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Abstmct: Kducttve akylatlon IS a practical strategy for a total synthes~ of spider tomn ar~otoxm~ 
636, a polyamme anude whvzh IS a selectwe glutamate receptor antagonist and may have potential as 

a neuroprotectwe agent Central to tlus synthesis are a Saem oxidation and a reductive alkylatlon 

Arglotoxrn-636 IArgTX-636, (l), arglopme] IS an unsymmetrical polyamine amide Isolated from the 

venom of certam orb-weaver spiders. 1 The unusual structure of ArgTX-636 (1) was solved and published 

Independently by Gnshm ( l%~S6),~ and by Adams (1987)’ and their co-workers. This spider toxm contams 

an unsymmetrical polyamme (5.3.3), regloselectlvely acylated on the primary amino functlonal group of- the 

cadavcnne ( 1,5-dlammopentanc) moiety with 2.4.dlhydroxyphenylacetyl-L-asparagine. The termmal amme 

01 the tnamrne (3.3) moiety IS acylated with L-argmme. This polyamine amide (3.3-Arg, sFTX-3.3)‘car~ies 

up to four posltl\c charges. at physlologlcal pH. There IS contmutng Interest m such polyamme amides as 

channel blockers for glutamlc acid and/or nicotlmc acetylcholme-gated catlon channels, and certam voltage- 

sensltlve calcium channels. ‘*5m” In this L&W, WC present a synthesis of ArgTX-636 (1) based upon a 

practical, reductlre alkylatlon strategy which allow>s the 3.3-tnamine mole@ to be incorporated intact.‘* 

Argiotoxin-636 (1) synthesis: Protected, activated chromophore (2) was efficiently prepared by an 

Arndt-Elstert cham homologatlon strategy (Scheme I). Thus , 7,4-dthydroxybenzoic acid (3) (Aldrich) was 

poly-O-benzylated (3.3 eq. BnBr, 3.3 eq. NaH, anhydrous DMF, 0 to 2O”C, 16 h, 7770). and the resultmg 

cream-coloured crystallme ester (4) (EtOAc-hexane) was sapomfled (aq. NaOH 1 M, dioxdn, heated under 

rellux, 90 mms), coc)led, and acldll‘ied (aq. HCI 2 M) to afford protected benzoic acid (5). as cream-coloured 

crystals (EtOAc-hexane, W%). Alter converslon of acid (5) mto the corresponding acid chloride (1.2 eq. 

oxalyl chloride, 1.1 eq. pyndme, PhMe, 0 to 2O”C, 30 mms), diazoketone formation was effected with an 

ethercal (ethanol free) solutmn of dlazomethane ( 10 eq., 0 to 20°C ,1 h) which gave drazoketone (6) as a 

yellow solid mp 9%99°C dcc., m Xl% from acid (5). Amdt-Elstert reactlon (0.2 eq. PhCOOAg, anhydrous 

DMF. WC, 75 mms) gave the presumed ketene IntermedIate whtch was not Isolated, but was reacted in situ 

ulth a large excess of N-hydro\ysuccltumlde (10 eq.) to afford, after sdica gel chromatography, activated 

ester(2) as a wJhlte solld (HO’?) mp 145.146°C (ht. t3 mp 143.143.S’C). 



9394 

We designed the cadav!enne moiety of AgTX-636 ( 1) to be derived from 5aminopentan-l-of. This 

IS Incorporated, m thts total synthesis, m Asn diamide (7) (see: Scheme 2). Thus, S-aminopentan- l-01 was 

N-acylated with Z-L-AsnOpNP (8) (NovaBrochem) (DCM, 20°C 16 h) which gave primary alcohol (9) as 

a white sohd (85%) mp 172- 173°C. Hydrogenolysis (10% W/C. H, 1 atm, MeOH, 15°C 16 h) of Z-Asn 

denvauve (9) gave ammoalcohol (7) as a white sobd (100%) mp 107-1O‘YC. Amino alcohol (7) was N- 

acylated with activated chromophore (2) (1.2 eq. Et,N, DMF, 20°C 16 h) which gave, after chromatography, 

primary alcohol (10) (Scheme 3) as a white solid (%%) mp 186190°C. Key aldehyde (II), incorporating 

protected chromophore and L-Asn, together with the precursor of the 5-methylene unit, was prepared by 

careful Swem oxidatton*4 of alcohol (10) (3 eq. DMSO ,2 eq. oxafyl chloride, DCM, -78°C then (10) in 

DCM-DMSO 3: 10 v/v, -78°C quenched at -78°C with 5 eq. E$N, and then warmed to 20°C over 90 mins). 

After sthca chromatography, aldehyde ( 11) was obtained as a white solid (63%) mp 168-170°C; none of the 

desued product (11) was obtamed by a PCC t5 or pyridine-S%-DMSO t&t8 based oxidation of alcohol (10). 

We designed the polyamme-Arg moiety of ArgTX-636 (1) to be incorporated by reductive alkylation 

of primary amme (12) which was prepared (Scheme 4) from triamine (13). Mono-BOC protectron of N-(3- 

ammopropyl)- 1,3-propanedramme ( 13), followed by acylation of the remaining free primary amine in (14) 

with L-Arg(Z,) (NovaBiochem) gave the required polyamine-Arg moiety (15) (1.5 eq. DCC, 0.05 eq. HOBt, 

DCM, 20°C 16 h, 88%) as a white sohd, mp 11 l-l 12°C. after silica gel chromatography. We established 

that tt was expedtttous to protect the free secondary amino functional group at this point, as there were 

comphcatrons m the reductrve alkylatron reaction if this nucleophilic nitrogen was left unprotected. It is 

hkely that a hexahydropynmidine was formed, mcorporating both nucleophilic nitrogen atoms which are 

separated by three methylenes, and tic anafysrs showed that many products were formed on reductive 

alkylation of ( 15) after removal of the BOC protectmg group. We elected to protect (15) by incorporating 

another Z group which will be removed concomitantly with the protecting groups on the chromophore and 

L-Arg residues. Therefore, the secondary amine (15) was reacted with Z-Cl under Schotten-Baumann 

condrttons (1.5 eq. aq. NaOH 2 M, 2O”C, 16 h), extractron (DCM) and silica gel chromatography afforded 

fully protected (16) as a white solid (%0/o). The essenttal pnmary amino functional group, in polyamine-Arg 

moiety (12), was then unmasked (TFA-DCM 1: 1, 0°C 30 mms, 95%). 

Polyamme-Arg moiety (12) was reductrvely alkylated wtth aldehyde (11) to afford protected ArgTX- 

636 (17) (see: Scheme 5). Thus, to a methanolic solution of aldehyde (ll), primary amine (12) (1.2 eq. m 

MeOH) was added, followed by glacial HOAc (2 eq.) and NaCNBH3 (1.5 eq.), and the colourless reaction 

mixture stirred at 20°C for 2 h. after this time the reaction was quenched with an excess of glacial HOAc. 

Preadsorbtton on stlrca gel and column chromatography (DCM-MeOH-cont. NH40H 300: 10: 1 to 200: 10: 1 

v/v/v) gave the desired protected polyamine amide (17) as a white solid (48%). Efficient deprotection was 

accomplished by hydrogenolysrs. but we found that the use of 10% W/C in MeOH required extended 

reaction times (% h) and afforded three major products, in low yields. However, hydrogenolysis (H, 1 atm, 

15”C, 4 h) of polyamme amide (17) m the presence of Pearlman’s catalyst (Pd(OH)$, glacial HOAc), 

afforded spider toxm ArgTX-636 (1) as the corresponding polyacetate salt, a white foam (80%). 
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