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� A new phosmidosine analog 10, in which the proline and 8-oxoadenosine moieties were linked by
an N-acyl sulfamate linkage, was successfully synthesized by the sulfamoylation of an 8-oxoadenosine
derivative 5 followed by coupling with an L-proline derivative 8. An L-alanine-substituted deriva-
tive 13 and its derivative 14 without the alanyl residue were also synthesized. The morphological
reversion activity of these synthetic compounds in v-srctsNRK cells and their antitumor activity
in L1210 and KB cells were studied. As the result, neither L-proline- nor L-alanine-substituted
phosmidosine analogs 10 and 13 showed any antitumor activity. Contrary to these results, the
derivative 14 lacking the amino acid residue showed potent antitumor activities against cancer
cells.
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INTRODUCTION

A number of artificial aminoacyl adenylate derivatives having an
N -acylsulfamate linkage have been synthesized and their biological proper-
ties have been studied.[1−4] Alanyl-, arginyl-, prolyl-, and asparaginyl adeny-
late analogs were synthesized. The chemical stability of the N -acylsulfamate
linkage of aminoacyl adenylate derivatives is higher than that of the
corresponding N -acylphosphoramidate linkage under physiological con-
ditions. Therefore, a series of aminoacyl adenylate analogs containing
N -acylsulfamate linkages have been used as aminoacyl-tRNA synthetase
inhibitors.[1−3] Nucleocidin, which has an N -acylsulfamate linkage lacking
the aminoacyl residue, is known to be highly toxic and to act as a highly
potent inhibitor of protein synthesis.[4,5] Ascamycin, which was isolated
from Xanthomonas spp. in 1984,[6] is a nucleoside derivative possessing an N -
acylsulfamate linkage and a 2-chloroadenine residue as the nucleobase. Isono
et al. reported the biological properties of ascamycin and its analogs sub-
stituted with other amino acids, showing that these compounds have highly
potent antibacterial activities.[7] They also reported that a dealanylascamycin
called AT-256, which was produced by Xc-aminopeptidase-promoted hydrol-
ysis of ascamycin,[8] inhibited protein synthesis. Aminoacyl adenylate deriva-
tives having an N -acylphosphoramide linkage have also been studied and
their chemical and biological properties have been clarified. The P N bond
of the N -acylphosphoramide linkage is more stable than the corresponding
P O bond of an O-acylphosphoramide linkage and these modified nucle-
osides showed antitumor activities. A naturally occurring antibiotic, phos-
midosine, has proved to possess potent antitumor activities against various
human cancer cells.[9−11] McCloskey reported that phosmidosine was decom-
posed by treatment with 0.2 M NaOH to produce a proline moiety-lacking
compound and rearranged compounds.[12] Recently, we have studied the
synthesis of phosmidosine and its analogs.[13−17] In our continuous studies
of the structure-activity relationship of a series of phosmidosine derivatives,
we found that the 8-oxoadenine base and the proline moiety were essential
for inhibition of the cancer cell growth.[15] These results prompted us to
synthesize new phosmidosine analogs having an N -acylsulfamate linkage.

RESULTS AND DISCUSSION

A general procedure for construction of N -acylsulfamoyl linkage has
been developed to obtain a series of aminoacyl adenylate derivatives con-
taining an N -acylsulfamoyl linkage.[1−4] Therefore, we applied this method
to the synthesis of our new phosmidosine analogs.

Thus, the O -selective reaction of an appropriately protected 8-
oxoadenosine derivative 5 with sulfamoyl chloride,[2,18] which was prepared
from chlorosulfonyl isocyanate and formic acid, was studied. As the result,
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New Phosmidosine Analogs 649

FIGURE 1 Structure of several aminoacyl adenylate derivatives.

the desired sulfamoylation proceeded to afford the 5′-O-sulfamoyl-8-oxo-
adenosine derivative 6. In this reaction, no reactions occurred on the 7-
position or the 6-amino group of the 8-oxoadenine moiety. In an attempt to
obtain an N -acyl sufamate derivative 9, an L-proline derivative was activated
by treatment with N,N ′-carbonyldiimidazole and the resulting acylimida-
zole derivative 7 was allowed to react with 6. However, no prolylated com-
pounds were obtained. In contrast to this result, when the O-succsinyl-L-
proline derivative 8[2] was used, the reaction gave the desired product 9
in a moderate yield. The yield of 9 was increased to 80% by the choice of

FIGURE 2 Synthesis of phosmidosine analogs.
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FIGURE 3 Synthesis of ascamycin mimics.

acetonitrile as the solvent. The product was treated with 80% formic acid for
12 h to give the product 10 as an amorphous white solid in 59% yield.

In a similar manner, we also synthesized an ascamycin mimic 13, which
was obtained by the reaction of 6 with the ester 11 followed by acidic treat-
ment of the product 12. The compound 14, which does not have the alanyl
residue, was synthesized by treatment of 6 with 80% HCOOH.

The morphological reversion activity of these synthetic compounds in
v-srctsNRK cells and their antitumor acttivity in L1210 and KB cells were
studied. These results are shown in Table 1.

TABLE 1 The Biological Properties of Compounds 1c, 10, 13, and 14

Morphological reversion activity (µg/ml)

Aminoacyl nuclesides 100 30 10 3 1 0.3 0.1

Morphological reversion activity of phosmidosine analogs in v-srcts NRK cells

L-Pro-Sulfamoyl-8-oxoA : 10 − − − − − − −
H-Sulfamoyl-8-oxoA : 14 +++ +++ +++ +++ + − −
Phosmidosine-Et : 1C nt nt +++ +++ + nt nt

L1210 KB
µM µM

IC50 Values of phosmidosine analogs in L1210 and KB cells

L-Pro-Sulfamoyl-8-oxoA : 10 218< 218<

L-Ala-Sulfamoyl-8-oxoA : 13 231< 231<

H-Sulfamoyl-8-oxoA : 14 0.91 4.86
Phosmidosine-Et : 1C 3.62 3.44

+++:More than 75% of cancer cells were morphologically reversed.
++:25–75% of cancer cells were morphologically reversed.
+:ca. 25% oc cancer cells were morphologically reversed.
−:no activity; nt: not tested.
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As shown in Table 1, the phosmidosine ethyl ester 1c was used as a
control sample. In the morphological reversion activity assay, the L-proline-
substituted phosmidosine analog 10 did not show any morphological re-
version activities. However, compound 14 showed morphological reversion
activity at a low concentration. Even when the concentration was 3 µg/ml,
morphological reversion activity was significantly observed. Next, we studied
the antitumor activity of these compounds against L1210 and KB cells. The
results were similar to those obtained in the case of the morphological re-
version activity assay. Only compound 14 inhibited the growth of L1210 and
KB cells. The structure of compound 14 is similar to those of nucleocidin 2
and AT-265 4.

In conclusion, we have successfully synthesized a new phosmidosine ana-
log having an N -acylsulfamoyl linkage. An L-alanine-substituted derivative
10 and its derivative 14 were also synthesized in a similar manner. The bio-
logical properties of these new compounds were studied and it was found
that 5′-O-sulfamoyl-8-oxo-adenosine 14 showed potent activity against human
cancer cells. Further studies on the mode of action of these compounds are
in progress.

EXPERIMENTAL

1H and 13C NMR spectra were obtained at 270 and 68 MHz, respec-
tively. The chemical shifts were measured from DMSO-d6 (2.49 ppm) and
3-(trimethylsilyl)propionic-2,2,3,3-d4 acid sodium salt (TSP-d4) (0 ppm) for
1H NMR and from DMSO-d6 (39.7 ppm) for 13C NMR. Column chromatogra-
phy was performed with silica gel C-200. Reverse-phase column chromatog-
raphy was performed by use of 37-55 µm C18 particle. Mass spectra were
measured by use of an ESI-mass spectrophotometer. In vitro analysis of the
antitumor activity in cancer cell lines was carried out by the literature method
reported by Carmichael[19] and us.[15] The morphological reversion activity
test was conducted according to the literature method.[10] Compound 5 was
synthesized according to our previous paper.[15]

2 ′,3 ′-O-Isopropylidene-5 ′-O-sulfamoyl-8-oxoadenosine ( 6). Under argon at-
mosphere, compound 5 (1.51 g, 5 mmol) was coevaporated three times with
dry pyridine and dissolved in dry DME (25 ml). To this DME solution was
added sodium hydrate (60%, 480 mg, 12 mmol), and the mixture was stirred
at 0◦C for 30 min. A DME (25 ml) solution of sulfamoyl chloride (1.16 g,
10 mmol) was added to the mixture. After being stirred at room temperature
for 10 h, the mixture was quenched by addition of 20 ml of methanol and
evaporated under reduced pressure. The residue was purified by silica gel
column chromatography (CHCl3:methanol = 95:5, v/v) to give compound
6 (1.79 g, 89%): 1H NMR (DMSO-d6) δ 1.31 (3H, s), 1.51 (3H, s), 4.05–
4.32 (3H, m), 4.98 (1H, d, J2′,3′ = 6.3 Hz), 5.39 (1H, d, J2′,3′ = 6.3 Hz), 5.93
(1H, s), 7.15 (2H, bs), 7.54 (2H, bs), 8.17 (1H, s), 10.94 (1H, bs); 13C NMR
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(DMSO-d6)δ 25.1, 26.9, 68.3, 79.2, 81.6, 82.4, 84.3, 86.2, 103.5, 113.1, 146.0,
147.2, 151.0, 151.1. ESI-mass m/z cald for C13H19N6O7S 403.1036; observed
[M + H] 403.1042.

2 ′,3 ′ -O-Isopropylidene-5 ′ -O-[N-(boc-L-prolyl)sulfamoyl]-8-oxoadenosine ( 9).
Under argon atmosphere, compound 6 (805 mg, 2 mmol) was coevaporated

three times with dry pyridine, and N -Boc-L-proline N -hydroxysuccinimide
ester (750 mg, 2.4 mmol) was added. The mixture was dissolved
in dry acetonitrile (20 ml). To this solution, DBU (0.72 ml, 4.8
mmol) was slowly added. After being stirred at room tempera-
ture for 4 h, the mixture was diluted by addition of methanol
(10 ml) and evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (CHCl3:methanol =
95:5, v/v) to give compound 9 (983 mg, 82%): 1H NMR (DMSO-d6) δ

1.25 (9H, s), 1.29 (3H, s), 1.34 (3H, s), 1.60–2.05 (3H, m), 3.07–3.52 (4H,
m), 3.79–3.90 (2H, m), 4.00–4.10 (3H, m), 4.14–4.23 (2H, m), 4.87–4.93
(1H, m), 5.41 (1H, m), 5.86 (1H, s J1′,2′ = 5.6 Hz), 6.95 (2H, bs), 7.99 (1H,
s), 11.26 (1H, bs). ESI-mass m/z calcd for C23H34N7O10S 600.2088; observed
[M + H] 600.2080.

5 ′-O -[N-(L-prolyl)sulfamoyl]-8-oxoadenosine (10). Compound 9 (599 mg,
1 mmol) was dissolved in 80% formic acid (10 ml). After being stirred at
room temperature for 12 h, the mixture was diluted by addition of water and
extracted with ethyl acetate. The aqueous layer was collected in a flask and
evaporated under reduced pressure. The residue was purified by reverse-
phase column chromatography (H2O:methanol = 100:0–97:3, v/v) to give
compound 10 as an amorphous white solid (271 mg, 59%): 1H NMR (D2O)
δ 1.98–2.15 (4H, m), 2.40–2.55 (1H, m), 3.34–3.53 (2H, m), 4.31 (1H, m),
4.37–4.52 (2H, m), 4.83–4.90 (1H, m), 5.01–5.06 (1H, m), 6.09 (1H, s), 8.45
(1H, s). ESI-mass m/z calcd for C15H22N7O8S 460.1251; observed [M + H]
460.1245.

2 ′,3 ′ -O-Isopropylidene-5 ′ -O-[N-(boc-L-alanyl)sulfamoyl]-8-oxoadenosine (12).
A reaction similar to that described for the synthesis of 9 by use of 6 (805

mg, 2 mmol) and N -Boc-L-alanine N -hydroxysuccinimide ester 11 (687 mg,
2.4 mmol) gave compound 12 (1.02 g, 89%): 1H NMR (DMSO-d6) δ 1.10
(9H, s), 1.16 (3H, d, J = 5.9 Hz), 1.28 (3H, s), 1.38 (3H, s), 3.81–3.89 (2H, m),
4.00–4.11 (3H, m), 4.16–4.21 (1H, m), 4.85–5.01 (2H, m), 5.90 (1H, s), 7.00
(2H, bs), 7.86 (1H, s), 11.23 (1H, bs). ESI-mass m/z calcd for C21H32N7O10S
574.1931; observed [M + H] 574.1944.

5 ′-O-[N-(L-alanyl)sulfamoyl]-8-oxoadenosine (13). A reaction similar to that
described for the synthesis of 10 by use of 12 (217 mg, 0.5 mmol) gave
compound 13 (134 mg, 62%): 1H NMR (D2O) δ 1.02 (3H, d, J = 5.9 Hz),
3.79–3.86 (1H, m), 4.17–4.22 (1H, m), 4.37–4.43 (1H, m), 4.50–4.60 (1H,
m), 4.75–4.90 (2H, m), 5.98 (1H, s), 8.33 (1H, s); ESI-mass m/z calcd for
C13H20N7O8S 434.1094; observed [M + H] 434.1082.
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5 ′-O -Sulfamoyl-8-oxoadenosine (14). Compound 6 (599 mg, 1 mmol) was
dissolved in 80% formic acid (10 ml). After being stirred at room temperature
for 12 h, the mixture was diluted by addition of water and extracted with
ethyl acetate. The aqueous layer was collected in a flask and evaporated
under reduced pressure. The residue was purified by reverse-phase column
chromatography (H2O:methanol = 100: 0–97:3, v/v) to give compound 14 as
an amorphous white solid (271 mg, 62%): 1H NMR (DMSO-d6)δ 3.98–4.11
(2H, m), 4.22–4.37 (2H, m), 4.80–4.89 (1H, m), 5.28 (1H, d, J2′,3′ = 5.1 Hz),
5.40 (1H, d, J2′,3′ = 5.1 Hz), 5.69 (1H, d, J1′,2′ = 4.6 Hz), 6.59 (2H, bs), 7.50
(2H, bs), 8.02 (1H, s), 10.50 (1H, bs). ESI-mass m/z calcd for C10H15N6O7S
363.0723; observed [M + H] 363.0715.
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