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Abstract : A new 2 step synthesis of (+/-) girolline 1 starting from the easily available o-chloro-B-
aminoaldehyde 4 and 2-aminoimidazole 5 is described. The reaction of 4 with §, followed by
deprotection, affords the threo diastereoisomer. © 1998 Published by Elsevier Science Ltd. All rights reserved.
Several 2-aminoimidazole compounds which display potent biological activities have been isolated from
1- 3 3-5 6

, palau’amine” are examples. Related to these compounds is
giroiline 1 1’ , isolated from Cymbastela cantharella (previously Pseudaxinyssa cantharell
vitro cytotoxicity and in vivo antitumor activity ¥ However, phase I clinical trials with giroliine have been
discontinued because of unfavorable side effects; nevertheless, girolline and its analogues remain interesting

biological tools.
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Our efforts have been focused not only on the synthesis of ithe natural product but also on functional
analogues containing 2-aminoimidazole. Several total syntheses of both racemic girolline 1 % as well as the natural
enantiomer!? have already been reported. Recently, Olofson and al.'' obtained (+/-) girolline as the minor (+/-)
threo diastereomer in a 9 / 1 mixture of erythro / threo diastereomers.
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difficult than expected and required
the choice of appropriate protecting groups. These difficuities arise mainly from the density of functionalities and
the rapid decomposition of 4(5)-substituted 2-aminocimidazole derivatives under basic conditions. Thus, the final
step in any synthesis of girolline should be performed under acidic conditions. Based on our prior investigations
to find a general preparative method for 2-aminoimidazole marine compounds and derivatives, it indeed appeared
that the stability of 2-aminoimidazoles functionalized in position 4(5) is pH sensitive. Thus, the previously
prepared simple derivative 2-aminoimidazol-4(5)-methanol 2 3. 12 and girolline 1 itself, are very unstable above
ise of 2 as starting material in the synthesis of various 2-aminoimidazole marine alkaloids is thereby

+ 106 we preferred to prepare the non-aminated imidazole intermediates and to
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introduce the amine function through azidation of the C-2 carbanion of N-1 protected imidazoles. Later on, Little
and Webber 13 described a convenient preparation of 2-aminoimidazole derivatives using a cyclization reaction of
o-haloketones and N-acetylguanidine.

The discovery by Xu and coworkers'* that 2-aminoimidazole could undergo nucleophilic addition in
reactions analogous to those of enamines with aldehydes, offered the promise of an easy access to girolline and
analogues.

We now report the facile and rapid synthesis of (+/-) girolline 1 from commercially available starting

materials and usine convenient acidic or basic conditions in water as solvent
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(hydroxymethyl)phthalimide 3 using a described procedure The published yield of the reaction (53%) could
be increased by up to ca. 40% when the reaction was initiated at 0° C and maintained at this temperature during
the addition of 1,2-dichloroethylene to a solution of 3 in sulfuric acid. The work-up of the reaction mixture is
critical to the success of the reaction : after the slow addition of the acid solution to a stirred mixture of ice and

water, the precipitated white solid product was filtered and washed with portions of ice-cold ethyl ether.
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presence of Na,CO; provides the chiorohydrin 6 ini17% yieid after purification. The low yieid is due to the
instability of the B-phthalimido-a-chloroaldehyde 4 and the reaction product 6 under basic conditions. Only the
threo isomer is observed. In addition to the presence of the large chlorine atom, participation of the phthalimide by
hydrogen bond interaction with the 2-aminoimidazole may explain the high observed diastereoselectivity.

The amine function was deprotected by heating 6 for 4h at 100°C in 6N HCIl. Evaporation and
chromatography on silica gel (butanol / ethyl acetate / water : 4/ 1 / 5) followed by filtration on Sephadex LH20
(methanol) afforded ( +/-) girolline in 71% yield. NMR and MS data of synthetic girolline were in agreement with
those rs-nnr'rpd for the natural product 7. Current efforts are focused on enha ing the vield of condensation of the

u-chiral aldehydes w1th 2—amm01midazole and the synthesis of analogues of g]m]lme.
In conclusion, a concise total synthesis of (+/-) giroiline has been developed which requires only three

steps carried out in water under acidic and basic conditions. Analogues of girolline should thus now become
available with very high diastereoselectivities from different o,3- functionalized aldehydes and 2-aminoimidazole.
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To a solution of 2-aminoimidazole sulfate 5§ ( 204 mg 1.54 mmol) in 4 ml water, was added 164 mg (1
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phthalimidoaldehyde 4 are added. After 4h, 2N HCI solution is added to the mixture which is then
evaporated to dryness under vacuum ; the residue is chromatographed on silica gel ( ethyl acetate / butanone
/ formic acid / water : 5/3/0.570.5). 84 mg (17%) of 6 are obtained : MS FAB (thioglycerol + Nal +
MeOH), m/z = 345, 343 (M + Na)*, 323, 321 (M + H)*, 305, 303 (M + H - H,0)*; 1H NMR (250
MHz, CD30OD) : § = 7.88 - 7.71 (m. 4H), 6.88 (s, |H) ; 4.68 (dd, ] = 4 and 8 Hz,1H) ; 4.29 (m, 1H) ;
4.02 (m, 2H) ; 13C NMR (62.5 MHz, CD3;0D) : & = 169.4, 148.9, 135.5, 133.1, 124.2, 114.1, 99.0
and 98.8, 61.2 and 61.05,41.0 and 40.8.
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