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STRUCTURAL REQUIREMENTS
FOR FORMYGIN ACTIVITY

Sir:
The formycin family is a series of purine

nucleoside analogs containing unusual C-
riboside linkages. They are formycin A

(FMA), formycin B (FMB) and oxoformycin
B (OFMB), the analogs corresponding to
adenosine, inosine and xanthosine respecti-
vely1'^. FMA has antitumor activity3)4) and
is believed to exert its major effect when
it is phosphorylated in tumor cells to its
mono-,di- and triphosphates5). Among
them, FMA-triphosphate is proposed to be

the most active principle interfering with
various aspects of purine nucleotide meta-
bolism6j7). Adenosine kinase

should play a key role in this
"lethal synthetic process", since

an FMA-resistant strain of Ehr-
lich ascites tumor lacks this
enzyme8j9). In various organisms
including tumor bearing mice, a
part of FMA is converted to
FMB, catalized by adenosine
deaminaselo~12), and further to
OFMB2). They are less active
and entirely inactive to tumors,
respectively2'10). Because of these
metbolic conversions, the narrow

antibiotic spectrum of FMAcould
be ascribed to biochemical cha-
racteristics of target organisms,
namely, lack of adenosine kinase

and/or high activity of adenosine
deaminase. The antibiotic spec-
trum of FMA is broadened by
simultaneous addition of cofor-
mycin5), a potent inhibitor of

adenosine deaminase. FMBis as
active as FMAonly against Xan-
thomonas oryzae and some vi-

ruses1^. Only with these organ-
isms, no synergism between
FMA and coformycin was ob-
served1^, and hence, it is sug-

gested that there is another mode
of action of the formycin on these
particular organisms. Both FMA

and FMB, probably without
being phosphorylated, cause bio-

ckage in the entry of normal nucleosides into
the cell of Xanthomonas oryzae at concen-

trations near their effective doses15). No such
biochemical effect is observed with tumor

cells nor with other bacteria. The mode of
antiviral action remains to be studied.

In order to obtain better chemotherapeutic
agents, various derivatives of the formycins
were examined for their biological activities.
In this communication, we will present the

results and will discuss possible correlations
between chemical structure and biological
activity.

Antitumor activity :
It is reported that FMA was as good a

substrate as adenosine for both adenosine
kinase (I) from human tumor cells16) and
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Abbreviations are FMA for formycin A, FMB for formycin
B, OFMB for oxoformycin B, CPM for cylinder plate method,
CAM for cholioallantoic membrane method20), and S+ (or
-) for positive (or negative) synergism with coformycin.
Activity expressions are +++, as active as FMA; ++,
tf/10FMA; +, cc/lOOFMA; and -, undetectable.

This table includes a few published results.
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adenosine deaminase (II) from Aspergillus
oryzaell). These observations suggest that
"both enzymes do not distinguish the C-

riboside from the normal N-riboside. Among
6-substituted adenosines, 6-methylaminopu-
rine riboside, for instance, is known to be

a much better substrate for (I)16) and a much
poorer substrate for (II)17) than adenosine
itself. Since (I) catalyzes the obligatory

step for FMAactivity and, in contrast, (II)
is responsible for the catabolism of FMA,
we expected that similar modification on

FMAwould yield more potent antitumor
agents. The results, as shown in the left
column of Table 1, were against our expec-
tation. Above all, 7-N-methylated FMA

which had been the most hoped-for one was
entirely inactive by itself, though it showed
a slight synergistic effect with coformycin.
Several analogs, which could serve (II) as
substrates, showed more or less synergism
with coformycin. Among the derivatives
tested, hydroxylamino derivative which had
marked synergism with coformycin appears
promising. In contrast, no such synergism
was observed with 7-SH-substituted for-
mycin, though it had a moderate effect by
itself. This observation seems reasonable
because sulfhydryl is an isostere of hydroxyl
group. The synergistic effect of these deri-
vatives with coformycin is indicated more
clearly in Fig. 1. Any modification on the
ribose moiety except phosphorylation result-

ed in markedor total loss of activity. The

phosphoryl group on the ribose moiety
would readily be split off by phosphatase

he fore permeating the cells, because the
phosphorylated derivatives were only as
active as FMA.

Inhibitory effects on Xanthomonas oryzae
and Influenza Ax virus :

Structure-activity relationships in these
two systems, given in the middle and in the

right column of Table 1 respectively, were
almost identical except 7-C1- and 5'-P-
derivatives which were effective against
Xanthomonas oryzae but not against the

virus. Phosphorylation of the ribose moiety,
namely "the lethal synthesis", was unlikely
to be involved as a prerequisite process in
these biological activities, however, 5'-OH
as well as 3'-OH (or 2'-OH) should be

Fig. 1. Synergism between coformycin and
formycin derivatives
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essential because any substitution at these
positions caused loss of activity.
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