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BACKGROUND OF THE INVENTION

This invention relates to novel oxetanocins
exhibiting physiological activities such a&s immuno-
suppressive activity, antiviral activity, and the like.
alkylating agents,

As immunosuppressive agent,

antimetab¢lites, antibiotics, steroidal agents, folic
acid antagonists, and vegetable alksloids have hitherto
On the other hand,

been known. oxetanocin (OXT-A) itself

is disclosed in 'Journal of Antibiotics, Vol. 39, No. 11,
Pe. 1623-25 (1986) and Japanese Patent Application
Kokai (Laid-Open) No. 61-293,992 (EP No. 0 182 315),

Among the prior immunosuppressive agents,
steroidal agents are said to exhibit their immuno-
suppressive action owing to their anti-inflammatory actian
and lympholytic action. Because of their diverse action,
their use is accompanied by various side reactions,; as
is well known. It is also known that the other immuno-
suppressive agents belong to the so-called cytotoxic
substances. Thus, it is desired to develop an agent
selectively exercising its activity only on immunoccmponent
cells and exhibiting as mild side regctions other than

the immunosuppressive action as possible.

B

SUMMARY OF THE INVENTION

In view of the above, the present inventors

gy o g 3
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1 conducted many studies to find that novel oxetanocins
represented by the following general formula (I):
R
O —
HO
(1)
OH
e et wherein R represents a group represented by
Ceet 0]
et Ay
¢ (0} ' !
‘ 0 cl
:"u.t H I or HN# l——j\] ’
S I _ |
¢ ts H ‘\XN N/’ l/gN \N‘
et § 2 C
Eeh | I

and their pharmacologically acceptable salts have
‘' 5 immunosupressive and antiviral activities. Based on
this finding, this invention was accomplished.

Accordingly, this invention provides novel

oxetanocins represented by the above-mentioned general
formula (I) and their pharmacologically acceptable salts
10 which are useful as a medical drug.
Further, this invention also provides an
o immunosuppressive composition and an antiviral composition

) containing these compounds as active ingredient.

s
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1 DETAILED DESCRIPTION OF THE INVENTION
Examples of the compound of this invention

represented by general formula (I) ar& as follows:

R
(0)
HO
(I)
OH
»yc;: Abbreviation R in general Name of
e of compound formula (I) base R
' i (0]
HN N
L
¢ , O H l?
2-Amino-0XT-A NH, 2,6-Diaminopurine
H 7
yaw
e SN
Sn:'n' HZN |
OXT=G Guanine
v t
‘:‘l':
OXT~DCP ol 2,6-Dichloropurine
“ﬁ;ﬁl
A

v The oxetanocins of this invention can be
5 produced by transforming the base part of oxetanocins

by microbial, chemical and enzymatic methods.

/
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Further, novel oxetanocins represented by the

following general formula (II):

O

(I1)

OR

wherein Y represents

or 2

atom, an acyl group or an optionally substituted lower
alkyl group, provided that when Y is 2,6-dichloropurine,
Rl represents a group other than hydrogen, are useful
as synthetic intermediates of 2-amino-OXT-A and OXT-G.
Examples of the compound of general formula

(II) are as follows:

(11)

= g v Siwie
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Compound No. Rl Y
NH
o 2
N 7
Compound - (5) H I\['\/‘\Ujl
\N'
l
0
HO
N N
Compound (6) H N )
o S
A |
o, 3
cerees \N N
Compound (8) CH,CO- k | |
Sy N)
y |
C e . Cl
vt L
cre Compound (9) CH3CO- N~ ' ]
‘ 8 g
ol VY
“l:‘i L3 ‘
Q#ll?‘:
P ¢
1 | ‘The compounds of this invention represeénted
by general formulas (‘I")- and (II) form salts with acids,
The aci{d used for the salt formation may be any acid so
far as it #s pharmacologically acceptable, in case of
5 the compound of general forwmula (I). Examples of the
| {
i/ i //
. ‘
-‘\ =
A =
e - R

TR,
]
WX
!
?
!
)
1
{
|
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1l acid preferably usable for this purpose include
hydrochloric acid, sulfuric acid, phosphoric acid and
the like. In case of the compound of general formula
(II), pharmacologically acceptable salts are of ccurse

5 usable, in addition to which salts : ith other various
acids are also usable if such a salt is desirable.

Next, production process of the compounds

OXT-X, 2-amino-OXT-A and OXT-G will be described briefly.

Rac: (A) Production Process of Compound OXT-X:

HN | N
Oéi\‘N‘ \\WQ’J
H
—
0] 0
HO—
OH ) —OH
(1) OoXT-a (2) OXT-X
G‘l..'
£ %4
[
(:"-l':
10 Accorxding to the above-mentioned scheme,

oxetanocin (1) having adenine base is treated with an
enzyme which oxidize OXT-A to OXT-X, which is not limited
to purified enzyme, for example a cultured product of
a microorganism having an ability to produce the enzyme
15 or a treated product thereof (for example the c¢rushed
- mycelium and cell free extract) or a substance collected

from animal tissue (for example, rat liver homogenate).

)
- %
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containing the same enzyme, in buffer solution of pH
about 6 to 9, preferably about 7 to about 8 at about
10°C to about 70°C preferably about 20°C to about 50°C,
whereby novel compcund OXT-X can be obtained according
to the above-mentioned scheme.

When an enzyme originated from microorganism
is used, a cultured product (microbial cell) obtained
by culturing a known microorganism having an ability to
produce the said enzyme in a nutrient medium may be
used as it is. Apart from it, acetone-dried microbial
cell, crushed microbial cell, ultrasonic wave-treated
microbial cell, crude enzyme sample collected from
surfactant~treated, toluene-treated or lysozyme-treated
microbial cell and microbial cell immobilized on
natural or synthetic polymer are also usable in the same
manner as above. In this reaction, isolation and
purification of compound (2) is unnecessary. That is,
the reaction can be carried out consecutively from
compound (1) to OXT-X.

Concretely saying, the following microorganisms

can be used, for exanple.



Ko

FAan

Table 1

Name of microorganism

Deposit No.

(1)

Streptomyces alboniger

(1)

Streptomycr:s californicus

(1)

Streptomyces chrestomyceticus

Streptomyces subsp. lasaliensis(z)

)
Streptomyces albus( !

(1)

Streptomyces bikiniensis

(1)

Streptomyces chrysomallus

(1)

Streptomyces olivaceus

(1)

Streptomyces griseolus

Nocardia interforma (M4-CS)(2)

IFO 12738
IFO 12750
IFO 13444
ATCC 31130
aTCC 21838
IFO 13198
IFY 12755

IFO 12805

IFO 12777

ATTC 23072

Note: (1) Anybody can freely obtain these micro-
organism for an experiment from Institute
For Fermentation, Osaka (IFO); 17-85,
Juso-honmachi 2-chome, Yodogawa-ku,

Osaka 532, UJapan.

(2) Anybody can freely obtair these micro-

organism for an experiment from Americ in

Type Culture Colleclion (ATCC) ;

12301 Parklawn Drive Rockville, MD 20852

U.S.A.

[

-

The production of OXT<X in this invention will

be explained more concretely bel§w. After culturing the

microorganism shown in Table L in a nutrient medium for

40 hours, the cultured product may be used as it is.

U,:! .
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Preferably, however, the alive microbial cell is collected
by centrifugation, made into a suspension in M/20
phosphate buffer (pH 7.5), mixed with compound (1) and

reacted at 20°C to 50°C for 10 to 70 hours, whereby

the intended compound OXT-X is formed in the reaction

mixture. The product can be taken out of the reaction

mixture by any known means. For example, after removing
the cell body by centrifugation or the likeé¢, the product
can be takeri out by utilizing the difference in water
or crganic solvent. Otherwise, adsorption and desorption
using active charcoal, adsorbent resin, ion exchange
resin and the like can also be utilized. By appropriately
combining these methods, the product can be taken out.
For example, compound (1) is converted to

OXT-X by the action of a washed microbial cell listed
in Table 1, and then inert substances and waste cells
are removed by centrifugation.

" The supernatant thus obtained is passed
through an active charcoal column to have the product
adsorbed on said column, after whach the column is
washed with water, the product is eluted with aqueous
methanol and the eluted matter is concentrated to
dryness to obtain a crudeée product. The latter is
treated with a cation exchange resin and the adsorbed
product is eluted with water and concentrated to dryness,
whereby compound OXi i Lls obtained in the form of a

colorless powdery product.

- 10 -
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1 (B) Production Process of 2-Amino-O0XT-A:
2-Amino-OXT-A is prepared by r:itacting a
compound represented by the following general formula:
(III)

4 ¢
‘*Dtl

L3R SR

¢

et 13
X X!
lf ] .
13 g e
'

[E X1
u;nrs wherein Xl represents a protected hydroxy group or a

5 halogen atom and Ry represents a protecting group, with
S ammonia in the presence of an inert solvent, usually
e polar solvent such as a lower alcohol (for example
L ethanol) at the temperature about 0°C to about 200°C,
[ - ]
usually about 20°C to about 150°C preferably about 70°C

¢ e 10 to about l30°C.

tee The compound of the general formula (III) is
CEEER E

& L4

prepared from OXT-X or OXT-A. That is, the compound

[compound (4) ] which is X, = protected hydroxy in the

L
general formula (III) can be derived from OXT—=X and the
15 compound [compound (5)] which is X, = halogen in the

general formula (LII) is derived from OXT=A.

= 1] =




.
£

@ OXT-X ——= 2-amino ¥T-A

ot
2T

HO- 0—'21 R0 —
4 '.‘ - 3( Ll— |

2=amino-QXT=4

1 (In the formulas, RL and R, represent protecting groups.)
2-Amino-OXT~-A having 2,6-diaminopurine base is
produced by blocking the hydroxyl.grcups‘of‘3'~CH20H
and 4'~éﬁzon\of OXT=X with soma prqteqting group and
5 blocking the 2- and 6«parbonyl 5xou@& of the base part 

} Li3 12( -
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of ccmpound (3) and then subjecting'compound (4) to
an ammonolysis.

As the protecting group (Rl) for the hydroxyl
granp in compound (3), the known protecting groups for
hydrcxyl group used in the field of nucleic acid
chemistry or sugar chemistry are used. ' Examples of the

protecting group for the hydroxyl group of 3'-CH,OH

2
and 4'—CH20H included as follows:

(a) ‘acyl groups such as C) formyl, () optionally

sub:*tituted-lower~-alkylcarbonyls (as the substituent,
halogen atom, lower alkoxy, benzoyl and the like can
be referred to) for example acetyl, chloroacetyl,
trichloxoacetyl, trifluoroacetyl, methoxyacetyl,
pivaloyl, a- or B-benzoylpropionyl, phenoxyacetyl,
trityloxyacetyl and the like); C) benzoyl which may
have substituents and

(b) lower (Cl—CG) alkyl groups preferably (:) o=
branched lower alkyl such as t-butyl and (2) a lower
alkyl grou 3 substituted by phenyl an a-~carbon such as
trityl groups (trityl, trityl substituted by lower
alkoxys, halogens or nitros such as monomethoxytrityl,
dimethoxytrityl, trimethoxytrityl, and monchalogeno-
trityl, mononitrotrytyl).

The above-mentioned protecting group can be

introduced according to known method. Preferably, a
protecting group which is effectively eliminable

afterwards should be chosen.

As thevprotectinéjgroupf(Rz) for carbonyl group

-~ 13 -

o
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1 in compound (4), known protecting groups used in the
field of nucleic acid chemistry are used. Examples of
the protecting group for 2- and 6-carbonyl groups
include an arylsulfonyl such as benzenesulfonyl which

5 may have substituents on phenyl, for example, p-
toluenesulfonyl, 2,4,6-triisopropylbenzenesulfonyl.

Theze protecting groups can be introduced according to

the known method. Preferably, a protecting group which
L can be easily substituted afterwards upon introduction
;0,10 of amino gro:p into 2- and 6-positions should be

chosen.

An -

,ﬁw In producing 2-amino-OXT-A, compound (4) is

subjected to ammonolysis. The ammonolysis can be

=

performed by the known procedure. That is, compound (4)
15 4is dissolved into an anhydrous organic solvent and

reacted with liquid ammonia.

(@) OXT-A ——> 2-amino-0XT-A

CH

- 14 =
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-> —_—>
R0 f R10— ,©
\ OR3 ORl
(7) (8)
Cl NH2
szl N N%iiy___N
PN - P
Ccl N N H2N N N
-
R10— P™ KO — fo
OR1 OH
(9) 2-amino-0XT-A

In the first step, compound (1) is converted
to N-oxide (5). This reaction is carried out with an
appropriate oxidant. As said oxidant, hydrogen peroxide
or organi¢ peracid such as metachloro-perbenzoic acid,
peracetic acid and the like is used. The reaction is
uysually carried out in an appropriate solvent, and
examples of said solvent include optionally hydrated
acetic acid, acetone, dioxane and the like. The reaction
usually progresses at room temperature. N-Oxide (5)

can be obtained from the reaction mixture by distilling

off the solvent and purifying the residue by silica ge..

- 15 =
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column chromatography.

In the next step, N-oxide (5) is treated with
sodium nitrite to form compound (6).

This reaction is usually carried out in water
at room temperature. Compound (6) can be isolated from
the reaction mixture by concentrating the reaction
mixture and purifying the product by column chromatwgraphy
using a cation exchange resin. As the protecting group
(Rl) for the hydroxyl group in compound (8), acyl group
such as acetyl, chloroacetyl, pivaloyl, benzoyl and
the like or trityl group such as trityl, monomethoxy-
trityl and the like is used. The protecting group can
be introduced according to known procedure. Preferably,
a protecting group which is effectively eliminable
afterwards should ke chosen. The reaction usually
procgresses at room temperature. Compound (7) can be
isolated from the reaction mixture by distilling off
the solvent and purifying the product by silica gel
column chromatography.

Subsequently, compound (7) 'is dissolved into
aqueous methanol and stirred at 20°C to 70°C for several
days, whereby compound (8) is deposited in the form of
a colorless powdery product. It is collected by
filtration to obtain compound (8).

The compound (8) thus obtained is then
chlorinated with freshly distilled phosphorus oxychloride
in the presence of an appropriate organic base. Aas

sail organic base, triethylamine, pyridine, 2-picoline

" - 16 -
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and the like can be used.

The reaction is usually carried out with
heating. Compound (9) can be isolated from the reaction
mixture by concentrating the reaction mixture under
reduced pressure, dissolving the concentrate into an
appropriate organic solvent and shaking it with a
saturated aqueous solution of sodium hydrogen carbonate.
As said organic solvent, chloroform, ethyl acetate and
the like can be used. The prganic layer is washed with
a saturated aqueous solution &£ sodium chloride, the
organic layer is concentrated, and the product is
purified by silica gel column chromatography.

Subsequently, compound (9) is aminated to
obtain 2-amino-OXT~A. This reaction is carried out by
dissolving compound (9) into an appropriate anhydrous
organic solvent and adding liquid ammonia thereto.

As said oxganic solvent, hydrocarbon solvents
and their derivatives preferably polar solvents (e.g.
lower alcohols such as methanol, ethanol and the like,
aliphatic nitriles such as acetonitrile and the like),
etc, can be used. The reaction is carried out at a
temperature of about 0°C to about 200°C, usually at about
20°C to about 150°C and preferably at about 70°C to
about 130°C. The reaction time is about one hour to
about 100 hours. 2-Amino-OXT-A can be isolated from the
reaction mixture by distilling off the solvent and

purifying the product by column chromatography using

an adsorbent resin.

- 17 -
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(C) Production Process of OXT-G:

2-Amino-O0XT-A ———> OXT-G

Compound OXT-G can be produced by treating

2-amino—OXT-A with adenosine deaminase in water or agueous

solution. As for the adenosine deaminase, a pure or
crude enzyme or a substance including an adenosine
deaminase such as a cultured microorganism including
adenosine deaminase, its treated product, or a substance
including adenosine deaminase collected from animal
tissue such as bovine intestinal mucosa are used. As
the adnosine deaminase, commercial products may be used.
As a concrete example of the commercial product,
EC,3,5,4,4 manufactured by Sigma Co. can be referred to.

When an enzyme originated from microorganism
is used, a cultured product of microorganism (microbial
cell) prepared by culturing a microorganism having
adenosine deaminase-producing ability in a nutrient
medipm can be used as it is.

Concretely saying, the microorganisms shown

in Table 2 can be used, for example.

- 18 »
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Table 2

Name of microorxganism

Deposit No.

. (1)

Alcaligenes bookeri
(3)

Escherichia coli NIHJ

. (1)

Proteus morganii

(1)

Elytrosporanim brasiliense

(1)

Nocardia asteroides

(1)

Streptomyces alboniger

(1)

Streptomyces californicus

(1)
(2)

Streptomyces chrestomyceticus
Streptomyces subsp. lasaliensis

Streptomyces tubercidicus(l)

(2)

Streptomyces verticillus

Aspergillus niger(l)
(1)

Fusarium roseum

IFO 12948
NIHJ

IFO 3168
IFO 1259
IFO 3423
IFO 12738
IFO 12750
IFO 13444
ATCC 31180
IFO 13090
ATCC 31307
IFO 4066

IFO 7189

(1) These microorganisis can be freely obtained

f£from IFO.

(2) These microorganisms can be freely obtained

from ATCC.

(3) Theseé microorganisms can be freely obtained from

National Institute of Health of Japan (NIHJ);
2-10-35, Kamiosaki, Shinagawa-ku, Tokyo, Japan.

-~ 19 =
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In producing OXt-5, 2-a2mino-CQXT-A are treated
with an adenosine deaminase in 1/20M - 1/5M phosphate
or tris-HCl buffer, pH about 6 to about 10 (preferable
pH about 7.0 to about 8), at a temperature of about 10°C
to about 90°C, usually at about 20°C to about 25°C,
for a period of about 0.5 hour to about 200 hoars, usually
for about 10 hours to about 60 hours, whereby the
intended compound OXT-G is formed .n the reaction
mixture. When a cultured microorganism is used, the
microorganism shown in Table 2 is cultured in a nutrient
medium for 24 hours. Although the cultured product may
be used as it is, more preferably the alive micyobial
cell is collected by centrifugation, suspended into M/20
phosphate buffer (pH about 7.0 to about 8.0), mixed with
2-amino-0XT-2 and reacted usually at about 20°C to
about 70°C for at most about 200 hours, whereby the
intended cumpound OXT-G is formed in the reaction mixture.
The product can he isolated from the reaction mixture
according to known procedure. That is, a method which
comprises removing inert material by centrifugation or
the like and taking out the product by utilizing the
difference in solubility into water or organic s”lvent,
the method of adsorption-desorption using active charcoal,

adsgrbent resin or ion exchange resin, and the like can

e

be ?dcpted in appropriate combinations

I

For example, after reacting 2-amiho-0XT-A with

the abbve-mentioned enzyme or washed microbial cell shown

R e et

in Table 2, inert materials or waste microbial cells

—20-—
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are removed by centrifugation. The supernatant is
passad through a column of porous resin to have the
product adsorbed thereon. After washing the column
with water, the product is eluted with agqueous methanol
and concentrated to dryness, whereby OXT-G is obtained
in the form of a colorless powdery product.

If necessary, Sephadex resins are also usable
in this procedure.

When the gompound of general formula (I) is
used a5 a meaical drug such as immunosuppressive agent,
antiviral agent or the like, it is administered in the
form of injection, oral composition, suppository and
the like either alone or in mixture with diluent or
vehicle. Ap said vehicle or diluent, pharmacologically
acceptakle ones are chosen, and their kind and composi-
tion vary dependent on the route and method of admin-
istration. Although the content of the compound of
this invention in the prepared pharmaceutical composition
varies with the type of composition,; it is usually
about 0.05% to about 100% by weight and preferably about
1% to about 90% by weight of the total weight of the
composition. For exanmple, in the case of injection, it
is usually preferable to adjust the content of the
compound of this invention to usually about 0.5% to

about 10% preferably about 0.1% to about 5% by weight

 6f the total weight. For oral administration, the

compound of this invention is used together with the

above-mentioned solid or liquid carrier in:the form of
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tablet, capsule, powder, granule, liquid, dry syrup

or the like. In case of capsule, tablet, granule and
povider, the content of the compound of this invention
is about 3% to about 100% by weight and preferably 5%
to 90% by weight of the total weight, and the remainder
is carrier.

The dose is dependent on the age, body
weight and symptoms of patient and purpose of therapy.
Usually, it is 1 to 300 mg/kg-day in non-oral admin-
istration and 5 to 500 mg/kg'day in oral administration.

The compound of this invention is characterized
by its low toxicity. Further, all the compounds of
this invention are charactyrized by the small accumulation
of toxicity after a continued administration.

In forming the compound of this invention into
a pharmaceutical composition, it is treated in the
following manner, for example. Thus, 30 parts by weight
of hydrochloride of the compound of general formula
(I) is dissolved into purified water so as to give a
total quantity of 2,000 parts. The resulting solution
is sterilized by filtration by the use of Millipore
Filter type GS.

Two grams of the filtrate is taken into a vial
and freeze-dried. Thus, a freeze-dried injection
containing 30 mg of hydrochloride of the compound of
general formula (I) per one vial is obtained.

In the similar method to Waithe et al. (Waithe

et al., Handbook of Experimental Immunology, 26, 1, .978),

- 22 =
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compounds OXT-X, 2-amino-OXT-A and OXT-G were examined
for the effect on lymphocyte blastgenesis. As the
result, compounds OXT-X, 2-amino-OXT-A and OXT-G
markedly suppressed the blastgenesis of T lymphocyte
stimulated by Con A (concanavalin A) and the blastgenesis
of B lymphocyte stimulated by LPS (lipopolysacch.cide).
This means that the compounds of this
inwvention OXT-X, 2-amino~OXT-A and OXT~G inhibit the
function of B lymphocyte and T lymphocyte. Since this
inhibitory action means inhibition o humoral immunity
and cell-mediated immunity, respectively, the immuno-
suppressant ¢omprising the compound of this invention
as active ingredient is quite useful for inhibiting
the refusal reaction in the transplantation of organs
and skins of which cause is exasperation in these
immunities, for therapying various self-immune diseaties
caused mainly by self-immune such as multiple sclerosis,
hemolytic anemia, I type diabetes mellitus, heavy
myasthenia, Hashimoto thyroiditis, Behcet syndorome and
rheumatism, and for therapying allergic diseases. Since
the compound of this invention is considered different
from prior immunosuppressants in the 4ction mechanisnm,
it is considered free from the severe side reactions
such' as disorder in hematopoletic tissues generally
recognized in cytotoxin type suppressgsants and the
gastric ulcer, cataract, etc., yecognized in steroid

hormones. Thus, the compound of this invention is

e T
7

quite excellent in the point of side reaction. |

- 23 =
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Next, the phazmacological activity of the
compound of this invention will be concretely explained

with reference to test examples.

Test Example 1l: Inhibition of T lymphocyte blastgenesis
caused by Con A:

Spleen cells of BALB/(C) mouse were dividingly
poured into microplate at a rate of 2 x 105 cells/0.2 ml/
well., Test compounds of varied concentration were
added to wells other than control group. Further, Con A
was added to all the wells at a rate of 5 micrograms/ml.
Then, the cell suspensions were cultured at 37°C for
72 hours in a culture chamber having an atmosphere of
5% v/v carbon dioxide. The extent of lymphocyte blastgenesis
was determined by adding 1 pci/well of °[H]-thymidine 6
hours before completion of culture and measuring the
intoke into cultured cells by means of liguid scintillation
counter. Numerical value (1 = B dpm/A dpm) x 100 was
taken as inhibitory rate of each sample compound on
blastgenesis, wherein A dpm was intake count in case
of adding Con A only and B dpm was intake count in case
of adding on A and sample compound. The results axe

shown in Tiable 2.

..124-
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Table 3 Inhibitory activities of OXT-X, 2-amino-OXT-A and OXT-G
on the T lymphocyte blastgenesis caused by Con A

Name of compound OXT-X 2-Amino-OXT-A 0XT-G

Concentration 0.8 4.5 20.0 | 0.8 4.0 20.0 | 0.8 4.0 20.0
(ug/ml) '

Inhibitory rate 11 36 71 21 94 3% 85 96 100

()

control (no sample)

0%
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As is apparsnt from Table 3, the compound.of
this invention inhibits the T lymphocyte blastgenesis

to a great extent.

Test Example 2: Inhibition of B lymphocyte blastgenesis
caused by LPS (lipopolysaccharide)‘

According to the method of Test Example 1
(except “hat 100 ug/ml of Escherichia coli LPS was added
in place of Con A), the intake of 3[H]—thymidine into
blastgenesis B cells was measured, The inhibitory rate
of test sample was similarly determihed.

As shown in Table 4, the compound of this
invention inhibits the blastgenesis of B lymphocyte

caused by LPS to a‘great‘extenﬁw

2y
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Table 4 Inhibitory actions of OXT-X, 2-amino-OXT-A and OXT-G
on the blastgenesis of lymphocyte caused by LPS

Name of compound OXT-X 2-Amino-OXT- | OXT-G

Concentration | 4.0 20.0 | 4.0  20.0 4.0 120.0

(pg/ml)

Inhibitory rate | 8.0 27.0 | 23.0  93.0 64.0 92.0

(%) ' ' | Control (no sample)
' 0%

o e e
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The compound of this invention exhibits its
activity against viruses: The viruses are (a) DNA virus
for example (:) pox virus, C) herpes virus such as
herpes sinplex virus (HSV), cytomegalovirus, (} adeno-
virus, (g) papovavirus, (:) hepatitis B virus,
(:) parvovirus, etc.; and (b) RN2Z virus for example
C) rhabdovirus, C) paramyxovirus, (:) arenavirus,
(:) retovirus which cauiie AIDS or human T cell leukemia
etc., (:) coronavirus, E) Bunyavirus, C:) togavirus,
picornavirus, @ reshvirus, Epstein-=Barr vi .us,
etc. Thus, it is useful as antiviral agent and is
expected to be effective as therapeutic drug for various
viral diseases such as herpes, AIDS, B hepatitis and
the 1like.

Next, antiviral activity of the &ompound of

this invention will be coneretely explained with

reference to test examples.

Test Example 3

(a) Anti-herpes virus actlvity
A microplate having 96 wells was used. A medium

containing a predetermined quantity of a compound of

this invention and 5 to 10 TCID

50
(HSV-II) were added on a single layer of Vero cell and

of herpes type II

cqlﬁuréd at 37°difor 96 to 120 hours in 5% (v/v) carbon

fdioxide incubatior, after which the cytopathic effect

(CPE) of HSV-II on the Vero cells was visually examined

\
‘y:\\‘\‘ ‘\\
- 28 - \ ‘

under microscope to detmfﬂine the antiviral activity.



1 The antiviral activity was expressed by 50% inhibitory

concentration (ug/well) on CPE. The results are shown in

Table 5.

Table 5 Antiviral activity (HSV-II)

50% CPE-inhibitory

Compournd concentration (ug/well)

OXT-X 107.5
OXT-G 9.7

2-Amino OXT-A 17.6

o 49
L
LA
LR
..
(2]

%0 6o

: ‘: (2) Anti-HIV (human immunodeficiency virus) activity
o o L]

(X3 X}

MT-4 cell {zhcut 100,000 cells/ml) was added

boeve0

into a 24 well tray, and then 100 microliters of a

. os solution containing a predetermined quantity of a compound
L}

.
4 ow
s 00, of thig invention was added. After culturing it at 37°C
! 'w'u-
for 5 hours in 5% (v/v) carbon dioxide incubator, lO3 to

X}
?
""lO lO4 infection units of HIV was added and cultured for

4 days, Then, a part of the culture fluid was coated

o 6w
L
s 60

onto slide glass and immobilized with acetone, after
M- which develoment of virus antigen was observed by

indirect fluorescent antibody method.

T § N\

15 As the primary antibody of the fluorescent

antibody method, a serum of AIDS patient was used. As

its secondary antibody, FITC-labelled human IgG was

T NE e e o
 AELI N

used.

. {ﬂ
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Cell denaturation of MT-4 cells by the compound
of this invention was carried out without adding virus,
and it was visually examined under microscope. The
results are shown in Table 6.

Table 6 - Anti-HIV activity of tlie compounds of
this invention

Compound OXT-X 2-Amino-OXT-A OXT-G
Concentration
(ng/ml) 110|100 17110 100 110 | 100
Cell denaturation | - | = | £v+ | = At | = =]
Development of ,
virus antigen () | %8| >2 5(30|26| 5 42|17

Note: The compound of this invention was used in the
form of a solution in dimethylaulfoxide (DMSO) .
In a run using DMSO only, the development of

virus antigen was 80 to 90%.

As is apparent from Table 6, the compound of
this invention exhibits a remarkable growth-inhibitory
activity on HIV with only a small extent of cell
denaturation. Accordingly, the compounds of this invention
are expected to be effectively usable as a therapeutic

drug for AIDS.

(¢) Anti-cytomegalevirus activity
Anti-cytomegalovirus activity was determined in

the following manner., 'hus, a 35 mmg dish containing a

- 30 -
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single layer of human fetal fibroblasts was infecﬁed
with 100 PFU (plaque forming units) of cytomegalovirus'
(A0169'strain); After adsorption for'oné hour, a medium
containing a varied concentratién of the compound of
this invention (0.5% agarOse; 2% fetal dalf’serum)

was superpoéed thereon, and the whole was cultured at

37°C for 10 days'in'S% (v/v) carbon dioxide incubator,

after which the formation of plaque was measured. The

- results axe shown in Table 7 in terms of 50% inhibitory

o)

Table 7

Anti-cytomegalovirus

Compound name activitY'ICSO (ug/ml)

OXT-A _ - 13
OXT-H | 18
OXT-G 1
2-Amino-OXT-A | : 2

As is apparent from Table 7, the compounds of
this lnvention have an anti-cytomegalovirUS'activity,
and OXT-G and 2-amino-OXT-A are particularly outstanding

in the inhibitory action.

- 31 =
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(d) Hepatitis B virus inhibitory activity

According to Dulbecco, a cultured liver cell
strain HB 611 producing and releasing active hepatitis
B virus [Proc. Natl. Acad. Sci. USsa, 84 (1987), p.444]
was cultured at 37°C in modified Eagle meclium (GIBCO)
in the presence of 10% fetal calf serum, 200 micrograms/ml
of G418, 100 u/ml of Penicillin and 100 u/ml of
Streptomycin with 5% carbon dioxide. It was inoculated
into a 6-well plate at a rate of 5§ x 104 cells/well
(35 mmg). When 50% confluent was reached in one or
two days, a predetermined quantity of the compound of
this invention was added and the culture was continued.
Thereafter, the medium was exchanged with a fresh
medium containing the same test chemical at the same
concentration at intervals of every 3 days, and the
culture was continued for 15 days in the total. Then,
the medium was removed, and the cell was treated with
0.5 ml of lysis buffer (10 mM Tris-HCl, pH 7.8/5 mM
NazEDTA, 1% SDS/0.1 mg/ml Pronase K) at 37°C for one
hour to obtain a solution. The DNA thus obtained was
purified by RN-ase treatment; phenol-chloroform treatment,
and ethanol precipitation method. Then, 5 micrograms of
DNA was subjected to Hind III treatment, and DNA pattern
was analyzed by southern blot method by using 32P~
labelled hepatitis B virus DNA as a probe. The results

are shown in Table 8.



Table 8 Anti-hepatitis B virus activity
~of the compounds of this invention
L Virus DNA
Compound Concentration synthesis Cyto-
name (pg/ml) inhibitory toxicity
' effect
50 + -
OXT-H 20 = -
5 - -
100 +4+ -
50 +++ -
20 +4+ -
OXT-G
10 +++ -
5 +4+ -
2 + -
100 et 4+
50 +++ -
u OXT=A 10 +t+ -
e et
r'vt 5 F o
: c“: 2 +I =
tce ¢ .
Control ' 0 _ - -
feX]
o




1 It is apparent from the results shown in
Table 8 that the compounds of this invention markedly
inhibit the DNA synthesis of virus at a concentration

of 2 to 50 micrograms/ml without exhibiting cytotoxicity.

5 Example 1 (Production of Compound OXT-X)
After pouring 100 ml portions of a medium

consisting of 58% of water, 1% of yeast powder and 1% of

dextrose (pH 7.0) into 500 ml Erlenmeyer flasks, the
contents of the flask were sterilized in autoclave at
v.%,‘lo 120°C for 20 minutes.

rron f One platinum loop quantity of Nocardia

' interforma M4-C5 (ATCC No. 21072) (obtained from ATCC)
was inoculated intgo each flask and subjected to an
aerobic shaking culture at 28°C for 48 hours. Apart
%15 from it, 100 ml portions of a medium having the same

composition as above was poured into 500 ml Erlenmeyer

., flasks and sterilized at 120°C for 20 minutes. Then,
2 ml of the above-mentioned culture fluid in the first
flask was transplanted into each of the second flasks
"“‘20 and subjected to shaking culture at 28°C for 40 hours.
Subsequently, 11.7 liters of the culture
fluid thus obtained was centrifuged at 6,500 r.p.m. for
12 minutes. The collected alive microbial cell was

washed with two 500 ml portions of M/20 phosphate buffer

) { ; 25 (pH 7.5) and then suspended into 5.4 liters of the same
buffer as above.  One hundred milliliter portions of

the suspension thus obtained were dividingly poured

- 34 =
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into 60 Erlenmeyer flasks having a capcity of 500 ml.
To each of the flasks, a solution of 2 mg/ml of
compound (1) (OXT-A) in 10 ml of M/20 phosphate

buffer was added and shaken at 37°C for 18 hours,
after which the cell body was centrifuged out under the
same condition as above. The resulting supernatant was
passed through a column packed with 300 ml of active.
charcoal powder (chromatography grade, manufactured

by Wako Junyaku K.K.) to have the product adsorbed on
the column. After washing the colﬁmn with water, the
product was eluted with 2.1 litérs'of‘SO% aqueous

methanol, and the eluted solution was.concentrateﬁ

to dryness to obtain 1.4 g of OXT~-X in the form of

& yeallowish powder. The crude powder thus obtained

was dissolved_info 50 ml of water and passed through

a column packed with 90 ml of DowexCD 50W x 4 (H-form,
ion exchange resin, 50 to 100 mesh). The adsorbed
product was eluted with 1.5 liters of water and
concentrated to dryness. Thus, 1.02 g (yield 79.6%) of
compound OXT-X was obtained as a colorless powder.
FD-MS; 269 (M+H)"
’ pH8.0 : , . .
uv; A (Log €) 250.5 nm (4.01), 276.5 nm (3.95)

max

NMR (400 MHz, D,0) éppm; 3.67 ~ 3.94 (5H, m, 3'-H,

2

3'~CH,OH, 4'-CH,OH), 4.72 (lH, m, 4'-H),

2 2
6.28 (lH' d’ 2.-_}_1')' 7-84 ",iH’ S, 8—.}1)

- 35 =
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1 OXT-X can obtain by the similar method to this example

other than using a microorganism listed in Table 6

instead of Nocardia interforma M4-C5 in the example.

- 36 -

Table 6
Name of microorganism Deposit No. Convert}on*
rate (%)

Streptomyces alboniger(l) IFO 12738 79.6

Streptomyces californicus(l) IFO 12750 59.9

Streptomyces chrestomyceticus(l) IFO 13444 70.0

Streptomyces subsp. lasaliensis(z) ATCC 31180 59.0

Streptomyces albus(z) ATCC 21838 100
nStrepuomyces bikiniensis(l) IFO 13198 80.9

Streptomyces chrysomallus(l) IFO 12755 17.9

Streptomyces olivaceus(l) IFO 12805 41.9

Streptomyces griseolus IFO. 12777 100

* Note: Convertion rate of OXT-A to OXT-X.
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Example 2 [Production of Compound (3) (Rl=-COCH3)]

To a suspension of 1.02 ¢ of compound OXT-X
in 50 ml acetonitrile were successively added 1.06 ml
of triethylamine, 11.6 mg of 4-dimethylaminopyridine
and 0,72 ml of acetic anhydride. The resulting mixture
was stirred at room temperature for 4 hours. After
concentrating the reaction mixture under reduced
pressure, the concentrate was dissolved into 5 ml of
chloroform-methanol (9:1) mixture and passed through a
column of 40 g silica gel (Art 7734, manufactured by
Merck Co.),; and the adsorbed product was eluted suc-
cessively with 500 ml of chloroform-methanol (9:1)
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