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Tumor cell adhesion to various basement membrane com-

ponents and degradation of extracellular matrix and basement

membranes are an important step of tumor metastgsis-
Glucuronidase and-L-iduronidase are known to degrade the
mammalian glycosaminoglycans, the major constituents of
endothelial basement membradés.Heparanase (engglu-
curonidase) activity was also proved to correlate with lung
colonization abilities of murine B16 melanoma cells by extra-
cellular matrix degradation and to be inhibited by heparanase
inhibitors3

Siastatin B ) was isolated as an inhibitor of neuraminidase
and p-glucuronidase fromStreptomycesculture? and the
6-epimer ofl has recently been shown to be an inhibitor for
heparanase.This discovery stimulated interests in the synthesis
of specific glucuronidase inhibitors for antimetastasis of tumor
cells and led to highly poterfi-glucuronidase inhibitorg and
3. They showed the inhibition of invasion of B16 variant (B16
BL6) and Lewis lung carcinoma (3LL) cells through reconsti-

tuted basement membrane and the significant suppression of
experimental and spontaneous pulmonary metastasis of B16 BL6

and/or 3LL cells in micé. Compounds2 and 3, which
structurally resemble glucuronic acid) @s a 1N-iminosugar,
probably mimic4 in binding to8-glucuronidase and strongly
inhibit the enzymatic reaction. We speculated from these facts
and results that if the metabolism afL-iduronide as well as
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B-D-glucuronide of basement membranes was responsible for
tumor metastasis-iduronic acid-type IN-iminosugars should
inhibit tumor metastasis. Here, we report the firsturonic
acid-type 1N-iminosugars6, 7, and 8 having experimental
antimetastatic activity in mice.

In order to synthesize N-iminosugar corresponding to
L-sugar, the configurational inversion of the carboxyl group of
1 was examined. After unsuccessful attempts of epimerization
of the carboxyl group of some ester derivatived afith bases
and a nonstereoselective epimerization by a conjugated Michael
addition of the alcohol to the,S-unsaturated esté0 with base?
attention was directed to the intramolecular Michael addition
of O-imidaté® to o,3-unsaturated estetl. Compoundll
underwent smoothlgis oxyamination to give the oxazolir3
in 76% vyield and a trace amount of its epiméd. The
intermediate imidate aniod2 from reaction with CGICN
underwent efficient conjugate addition without the use of an
electrophile to trigger oxazoline formation. Hydrolysis 18
(p-CH3CeH4SOsH, CgHsN/H,0)1° gave 15 and 16 in yields of
77 and 9%, respectively. Reductive cleavage of the trichloro-
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acetyl group with NaBRf! then gavel 7 and18in good yields.
Thus obtained.7 and 18 were smoothly converted int® and
7 by treatment with acid, respectively. The guanidine moiety
is an important feature in many biological active compounds,
especially in binding to the enzyme such as influenza viral
N-acetylneuraminidas®:'®> The major isomerl7 was then
converted to the bis-Boc-protected guanidl®{(BocNH),CS,
HgClL)'* in excellent yield. Compound9 was straightfor-
wardly transformed int® by treatment with acid. Thé&Cs-
conformations as well as stereochemistrie$,0f, and8 were
established byH NMR spectral®

As expected, all analogues did not inhibiglycosidase’$
(ICs0 > 0.39 mM). These results indicate that the analogues
having 6Cs-conformation are significantly distinct from the
hitherto known analoguésf 1 having3Cs-conformation on the
specificity againsb-sugar hydrolases. These analogues were
then assayed for anti-invasive and antimetastatic activities of
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Communications to the Editor

tumor cells!” Since the inhibitory activity of siastatin B
analogues for experimental pulmonary metastasis is well
proportional to that for spontaneous pulmonary metastatis,
experimental metastasis assay was employed for this study. As
expected, pulmonary colonization after intravenous transplanta-
tion of B16 BL6 cells into the tail veins of mice was significantly
suppressed dose-dependentlyibyitro pretreatment witlg,
7, and8 (44 and 31% inhibition at 172M of 6 and7 (P <
0.05), respectively; 91 and 97% inhibition at 90 and 1480
of 8 (P < 0.001), respectively}® Compoundss, 7, and8 had
no significant effects on cell growth at the concentrations used
in this study (data not shown). CompouBdas also inhibitory
against B16 BL6 cell invasion through reconstituted basement
membranes (59% inhibition at 87M (P < 0.01))!® These
facts indicate that the antimetastatic effect8is due to its
anti-invasive rather than antiproliferative activity. On the other
hand, molecular modelidg using PM3 in MOPAC revealed
that 8 superimposes well on-iduronic acid b) and has the
hydroxyl and carboxyl groups lying in the same region of space
as those ob, with the acetamide and guanidino moiety also
being topographically equivalent to the hydroxyl moietie®.of
It is highly likely that in contrast witt-glucuronidase inhibitors
2 and 3, compound8 mimics L-iduronic acid in binding to
L-iduronidase and inhibits the enzymatic hydrolysis. These
findings suggest that the metabolism @f_-iduronide of the
basement membranes of a normal cell and/or tumor cell may
participate in human melanoma metastasis and that melanoma
cells may secrete not only heparanase but alseiduronidase.
The present study shows that theéduronic acid-type IN-
iminosugars are a promising candidate of new drugs for tumor
metastasis.
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