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Abstract—Acylfulvenes, a class of semisynthetic analogs of Illudin S, show high toxicity toward prostate cancer cells. Here we probe

the effect of changes in hydrophilic character of the analogs.
© 2007 Elsevier Ltd. All rights reserved.

Illudin S and M (1 and 2)! (Fig. 1), two sesquiterpenes
derived from the toxic mushroom Omphalotus illudens,
were tested many years ago by the National Cancer
Institute and were found to possess antitumor activity
but with a poor therapeutic index.?> The toxicity and
antitumor activity of illudins can be attributed to their
ability to undergo Michael-type addition of thiols or
NADPH to the a,B-unsaturated ketone to give a cyclo-
hexadiene intermediate. This is an extremely reactive
alkylating agent, which is converted rapidly into a stable
aromatic product alkylating macromolecules such as
DNA? (Fig. 2). Acylfulvene (3) (Fig. 1), formed by treat-
ment of illudin S with dilute sulfuric acid, showed simi-
lar reactions to illudin S but at a much slower rate.
Toxicity of acylfulvene (3) to HL60 cells was more than
two orders of magnitude lower than that of illudin S.
However, this reduced toxicity was accompanied by
greatly improved selectivity in toxicity to malignant
cells versus normal cells.* Reaction of illudin S (1) with
formaldehyde and sulfuric acid gives hydroxymeth-
ylacylfulvene (irofulven, NSC 683863; 4). Although this
compound 4, like acylfulvene (3), reacts slowly with
thiols and with NADPH, it is substantially more toxic
than 3.

Irofulven (4) was tested in the MV522 metastatic lung
carcinoma xenograft model in comparison with well-
known anticancer drugs® and it caused early (2-5h)
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translocation of the proapoptotic Bax from cytosol to
mitochondria followed by the dissipation of mitochon-
drial membrane potential and cytochrome c release at
4-12h.°

Considerable recent interest in acylfulvenes and iroful-
ven has led to their total syntheses.” The high therapeu-
tic index of 4 was thought to result from hydrophilicity
of the allylic hydroxyl.® To make it more water soluble,
one would envisage replacement of this primary hydro-
xyl with an amine® group. This also allows the possibil-
ity for synthesizing peptide conjugate ‘prodrugs’ via
amide bond. An advantage to using an amide bond
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Scheme 1. Failed syntheses of 6 and 7.

instead of an ester bond is that the former would not be
vulnerable to hydrolysis by nonspecific esterase(s) in ser-
um as is possible with the latter. In this paper we wish to
report the synthesis of irofulven analogs and their anti-
tumor activity.

First, compounds 4 and 5 were proposed to be con-
verted to the (Boc),N-derivative under Mitsunobu con-
ditions as applied by Sharpless et al.! The Boc groups
could then be cleaved to form an ammonium salt under
acidic conditions. Attempts to form derivatives of 4 and
5 (Scheme 1), however, were unsuccessful. In another
approach 4 and 5 were converted to their phthalimide
derivatives 8 and 9, under Mitsunobu conditions, which
on treatment of either with hydrazine caused only
decomposition. In Staudinger conditions, decomposi-
tion resulted azides 10 and 11 were subjected sequen-
tially to PPh; and water or in one-pot. In fact,
decomposition accompanied by much lower yields of
azide product resulted if any PPh; remained after com-
pletion of the Mitsunobu reaction.

It was then realized that direct amide formation would
be the choice and the Staudinger ligation!! method
was found to be effective for the synthesis of 7 but failed
for 6 (Scheme 2). The method was applied to synthesize
several peptide derivatives in one-pot.!> However, prep-
aration of 6 was easily achieved via a direct nucleophilic
displacement of allylic hydroxyl of 4 under acidic condi-
tions (Scheme 2).

Finally, a common and direct method involving a
reductive amination approach!® starting from alde-
hydes'* (Scheme 3) was found to avoid the interme-
diates encountered during the synthesis of amino
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Scheme 2. Preparation methods for 6 and 7.
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Scheme 3. Method for the preparation of 6 and 7.

derivatives. The method was applicable for the synthe-
sis of both amines 6 and 7 in excellent yields and was
also scalable.

Antitumor activity. For cytotoxicity studies, the com-
pounds were dissolved in cell culture grade DMSO
(1 mg/mL stock solution), and the solutions were
diluted in sterile 20% DMSO/phosphate-buffered saline
just prior to addition to cultures of the MV522 cells.
Control cells received equal amounts of the DMSO/
phosphate-buffered saline. As inhibition of DNA
synthesis by irofulven analogs occurs rapidly (<2 h),
DNA synthesis rate was determined after a 2-h expo-
sure by pulsing cells in culture with tritiated thymidine
for 30 min, as previously described in detail.!> Analogs
of irofulven selectively target and kill tumor cells by
apoptosis at 24 to 48 h after drug exposure.'® Cell
survival was determined at 48h by use of trypan
blue exclusion studies as previously described in de-
tail.!” Results represent the means of 3-4 experiments
(N =3 or 4) (see Table 1).

The results seem to indicate that the hydroxymethyl (in
4) is more effective than the hydroxypropyl (5) in
enhancing toxicity but, surprisingly, the aminomethyl
group (in 6) is less so than aminopropyl (7). Most sur-
prising is the toxicity of analog 13 which is capable of
inducing cell death at nanomolar concentrations.

In conclusion, we have synthesized a new class of iroful-

ven analogs which possess important antitumor activity.

Table 1. ICs, value (nM) for irofulven and derivatives when tested in
MV522 adenocarcinoma cells

Compound 2h 48 h

4 110 £ 40 70 £ 10

5 500 + 30 850 + 180

6 8000 + 1500 1300 £100

7 470 = 120 430 = 100
12 4900 + 900 1200 (N =2)*
13 8900 + 1500 170 £ 60

#Only two experiments were run.
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