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A SHORT AND EFFICIENT SYNTHESIS OF PHENOLCARBOXAMIDES
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Institut de Chimie des Substances Naturelles, CNRS, 91190 Gif s/Yvette (France)

ABSTRACT - The selective acylation of primary amine functions of polyamines with acylating
agents derived from unprotected mono or o-dihydroxy aromatic acids is described. The key step
of the method is the transient protection of the phenol groups during the preparation of hydro-
xy—l-piperidine active esters. This method is especially applicable to the preparation of the
radiolabelled polyamine derivatives.

Over the past several years considerable effort has been directed towards the syn-
thesis of amide derivatives of polyamines due to the role that these compounds play in bio-
chemical processes and to their occurence as secondary metabolites in many living organisms.
For example spermidine phenolamides have been found to act as iron chelators! whereas the
biosynghesis of putrescine phenolamides has been shown to play a role in the flowering of
plants®.

The problem. that is presented in the synthesis of polyamine derivatives is the
selective acylation of the terminal primary amino groups. Acylation with acid chlorides or
anhydrides gives mixtures of products®. 1In this area we have previously demonstrated that
I-hydroxy-piperidine active esters acylate regioselectively NI and N8 primary amines of sper-
midine 14 in high yield without affecting the secondary amine function. The first synthesis

of the 19-membered lactam ring of tetrahydrolunaridine" was achieved using this method as was
the facile preparation of maytenine 16 5 (scheme 3).

Alternate methods have subsequently been developed for the selective acylation® or
more interestingly for chemical differentiation of the two ends of spermidine’. A multistep
synthesis of NI, N8 bis-acyl spermidine derivatives 15 and 18 involving N% amino group protec-
tion has also been recently reported - -

In this communication we wish to report an extension of our previous work using
I-hydroxy-piperidine esters to the synthesis of mono or bis-amide derivatives of mono or di-
hydroxy aromatic carboxylic acids wherein the phenolic group is unprotected. This was accom-
plished by transient protection of the hydroxyl group or groups during the formaticn of the
active ester.

In this way the habitual problem of protection-deprotection of phenols was avoided
which may, besides introducing supplementary steps, require conditions incompatible with the
presence of other functionalities in the molecules.

Such considerations are particularly important when considering the synthesis of
phenolamides radiolabelled on the aromatic ring and/or on the polyamine backbone where the use

of a short and convergent route is essential.

The technique used for the preparation of the active ester 3 is as follows
the reaction of ferulic acid 1 (1 equiv.) with C1C020H3 (2.1 equiv.)inthepresenceof(CZHS)BN
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CO,H o=C— O0— O=C —0-—N >
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OCH,4 OCH, OCH,
OH 9 OH
H3C-O-C=O
1 2 3
Reagents : I, ClCO,CHy, N(C,Hy),, CH,CL,, 0°, 1 h. ;
11, I-hydroxy-piperidine, rt, 18 h. ; 111, CH3OH—
NH,OH (97-3), rt, 3 h.
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Reagents : I, SOCI,, (NH,) ,CO catalytic, 40°, 2 h. ;

II, C6H6’ I-hydroxy-piperidine, rt, 12 h. ; III, NaHCO

3’
HZO’ rt, | h., Filtration of a CHZCI2 solution on SiOz.

SCHEME 2
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(2.1 equiv.) in CH,Cl, at 0° gave an intermediate phenol methylcarbonate mixed anhydride.
This product reactéd with l-hydroxy-piperidine (1.1 equiv.) affording 2 ® (scheme 1). The
phenol function was subsequently liberated by treatment of 2 with NHAOE-CH3OH to give 3
(Y : 90% from 1)'°.

This method could not be used for o-diphenols 4 or 7 however, as complex mixtures
were obtained. For 2,3-dihydroxybenzoic acid 4 reaction with SOCl, led to the formation of
the acid chloride 5 '' (scheme 2). Reaction of 5 with l-hydroxy-piperidine followed by sulfi-
te hydrolysis during working up gave the desired active ester 6 (Y : 75% from 4)'? gimilarly
3,4-dihydroxycinnamic acid 7 yielded the active ester 8 13 The formation of a sulfite deri-
vative of o-dihydroxy derivatives was convenient as it provided a temporary protection of
this system. The corresponding chlorosulfites of mono-hydroxy derivatives are apparently less
stable as side reactions occured.

* *
‘ H-N—CHZ-CHZ—CHZ-CHZ-N-H
N NH ) |'
H | R R
R

9 R =H: tryptamine 11 R=R' =H : putrescine
TO R = ferulyl 12 R = ferulyl, R' = H
o 13 R =R' = ferulyl

I

H
H—I}l-—(CHz )5~ N—=(CH2)— '}'—H

R R
14 R=H : spermidine

15 R = benzoyl

16 R = cinnamyl

17 R = ferulyl

18 R = 2,3-dihydroxybenzoyl

SCHEME 3

Active esters 3 and 6 were found to react selectively with a number of amine subs-
trates'" whose corresponding amides are of biological interest. Thus, the N-ferulyltryptamine
10 15 and the bis-ferulylamides 12_16 and 17 !® derived respectively from putrescine 11 and
spermidine 14 (scheme 3) were synthesised 17, -

Preparation of the mono-acyl derivatives of 1! or 14 has proved difficult in the
past. Usually, either the bis—acyl derivatives are partially saponified '® or a large excess
of the polyamine is reacted with acyl chlorides of protected hydroxy aromatic acids. These
methods are not convenient for sither synthesis on a large scale or the microscale preparation
of radiolabelled derivatives.

Of special interest was the ?reparation of ]4C—1abe11ednmnoferulylputrescine 12
whose biological role is being studied '®. The reaction of 1-4 14C putrescine (100 mCi/mmol ;
0.1 mmol)2® with 3 (0.05 mmol) !’ gave the mono-acyl derivative 12 and traces of the bis-acyl
derivative 13 (along with the remaining putrescine). After paper chromatographic purifica-

tion the required radioactive phenolamide 12 was isolated at its hydrochloride (y = 26 %
100 mCi/mmol)*% -
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The bis-(2,3~dihydroxybenzoyl) amide 18 ! derived from spermidine 14 and the
macrocyclic tris—(2,3-dihydroxybenzoyl) amide enterobactin 2! are interesting natural ferric
ion sequestring agents. The short synthesis of 18 (Y : 55%2)'% using same methodology as above
demonstrated that other iron chelators or analogues could be prepared in such conditions avoi-
ding the inconvenient phenol deprotection (enterobactin is relatively unstable).
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