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Abstract: The synthesis of a new polyamine template 1 carrying
two guanidinium subunits and an imdazole ligand suitable for the
recognition of vanadate is described. 
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Vanadium haloperoxidases are found in marine algae and
lichens catalyzing the formation of a number of haloge-
nated organic compounds that have biocidal effects and
thus often serve as chemical defense of the organism.1 The
X-ray crystal structure of VCPO from the fungus Curvu-
laria inaequalis has been recently resolved,2 revealing a
trigonal bipyramidal coordination of V5+ (Figure 1). Actu-
ally the VO4

- group is embedded into a network of H-
bonds with amino acid residues of the protein, and two
histidines are of particular significance:3,4 His496 is coordi-
nating directly to the vanadium in an apical position,
whereas His404 which is in close proximity to the apical,
vanadium–bound oxygen may act as an acid base catalyst.

Several functional mimics of vanadium haloperoxidases
have been reported.5 It has been, however, impossible to
understand the catalytic cycle of these enzymes complete-
ly, i.e. the sequence of events such as binding of hydrogen
peroxide, oxidation of chloride, and substrate chlorina-
tion, all occuring apparently without changing the oxida-
tion state of vanadium.6 We wish to report here the
synthesis of a template suitable to bind vanadate which
was designed according to the spatial arrangement known
from the X-ray crystal structure,2 and taking into account
the well established recognition of phosphate, structurally
related to vanadate, by bisguanidinium receptors.7

Ligand 1 was designed to mimic the structural properties of the active
site of vanadiumhaloperoxidase (left).

Figure 1

Molecular modeling8 revealed that the preferred confor-
mation of the diamino azalactam 1 has both guanidinium
subunits in axial positions, facilitating, in the protonated
form, the binding of vanadate via hydrogen bridges. The
required apical imidazole replacing His496 is attached to
the secondary ring nitrogen by a short alkyl chain. A con-
venient route towards 1 proceeds via cyclization of 1,2-di-
acylhydrazides 3 (easily accessible from 2) → 4, followed
by selective reduction → 5 and subsequent reductive N-N
bond scission → 6, (Scheme 1). The key step of this syn-
thesis is the selective monoreduction of the tetrasubstitut-
ed diacylhydrazide 4. This reduction has no precedent but
the reported low yield obtained by the reaction of hy-
drazides with excess of diborane at room temperature.9

a) 0.5eq NH2-NH2, DCC, N-hydroxysuccinimide, 65%; b) PPh3,
CCl4, Et3N, DMF, 68%; c) BH3, THF, 27h, Boc2O, 55%;
d) Raney Ni, i-PrOH, 92%.

Scheme 1

The preparation of a 1,2-diacylhydrazide from racemic N-
protected serine has been reported.10 The coupling of N-
Boc-L-serine 2 with hydrazine in the presence of DCC and
N-hydroxysuccinimide11 occurs without epimerization to
yield 3 (Scheme 1). Diazabicyclooctanones have been
synthesized by cyclization of 1,2-diacylhydrazides of β-
halopropionic acids in the presence of a base.12 We have
prepared the corresponding chloride of 313 which cyclizes
in situ under mild conditions to give 4. The reduction of 4
in the presence of borane (2.2 equivalents) takes place to
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give the desired monoreduced product 5.14 After quench-
ing of the borane the addition of di-tert-butyldicarbonate
was required, because the N-protecting groups were not
completely stable under the reaction conditions. To im-
prove the yield of the monoreduction 14 different reduc-
ing agents/reaction conditions were investigated however
unsuccessfully. When the reduction of 5 was carried out
in EtOH the N-ethyl azalactam 7 was obtained.15,16 

a) Raney Ni, EtOH, 73%; b) HCl•dioxane, THF/CH3OH (2:1), 97%;
c) 4,5-dihydro-1H-imidazolium-2-sulfonate, Et3N, DMF, 77%.

Scheme 2

Deprotection of 7 under standard conditions gave the pure
diamine 8, as the hydrochloride, which can be used direct-
ly for the guanidinium functionalization17,18 to furnish 9
(Scheme 2). 

To provide the ethyl-imidazole appendix to the ring nitro-
gen of the azalactam 6 the imidazolyl aldehyde 10 was
prepared using metallation of the N-protected-2-methyl-
imidazole 11 under carefully selected conditions to pre-
vent alkylation of C-519 (Scheme 3). In principle this can
be accomplished by lithium complexation20 using N-
ethoxymethyl- or, as shown here, by N-trityl protection.21

Several 1-carbon electrophiles such as CO2, Eschen-
moser’s salt,22 dichloromethane, formic acid,23 DMF,24

paraformaldehyde, ethyl chloroformate or methyl
cyanoformate25 were investigated but the most effective
electrophile was found to be ethyl formate. The resulting
aldehyde 1026 is relatively unstable on silica gel and was
therefore, without further purification, directly submitted
to the Leuckart-Wallach reaction27 with 6.

a) ClCPh3, Et3N, DMF, 95%; b) nBuLi, THF, HCOOEt, 5% citric
acid aq soln, 80%.

Scheme 3

Condensation of 10 and 6 to the enamine followed by re-
duction with sodium cyanoborohydride under slightly
acidic conditions afforded the fully protected amine 12 in
a good yield (Scheme 4). To prevent the cleavage of the
trityl group the Boc protecting groups were removed at
0 °C with HCl in dioxane to yield 13 which was used
without further purification. For attaching the two re-
quired guanidinium groups to 13 we first employed N,N‘-
bis(tert-butoxycarbonyl)thiourea, and Mukaiyama‘s re-
agent.28 We found, however, that EDC (1-(3-dimethyl-
aminopropyl)-3-ethylcarbodiimide hydrochloride) gave
reproducibly better yields of 14. Deprotection of 14 was
carried out under acidic conditions and the resulting
polyamine 1 was purified as its picrate which was crystal-
lized several times and finally passed through an ion ex-
change column to afford pure 1 as the hydrochloride,29

which was characterized by 1H NMR (COSY, TOCSY,
ROESY), and 13C NMR-spectroscopy.

a) 10, CHCl3:EtOH (3:1), then NaBH3CN, AcOH, 85%; b) 4 M HCl
in dioxane, CH2Cl2; c) N,N’-Bis(tert-butoxycarbonyl)thiourea, 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, THF,
44% for b) and c); d) 4M HCl in dioxane, H2O, 44%.

Scheme 4
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(SiO2, hexanes/EtOAc 3:1) afforded 906mg (44% from 12 to 
14) of 14. Then 14 (188mg, 0.192mmol) was dissolved in 4N 
aq HCl in dioxane (9mL) and water (1.2mL). After stirring 
overnight at r.t., the solvent was removed and the residue 
lyophilized. The white powder obtained was triturated with 
EtOAc, filtered and dried under vacuum to afford 111mg of 
impure 1. It was purified, following a known procedure30 by 
conversion to the picrate salt, followed by two 
recrystallisations from CH3CN. The picrate salt of 1 was 
converted to the hydrochloride form by an ion exchange 
column (Dowex 1X8, Cl- form, Fluka, eluent THF/H2O 1:1) to 
afford 47mg (44%) of pure 1. 1H NMR(D2O, ppm, d):7.25 (s, 
2H, H-C(3‘), H-C(4‘)); 4.58 (m, J = 4.7 and 10.5 Hz, 1H, H-

C(3)); 3.76 (d, J = 15.5 Hz, 1H, H-C(8)); 3.69 (br s, 1H, H-
C(7)); 3.28 (dd, J = 2.5 and 15.5 Hz, 1H, H-C(8)); 3.07 (m, 
6H, H-C(4), H-C(6), 2H-C(1‘), 2H-C(2‘)); 2.75 (m, J = 10.5 
Hz, 1H, H-C(4)); 2.66 (br s, 1H, H-C(6)). 13C NMR 
(D2O):174.5, 156, 145.3, 118.5, 58, 54, 52, 47, 42.5, 23. FAB-
MS: m/z 338 (M+H)+. mp 175-178 °C. [a]20

D:+68° (H2O).
(30) Perreault, D. M.; Chen, X.; Anslyn, E. V. Tetrahedron 1995, 

51, 2, 353.
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