K. Tetrahedron 1990,46 ,3267-3286. 
2,~Hexadienojrl-pap~nyl~me pnitrophenylester was prepared from N-Boc-p-azido-L- 
phenylalanine pnittophenyl ester as in the synthesis of butyryl-L-tyrosinC pniaopheny! ester. 
Choi, S.-K.; Goodnow, Jr., R.; Kalivretenos. A.; Chile% G. W.; Fushiya, S.; Nakantshi. K. 
Tetrahedron 1992.48 ,4793-4822. 


