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NOVEL ANTIVIRAL COMPOUNDS

Abstract of the Disclosure

O-acylated derivatives of 1,5-dideoxy-1,5-imino-D-glucitol
are disclosed that contain an N-alkyl or N-aroyl radical in which
from one to four of the free hydroxyl groups are O-acylated with
carboxylic alkanoyl radicals selected from the group consisting
of w,w,w-trifluoro alkanoyl having from three to eight carbon
atoms, carboxylic cycloalkanoyl groups having from four to eight
carbon atoms and carboxylic acyclic alkanoyl groups having from
two to ten carbon atoms, wherein the N-aroyl radical 1s selected
from the group consisting of p-decylbenzoyl, 3-(p-chlorophenoxy)-
propanoyl, 2-(acetyloxy)benzoyl, (1,1'-biphenyl]~4~ylcarbonyl,
2-thiopheneacetyl, trans-3-furanacryloyl, 3~-methoxyphenylacetyl
and 3-(trifluoromethyl)benzoyl, and wherein the N-alkyl contailns
from one to fourteen carbon atOms, provided that when N-alkyl
contains from one to five carbon atoms the O-acylated groups are
w,w,w-trifluoro alkanoyl or carboxylic cycloalkanoyl.
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NOVEL ANTIVIRAL COMPOUNDS
Cross—~Reference to Related Application

Background of the Invention

This invention relates to novel antiviral compounds
and, more particularly, to O-acylated derivatives of 1,5-
dideoxy-1l,5-imino~D~glucitol and their N-alkyl, N-acyl and
N-aroyl derivatives. These compounds are inhibitors of
visna virus, a pathogenic virus for sheep and goats.
These antiviral compounds also have potential use for the
treatement of acquired immune deficiency syndrome (AIDS)
and AIDS~related complex (ARC).

Acquired immune deficiency syndrome, which only a
few years ago was a medical curiosity, is now a serious
disease. As a consequence, a great effort is being made
to develop drugs and vaccines to combat AIDS. The AIDS
virus, first identified in 1983, has been described by
several names. It is the third known T-lymphocyte virus
(HTLV~III) and has the capacity to replicate within cells
of the immune system and thereby lead to a profound
destruction of T4' T-cells (or CD4  cells). See, e.g.,
Gallo et al., Science 224, 500-~503 (1984), and Popovic et
al., Ibid., 497-500 (1984). This retrovirus has been
Known as 1ymphadenopathy~a530ciated'virus (LAV) or AIDS-~
related virus (ARV) and, most recently, as human
immunodeficiency virus (HIV). Two distinct AIDS viruses,
HIV~1 and HIV-2, have been described. HIV~-1 is the virus
originally identified in 1983 by Montagnier and co-workers
at the Pasteur Institute 1in Paris

(Ann. Virol. Inst. Pasteur 135 E, 119-134 (1984)], while
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HIV-2 was more recently isolated by Montagnier and his
coworkers 1in 1986 [Nature 326, 662-669 (1987)]. As used
herein, HIV 1s meant to refer to these viruses 1in a
generic sense.

Although the molecular bioclogy of AIDS isbéginning
to be unraveled and defined, much more needs to be learned
and understood about this disease. In the meantime,
numerous approaches are being investigated in the search
for potential anti-AIDS drugs and vaccines. Development
of an AIDS vaccine 1s hampered by lack of understanding of
mechanisms of protective 1mmunity against HIV, the
magnitude of genetic variation of the virus, and the lack
of effective animal models for HIV infection. See, for
example, Koff and Hoth, Science 241, 426-432 (1988).

The first drug to be approved by the U.S. Food and
Drug Administration (FDA) for treatment of AIDS was
zidovudine, better known under 1its former name,
azidothymidine (AZT). Chemically, this drug is 3'-azido-
3'-deoxythymidine. This drug was originally selected as
a potential weapon agalnst AIDS because 1t was shown to
inhibit replication of the virus in vitro. Such in vitro
tests are useful and virtually the only practical method
of initially screening and testing potential anti-AIDS
drugs. A serious drawback of AZT, however, is 1its toxic
side-effects. Thus, the search for better anti-AIDS drugs
continues.

The HIV inhibitory activity of 1,5-dideoxy-1,5-
imino-D-glucitol (deoxynojirimycin) and 1ts N-methyl
derivative 1s disclosed in International Publication No.:

WO 87/03803, published July 2, 1987. The substantially more
effective anti-HIV activity of the N-butyl derivative of

deoxynojirimycin is disclosed in U.S. Patent 4,849,430.
Other N-substituted derivatives of deoxynojirimycin having
anti-HIV activity are described in EP Applns. 344, 383 and
345,104, published Dec. 6, 1989, and EP Appln. 350,012,
published Jan. 10, 1990.

U.S. Patents 4,182,767 and 4,639,436 show the
syntheses and antihyperglycemic use of N-alkyl derivatives
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of deoxynojirimyciln. These patents suggest the use of
acyl blocking groups or hydroxyl-protective groups in the
syntheses of the desired antihyperglycemic products.
However, these blocking groups are proposed only for the
preparation of the intermediates and are removed with no

isolation or characterization of compounds for antiviral

use.
Brief Description of the Invention

In accordance with the present invention O-
acylated derivatives of 1,5-dideoxy-1,5-imino-D~glucitol
and their N-alkyl, N-acyl, and N-~aroyl derivatives are
provided which have useful antiviral activity.

1,5-dideoxy-1,5-1mino-D-glucitol is a six-membered
heterocyclic compound having nitrogen in the ring and four
hydroxyl groups. It 1is thus described by a systematic
chemical name as a sugar derivative in which the six-
membered ring 1s considered as a mimic of pyranose, with
nitrogen instead of oxygen in the ring. It can also be
described structurally as a derivative of piperidine. As
defined herein, at least one and preferably all the free
hydroxyl groups on 1,5-dideoxy-1,5-imino-D-glucitol and
the N-substituted derivatives are O-acylated with
carboxylic alkanoyl radicals selected from the group

consisting of w,w,w-trifluoro alkanoyl having from two to ten, and desirably
from three to eight carbon atoms, carboxylic cycloalkanoyl groups

having from four to elght carbon atoms and carboxylic
acyclic alkanoyl groups having from two to ten carbon
atoms. In these O-acylated derivatives the N-alkyl groups
preferably contain from one to fourteen, and most
preferably from four to ten, carbon atoms and the N-aroyl
groups preferably contain from seven to fourteen carbon

atoms.
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The O-acyl groups are illustrated, e.g., by acetyl,
propionoyl (propanoyl), butyryl (butanoyl), pentanoyl, hexanoyl,
decanoyl, 4-methylpentanoyl, 2,2-dimethylpropanoyl,
cyclopropylcarboxyl and 3-cyclopentylpropanoyl. Trifluoro-
substituted O-acyl groups also are useful, e.g., 4,4,4-
trifluorobutanoyl, 6,6,6-trifluorohexanoyl and 8,8,8~
trifluorooctanoyl.

The N-alkyl groups are illustrated, e.g., by butyl, pentyl,
hexyl, nonyl, 2-ethylbutyl and 2-methylpentyl. Trifluoro-
substituted N-alkyl groups are also useful, e.g., 4,4,4-
trifluorobutyl, 6,6,6~trifluorochexyl and 8,8,8~trifluorooctyl.

The N-acyl groups are illustrated, e.g., by methyl malonyl
and ethyl malonyl.

The N-aroyl groups are illustrated, e.g., by phenylacetyl,
benzyloxycarbonyl, benzoyl, biphenylacetyl, phenoxyacetyl,
chlorophenylacetyl, hydrocinnamoyl, cinnamoyl and nicotinoyl.

Other useful N-aroyl groups are, e.g., p-decylbenzoyl,
3~ (p-chlorophenoxy)propanoyl, acetylsalicyloyl or
2-(acetyloxy)benzoyl, 4-biphenylcarbonyl or (1,1'-biphenyl)-4-
vlcarbonyl, 2~thiopheneacetyl, trans-3-furanacryloyl,
3-methoxyphenylacetyl and 3(trifluoromethyl)benzoyl.

The N-aroyl groups can have one or more, preferably 1 to 3,
identical or different substituents in any position on the ring.
Examples of substituents are alkyl having from one to ten carbon
atoms such as methyl, ethyl; propyl and the like; alkoxy having
from one to six carbon atoms such as methoxy, ethoxy, propoxy and
the like; halogen such as Cl, Br or F; trifluoromethyl; phenyl;
nitro; and‘hydroxyl. Illustrative exampies of the antiviral
O-acylated derivatives of 1,5-dideoxy-1,5-imino-D-glucitol and
their N-alkyl, N-acyl and N-aroyl derivatives are the following:

1,5=~(Benzyloxycarbonylimino)~1,5-dideoxy-
D-glucitol, tetraacetate,
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1,5~ (Phenylacetylimino)-1,5~dideoxy~D-

glucitol, tetraacetate,

1,5-(Benzoylimino) -1, 5~dideoxy-D~
glucitol, tetraacetate,

1,5=-(Butylimino) -1, 5~-dideoxy~D-glucitol,
tetraacetate,

1,5-(Ethyl malonylimino)-1,5~-dideoxy-
D-glucitol, tetraacetate,

1l,5-(Hexylimino)-1,5~dideoxy~D-glucitol,
tetraacetate,

1,5-(Nonylimino) -1, 5~dideoxy-D-glucitol,
Tetraacetate,

1,5“(Benzyloxycarbonylimino)-l,S-dideoxy-
D-glucitol, tetraisobutyrate, '

1,5=(Butylimino)-1,5~dideoxy~D-glucitol,
tetrabutyrate,

1,5~(Butylimino)ﬁl,S-dideoxY~D~glucitol,
tetrapropionate, ‘

1,5-(Butylimino) -1, 5-dideoxy~D-glucitol,
tetrabenzoate, '

1,5-Dideoxy~1,5-imino~D~g1ucitol,
tetraisobutyrate,

1,5-(Hydrocinnamoylimino)~1,5~-dideoxy~-
D-glucitol, tetraacetate,

1,5~ (Methyl malonylimino)él,swdideoxy-
D-glucitol, tetraacetate,

07-21(700)A



Ul

10

15

20

25

30

35

2059063

-6~ 07-21(700) A

1,5=-(Butylimino)-1,5-dideoxy~-D~-glucitol,
tetraisobutyrate,

1l,5-(Butylimino)-1,5-dideoxy—-4R,6-0-
(phenylmethylene)-D-glucitol, diacetate,

1,5=[ (Phenoxymethyl)carbonyliminoj-1, 5~
dideoxy-~D-glucitol, tetraacetate,

1,5-[(2=Ethylbutyl)iminoj~1,5~dideoxy~-D-
glucitol, tetraacetate,

1l,5~-(Butylimino)-1,5~-dideoxy-D~glucitol,
2,3-diacetate,

1,5-(Hexylimino)~1,5~dideoxy~4R, 6-0~-
~ (phenylmethylene)-D-glucitol, diacetate,

1,5-(Hexylimino) -1, 5~-dideoxy~D~-glucitol,
2,3-dlacetate,

1,5-[(2uMethylpentyl)imino]-l;sudideoxy-
D-glucitol, tetraacetate,

1,5-(Butylimin0)-1,5~dideoxy~D~glu¢itol; .
6-acetate, ; ' -

1,5~[(3~Nicotin0y1)imino]~1,5edideoxy,
D~g1ucit01, tetraacetate,'

1,5-(Cinnamoylimino)~1,5~dideoxy~D-
glucitol, tetraacetate,

1,5~(Butylimino)el,swdideoxy-Déglucitol,
2,3~-dibutyrate,
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1,5-(Phenylacetylimino)~1,5~dideoxy~

D-glucitol, tetraisobutyrate,

1l,5~{(4-Chlorophenyl)acetylimino}~1,5-
dideoxy-D-glucitol, tetraacetate,

1,5-[(4-Biphenyl)acetylimino])-1,5-
dideoxy-D—-glucitol, tetraacetate,

1,5-(Benzyloxycarbonylimino)-1, 5~
dideoxy-D-glucitol, tetrabutyrate,
and

1,5=-Dideoxy~1,5-imino-D~glucitol,
tetrabutyrate.

Other 1illustrative examples of the O-acylated
derivatives of 1,5-dideoxy~1l,5-imino-D-glucitol and their
N-alkyl and N-aroyl derivatives are the following:

1,5=-(Butylimino)~1,5-dideoxy-D~glucitol,
tetra(4,4,4-trifluocrobutanocate),

1,5~ [(4~Decy1benZOYl)imino]wl,smdideoxy-
D=-glucitol, tetraacetate,

1 5-(Buty11m1no) 1 5~d1deoxy~D~gluc1tol
tetrahexanoate,

1,5~(Buty11m1no)~l,5-dideoxy~D~glucitol,
tetra(4-methylpentanoate),-

1,5= (Butyllmlno)l 5-dideoxy=-D-glucitol,
tetra(2,2 ﬂdlmethylpropanoate),

1,5-(Butylimino)~-1,5~ dldeoxy~D-glu01tol
2,4,6~tri(2, 2~d1methylpropanoate),
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1,5~Dideoxy—l,5-[[3-(4-chlorophenoxy)~1-oxopropyl]-
imino}-D-glucitol, tetraacetate,

1,5-[[2—(Acetyloxy)benzoyl]imino]~l,5~dideoxy—
D-glucitol, tetrabutanoate,

1,5—[([l,1’-biphenyl]-4-ylcarbonyl)imino]~1,5~dideoxy-
D-glucitol, tetraacetate,

a-(Butylimino)-1,5-dideoxy-D-glucitol,
tetra(cyclopropylcarboxylate),

1,5-Dideoxy~1,5-[[1l-0xX0~2~- (2-thienyl)ethyl]imino]-
D-glucitol, tetrabutanocate,

1,5-(Butylimino)-1, 5-dideoxy-D—-glucitol,
tetra(3- cyclopentylpropanoate),

1,5~-(Butylimino)-1,5~dideoxy-D-glucitol,
tetradecanoate,

1,5~Dideoxy~l,5-[[3-(3~furanyl)-1~oxo-2E~
propenyllimino]l-D-glucitol, tetrabutanoate,

1,5~(8,8,8-Trifluorooctylimino)-1,5-dideoxy~
D-glucitol, tetrabutyrate,

1,5-(4,4,4-Trifluorobutylimino)-1,5-dideoxy-
D-glucitol, tetraacetate,

1,5-(4,4,4-Trifluorobutylinino)-1,5~dideoxy-
D~glucitol, tetraisobutyrate,

1,5-(6,6,6- Trlfluorohexyllmlno) -1, S“dldeOXY“
D-glucitol tetraburyrate,

1,5n(6,6,6*Tr1f1uorohexy11m1no)-1,5-dideoxy~
D-glucitol, 2,3,6-tributyrate,

1,5-(6,6,6~ Trlfluorohexyllmlno) 1,5~ dldeoxy-D-glu01tol
2,4, 6 trlbutyrate.

1,5-Dideoxy~l,5~[[2~(3~methoxyphenyl)-1~okoethy1]imino]-
D-glucitol, tetrabutranocate and

1,5-Dideoky-l,5~[[3~(trifluoromethyl)benzoyl]imino]~
D-glucitol, tetrabutanoate.
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The O-acylated derivatives of 1,5-dideoxy~-1l,5-imino-D-
glucitol preferably contain an N-alkyl or N-aroyl radical 1in
which from one to four of the free hydroxyl groups are
O-acylated with carboxylic alkanoyl radicals selected from the
group consisting of w,w,w-trifluoro alkanoyl having from three to
eight carbon atoms, carboxylic cycloalkanoyl groups having from
four to eight carbon atoms and carboxylic acyclic alkanoyl groups
having from two to ten carbon atoms, wherein the N-aroyl radical
is selected from the group consisting of p-decylbenzoyl, 3-(p-
chlorophenoxy)propanoyl, 2-(acetyloxy)benzoyl, (1,1'-bilphenyl]-
4-yvlcarbonyl, 2—-thiopheneacetyl, trans-3-furanacryloyl,
3-methoxyphenylacetyl and 3-(trifluoromethyl)benzoyl, and wherein
the N-alkyl contains from one to fourteen carbon atoms, provided
that when N-alkyl contains from one to five carbon atoms the
O-acylated groups are w,w,w-trifluoro alkanoyl or carboxylic
cycloalkanovyl.

Especially preferred are the following four groups of
O-acylated derivatives of 1,5-~dideoxy-1,5-imino-D-glucitol:

I. An O-acylated derivative of 1,5-dideoxy-~1,5-imino-D-
glucitol containing an N—aroyl radical selected from the group
consisting of p~decylbenzoyl, 3-(p-chlorophenoxy)propanoyl,
2-(acetyloxy)benzoyl, [1,1'-biphenyl]}=-4-ylcarbonyl,
2-thiopheneacetyl, trans-3-furanacryloyl, 3-methoxy-
phenylacetyl and 3-(trifluoromethyl)benzoyl, and in which
from one to four of the free hydroxyl groups are O-~acylated

with carboxylic acyclic alkanoyl groups having from two to
ten carbon atoms. '

II. An O-acylated derivative of 1,5-dideoxy~1,5-imino-D-
glucitol containing an N-alkyl group in which from one to
four of the free hydroxyl groups are O-acylated with
w;w,w-trifluoroalkanoyl having from three to eight carbon
atoms or with carboxylic cycloalkanoyl groups
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having from four to eight carbon atoms and in which the
N-alkyl groups contain from one to eight carbon atoms.

IIT. An O-acylated derivative of 1,5-dideoxy=~1l,5-1imino-D-
glucitol containing an N-alkyl group in which from one to four of
the free hydroxyl groups are O-acylated with carboxylic acyclic
alkanoyl groups having from two to ten carbon atoms and in which

the N-alkyl groups contain from six to fourteen carbon atoms.

IV. An O-acylated derivative of 1,5-dideoxy-1,5-imino-D-
glucitol containing an N-w,w,w-trifluoro-alkyl group having from
three to eight carbon atoms and in which from one to four of the
free hydroxyl groups are O-acylated with carboxylic acyclic
alkanoyl groups having from two to ten carbon atoms.

These novel antiviral compounds can be prepared from the
amine, 1,5-dideoxy-1,5-imino-D~-glucitol, by conventional
N-alkylation or N-acylation with appropriate alkyl, acyl or aroyl
groups. The free hydroxyl groups on the amine can be acylated
either before or after this N-alkylation or N-acylation. See the
illustrative reaction schemes set forth hereinbelow.

In preferred embodiments alkylation can be carried out by
reaction of the starting amine with an appropriate alkylaldehyde
or an appropriate arylaldehyde. Illustrative alkylaldehydes are
butyraldehyde, ethylbutyraldehyde, 2-methylvaleraldehyde,
caproaldehyde, and nonylaldehyde. Illustrative arylaldehydes are,
e.g., benzaldehyde, ethylbenzaldehyde and hydrocinnamaldehyde.

Alternatively; reaction of the starting amine with benzyl
chloroformate can be carried out to give N-benzyloxycarbonyl
derivatives of the amine.

Acylation of the free'hydroxyl groups 1is conveniently
carried out by reaction of the amine with an appropriate acid
anhydride such as, e.g., the acetic-, propionic~-, butyric-,
isobutyric~ and benzoic anhydrides.
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In accordance with one preferred embodiment of the present invention, there

is provided a pharmaceutical composition comprising a therapeutically effective

amount of a compound together with a pharmaceutically acceptable carrier or
diluent.

In accordance with a further preferred embodiment of the present invention,
there is provided a compound for antiviral treatment.

In accordance with yet a further preferred embodiment of the present
invention, there is provided a composition selected from the group consisting of 1,5-
(butylimino)-1,5-dideoxy-D-glucitol, tetra (4,4,4-trifluorobutanoate); 1,5-{(4-
decylbenzoyl) imino}-1,5-dideoxy-D-glucitol, tetraacetate; 1,5-(butylimino)-1,5-
dideoxy-D-glucitol, tetrahexanoate; 1,5-(butylimino)-1,5-dideoxy-D-glucitol, tetra(4-
methylpentanoate); 1,5-(butylimino)1,5-dideoxy-D-glucitol, tetra(2,2-
dimethylpropanoate); 1,5-(butylimino)-1,5-dideoxy-D-glucitol, 2,4,6-tri(2,2-
dimethylpropanoate); 1,5-dideoxy-1,5-[[3-(4-chlorophenoxy)-1-oxopropy!l}-iminc}-D-
glucitol, tetraacetate; 1,5-[[2-(acetyloxy)benzoyl]imino]-1,5-dideoxy-D-glucitol,
tetrabutanoate; 1,5-[([1,1'-biphenyl]-4-ylcarbonyl)imino]-1,5-dideoxy-D-glucitol,
tetraacetate: 1,5-(butylimino)-1,5-dideoxy-D-glucitol, tetra(cyclopropylcarboxylate),
1,5-dideoxy-1,5-[[1-0x0-2-(2-thienyl)ethyl]imino]-D-glucitol, tetrabutanoate; 1,5-
(butylimino)-1,5-dideoxy-D-glucitol, tetra(3-cyclopentylpropanoate); 1,5-(butylimino)-
1.5-dideoxy-D-glucitol, tetradecanoate; 1,5-dideoxy-1,5-[[3-(3-furanyl)-1-oxo-2E-
propenyl]imino]-D-glucitol, tetrabutanoate; 1,5-(4,4,4-trifulorobutylimino)-1,5-
dideoxy-D-glucitol; 1,5-(6,6,6-trifluorohexylimino)-1,5-dideoxy-D-glucitol; 1 5-(8,8,8-
trifluorooctylimino)-1,5-dideoxy-D-glucitol; 1,5-(8,8,8-trifluorooctylimino)-1,5-
dideoxy-D-glucitol, tetrabutyrate; 1,5-(4,4,4-trifluorobutylimio)-1,5-dideoxy-D-glucitol,
tetraacetate: 1,5-(4,4,4-trifluorobutylimino)-1,5-dideoxy-D-glucitol, tetraisobutyrate;
1,5-(6,6,6-trifluorohexylimino)-1,5-dideoxy-D-glucitol, tetrabutyrate; 1 5-(6,6,6-
trifluorohexylimino)-1,5-dideoxy-D-glucitol, 2,3,6-tributyrate; 1,5-(6,6,6-
trifluorohexylimino)-1,5-dideoxy-D-glucitol, 2,4,6-tributyrate; 1,5-dideoxy-1,5-[[2-(3-
methoxypheny!)-1-oxoethyl]-imino]-D-glucitol, tetrabutanoate; and 1,5-dideoxy-1,5-

[[3-trifluoromethyl)benzoyllimino]-D-glucitol, tetrabutanoate.
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In other preferred embodiments, the pre-acylated

amine can be reacted with alkylating or acylating agents

‘to form the N-alkyl, N-acyl and N-aroyl derivatives.

Illustrative of such alkylating agents are, e.g., benzoyl
chloride or phenylacetic anhydride  together with
triethylamine. Illustrative of such acylating agents are
methyl malonyl chloride and ethyl malonyl chloride.

Although specific methods of production are
described herein, it will be appreciated that the novel
antiviral compounds claimed herein are not limited to any
particular method of production.

The foregoing compounds can be demonstrated to have
inhibitory activity against visna virus in a conventional
plagque reduction assay. Visna virus, a lentivirus
genetically very similar to the AIDS virus, is pathogenic
for sheep and goats. See Sonigo et al., Cell 42, 369-382
(1985) ; Haase, Nature 322, 130-136 (1986). Inhibition of
visna virus replication in vitro as a useful model for
human immunodeficiency virus (HIV) and its inhibition by
test compounds has been described by Franket al.,
Antimicrobial Agents and Chemotherapy 31 (9), 1369-1374
(1987). The N-butyl derivative of 1,5-dideoxy-1,5-1mino-
D~glucitel, also referred to as n-butyl-deoxynojirimycin
(N-Bu-DNJ), was used as a control standard for comparison
with various novel compounds of this invention. The HIV
inhibitory activity of N-Bu-DNJ is described in U.S.
Patent 4,849,430. |

Inhibitory activity can also be demonstrated by the
acylated derivatives against alphan and beta-glucosidase
enzymes. In some cases, the non-ac'ylatecl derivatives also
have effective inhibitory activity against visna virus,

cytomegalovirus (CMV) and/or the alpha- and beta-
glucosidases. ’

Detailed Description of the Invention
The following detailed exmaples will further illus-

trate the invention althcugh it will be understood that
the invention is not limited to these specific examples.
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Example 1

1,5~(Benzyloxycarbonxlimino)-1,5~dideoxy-
D-glucitol.

Benzyl chloroformate'(l.lsg; 0.00674 mole was added
to a solution of 1,5- dideoxyél 5-imino-D-glucitol (1.0g,

0.00613 mole), in 50 ml saturated agqueous sodlum'hydrogen

carbonate and stirred for 20 hrs._ at room temperature.
The product.was extracted into ethyl acetate (3 x 75 ml),
dried over anhydrous sodlum sulfate,' filtered and
concentrated in vacuo to an Oll _' Chromatography on
silical gel gave the title compound (L.2 g). Structure

- assignment was supported by NMR and 1nfrared spectra and
by elemental analysls.. Analys:.s calcd. for C, HoNO: C,

56.56; H, 6.44; N, 4.71. Found: C, 56.29; H, 6.62; N,
4.53. ' o |



10

15

20

25

30

35

2059063

-13- 07-21(700)A

Examnple 2

1l,5~-(Benzvloxvcarbonvliimino)-1,5~dideoxv~-

D=-glucitol, tetraacetate.

To a solution of the title product of Example 1
(491 mg, 1.65 moles) in 5 ml of pyridine was added 2 ml of
acetic anhydride, The resulting mixture was stirred for
15 minutes at room temperature and then at reflux for 5
minutes. After cooling, the mixture was poured'into 25 ml
of ice water and extracted with three portions'of ethyl
acetate. The combined organic extracts were washed with
dilute hydrochloric acid, dried over sodium sulfate,
filtered, and the solvent removed on a rotary evaporator.
Chromatography on silica gel using a gradient of 25 to
100% ethyl acetate~hexane as eluant gave the title

compound (510 mg) as an oil. Analysis for C,,H,,NO,, (MW
465.46)

Calced. C, 56.76; H, 5.85; N, 3.01.
Found: C, 56.72; H, 5.82; N, 3.02.
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Example 3
5
QCOCH;,
CHSCOO’}, o‘\OCOCHa
10
N OCOCHQ
)
H
15
l1,5=-Dideoxvy~1.5~1imino~-D-glucitol
tetraacetate.
20 The title compound of Example 2 (13.417g, 0.029

moles) was hydrogenated (5 psi, room‘temperature 2 hrs.)
in 250 ml of methanol containing- 4%. PAd/C (3.0g). This
mixture was filtered and'concentrated:in-vacuo to give an
oil. Chromatography'on.silica ge1'gave'the title compound

25 as a waxy solid. 'Structuré assignment was supported by
NMR, infrared spectra and elemental_analysis,

Analysis calcd. for C, H,NO4: .
, C, 50.75; H, 6.39; N, 4.23.
30 Found: C, 50.53; H, 6.41; N, 4.14.
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Example 4

1,5=(Phenvylacetylimnino)-1,5~-dideoxy-
D-glucitol-~tetraacetate.

Phenylacetyl chloride (0.23g, 0.0015 mole) was
added to a cold (-76°C, solution of the title compound of

Example 3 (0.5g, 0.0015 mole) in 30 ml tetrahydrofuran.
Triethylamine (0.5 ml) was added and the solution stirred
for 20 hrs at room temperature. Triethylaminé
hydrochloride was removed by filtration and the filtrate
concentrated 1n vacuo to give 0.81 g of an oil.
Chromatography on silica gel and recrystallizing from
ethyl acetate/hexane gave the title p_rddu_ct , M.p. 98-
100°C. Structure assignment was supported by NMR,
infrared spectra and elemental analySis.

Analysis caled. for C,H,,NO,: C, 58.79; H, 6.05; N, 3.12.
Found: C, 58.74; H, 6.12; N, 3.14.
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Examplie 5

5
10
15
1,5-(Benzoylimino)=-1,5-dideoxy-
D-glucitol, tetraacetate.

20 The title compound, m.p. ca. 138°C, was prepared

by the method of Example 4 using benzoyl chloride instead

of phenylacetyl chloride. Structure assignment was

suppo’rtéd by NMR, infrared s'pectra ‘a'nd _elemental analysis.

25 Analysis calcd. for C21H25N093' c, 57.93; H, 5.79; N, 3. 97
Found: C, 57.88; H, 5.82; N, 3.30. o
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Example 6

1,5-(Butyvlimino)-=1,5~dideoxy-

D-glucitol.

A solution of 1,5-dideoxy-1,5-imino-D-glucitol
(5.14g, 0.0315 mole), butyraldehydet(B.Bsfml, 0.0380 mole)
and Pd black (1g) in 200 ml methanol was hydrogenated (60
psi/29°C/21 hrs.). After filtering the resulting mixture,
the filtrate was concentrated 1in vacuo to an oil. The
title compound was crystallized*'. from acetone and
recrystallized from. methanol/acetone, m.p. ca. 132°C.
Structure assignment was supported by NMR, infrared
spectra and elemental analysis. '

Analysis calcd. for C,H,,NO,: C, 54.78; H, 9.65; N, 6.39.
Found: C, 54.46; H, 9.33; N, 6.46.,
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Example 7
5
OCOCH;4
CHSCOOQ. \OCOCHg
10 N OCOCH;,
L\w/“\c+b
15
1,5-(Butylimino)-1,5-dideoxy-
D-glucitol, tetraacetate.
20 Acetlic anhydride (1.08g, 0.0106 mole) was added to

the title compound of Example 6 (0.50g, 0.0023 mole) in 5
ml pyridine and stirred for 17 days at room temperature.
The product was evaporated under nitrogen gas. The
resulting title compound - was purified by silica gel

25 chromatography. Structure assignment was supported by NMR,
infrared spectra and elemental analysis.

Analysis calcd. for C18H29N08:' Cc, 55.80; H, 7.54; N, 3.62.
Found: C, 55.42; H, 7.50; N, 3.72.
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Example 8
5
OCOCH;,
10 O
o7 TOEt
15

1,5=(Ethv]l malonvliimino)-1,5-dideoxy~
D-glucitol, tetraacetate.

Ethyl malonyl chloride (0.5 g, 0.0033 mole) in 10
20 ml tetrahydrofuran was added to a cold (0°C) solution of
| the title compound of Example 3 (1.0 g, 0.0030 mole) in 30
ml tetrahydrofuran. ‘After_stirrihg”for 30 min. a solution
of triethylamine (0.67 -g', 0.0066 'mvole) in 10 nmnl
tetrahydrofuran was added; - The mikture- was allowed to
25 COme, to room temperature and stirred for 20 hrs.
' Triethylamine,hydrbchloride,was removed by filtration and
the filtrate concentrated;.in vacuo to give. an oil.
Chromatography on silica gel gave the title compound as a
clear o0il. Structure assignment was supportéd by NMR,
30 infrared spectra and elemental analysis.
Analysis caled. for C,H,NO,;: C, 51.23; H, 6.11; N, 3.14.
Found: C, 50.99; H, 6.14; N, 3.13. '
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Example 9

10

15
1,5-(Methylimino)=1,5~-dideoxy-D-glucitol

A solution of 1,5-dideoxy-1,5=imino~-D~-glucitol
20 (7.5g, 0.046 mole), formaldehydé (37%, 26.0g, 0.322 mole)
and 5% Palladium black in 300 ml methanol was hydrogenated
(60 psi/25°C/20 hrs). After filtering the resulting
mixture, the filtrate was _c’ondentrated to give a foam.
The product was crystallized from methanol-acetone to give
a white solid. Structure aSsignment was supported by NMR,
infrared spectra and elemental analysis.'
Analysis calcd. for C,HNO,: C, 47.45; H, 8.53; N, 7.91.
Found: C, 47.24; H, 8.66; N, 7.83.

25
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Example 10

'1,5-(Methylimino)-l,S-dideoxz-D-
glucitol, tetraacetate.

Acetic anhydride (0.69 g, 0.,0068 mole) was added
to the title compound of Example 9 (0.20 g, 0.0011l mole)
in 10 ml pyridine and stirred at room temperature for 5
days. The product was concentrated with a gentle flow of
nitrogen gas. The resilidue Was dissolved in 25 ml ethyl

acetate, washed with water, dried over sodium sulfate,

filtered and concentrated to an oil. The product was
purified by silica gel chromatography and recrystallized
from ethyl acetate -~hexane (m.p. 102°C). Structure
assignment was supported by _NMR, infrared spectra and
elemental analysis. . | o

Analysis calecd. for C,H,,NO,: C, 52.17; H, 6.71; N, 4.06.
Found: €, 52.15; H, 6.72; N, 3.97.
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Example 11

1,5-(Hexyvlimino)=1,5~-dideoxy-D-glucitol

A nmixture of 1,5-dideoxy-1,5~imino-D-glucitol (0.5
g, 0.0031 moles), caproaldehyde (0.45 g, 0.0045 mole) and
5% Palladium black (0.1 g) in methanol (105 ml) was
hydrogenated (5 psi/25°C/5 days). After filtering the
resulting mixture, the filtrate was concentrated with a
flow of nitrogen to give an oily solid. The title
compound was crystallized from acetone-ethanol, DSC ca.
115°C. Structure assignment was supporte_d by NMR, infrared
spectra and elemental analySLS.

Analysis calcd. for C,ZHZSNO“ c, 58.27; H, 10.19; N, 5.66.
Found: C, 58.19; H, 10.24; N, 5.65.
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Example 12

5
10
15
1,5=-(Hexvlimino)-1,5~-dideoxy~D-glucitol,
tetraacetate.
20

The title compound was prepared by the Method of
Example 10 utilizing the prcduct of Example 11 instead of
1l,5~(methylimino)~1,5~dideoxy~D-glucitol. The structure
assignment was supported by NMR, infrared spectra and
25 elemental analysis. ' '
Analysis calcd. for C,,Hi;:NO,: C, 57.82; H,. 8.01; N, 3.37.
Found: C, 57.73; H, 7.83; N, 3.36.
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Example 13

1,5-{Nonvlimino)=-1,5=dideoxy-D~-gqlucitol

A solution of 1,5-~dideoxy=-1,5~imino~-D~glucitol (0.5
g, 0.0031 mole); nonyl aldehyde (0.52 g, 0.0037 mole) and
5% Pd black (0.1g) in methancl (100 ml) was hydrogenated
(60 psi/25°C/46 hrs.). After filtering the resulting
mixture, the filtrate was concentrated with a gentle flow
of nitrogen to an oily solid. This material was stirred
with a small amount of acetone and the solid filtered.
Recrystallization from ethanol - acetone gave the title
compound, DSC ca. 109°C. - Structure assignment was
supported by NMR, infrared spectra and elemental analysis.
Analysis caled. for C,sHyNO,: C, 62.25; H, 10.80; N, 4.84.
Found: C, 62.15; H, 10.86; N, 4.79.
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Example 14

OCOCH,
CH,C00, 1 OCOCH;

. _A_ _OCOCH;
N

t\v/’\\zfﬁ\v/’\\/JSHa

1,5-(Nonzlimino)~1,5wdideoxy—0-glucitolt
tetraacetate.

The title compound was prepared by the Method of
Example 10 utilizing the produCt of Example 13 instead of
1,Sw(methylimino)~1,5-dideoxy-Dwglucitol. The structure
assignment was supported by NMR, infrared spectr'a and
elemental analysis. |
Analysis calcd. for C,H;NCg: C, 60.37; H, 8.39; N, 3.06.
Found: €, 60.1%; H, 7.99; N, 3.12.
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Example 15

1,5=(Benzvlioxycarbonvylimino)=~1,5-dideoxy-
D-glucitol, tetraisobutvrate.

To a solution of the title product of Example 1
(2.0 g, 0.0067 mole) in 30 ml pyridine was added
isobutyric anhydride (6.4 g, 0.0436 mole) and stirred at
room temperature for 6 days. The reacticn was poured into
150 ml water, stirred for 20 hrs. and extracted with two
portions of ethyl acetate (2 x 100 ml). The combined
organic extracts were washed with water (4 x 75 ml), dried
over sodium sulfate, filtered, and the solvent removed on
a rotary evaporator to give an oil. The title compound
was purified by silica gel.chromatography. The structure
assignment wvas supported by NMR, infrared spectra and
elemental analysis. '

Analysis caled. for C;H,;NO,,: C, 62.38; H, 7.50; N, 2.42.

Found: C, 62.,23; H, 7.60; N, 2.44.
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Example 16

OCOCH,CH,CH,
'WOCOCH,CH,CH,

CH3CH,CH,COO,

y OCOCH,CH,CH

‘\\/\CHa

1,5=-(Butvliimino)-1,5~-dideoxv-D~glucitol
tetrabutyrate.

The title compound was prepared by the Method of
Example 7 using n-butyric anhydride instead of acetic
anhydride. After purification by silica gel
chromatography the'product was crystallized from pentane.
The structure a351gnment was supported by NMR, infrared

spectra and elemental analy81s.

Analysis calcd. for C,H,NO,: C, 62.50; H, 9.08; N, 2.80.
Found: C, 62.48; H, 9.12; N, 2.84,
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Example 17

5
OCOCH,CH;
CHSCHZCOOI,. .‘\OCOCH QCHQ
. OCOCH,CHs

10 L\'ACHa

15
1,5~ (Butvlimino)-1,5-dideoxy-D-glucitol
tetrapropionate.
20 ~ The title compound was prepared by the Method of

Example 7 substituting propionic anhydride for acetic

anhydride. The structure was supported by NMR, infrared

spectra and elemental analysis.

Analysis calcd. for C22H37N08: C, 59.58; H, 8.41; N, 3.16.
25 Found: C, 59.56; H, 8.68; N, 3.19. '



2009063

~29- 07-21(700)A

Example 18

!
10
15
1,5—(Butzlimino)-i,5-dideoxy~0-g1ucitol‘
tetrabenzoate.
20 The title compound was prepared by the Method of
Example 7 substituting benzoic anhydride for acetic
anhydride. The reaction was allowed to stir at room

temperature for 27 days The structure as.signment was
supported by NMR, infrared spectra and elemental analysis.

25 Analysis caled. for CyHsNOg: C, 71.80; H, 5.87; N, 2.20.
Found: C, 71.49; H, 5.92; N, 2.24. '
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Example 19

OCOCH(CHa),

\oOCOCH(CH),

s
H

l,5=-Dideoxy=-1,5-imino~-D~-glucitol,
tetraisobutvrate.

The title compound of Example 15 (2.65 g, 0.0046
mole) was hydrogenated (15 psi, room temperature, 4 hr.)
in 100 ml methanol containing 5% Pd/C. This mixture was
filtered and concentrated by a r.otary evaporator to a
solid which was recrystallized from ethyl acetate-hexane
(DSC 63°C). Assignment was '_support'ed by NMR, infrared
spectra and elemental analysis. ' ‘

Analysis calcd. for C,H,NO,: C, 59.58; H, 8.41; N, 3.16.
Found: C, 59.49; H, 8.46; N, 3.17. '
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Example 20

OCOCH,j,
CH SC OO/,. .‘\OCOC H3

OCOCH34

v

1,5={Hvdrocinnamnovlimino)-1,5-dideoxy-

D-glucitol, tetraacetate.

By the Method of Example 4 and substituting
hydrocinnamoyl chloride for phenylacetyl chloride the
title compound was prepared. ‘Structure assignment was
supported by NMR, infrared spectra and elemental analysis.
Analysis calcd. for C23H2§N09: C, 59.60; H, 6.31; N, 3.02.
Found: C, 59.49; H, 6.25; N, 3.08. | '
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Example 21

1,5~ (Methv]l malonvlimino)-1,5-
dideoxv-D-glucitol, tetraacetate.

The title compound was prepared by the Method of
Example 8 and substituting methyl malonyl chloride for
ethyl malonyl chloride. The structure assignment was

supported by NMR, infrared spectra and elemental analysis.

Analysis calcd. for CgH,.NO,,: C, 50.12; H, 5.84; N, 3.25.
Found: C, 49.91; H, 5.82; N, 3.13.
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Example 22

~ OCOCH(CH,),
(CH3).CHCOO, WOCOCH(CHg),

N OCOCH(CHaj)»

K/\cH3

1,5=-(Butylimino)~1,5~dideoxy-=D~
lucitol, tetraigobutyrate.

The title compound was prepared by the Method of
Example 7 and substituting isobutyric anhydride for acetic
anhydride, m.p. 59°C. The structure was supported by NMR,
infrared spectra and elemental analysis." '

Analysis caled. for C,H,NOg: C, 62.50; H, 9.08; N, 2.80.
Found: C, 62.43; H, 9.24; N, 2.82. '
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Example 23

OH H
&0
O
N

1,5=(Butvlimino)-1,5-dideoxy-4R, 6-0-

henylmethylene)-D-glucitol.

p-Toluenesulfonic acid monohydrate (10.4 g, 0.055
mole) was added to a solution of dimethoxytoluene (20.8 g,
0.137 mole) 1in 150 ml of dimethylformamide. After
stirring for 3.5 hrs, 1,5-(butylimino)-1,5-dideoxy-D-
glucitol (10.0 g, 0.046 mole) was added and the solution
was stirred at room temperature for 18 days. The reaction
was concentrated on a rotary evaporator. The residue was

passed through a column containing “*Amberlite IRA-400" ion
exchange resin with methanol. The eluant was concentrated

to a brown oil. The title compound was purified by silica
gel chromatography and crystallized from ethyl acetate-
hexane (DSC 118°C). The structure assignment was supported
by NMR, infrared spectra and elemental analysis.

Analysis calcd. for C;H,NO,: C, 66.43; H, 8.20; N, 4.56,.
Found: C, 66.38; H, 8.20; N, 4.52.

*Trade-mark
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Example 24

5
10
15
1,5=(Butylimino)-1,5~dideoxy=4R,6-0—
(phenylmethylene)~D-glucitol, diacetate.
20 Acetic anhydride (0.30 g, 0.0029 mole) was added

to the product of Example 23 (0.30 g, 0.001 mole) in 10 ml
pyridine and stirred for 5 days at -rcom' temperature.
Water (5 ml) was added and the solution stirred for 1 hr.
After removal of the solvent by a'rotary eVaporator, the
25 product was purified byfsilica,_"- gel chromatography and
reCryStallized{ from ethyl adetate-héxané (DSC E126°C).
Structure_'assignment was supported by NMR, infrared
spectra and'elemental analysis}_  A
Analysis calcd. for C,H,NO,;: C, 64.43; H, 7.47; N, 3.58.
30 Found: C, 64.39; H, 7.70; N, 3.53. '
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ExXample 25

1,5-[ (Phenoxvmethvl)carbonvylininol]=-1,5-dideoxy-

D-gqlucitol, tetraacetate.

The title compound was prepared by the Method of
Example 4 and substituting phenoxyacetyl chloride for
phenylacetyl chloride (DSC, 219°C). Structure assignment
was supported by NMR, infrared spectra and elemental
analysis.

Analysis calcd. for C,,H,;,NO,4: C, 56,77; H, 5.85; N, 3.01.
Found: C, 56.81; H, 5.83; N, 3.21.
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Example 26

1,5-[(2=-Ethvlbutvl)Yiminol-1,5~dideoxv-D-aglucitol

A solution of 1,5-dideoxy-1l,5-imino-D-glucitol
(0.99 g, 0.0061 mole), 2-ethylbutyraldehyde (0.98 g,
0.0098 mole) and 5% Pd black in methanol (68 ml),
tetrahydrofuran (34 ml) and water (17 ml) was hydrogenated
(5 psi/25°C/72 hrs.). After filtering. the resulting
mixture, the filtrate was concentrated to an oily solid.
This residue was dissolved in _methanol ('.40 ml) and cooled.
The white solid was removed by filtration to give as 1;5-
dideoxy-1,5-imino-D-glucitol. . ‘The -'filtrate'. was
concentrated to ari oil. The productf. was purified by

‘silica gel chromatography to give a ‘white solid.

Recrystallization from metha’nol-_-et_hyl ace'ta,t"e, gave the

title compound, DSC ca. 95°C. Structural_aséignment was

supported by NMR, infrared spectra and elemental analysis.
Analysis calcd. for Cy,H,NO,: C, 58.27; H, 10.19; N, 5.66.

 Found: ¢C, 57.89; H, 10.09; N, 5.69.
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Example 27
5
QOCOCH,
CH3COO, WOCOCH,
OCOCH;,
10 CH,
CHaj
15
1,5-[(2~-Fthyvlbutvl)iminol-1,5-dideoxy-
D-glucitol, tetraacetate.
20

The title compound was pfepared by the Method of
Example 7 and substituting 1,5f-[(zéethyl-butyl)imino]-
1,5-dideoxy~D-glucitol for 1,5~-(butylimino)-1,5-dideoxy-
D-glucitol. Structure assignment was supported by NMR,
25 1infrared spectra and elemental analysis. N '
Analysis calcd. for C,HyNO;: C, 57.82; H, 8.01; N, 3.37.
Found: C, 57.42; H, 7.92; N, 3.31. -
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Example 28

1,5=-(Butvlimino)~1,5~-dideoxy-D-glucitol

2,3-dlacetate.

A mixture of the title compound of Example 24 (1.9
g, 0.0049 mole) and 20% Pd black (2.0 g) in methanol,

- tetrahydrofuran and methanol (6:4:2) was hydrogenated (60

psi/60°C/21 hr.). After filtering the resulting mixture,

the filtrate was concentrated in vacuo to an oil. The

product was purified by silica gel chromatography.
Structure assignment was supported by NMR and elemental

- analysis.

Analysis calcd. for C,H,NO,: C, 55.43; H, 8.31; N, 4.62.
Found: C, 55.40; H, 8.38; N, 4.50.
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Example 29

1,5=~(Hexvlimino)~1,5-dideoxy=-4R,6-0—
(phenvlmethylene)-D-glucitol.

The title compound was prepared by the Method of
Example 23 and substituting the product of Example 11 for
1,5-(butylimino) -1, 5-dideoxy-D-glucitol (DSC  101°C.)
Structure assignment was supported by NMR, infrared
spectra and elemental analysis. .
analysis caled. for C,H,NO,: C, 68.03; H, 8.71; N, 4.18.
Found: C, 68.04; H, 8.76; N, 4.15.
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Example 30

OCOCHy ¢4

\ /
O I
NK/A\/\

CHj

1,5=(Hexylimino)-1,5-dideoxy—-4R, 6=-0~-
(phenvlimethylene)=D-glucitol, 2,3-diacetate.

The title compound can be prepared by the Method
of Example 24 and substituting the product of Example 29
for the product of Example 23.



10

15

20

2009063

-42~ 07-21(700) A

Example 31

1,5-(Hexylimino)~1,5¥dideoxz-D-glucitol,

2,34diaCetate;

| The title compound can be prepared by the Method
of Example 28 by substltutlng the product of Example 30

 for the product of Example 24 1n the synthe51s reactlon
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Example 32
5
OH
HO, WOH
OH
N
10 L\l/\/CHa
' CH,
15

1,5'[(2~Methylpentyl)imino]~1,5~dideoxy-
D-glucitol.

The title compound was prepared as a solid by the

20 Method of Example 26 by using 2-methylvaleraldehyde

instead of 2-ethylbutyraldehyde in the synthesis reaction.

(DSC ca. 89°C.) The structure was supported by NMR;
infrared spectra and mass spectroscopy.

25
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Example 33
5
OCOCH;,
CHSCOO/,. .‘\OCOCHg
OCOCH,

N

10 \¢/\,/CH3
CHa

15 1,5~ (2-Methylpentvl iﬁino -1, 5=-dideoxy-—

D-glucitol, tetraacetate.

The title compound was prepared by the Method of

Example 7 by substituting .1,5»[(2~Methylpentyl)imino]-

20 1,5-dideoxy-D-~glucitol for l,5-(buty1imino)~1,5-dideoxy—

D-glucitol in the synthesis" reaction. The structure
assignment was supported by CMR and NMR.
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Example 34
OH
HO, WOH
OCOCH
N 3

l\/\CHg

1, 5~-(Butylimino)-1,5-dideoxy-D-¢glucitol,
6—-acetate.

Acetic anhydride (0.46 g, 0.0046 mole) was added

to the title compound of Example 6 (1.0 g, 0.0046 mole) in

150 ml pyridine cooled to -40°C by a dry ice/ acetone
bath. The reaction was'-allowed to come to room
temperature and stirred for 20 hrs. Water (5 ml) was added
and the reaction stirred for 1 hr. The solution was
concentrated in vacuo to an oil. The title compound was
purified by silica gel chromatography to give a solid
which was recrystallized from methanol-ethyl acetate (DSC
131°C). The structure assignment was supported by NMR,
mass spectroscopy and elemental analeis.

Analysis calcd. for C12H23N05.1/3 HZO:'_C,' 54,04; H, 8.92; N,
5.25. Found: C, 53.97; H, 9.04; N, 5.53.
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Example 35

1,5=[(3=Nicotinovl)iminoij-1,5-dideoxy-
D-glucitol, tetraacetate.

The title compound was prepared by the Method of
Example 4 by substituting nicot.inoyl chloride for
phenylacetyl chloride in the synthesis reaction. Structure
assignment was suppOrted by NMR.



10

15

20

25

30

2009063

-47- 07-21(700)A

Example 36

1,5~(Cinnamoylimino)-1,5~-dideoxy~
D-cglucitol, tetraacetate.

Triethylamine (0.5 ml) was added to a cold (0°C)
solution of 1,5-dideoxy-1,5-imino-D-glucitol (0.5 g,
0.0015 mole) and cinnamoyl chloride (0.25 g, 0.0015 mole)
in 50 ml tetrahydrofuran. The mixture was allowed to come
to room temperature and stirred for 3 days. The reaction

‘mixture was concentrated in vacuo to an oily solid. Ethyl
‘acetate was added to the residue andfthe.solid.removed by

filtration. After concentrating the,filtrate in vacuo, the
title compound was purified by'silica'gel.éhrOmatography.
The structure assignment was support'ed‘ by 'NMR, infrared
spectra and elemental analysis. S

Analysis calcd. for C,H,,NO,: C, 59.86; H, 5.90; N, 3.04.

- Found: C, 59.66; H, 5.93; N, 2.99.
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Example 37

OCOCH,CH,CHj
: o -
CH3CHZCHQCOO,,. VN .‘\O\f" '

1,5~-(Butvlimino)~1,5-dideoxv—~4R, 6~0~
henvlmethvlene)~-D-gqlucitol, 2,3-dibutvrate.

The title compound was prepared by the Method of
Example 24 by substituting butyric anhydride for acetic
anhydride in the synthesis reaction. The structure
assignment was supported by NMR, infrared spectra and
elemental analysis. _ '

Analysis caled. for C,H,,NO,: C, 67.09; H, 8.33; N, 3.13.
Found: C, 67.05; H, 8.44; N, 3.12.
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Example 38

OCOCH,CH,CH,
CH3CH,CH,CO0,

1,5«(Butviimino)=1,5-dideoxv-D~-glucitol

2. 3-dibutyvrate.

The title compound was prepared by the Method of
Example 28 by substituting the title compound of-Example
37 for the title compound of Example"24. Structure
assignment was supported by NMR and elemental analysis.
Analysis calcd. for CuH,NO,: C, 60.14; H, 9.25; N, 3.90.
Found: C, 59.98; H, 9.38; N, 3.82. '
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Example 39

5 OCOCH(CHs,),
(CHg),CHCOO, WOCOCH(CHa),

OCOCH(CHa),

10

.
“)

15 1,5-(Phenvlacetylimino)—-1,5~dideoxy-
D-glucitol, tetraisobutyrate.

The title compound was prepared by the Method of
Example 4 by substituting the title prcduct of Example 19
20 for the title product of Example 3 1n the synthesis
reaction. (DSC 96°C, from ethyl ac'etate-hexane,) The
structure assignment was supported by NMR, infrared
spectra and elemental analysis. . -
Analysis calcd. for CyH,;NO,: C, 64.15; H, 7.72; N, 2.49.
25 Found: C, 64.15; H, 7.77; N, 2.30. o
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Example 40

1,5-[(4-Chloroghenxl)acetzlimino]—l,é-
dideoxy~D~glucitol,'tetraacetate.

The title compound was prepared by the Method of
Example 4 by substituting para-chlorophenylacetyl chloride
for phenvlacetyl chloride in the synthesis reaction. The
structure aSsignment was supported' by NMR, infrared
spectra and elemental analysis. _

Analysis caled. for C,,H,ClNO,: C, 54.61; H, 5.42; C1,
7.33; N, 2.89. Found: C, 54.61; H, 5.45; Cl, 7.35; N,
2.88. | |
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Exanple 41
5
OCOCH,CH,CH4,
CH3CH,CH,CO0, WOCOCH,CH,CH;4
\ VOCOCH2CH20H3
10
o
15
1,5~(Benzyloxycarbonyliming)-1,5~dideoxy-
D-glucitol, tetrabutyrate.
20 The title compound was prepared by the Method of
Example 15 by substituting butyric anhydride for
isobutyric anhydride in the synthesis reaction. The

structure assignment was supported by NMR, infrared
spectra and elemental analysis.

25 Analysis calcd. for CjoHuNOm: C, 62.38; H, 7.50; ‘N, 2.42.
Found: €, 62.21; H, 7.52: N, 2.42. '
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OCOCH,CH,CH,
CH3CH,CHCO0, WOCOCH,CH,CH,

OCOCH,CH,CH,
10 v

15

1,5-Dideoxy=-1,5-imino~D~-glucitol,
tetrabutyrate.

20 The title compound was prepared by the Method of
Example 19 and substituting the product of Example 41 for
the product of Example 15. The structure assignment was
supported by NMR, infrared spectra and elemental analysis.
Analysis caled. for C,H,,NO,: C, 59.58; H, 8.41; N, 3.16.

25 Found: C, 59.46; H, 8.52; N, 3.19. ' '
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Example 43

various compounds as prepared above were tested for

inhibition of visna virus in vitro in a plague reduction
assay as follows:

METHOD

Cell and virus propagation

Sheep choroilid plexus(SCP) cells were obtained from
American Type Culture Collection (ATCC) Rockville, Marvyland,

catalogue number CRL 1700 (1988) and were routinely passaged

in vitro in Dulbecco’s Modified Eagles (DME) medium supple-
mented with 20% fetal bovine serum (FBS). SCP cells were

passaged once per week at a 1:2 or 1:3 split ratio. Visna was

titrated by plaque assay in six-well plates. Virus pools were
stored at -70°C.

Plagque reduction assay

SCP cells were cultured 1n 6-well plates to
confluence. Wells were washed two times with serum free
Minimal Essential Medium (MEM) to remove FBS. 0.2ml of
virus was added per well in MEM supplemented with 4mM
glutamine and gentamycin. After 1 hour adsorption, the
virus was aspirated from each well. The appropriate
concentration of each compound in 5 ml of Medium 199 (M-
199) supplemented with 2% lamb serum, 4mM glutamine, 0.5%
agarose and gentamycin was added to each well. Cultures
were incubated at 37°C in a humidified 5% CO, incubator for
3-4 weeks. To terminate the test: cultures were fixed in
10% formalin, the agar removed, the monolayers stalned
with 1% crystal violet and plagues counted. Each compound
concentration was run in triplicate. Control wells
(without virus) were observed for toxicity of compounds at
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the termination o©cf each test and graded morphologically
from 0 to 4. O 1s no toxicity observed while 4 is total

lysing of the cell monolayer.

96 well plate assay

The 96 well plate assay was performed similarly to
the plagque assay above with modifications. SCP cells were
seeded at 1 x 10° cells per well in 0.1 ml DME medium.
When confluent, the wells were washed with serum free MEM
and 25ul of virus added in M-199 supplemented with 2% lamb
serum. After 1 hour, 75ul of medium containing test
compound was added to each well containing virus. After 2-
3 weeks incubation the cytopathic effect of the virus was
determined by staining with a vital stain. Cell viability
was measured by determining stain density using a 96 well
plate reader.

Contrcl wells without wvirus were conmpleted to
determine the toxicity of compounds.

RESULTS

Table 1, below, sets forth the results of the assay
for representative ¢ompounds of Examples herein compared
to the N-butyl derivative of l,sudideoxy-l,s-imino-D-
glucitol (N~-Bu-DNJ) as a control standard.
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Table 1. PLAQUE REDUCTION ASSAY

Compound Concentration Toxicity Antiviral

Example No. (mM) Activity
3 1.0 0 A
0.5 0 A
4 1.0 0 A
0.5 0 A
5 1.0 0 A
0.5 0 A
0.1 O A
7 1.0 0 A
0.5 0 A
0.1 0 A
N~-Bu<~DNJ 1.0 2 A
0.1 1 A
0.01 0 I
0.001 O I
8 1.0 0 A
0.1 0 A
10 - 0.125 3 A
0.0625 2 A
- 0.03125 1 A
12 0.03125 2 A
0.0156 1 A
C.0075 1l A

14 1.0 4 Toxic
0.1 2 A
0.01 0 A
0.001 0o A
16 100 ' 4 TOXiC

0.1 1 A
0.01 0 A
0.001 0 A
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Table 1. PLAQUE REDUCTION ASSAY (cont'd.)

Compound Concentration Toxicity Antiviral
Example No. (M) Activity
17 0.1 4 Toxic

o
O
—
DO
>

18 1.0 0 A
0.1 1 A
20 1.0 2 A
0.1 1 A
0.01 0 A
22 1.0 O A
0.1 O A
0.01 0 A
24 1.0 0 A
25 1.0 2 A
0.1 1 A

A = active compound
I = inactive compound
Toxicity graded on 0 to 4 scale
0 no toxicity, 4 = total cell lysates
N-Bu~DNJ = N—butyl%deoxynojirimycin used as a
control standard.

i
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Table 2, below, sets forth additonal results of the

foregoing assay in which the antiviral activity is stated 1in
terms of % plaque reduction.

Table 2. PLAQUE REDUCTION ASGAY

P S — i _— o p—p— e p— ek el U —— ), il

Concentation
(M)

Compound

Toxicity % Plaque
Example No.
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76
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Toxic

97
13
31
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ExXample 44

Butvlimino)-1,5-dideox

tetrabutyvrate.

-D-glucitol

A solution of 1,5~dideoxy~1l,5-imino-D-glucitol,
tetrabutyrate (0.43 g, 0.001 mole), butyraldehyde
(0.2 g, 0.0028 mole) and 4% Palladium black in 25 ml
methanol was hydrogenated (5 psi/25°C/71 hrs).
After filtering the resulting'mixture, the filtrate
was concentrated in vacuo. The product was purified
by silica gel chromatography and crystallized from
cold ©pentane (DSC-38.9_3°C) . _' The  structure
assignment was supported by NMR, infrared 'Spectra
and elemental analysis. - o

~Analysis calcd. for szHt.sNOsf -~ C, 62.50; H, 9.08; N,

2.80. Found: C, 62.80; H, 9.24; N, 2.75.
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Example 45

O

Fac/\)\m

4,4,4-Trifluorobutanoyl chloride

Ethyl 4,4,4~-trifluorobutyrate (20.0 g, 0.118
mole) was added to water (150 ml) containing sodium
hydroxide (2.4 g, 0.23% mole). The reaction was
warmed to reflux for 2 hrs, cooled to room
temperature at which time sulfuric acid was added to
adjust to pH 2. The product acid was extracted into
ethyl ether, dried over anhydrous sodium sulfate and

filtered. The product acid was isolated by vacuum
distillation (85-92°C/15 mm).

4,4,4-Trifluorobutyric acid (5.8 g, 0.041 mole)
was dissolved in benzene (30 ml). Oxalyl chloride
(6.2 g, 0.049 mole) was added and' the reaction
stirred for 20 hrs. The benzene and excess oxalyl

chloride was removed by distillation to give the
title compound. '

6

3
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Example 46

1.5=-(Butvlimino)-~1l,5~dideoxyv-D-glucitol
tetra(4.,4 4-trif1uorobutanoate

A solution of the product of Example 45 (0.041
mole) in tetrahydrofuran (10 ml) was added to a
solution of 1,5-(butylimin0)-1,5-dideoxy~D-glucitol
(1.5 g, 0.0068 mole) in pyridine (50 ml) and stirred
for 20 hrs at room temperature. The reaction was
heated to 50°C for 2 hrs and stirred at room
temperature for 20 hrs. Water (10 ml) was added and
the reaction was concentrated to an oily solid.
Water (50 ml) was added and the product was
extracted into ethyl acetate (75 nl). The ethyl
acetate was washed with water (50 nl), dried over
anhydrous sodium sulfate, filtered and concentrated
to an oil. The product was purified by silica gel
chromatography and the structure was verified by
NMR.
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Example 47

1.5~ {(4=Decvlibenzovl)imino]l~1.,.5~-dideoxy—~

D-glucitol, tetraacetate

Triethylamine (0.2 ml) was added to a solution
of 1,5-dideoxy-1,5~imino~D~glucitol, tetracetate
(0.25 g, 0.00075 mole) and p-decylbenzoyl chloride
(0.23 g, 0.00083 mole) 1in tetrahydrofuran (25 ml)

and stirred for 20 hrs at room temperature. The
white solid was removed by filtration and the
filtrate was concentrated to an c¢il. The product

was purified by silica gel chromatography. The
structure assignment was supported by NMR, infrared
spectra and elemental analysis (575.71).

Analysis calcd. for 031H45N09.1/2 H,0:
c, 63.68; H, 7.93; N, 2.40. Found: C, 63.86; H,
7.86; N, 2.34. '
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Example 438

1,5=(Butvlimino) -1, 5~dideoxyv-D-glucitol

tetrahexanoate

4-Dimethylamino pyridine (100 mg) was added to
a solution of 1,5-(butylimino)-1,5-dideoxy-D-
glucitol (2.19 g, 0.01 mole) and hexanoic anhydride
(12.8 g, 0.06 mole) in pyridine (50 ml) and the
reaction was stirred at room temperature for 44 hrs.
Water (50 ml) was added and the reaction was
concentrated. Water (1_00. ml) was added and the
product extracted into ethyl acetate (2 x 50 ml).
The combined ethyl acetate extracts were dried over
anhydrous sodium sulfate, filtered and concentrated.
The  product was purified by silica gel
chromatography. The structure assignmént was
supported by NMR and elemental analySis (611.87).

Analysis calcd. for CgHNOg.0.4M H,0.
c, 65.97; H, 10.06; N, 2.26. Found: C, 65.98; H,
9.91; N, 2.11.
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Example 49

l,.5~(Butyvlimino)-1,5~-dideoxyv~D-~cglucitol
tetra(4-methyvlipentancate)

A solution of 4-methylvaleryl chloride (0.81 g,
0.006 mole) in tetrahydrofuran (5 ml) was added to
a solution of 1,5-(butYIimino)-1,5-dideoxy~D~
glucitol (0.22 g, 0.001 mole) in pyridine (15 ml)
and stirred at room temperature for 4 days. Water
(5 ml) was added and the reaction was cohcentrated
to an oily solid. Water (25 ml)_and ethyl acetate
(50 ml) was added and the. layers were separated.
’I'he ethyl acetate was washed with water (25 ml),
dried over anhydrous sodium Sulfate, filtered and
concentrated to an oil. The product was purified by
silica gel chromatography. The structure assignment
was supported by NMR, infrared spectra and elemental
analysis (611.87). . -

Analysis calcd. for C;H,NOg,: C, 66.74; H, 10.05; N,
2.29. Found: C, 66.72; H, 10.25; N, 2.29.
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Example 50A

5
10
1,5-(Butvlimino)l,5~-dideoxy~D~-glucitol
tetra(2,2-dimethvlipropanocate).
15
The title compound was prepared by the method
of Example 48 by substituting trimethylacetic
anhydride for hexanoic anhydride. The structure was
supported by NMR. '
20
Exanmple 50B
25
30
| 1,5-(Butylimino)-~1,5~dideoxy=-D-glucitol
35 2,4,6-tri(2,2-dimethylpropanoate

The title compound was isolated from Example
50A. The structure was supported by NMR.
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Exanple 51

1,5-Dideoxy~1,5-[[3-(4-chlorophenoxy)-1-oxopropyl]-
iminol-D-glucitol, tetraacetate

The title compound was prepared by the method
of Example 47 by substituting the acid chloride
[prepared from 3-(p-chlorophenoxy)propionic acid by
the method of Example 45] for p-decyl benzoyl
chloride. The structure was supported by NMR,
infrared spectroscopy and elemental analysis
(513.93).

Analysis calcd. for C,:HgNO,,Cl: C, 53.75; H, 5.49;
N, 2.73. PFound: C, 53.82; H, 5.70; N, 2.66.
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Example 52

1,5~[[2=(Acetviloxyv)ibenzovlliminol=1l,5-dideoxy-
D-glucitol, tetrabutanoate

The title compound was prepared by the method
of Exanmple 47 by substituting 1,5-dideoxy-1,5-
imino-D-glucitol, tetrabutyrate for the
corresponding tetraacetate and by substituting
acetylsalicyloxy chloride for p-decylbenzoyl
chloride. The structure was supported by NMR,

infrared spectroscopy and elemental analysis
(605.69).

Analysis calcd. for C,,H,;NO,,: C, 61.47; H, 7.16; N,
2.31. Found: €, 61.31; H, 7.16; N, 2.30.
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Example 53

1,5~ 1.1'-bivhenvll-4-vlicarbonyl)iminol}=-1,5-

dideoxy-D-glucitol, tetraacetate

The title compound was prepared by the method
of Example 47 by substituting 4-bliphenylcarbonyl
chloride for p-decyl benzoyl chloride. The
structure was supported by NMR, infrared
spectroscopy and elemental analysis (511.53).

Analysis calcd. for C,;H,;)NOg: C, 63.40; H, 5.71; N,
2.74. Found: ¢, 63.38; H, 5.70; N, 2.77.
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Example 54

1,5-(Butvlimino)-1,5-dideoxy~-D-glucitol
tetra(cyclopropvlcarboxylate)

The title compound was prepared by the method
of Example 49 by substituting cyclopropanecarbonyl
chloride for 4-methylvaleryl <chloride. The
structure was supported by NMR, infrared
spectroscopy and elemental analysis (491.59). DSC
90.47°C.

Analysis calcd. for C,H;-NO,.0.5 M H,0: C, 62.38; H,
7.65; N, 2.80. Found: CC, 62.46; H, 7.35; N, 2.79.
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Example 55

1l,5~Dideoxv-=1,5=[l-0ox0o~2-(2-thienvl)lethvliiminol-

D-glucitol, tetrabutancate

The title compound was prepared by the method
of Example 47 by substituting 1,5-dideoxy-1,5-
imino-D-glucitol, tetrabutyrate for the
corresponding tetraacetaté and by substituting 2-
thiopheneacetyl <chloride for ©p-decyl Dbenzoyl
chloride. The structure was supported by NMR and
elemental analysis (567.70).

Analysis calcd. for C,H,,NO,S: C, 59.24; H, 7.28; N,
2.47. Found: C, 59.06; H, 7.11; N, 2.50.
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Example 56

1,5=(Butylimino)=-1,5-dideoxy-D-glucitol
tetra(3-cyclopentylpropanoate)

The title compound was prepared by the method
of Example 49 by substituting 3-cyclopentylpropionyl
chloride for 4-methylvalerylcarbonyl chloride. The
structure was suppored by NMR, infrared spectroscopy
and elemental analysis (716.02).

Analysis caled. for C, H,NOg: C, 70.45; H, 9.71; N,
1.96. Found: C, 70.72; H, 9.68; N, 1.97.
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Example 57

1.5-(Butvlimino)-1,5-dideoxy~D-glucitol

tetradecanoate

The title compound was prepared by the method
of Example 48 by substituting decanoic anhydride for
hexanoic anhydride. The structure was supported by,

NMR, infrared spectroscopy and elemental analysis
(836.30).

Analysis calcd. for CgHy,NO,: C, 71.81; H, 11.21; N,
1.67. PFound: €, 71.64; H, 11.46; N, 1L.37.
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Example 58

1,5-Dideoxy-1.5=[[3-(3~-furanvl)=l-oxo-2F-
ropenvllimino]-D-aglucitol, tetrabutanoate

The title compound was prepared by the method
of Example 47 by the substitution of trans-3-furan-
acrylic acid chloride (from trans-3-furanacrylic
acld and oxalyl chloride) for p-decyl benzoyl
chloride and the product of Example 42 for the
product of Example'3;  The structure was supported
by NMR and elemental analysis,(563;65).

Analysis calcd. for CyH,,NO,.3/4M H,0: C, 60.35; H,
7.42; N, 2.43. Found: C, 60.44; H, 7.66; N, 2.53.
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Example 59

1,5=-(4,4,4-Trifluorobutvliimino)~1i,5=
dideoxv-D-glucitol

A solution of 1,5-dideoxy~-1,5-imino-D-glucitol
(6.07 g, 0.0372 mole), 4,4,4-trifluoro-1-
bromobutane (7.1 g, 0.0372 mole) and potassium
carbonate (2.57 g, 0.0186 mo'lé) was stirred in
dimethylformamide (400 ml) for 37 days. The
reaction was filtered and concentrated to an oil.
The product was purified by silica gel
chromatography and crystallized from ethyl acetate.
The structure of the title compound was supported by

'NMR and elémental analysis (273.25).

Analysis calecd. for C,.H,,NO,F;: C, 43.96; H, 6.64; N,
5.13. Found: C, 43.89; H, 6.69; N, 4.73.
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Example 60

1,5=-(6,6,6-Trifluorohexylimino)-1,5-dideoxy-D~-
glucitol

A solution of 1,5-~dideoxy-1,5-imino~D-glucitol
(5.22 g, 0.032 mole), 6,6,6~trifluoro~l-bromonexane
(7.0 g, 0.032 mole) and silver oxide (3.96 g, 0.032
mole) was stirred 1in dimethyl formamide (45 ml) and
water (45 ml) for 48 hrs at room temperature and
then heated to between 62-74°C for 6 days. The
solution was filtered and c’oncentrate.d to an oily
solid. The product was purified by silica gel
chromatography and converted to the hydro'chloride
salt with HCl.  The salt was passed'.through

Amberlite IRA-400 (OH) ion exchange resin with water

and stripped. The concentrate was purified by
silica gel chromatography. The structure of the
title compound was supported' by NMR and elemental
analysis. ' '

Analysis calcd. for C,H,,NO,F;.1/4 H,0: C, 47.13; H,
7.42; N, 4.58. Found:_‘c, 46.96; H, 7.32; N, 4.58.
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Example 61

1,5-(8,8,8=-Trifluorococtyliming)-1,5~dideoxy-D-
glucitol

The title compound was prepared by the method
of Example 60 by substituting 8,8,8-trifluoro~l-
bromooctane for 6,6,6~trifluoro—l—bromohexane. The
structure was supported by NMR, infrared
spectroscopy and elemental analysis. -

Analysis calecd. for C,H,NO,F;.1/4 H,0: C,50.37; H,
8.00; N, 4.20. Found: €, 50.32; H, 8.10; N, 4.19.
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Exanple 62

1,5-(8,8,8-Trifluorooctvliimino)-1,5-dideoxy-D-

glucitol, tetrabutyrate

1,5-(8,8,8~Trifluorococtylinino)~1,5~-dideoxy-~-
D-glucitol (0.30 g, 0.00091 mole) and butyric
anhydride (0.86 g, 0.00546 mole) were stirred 1in
pyridine (10 ml) for 18 days at room temperature.
Water (25 ml) was added to the solution, stirred for
1 hr and concentrated to an oil. Methyl alcohol (50
ml) was added and the solution concentrated to an
oil. Ethyl acetate (10 ml) was added, the solution
was filtered and the filtrate concentrated to an
oil. The product was 'purified 'by silica gel
chromatography. The structure of the title compound
was supported by NMR, -ihfrégred _spectroscopy and
elemental analysis (609.73). ' '

Analysis calcd. for Cy H,,NOF;: C, 59.10; H, 8.27; N,
2.30. Found: C, 59.06; H, 8.31; N, 2.22.
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Ecample 63

1,5-(4,4,4-Trifluorobutylimino) -1, 5-dideoxy-
D~glucitol, tetraacetate

The title compound was prepared by the method
of Example 62 by.substitutingthe product of Example
59 for the product of Example' 61 and acetic
anhydride for butyric anhydride. The struCture:was

~supported by NMR, infrared JSPectrOScopy and
elemental analysis (441.4). '

Analysisf calcd. for ci'aHzéNogFg: C, 48.98; H, 5.94; N,
3.17. Found: C, 48.73; H, 5.92; N, 3.08. '
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EXxample 64

1,.5-(4,4,4-Trifluorchutvliimino)~1,5~-dideoxy-D~-
lucitol, tetraisobutvrate

The title compound was prepared by the method
of Example 63 by substituting isobutyric anhydride
for acetic anhydride. The structure was supported
by NMR, infrared spectroscopy and elemental analysis
(553.6). '

Analysis calcd. for C,H,,NOsF,: C, 56.41; H, 7.65; N,
2.53. Found: C, 56.26; H, 7.61; N, 2.48.
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Example 65

1,5=-(6,6,.6=-Trifluorohexylimino)-1,5~-dideoxyv-D-
glucitol, tetrabutyrate

The.title.compound'was prepared by the method
cf Example 62 by substituting'the product of Example
60 for the product of Example 61. The structure was
supported by NMR, infrared spectroscopy and
elemental analysis (581.7).

Analysis calcd. for C,H,NO,F;: C, 57.82; H, 7.97; N,
2.41., Found: C, 57.86; H, 8.19; N, 2.39,
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Example 66

1,5=(6,6,6-Trifluorohexvlimino)~1,5~-dideoxy~-

D-glucitol, 2,3,6-tributyrate

The title compound was 1solated from the

reaction of Example 65.
by NMR.

The structure was supported
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Example 67

1,5-(6,6,6-Trifluorochexylimino)=-1,5-dideoxy-D-
glucitol, 2.,4,6-tributvrate

The title compound was isolated from the

reaction of Example 65. The structure was supported
by NMR.
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Examnple 68

1,5=-Dideoxy-1,5~[[2~(3-methoxyphenvl)—-1~oxoethvl]-

|

imino]-D-glucitol, tetrabutanoate

The title compound was prepared by the method
of Example 58 Dby the substitution of 3-
methoxyphenylacetyl  chloride for trans-3-
furanacrylic acid c_h..loride.' The structure was

supported by NMR.
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Example 69

1,5=-Dideoxy=1,5={[3=(trifluoromethyl)benzo l]iminol-
D~-glucitol, tetrabutanoate

The title compound was prepared by the method
of Example 58 by the substitution of 3~
(trifluoromethyl)benzoyl chloride for trans-3-
furanacrylic acid chloride. The structure was
supported by NMR and elemental analysis (615.65).

Analysis calcd. for CyoH gNOFs:  C, 58.53.; H, 6.55; N,
2.28. Found: C, 58.32; H, 6.57; N, 2.18.

A
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Still other novel compounds of the invention can be made by
methods analogous to the methods employed in the foregoing
examples. Thus, branched chain analogs can be made by the method
used in Example 47 to prepare, e.g., 1,5-[[2-(4~chlorophenoxy)-
2-methyl-l-oxopropyl]imino]-1,5~dideoxy-D-glucitol, tetraacetate.
The method of Example 49 can be used to similarly prepare
1,5=(butylimino)~1,5~dideoxy-D~glucitol, tetra(3-methoxy~3-
oxXopropanoate). Likewlise, unsaturated radicals can be introduced
into the compounds in place of the corresponding saturated
radicals to prepare analogous unsaturated compounds .such as,
e.g., 1,5=-(butylimino)-1,5~dideoxy~-D-glucitol, tetra(3E~-
hexanoate) and 1,5-(butylimino)-1,5~-dideoxy~-D-glucitol, tetra(2-
propenocate). Aromatic substituted radicals can be introduced
into the O-acylated groups to prepare compounds such as, e.qg.,
1,5=-(butylimino)~1,5~dideoxy-D-glucitol, tetra{3-(4'-
methoxyphenyl) Jpropancate. So also other substituted aromatic
radicals can be used for the N-aroyl groups to prepare compounds
such as, e.g., 1,5-dideoxy-1,5~([[2=(4~fluorophenoxy)-1-
oxoethyl}imino]-D-glucitol, tetraacetate. Still other compounds
within the scope of the invention will be apparent to the person
skilled in the art after reading the present disclosure.

The following 1illustrative reaction SChemes‘can_be used for
preparing the novel antiviral compounds of the invention from the

‘amine, 1,5-dideoxy~-1,5-imino-D-glucitol, in which R, R, and R,

are suitable radicals as defined héreinbefore;
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The antiviral agents described herein can
be used for administration to a mammalian host
infected with a lentivirus, e.g. visna virus or the
human immunodeficiency virus, by conventional means,
preferably 1in formulations with pharmaceutically
acceptable diluents and carriers. These agents can
be used 1in the free amine form or in their salt
form. Pharmaceutically acceptable salt derivatives
are 1llustrated, for example, by the HCl salt. The
amount of the active agent to be administered must
be an effective amount, that is, an amount which is

medically beneficial but does not present toxic
effects which overweigh the advantages which
accompany its use. It would be expected that the
adult human dosage would normally range upward from
about one milligram of the active compound. The
preferable route of administration is orally in the
form of capsules, tablets, syrups, elixirs and the
like, although parenteral administration also can be
used. Suitable formulatibns of the active compound
in pharmaceutically acceptable diluents and carriers
in therapeutic 'dosage form can be prepared by
reference to general texts in the field such as, for

example, Remington's Pharmaceutical Sciences, Ed.
Arthur Osol, 16th ed., 1980, Mack Publishing Co.,

Easton, PA. | ‘
| Various other examples will be apparent
to the person skilled in the art after reading the
present disclosure without departing from the spirit
and scope of the invention. It is intended that all
such other exampleS'be included within the scope of
the appended clains. ‘



1 O

15

20

30

| i | i

CA 02059063 2002-07-26

-8 09—

THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An O-acylated derivative of 1, 5~dideoxy-1,5-imino-D-
glucitol containing an N-alkyl or N-aroyl radical in which from
one to four of the free hydréxyl groups are O-acylated with
carboxylic alkanoyl radicals selected from the group consisting
of w,w,w-trifluoro alkanoyl having from three to eight carbon
atoms, carboxylic cycloalkanoyl groups having from four to ten

carbon atoms and carboxylic acyclic alkanoyl groups having from

two Lo ten carbon atoms, whereiln the N-aroyl radical 1is
selected from the group consisting of p-decylbenzoyl, 3-(p-
chlorophenoxy)propanoyl, 2-(acetyloxy)benzoyl, [1, l'Qbiphenyl]—
4~ylcarbonyl, Z-thlio-pheneacetyl, trans-3-furanacryloyl, 3-
methoxyphenylacetyl and 3~ (trifluoromethyl)benzoyl, and wherein
the N-alkyl contains from one to fourteen carbon atoms,
provided that when N-alkyl contains from one to five carbon
atoms, the O-acylated groups are w,w,w-trifluoro alkanoyl or

carboxylic cycloalkanoyl.

2. An O-acylated derivative of Claim 1 containing an N-
aroyl radical selected from the group consisting of p-
decylbenzoyl, 3-(p-chlorophenoxy)propanoyl, 2- (acetyloxy) -
benzoyl, [1,1"'-biphenyl]-4-ylcarbonyl, Z-thiopheneacetyl,
trans-3-furanacrylovl, J-methoxy-phenylacetyl and 3=
(trifluoromethyl)benzoyl, and in which from one to four of the
free hydroxyl groups are O-acylated with carboxylic acyclic

alkanoyl groups having from two to ten carbon atoms.

3. An O-acylated derivative of Claim 2 in which all four

0f the free hydroxyl groups are O-acylated.
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4. The O-acylated derivative of Claim 3 1in

which the N-aroyl radical 1s p-decylbenzoyl and the
O-acylated groups are acetate.

5. The O-acylated derivative of Claim 3 1in
which the N-aroyl group 1s 3-(p-
chlorophenoxy)propanoyl and the O-acylated groups
are acetate.

6. The O-acylated derivative of Claim 3 1in
which the N-aroyl radical 1is 2-(acetyloxy)benzoyl
and the O-acylated groups are butanocate.

7. The O-acylated derivative of Claim 3 1in
which the N-aroyl radical 1is 1,1'-biphenyl-4-
ylcarbonyl and the O-acylated groups are acetate.

8. The O-acylated derivative of Claim 3 in
which the N=-aroyl radical is 2-thiopheneacetyl and
the O-acylated groups are butanoate.

9. The O-acylated derivative of Claim 3 1in
which the N=-aroyl radical is trans-3-furanacryloyl
and the O—adylated groups are butanoate.

10. An O-acylated derivative of Claim 1
containing an N-alkyl group in which from one to
four of the free hydroxyl groups are O-acylated with
w,w,w-trifluorcalkanoyl having from three to eight
carbon atoms or with carboxylic cycloalkanoyl groups

having from four to eight carbon atoms and in which

the N-alkyl groups contain from one to eight carbon
atoms.

11. An O-acylated derivative of Claim 10 1in
which the N=-alkyl group is N-butyl.
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12. An O-acylated derivative of Claim 10 i1n which all four
of the free hydroxyl groups are O-acylated.

13. An O-acylated derivative of Claim 10 1n which the O-

acylated groups are 4,4,4-trifluorobutanoate.

14. An O-acylated derivative of Claim 10 in which the O-

acylated groups are cyclopropylcarboxylate.

15. An O-acylated derivative of Claim 10 i1n which the O-

acylated groups are 3-cyclopentylpropanoate.

16. The O-acylated derivative of Claim 12 in which the O-
acylated groups are 4,4,4-trifluorobutanoate and the N-alkyl
group 1s N-butyl.

17. The O-acylated derivative of Claim 12 in which the O-
acylated groups are cyclopropylcarboxylate and the N-alkyl
group 1s N-butyl.

18. The O-acvylated derivative of Claim 12 in which the O-
acylated groups are 3-cyclopentylpropanoate and the N-alkyl
group 1s N-butyl.

19. An O-acylated derivative of 1, 5-dideoxy-1,5-1mino-D-
glucitol containing an N-w,w,w-trifluorocalkyl group having
from three to eight carbon atoms and in which from one to four
of the free hydroxyl groups are O-acylated wilith carboxylic

acyclic alkanoyl groups having from two to ten carbon atoms.

20. The O-acylated derivative of Claim 19 1n which the
trifluoroalkyl group 1is 8,8,8-trifluorooctyl and all four of
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the free hydroxyl groups are O-acylated with butyroyl groups.

21. The O-acylated derivative of Claim 19 in which the
trifluoroalkyl group 1s 4,4,4-trifluorobutyl and all four of
the free hydroxyl groups are O-acylated with acetyl groups.

22. The O-acylated derivative of Claim 19 1n which the
trifluorocalkyl group 1s 4,4,4-trifluorobutyl and all four of
the free hydroxyl groups are O-acylated with 1sobutyroyl

groups.

23. The O-acylated derivative of Claim 19 in which the
trifluoroalkyl groups 1s 6,6, 6-trifluorohexyl and all four of

the free hydroxyl groups are O-acylated with butyroyl groups.

24, The O-acylated derivative of Claim 19 1in which the
trifluorocalkyl group 1s 6,6, 6-trifluorohexyl and three of the
free hydroxyl groups at C2Z2, C6 and either C3 or C4 are O-
acylated with butyroyl groups.
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25. A pharmaceutical composition comprising a therapeutically effective
amount of a compound of any one of claims 1 through 24, togéther
with a pharmaceutically acceptable carrier or diluent.

26. Use of a compound as defined in any one of claims 1 through 24 for
antiviral treatment.

27. A composition comprising a compound selected from the group
consisting of 1,5-(butylimino)-1,35-dideoxy-D~glucitol tetra(4,4,4-
trifluorobutanoate); 1,5~[(4~-decylbenzoyl) imino]-1,5-dideoxy~D-
glucitol, tetraacetate; 1,5-(butylimino)-1,5-dideoxy-D-glucitol,
tetrahexanote; 1,5~ (butylimino)-1,5~dideoxy~D-glucitocl, tetra(4-
methylpentanoate); 1,5~ (butylimino)-1,5~dideoxy-D-glucitol,
tetra(2,2~dimethylpropanote); 1,5~ (butylimino)-1,5-dideoxy-D-
glucitol, 2,4,6-tri(2,2-dimethylpropancate); 1,5-dideoxy-1,5~-[[3-
(4—chlorophenoxy)-1-oxopropyl]-imino]-D-glucitol, tetraacetate;
1,5-[[2-(acetyloxy)benzoyl]imino] -1, 5-dideoxy-D-glucitol,
tetrabutanoate; 1,5~[([1,1'-biphenyl]-4-ylcarbonyl)imino]}-1,5-
dideoxy-D-glucitol, tetraacetate; 1,5-(butylimino)-1,5-dideoxy-D-
glucitol, tetra(cycloprOpylcarboxylate); 1, 5~dideoxy~1,5-[[1-oxo0-
2 (2-thienyl)ethyllimino}-D-glucitol, tetrabutanocate; 1,5-
(butylimino) -1, 5-dideoxy-D-glucitol, tetra(3-cyclopentyl-
propanoate) 1,5-(butylimino)-1,5~dideoxy-D-glucitol,
tetradecanoate; 1,5-dideoxy~1,5-[[3-(3-furanyl)-l-oxo-2E-
propenyl]imino}-D-glucitol, tetrabutanoate; 1,5-(4,4,4~
trifluorobutylimino)-1,5~-didexoy-D-glucitol; 1,3-(6,6,6-
trifluorohexylimino)-1,5~dideoxy-D-glucitol; 1,5-(8,8,8~-
trifluorooctylimino) -1, S-dideoxy-D-glucitol; 1,5-(8,8,8-
trifluorooctylamino) -1, 5~dideoxy-D-glucitol, tetrabutyrate, 1,5~
(4,4,4-trifluorobutylimino)-1,5-didexoy-D-glucitol, tetraacetate;
1,5-(4,4,4-trifluorobutylimino) -1, 5-didoexy~D-glucitol,
tetraisobutyrate; 1,5-(6,6,6-trifluorohexylimino)-1, 5-dideoxy-D-
glucitol, tetrabutyrate; 1,5~(6,6,6-trifluorohexylimino)-1,5-
dideoxy-D-glucitol, 2,3,6-tributyrate; 1,5-(6,6,6-trifluorohexyl-
imino) -1, S-dideoxy-D-glucitol; 2,4,6-tributyrate; and 1, 35-dideoxy-
1,5-[[2- (3-methoxyphenyl)~-1-oxoethyl]imino]}-D-glucitol,
tetrabutanoate together with a pharmaceutically acceptable carrier

or diluent.
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