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Abstract: Desymmetrisation of readily available symmetrical polyamines is an 
important first step in the synthesis of many polyamine containing natural products. 
Likewise in the synthesis of polyamine amides which are potentially useful for gene 
delivery and as neuroprotectants, based upon channel blocking toxins found in certain 
wasp and spider venoms. The application of trifluoroacetyl as a protecting group allows 
unsymmetrical polyamine amides to be easily prepared on a gram scale. 
© 1997 Elsevier Science Ltd. All rights reserved. 

In our studies of polyamines and polyamine amides, HI we are investigating spermine 1 which is a 

linear tetra-amine, naturally occurring in all cells and playing important roles in vivo. These roles include 

maintaining the 3D structure of DNA, 12-t6 including condensing DNA, tl'lT-18 modulating cell signalling via 

e.g. inward rectifying potassium channels, ~92° and potentiating and channel-blocking subtypes of glutamate 

receptors. ~3'2123 Recently, we and others have shown that polyamines and polyamine amides can be prepared 

by reductive alkylation, 7-9'24'25 consecutive Michael additions to acrylonitrile, 25'26 or regioselective acylation of 

unsymmetrically protected polyamines. 14'z427 Tetra-amine spermine 1 is readily available and is an ideal 

starting material to incorporate three (or four) positive charges in to a target molecule. However, the 

desymmetrisation protocol is by nature low yielding and involves laborious chromatographic purification. 

Such low yielding steps are not efficient on a gram scale. There are problems with efficient syntheses of N l- 

mono-Z- 2 and Nl-mono-BOC-spermine 3. Using either Z-Cl together with sensitive pH control, or (BOC)20 

with the polyamine in large excess, was either not practical or required time-consuming chromatographic 

purification from the excess of unreacted polyamine. 28 In this Letter, we report the practical synthesis of 

unsymmetrical polyamine amides using trifluoroacetyl as a protecting group (see 4) whose introduction and 

removal can be controlled under facile conditions. 
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The ratio of primary amine to protecting group reagent is critical in order to avoid di-protection (of 

primary amines) and poly-protection (of secondary amines), z8 Presumably, the higher nucleophilicity of the 

secondary amines is masked by corresponding steric effects, 25 as there is always selectivity. The facile and 

specific (for primary over secondary amines) introduction of trifluoroacetyl using ethyl trifluoroacetate, as 

reported in recent Letters, 29 and its ready removal with aq. ammonia 3° (pH = 1 I) or with methanolic aq. 

K2CO3 solution 3j makes it a superior protecting group to carbobenzoxy (Z, CBZ) and to tert-butoxycarbonyl 

(BOC) for the purpose of gram scale protection of polyamines. Thus, trifluoroacetyl is the protecting group of 

choice, over Z and BOC, for practical routes to unsymmetrical polyamine amides and carbamates. Therefore, 

we have prepared N l, N 2, Na-tri-Z-spermine 9 and N l, N 2, N3-tri-BOC-spermine 15 by this strategy. 

Spermine 1 was selectively protected on a primary amino functional group by reaction with ethyl tri- 

fluoroacetate (1.0 eq., MeOH, -78 °C for 1 h then to 0 °C over 1 h), to afford a mixture containing (by HPLC) 

predominantly mono-trifluoroacetamide 4, but also di-trifluoroacetamide 5 (shown by Z protection to afford 6 

and subsequent TFA selective deprotection to yield diamine 7 which was easily purified from monoamine 9). 

Immediately, in this solution of 4, the remaining amino functional groups were quantitatively protected with 

dibenzyl dicarbonate (4 eq., 0 °C to 25 °C over 1 h) to afford protected polyamine 8, or with di-tert-butyl 

dicarbonate (4 eq., 0 °C to 25 °C over 1 h) to afford protected polyamine 14. The TFA protecting group was 

then removed (in situ) by increasing the pH to 11, with conc. aq. ammonia, 3° stirring (25 °C, 15 h) to afford 

after one simple (the reaction mixtures do not contain any free spermine) chromatographic purification over 

silica gel (DCM-MeOH-conc. NHaOH 70:10:1 to 50:I0:1 v/v/v), N ~, N 2, Na-tri-Z-spermine 9 (48 %) and N I, 

N 2, NLtri-BOC-spermine 15 (50 %) respectively, from convenient, one-pot reactions. The utility of protected 

spermine 9 was demonstrated by a practical synthesis of the biologically important cation channel blocker 

philanthotoxin-3.4.3 (PhTX-3.4.3) 11 starting with N-acylation of L-Tyr methyl ester.HCl O-benzyl ether with 

n-butanoyl chloride (1.1 eq., 2.2 eq. TEA, DCM, 25 °C, 2 h, 83 %). Saponification of the methyl ester (3 eq. 1 

M aq. NaOH, MeOH, 25 °C, 4 h, then 3 M aq. HCI) afforded the free carboxylic acid (96 %) which was 

coupled (1.5 eq. DCC, 0.2 eq. HOBt, DCM, 25 °C, 16 h) to tri-Z-spermine 9 to afford polyamine amide 10 (79 

%). Deprotection of O-benzyl and three benzylcarbamate functional groups was achieved by hydrogenolysis 

(Pearlman's catalyst, H2 50 psi, MeOH, 25 °C, 20 h) affording PhTX-3.4.3 11 as its free base (85 %).9,21 
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The preparation of N t, N z, N3-tri-fluorenylmethoxycarbonylspermine 13 was attempted following the 

above protocol by reaction with 9-fluorenylmethyl succinimidyl carbonate (4 eq., 0 °C to 25 °C, 15 h) to afford 

protected polyamine 12 (70 %). Selective deprotection was then investigated using potassium carbonate, 31 

sodium borohydride, and hydrazine, but in all cases proved to be unsuccessful yielding mixtures of products. 
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We have exemplified the gram scale use of N 1, N 2, N3-tri-BOC-spermine 15 by preparing NI-3-(4 - 

hydroxyphenyl)-propanoyl-spermine 17, acylating protected spermine 15 with 3-(4-hydroxyphenyl)-propanoic 

acid (1.5 eq. DCC, 0.2 eq. HOBt, DCM, 25 °C, 16 h) to afford protected polyamine amide 16 (79 %). 

Deprotection by treatment with TFA in DCM (DCM-TFA 90:10 v/v, 25 °C, 2 h) afforded the polytrifluoro- 

acetate salt of channel blocking polyamine amide 17 (77 %).2.23 This cation channel blocker is a potent 

analogue of PhTX-3.4.3 11. 2,23 3~-(NI-Spermine)-carbonylcholesterol 19 has recently been developed as a 

novel lead compound 11'32'33 for polyamine-mediated DNA condensation in gene delivery, lj Therefore, we 

have prepared unsymmetrical polyamine carbamate 19 by reaction of protected spermine 15 with cholesteryl 

chloroformate (1.2 eq., 3.0 eq. TEA, DCM, 0 °C 10 min then 25 °C 12 h) to yield 313-Na-(N j, N 2, N3-tri-BOC - 

spermine)carbamoylcholesterol 18 (77 %). Deprotection (DCM-TFA 10:90 v/v, 0 °C, 2 h) and purification by 

RP-HPLC over Supelcosil ABZ+Plus (5 ~tm) (MeCN-0.1% aq. TFA 50:50 v/v, ~, = 220 nm) afforded the 

polytrifluoroacetate salt of polyamine carbamate 19 (50 %).32 Polyamine-steroid (or more simply polyamine- 

lipid) conjugates such as polyamine carbamate 19 are biologically important as non-viral vectors for safe and 

efficient gene transfer with potential application in gene delivery. 11'32'33 The practical synthetic routes to 

unsymmetrical polyamine amides and carbamates, reported in this Letter, will find ready application. 
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