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Abstract: Keduchve alkylabon allows a raptd and practical entry to the polyamine amide wasp toxm 

phdanthotoxm4.3.3. Philanthotoxin-3.4.3 has been prepared, m two steps, by the moaoacylation of 

spmnine. These polyamine amides are selective molecular pharmacological tools for cation channels 

gated by glutamic acid and acetylcholine, and may have potential as newoprotective agents. 

Phllanthoto~ln-4.3.3 (PhTX-4.3.3. b-philanthotoxm, (l)] is an unsymmetrical polyamrne amide 

Isolated from the venom of the sohtary beewolf wasp Philanthus triangulum which preys on honey bees to 

support the next gencratlon of wasps, and has been studled extensively by Piek and co-workers.l** The 
structure of PhTX-4.3.3 ( I) was solved and published simultaneously, but independently, in 1988, by Piek 

and co-workers,* Tong,’ and by Eldefrawl, Nakamshr, Usherwood, and co-workers.4 This wasp toxin 
contains the unsymmetrical polyamine thermospermme (4.3.3) (2), regioselectively monoacylated on the 

primary ammo functional group of the putrescme (1,4-diammobutane) moiety with iV-n-butanoyl-L- 

@osme. There IS contmuinp interest m polyamme amldes as channel blockers of glutamlc acid and/or 

nlcotlmc acetylcholme-gated receptor cation channels, and certam voltage-sensitive calcium channels. ‘3 ‘-* 
In this larter, we present rapid, practtcal syntheses of PhTX-4.3.3 (1) together with its regiolsomer PhTX- 

3.4.3 (3) whkch contains the corresponding symmetrlcal polyamine. spermine (3.4.3). 

There have been two published syntheses of PhTX-4.3.3 (1). One by Tong? in which the key 
nitrogen-to-carbon bond of the unsymmetrical polyamme (between 4 and 3.3) was formed by alkylation of a 
seconda N-benlylamme with a substituted prIma butyl bromide. In the synthesis by Nakanishi and co- 

workers,J the N-(3-ammopropyl)- 13-propanediamme (3.3) moiety was introduced by two sequential 
cyanoethylatlons of putrescinc (4) (acrylonitrile, BOC protectlon, and LAH reduction of the mtnle to the 

correspondmg primary amlne). We report a reductive alkylation route to PhTX-4.3.3 (1) whtch IS rapid, 

efficient, and may be described as biomimetlc as polyammes 5.3.3 (4) and 4.3.3 (2) can be blosynthesized 

via the corresponding Imine obtained from a primary amine and an aIdehyde,” In addition to the biosynthetic 

pathway for spermldlne (4.3) which IS alkylatlon of putrescme with an S-adenosyl-L-methlonine unit. I0 
Phihmfhotoxin4.3.3 (I) synthesis: I.-Tyrosme methyl ester.HCI O-benzyl ether (5) is readily 

avadable (Novabiochem). The benzyl protecting group will lessen the hydrophilicity of the Tyr-polyamine 

conjugate which 1s always problematIcal during the final stages of a polyamine preparation and purification 
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Furthermore. the O-henry1 ether WIII be removed with the carbobenzyloxy (Z) carbamate functtonaf groups 
whtch wze have chosen for the protectton of the unsymmetrical polyamine. Therefore, there will only he the 

requirement for one deblockmg procedure, hydrogenolysts. I!-Acylatton of the protected L-Tyr methyl ester 

(5) was smoothly and efllctently achieved with n-butanoyl chloride, m DCM contatmng triethylamine (2.2 

eq.), at 25°C over 2 h, to afford the amide chromophore (6)(83%). Methyl ester (6) was saponified (3 eq. aq. 

NaOH I M, MeOH, 3S”C, 4 h then acidified with aq. HCI 3 M, 96%) to afford free carboxyhc acid (7). 

Selective monoacylatton of 4-aminobutan- l-01 wtth acid (7). mediated by DCC (1.5 eq.) and a catalytic 

amount of I-hydroxybenzotrtazole (HOBt) (0.05 eq.), occurred, not unexpectedly, at the nitrogen atom which 

IS more nucleophilic than the oxygen atom. This acylatton afforded primary alcohol (8) (DCM, 25°C 16 h) 

tn excellent yield (90%). Converston of the primary alcohol mto the triflate (2.2 eq. TfzO, 2.0 eq. pyridme, 

DCM, 0°C) and attempted alkylatton with N,N-diZ-3-aminopropyl- 13-propanediamme (diZ-3.3) (9) gave 

a multi-component mixture, wtth low recovery. Therefore, we decided to functionalize alcohol (8) as the 

corresponding aldehyde ( 10) for a reductive alkylatton approach to the desired wasp toxin ( 1). 

Oxtdatton of primary alcohol (8) with PCC (2.0 eq.), m DCM contaimng Celite equivalent to the 

mass of PCC, t t at 25°C for 2 h. afforded an mhomogeneous mixture. Thts was somewhat surpristng as 

smooth oxrdatton” of N-acetyl-4-ammobutan-1-ol and 4-phthalimtdobutan-l-01 had been achieved under 
srmrlar condmons with PCC. WC attrtbute the formatton of many products to oxidation of the C- and O- 

bcnzyl functtonaltttes. DMSO activated with oxalyl chloride, in DCM at -78°C (Swem oxidation),t*v 13 
cffrctently afforded the desired aldehyde (10) (91%). Reducttve alkylatton of the primary amme m diZ-3.3 

(9) w.tth aldehyde ( lo), tn MeOH at 25°C. using NaCNBH, and controlling the pH between 6.0 and 7.5 by 
the controlled addition of glacial AcOH, formed the unsymmetrical polyamine moiety, in 45% yield. This 

unopttmtzed yteld IS comparable with literature ytelds for N-alkylation usmg primary todides and for 

reductrvc alkylatton of an aldehyde with a primary amino functional group. Efficient deprotection of the O- 

bcn/yl and the Z carbamates was accomplished by hydrogenolysis (10% W/C, H2 1 atm, MeOH, 15°C 16 h) 

whtch gave PhTX4.3.3 ( 1) as tts free base (80%). Subsequent lyophrlization from aq. HCl (2 M) afforded 

the corrcspondmg tnhydrochlortde salt as a freely water soluble white powder. The six steps tn thts route to 

PhTX-4.3.3 ( 1) have been accomphshed in 25% overall yield from the starting I,-Tyr.OMe.HCl(5) and 24% 
overall yteld from 3.3, the startmg matenal for drZ-3.3 (9) synthesis. 

Phdunthotoxin-3.4.3 (3) syntheses: Protected I,-Tyr methyl ester.HCl salt (5) was converted into n- 

butanoyl amide (7), as above, pnor to acylation of triZ-spermine (11). This was prepared by mono-BOC 
protection of spermme (3.4.3) with (BOC),O, in THF at 25°C (16 h), affording monoBOC-3.4.3 (12) as a 

colourless, hygroscoptc glass (62%). In any mono-functionaltzation of a symmetrical di- or polyamine there 

IS a low yreldmg mittal protection step, generally followed by chromatographic purification. We used 3 eq. 

of polyamrne to carbamoylatmg reagent and punfied by extensive column chromatography (eluting with 
DCM-McOH-cont. NH,OH (205: I to 4:2: 1, v/v/v). We also determined that significantly better yields and 

more effrctent recovery of the desired product are achieved when the majority of the basic nitrogen atoms are 

protected throughout a polyamine synthesis. Therefore, instead of acylating monoBOC-3.4.3 (12) we 

prepared monoBOC-triZ-3.4.3 (3.3 eq. Z-Cl, aq. NaOH 1 M, 0 to 25’C, 16 h, 100%). Brief treatment (30 
mms) with an excess 01 TFA. at (PC, afforded tnZ-3.4.3 (11) as its TFA salt (99%). 
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Free pnmary amme ( 1 l), from the TFA salt of triZ-protected spermine (triZ-3.4.3), was liberated and 

isolated by flash column chromatography over silica gel eluting wrth DCM-MeOH-cone NH40H (200: 10: 1 

to 100: 10: 1, v/v/v). Acylatron of protected spermme ( 11) wrth O-benzyl-protected L-Tyr carboxylic acid (7) 
proceeded smoothly (1.5 eq. DCC, 0.05 eq. HOBt, DCM, 25’C, 16 h, 79%). Finally, the desrred wasp toxm 

analogue (3) was deprotected by hydrogenolysrs to remove the O-benzyl and the three carbamate functronal 

groups (10% W/C, H2 1 atm, MeOH. 15°C 16 h, 70%). Lyophrbzation of this monoacylated spermine from 

aq. HCI (2 M) afforded the corresponding trihydrochlonde salt as a whtte hygroscopic sohd. In our hands, 

the polyamme polyhydrochlonde salt was more stable than the free base which scavenged carbonic acid 

from the atmosphere. Thus ftve step syntheses, from spermme, was accomplished in 34% overall yield. 

NH/\/\/NH&NH~W 
0 

PhTX-4.3.3 (1) H2N nNH&NH,,y,W 

4.3.3 (2) 

PhTX-3.4.3 (3) H,N./,/-,,NH~NH~NH, 

53.3 (4) 

HzN-t-NHZ 

(9) 

Hi,~p~-‘-~~~ 

Z 
(11) 
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We also report that a two step, practical synthesis of PhTX-3.4.3 (3) can be achieved from L-Tyr and 

spermme. N-n-Butanoylation of L-Tyr with pentafluorophenyl butanoate, in DMF and triethylamine (1.2 

eq.) was smoothly accomplished at 25°C (48 h, 32%). The desired amide (13) was separated from O- 

acylated ( 12%) and N,O-diacylated (20%) products by s~hca column chromatography. n-Butanoyl chloride 

also afforded this mixture of N- (34%) ( 13) and 0-acylated (lo%), and N,O-diacylated (16%) L-Tyr. 

Monoacylation of spenmne (3 eq.) with n-butanoyl-L-Tyr ( 13) (1.5 eq. DCC, EtOAc, 25°C 16 h) afforded 

PhTX-3.4.3 (3) (51%). This two step synthesis, from spermine, was accomplished in 17% overall yield. 

These synthetic sequences are rapid, practical routes to PhTX4.3.3 (1) and its analogues e.g. PhTX-3.4.3 (3). 

Clearly, they are amenable to the incorporation of a variety of chromophores replacing the L-Tyr residue, and 

to the mclusion of alternative protected-unsymmetrical polyamines or symmetrical free di- and polyamines8 
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