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(57) Abstract

The present invention provides the compound having structure (I), wherein each of R; and R, are independently the same
as or different from each other; when R and R, are the same, each is a substituted or unsubstituted arylamino, cycloalky-
lamino, pyridineamino, piperidino, 9-purine-6-amine, or thiozoleamino group; when R; and R, are different, R; = R3-N-
Ry, wherein each of R and R, are independently the same as or different from each other and are a hydrogen atom, a hy-
droxyl group, a substituted or unsubstituted, branched or unbranched alkyl, alkenyl, cycloalkyl, aryl, alkyloxy, aryloxy,
arylalkyloxy, or pyridine group, or R; and R, bond together to form a piperidine group and R; is a hydroxylamino, hydrox-
yl, amino, alkylamino, dialkylamino or alkyloxy group; and n is an integer from about 4 to about 8. The present invention
also provides a method of selectively inducing terminal differentiation of neoplastic cells and thereby inhibiting prolifera-
tion of such cells. Moreover, the present inventtion provides a method of treating a patient having a tumor characterized by
proliferation of neoplastic cells. Lastly, the present invention provides a pharmaceutical composition comprising a pharma-
ceutically acceptable carrier and a therapeutically acceptable amount of the compound above.
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NOVEL _POTENT INDUCERS OF TERMINAL DIFFERENTIATION AND
METHODS OF USE THEREOF

Background of the Invention

Throughout this application various publications are
referenced by arabic numerals within parentheses. Full
citations for these publications may be found at the end
of the specification immediately preceding the claims.
The disclosures of these publications in their entireties
are hereby incorporated by reference into this
application in order to more fully describe the state of
the art to which this invention pertains.

Cancer is a disorder in which a population of cells has
become, in varying degrees, unresponsive to the control
mechanisms which normally govern proliferation and
differentiation. For many years there have been two
principal strategies for chemotherapeutic treatment of
cancer: a) blocking hormone-dependent tumor cell
proliferation by interference with the production or
peripheral action of sex hormones; and b) killing cancer
cells directly by exposing them to cytotoxic substances,
which injure both neoplastic and normal cell populations.

Relatively recently, cancer therapy is also being
attempted by the induction of terminal differentiation of
the neoplastic cells (1). In cell culture models
differentiation has been reported by exposure of cells to
a variety of stimuli, including: cyclic AMP and retinoic
acid (2,3), aclarubicin and other ahthracyclines (4) .

There is abundant evidence that neoplastic transformation
does not necessarily destroy the potential of cancer
cells to differentiate (1,5,6). There are many examples
of tumor cells which do not respond to the normal
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regulators of proliferation and appear to be blocked in
the expression of their differentiation program, and yet
can be induced to differentiate and cease replicating.
A variety of agents, including some relatively simple
polar compounds (5,7-9), derivatives of vitamin D and
retinoic acid (10-12), steroid hormones (13), growth
factors (6,14), proteases (15,16), tumor promoters
(17,18), and inhibitors of DNA or RNA synthesis (4,19~
24), can induce various transformed cell 1lines and
primary human tumor explants to express more

differentiated characteristics.

Early studies by the present inventors identified a
series of polar compounds that were effective inducers of
differentiation in a number of transformed cell lines
(8,9). Of these, the most effective induce, was the
hybrid polar/apolar compound N,N'-hexamethylene
bsacetamide (HMBA) (9). The use of this polar/apolar
compound to induce murine erythroleukemia cells (MELC) to
undergo erythroid differentiation with suppression of
oncogenicity has proved a useful model to study inducer-
mediated differentiation of transformed cells (5,7-9) .
HMBA-induced MELC terminal erythroid differentiation is
a multistep process. Upon addition of HMBA to MELC
(745A-DS19) in culture, there is a latent period of 10 to
12 hours before commitment to terminal differentiation is
detected. Commitment is defined as the capacity of cells
to express terminal differentiation despite removal of
inducer (25). Upon continued exposure to HMBA there is
progressive recruitment of cells to differentiate. The
present inventors have reported that MELC cell lines made
resistant to relatively low levels of vincristine become
markedly more sensitive to the inducing action of HMBA
and can be induced to differentiate with little or no

latent period (26).

HMB2Z is capable of inducing phenotypic changes consistent
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with differentiation,in a broad variety of cells lines
(5). The characteristics of the drug induced effect have
been most extensively studied in the murine
erythroleukemia cell system (MELC) (5,25,27,28). MELC
induction of differentiation is both +time and
concentration dependent. The minimum concentration
required to demonstrate an effect in vitro in most
strains is 2 to 3 mM; the minimum duration of continuous
exposure generally required to induce differentiation in
a substantial portion (>20%) of the population without
continuing drug exposure is about 36 hours.

The primary target of action of HMBA is not known. There
is evidence that protein kinase C is involved in the
pathway of inducer-mediated differentiation (29). The in
vitro studies provided a basis for evaluating the
potential of HMBA as a cytodifferentiation agent in the
treatment of human cancers (30). Several phase I
clinical trials with HMBA have been completed (31-36).
Clinical trials have shown that this compound can induce
a therapeutic response in patients with cancer (35,36).
However, these phase I clinical trials also have
demonstrated that the potential efficacy of HMBA is
limited, in part, by dose-related toxicity which prevents
achieving optimal blood levels and by the need for
intravenous administration of large quantities of the

agent, over prolonged periods.

Recently, the present inventors have reported a number of
compounds related to HMBA with polar grdups separated by
apolar linkages that, on a molar basis, are as active
(37) or 100 times more active than HMBA (38). As a
class, however, it has been found that the symmetrical
dimers such as HMBA and related compounds are not the

best'cytodifferentiating agents.

It has unexpectedly been found that the best compounds
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comprise two polar end groups separated by a flexible

chain of methylene groups, wherein one or both of the

polar end groups 1is a large hydrophobic group.
Preferably, the polar end groups are different and only
one is a large hydrophobic group. These compounds are
unexpectedly a thousand times more active than HMBA and
ten times more active than HMBA related compounds.

This new class of compounds of the present invention may

be useful for selectively inducing terminal
differentiation of neoplastic cells and therefore aid in

treatment of tumors in patients.
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Summary of the Invention

The present invention provides the compound having the

structure:
o
R
N va
c—( CH2 —2ca
7 N\
O
Ra

herein each of R, and R, are independently the same as or
different from each other; when R, and R, are the same,
each 1is a substituted or unsubstituted arylamino,
cycloalkylamino, pyridineamino, piperidino, 9-purine-6-
amine, or thiozoleamino group; when R; and R, are
different, R, = R,-N-R,, wherein each of R; and R, are
independently the same as or different from each other
and are a hydrogen atom, a hydroxyl group, a substituted
or unsubstituted, branched or unbranched alkyl, alkenyl,
cycloalkyl, aryl, alkyloxy, aryloxy, arylalkyloxy, or
pyridine group, or R; and R, bond together to form a
piperidine group and R, is a hydroxylamino, hydroxyl,
amino, alkylamino, dialkylamino or alkyloxy group; and
n is anrinteger from about 4 to about 8. ’

The present invention also provides the compound above

having the structure:

/o
R.—/8N o
N/
/c cH, ¥ c\ |
o R,

wherein each of R; and R, are independently the same as or
different from each other and are a hydrogen atom, a
hydroxyl group, a substituted or unsubstituted, branched
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or unbranched alkyl, alkenyl, cycloalkyl, aryl, alkyloxy,
aryloxy, arylalkyloxy, or pyridine group, or Rs and R,
bond together to form a piperidine group; R, is a
hydroxylamino, hydroxyl, amino, alkylamino, dialkylamino
or alkyloxy group; and n is an integer from about 4 to

about 8.

The present invention also provides the compound above

having the structure:

wherein R is a substituted or unsubstituted arylamino,
cycloalkylamino, pyridineamino, piperidino, 9-purine-6-
amine, or thiozoleamino group; and n is an integer from

about 4 to about 8.

The present invention also provides the compound having

the structure:

\ P /

//C__—'(CHz
X

B...-
=
/

wherein each of X and Y are independently the same as or
different from each other and are a hydroxyl, amino or
hydroxylamino group, a substituted or unsubstituted
alkyloxy, alkylamino, dialkylamino, arylamino,
alkylarylamino, alkyloxyamino, aryloxyamino,
alkyloxyalkylamino, or aryloxyalkylamino group; R is a
hydrogen atom, a hydroxyl group, a substituted or
unsubstituted alkyl, aryl, alkyloxy, or aryloxy group;
and each of m and n are independently the same as or
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different from each other and are each an integer from
about 0 to about 8.

The present invention further provides the compound

having the structure:

Q (o] e}
Q8 O I /
c— { CH2 In C N ((:1-[2 )n N c— (CHZ):_ C\
x/ | | Y
R, R,

wherein each of X and Y are independently the same as or
different from each other and are a hydroxyl, amino or
hydroxylamino group, a substituted or unsubstituted
alkyloxy, alkylamino, dialkylamino, arylamino,
alkylarylamino, alkyloxyamino, aryloxyamino,
alkyloxyalkylamino, or aryloxyalkylamino group; each of
R, and R, are independently the same as or different from
each other and are a hydrogen atom, a hydroxyl group, a
substituted or unsubstituted alkyl, aryl, alkyloxy, or
aryloxy group; and each of m, n, and o are independently
the same as or different from each other and are each an

integer from about 0 to about 8.

The present invention still further provides the compound
having the structure:

[o] ' o o
° I I /
c— {CH, ) N C C_T_‘CHzrc\
Y
X
Ry B2

wherein each of X and Y are'independently the same as or
different from each other and are a hydroxyl, amino or
hydroxylamino group, a substituted or unsubstituted
alkyloxy, alkylamino, dialkylamino, arylamino,
alkylarylamino, alkyloxyamino, aryloxyamino,
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alkyloxyalkylamino, or aryloxyalkylamino group; each of
R, and R, are independently the same as or different from
each other and are a hydrogen atom, a hydroxyl group, a
substituted or unsubstituted alkyl, aryl, alkyloxy, or

aryloxy group; and each of m and n are independently the
same as or different from each other and are each an

integer from about 0 to about 8.

The present invention also provides the compound having

the structure:

wherein each of X and Y are independently the same as or
different from each other and are a hydroxyl, amino or
hydroxylamino group, a substituted or unsubstituted
alkyloxy, alkylamino, dialkylamino, arylamino,
alkylarylamino, alkyloxyamino, aryloxyamino,
alkyloxyalkylamino, or aryloxyalkylamino group; and each
of m and n are independently the same as or different
from each other and are each an integer from about 0 to

about 8.

The present invention also provides the compound having

the structure:
By
EN I | Vi
c— ()} —Cc—N— N—C (Ca, 5T
i I Il x
o —

wherein each of X and Y are independently the same as or
different from each other and are a hydroxyl, amino or
hydroxylamino group, a substituted or unsubstituted
alkyloxy, alkylamino, dialkylamino, arylamino,
alkylarylamino, alkyloxyamino, aryloxyamino,
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alkyloxyalkylamino, or aryloxyalkylamino group; each of
R, and R, are independently the same as or different from
each other and are a hydrogen atom, a hydroxyl group, a
substituted or unsubstituted alkyl, aryl, alkyloxy, or
aryloxy group; and each of m and n are independently the
same as or different from each other and are each an

integer from about 0 to about 8.

The present invention further provides the compound

having the structure:

O\\ | > I ? 4;3
N
— —— (CH, ) ——C—C
X/c c 2°n ) \
Y

wherein each of X and Y are independently the same as or
different from each other and are a hydroxyl, amino or
hydroxylamino group, a substituted or unsubstituted
alkyloxy, alkylamino, dialkylamino, arylamino,
alkylarylamino, alkyloxyamino, aryloxyamino,
alkyloxyalkylamino, or aryloxyalkylamino group; and n is
an integer from about 0 to about 8.

The present invention still further provides the compound
having the structure:

Rl O
\ | 4
¢—— (CH,, }—— c—— (CH., ) ——C
X
Ry

wherein each of X and Y are independently the same as or
different from each other and are a hydroxyl, amino or
hydroxylamino group,' a substituted or unsubstituted
alkyloxy, alkylamino, dialkylamino, arylamino,
alkylarylamino, alkyloxyamino, aryloxyamino,
alkyloxyalkylamino, or aryloxyalkylamino group; each of
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R, and R, are independently the same as or different from
each other and are a hydrogen atom, a hydroxyl group, a
substituted or unsubstituted alkyl, aryl, alkyloxy,
aryloxy, carbonylhydroxylamino, or fluoro group; and
each of m and n are independently the same as or

different from each other and are each an integer from

about 0 to about 8.

The present invention also provides the compound having

the structure:

o
o N /4
y c o
Ry — Ry

wherein each of R, and R, are independently the same as or
different from each other and are a hydroxyl, alkyloxy,
amino, hydroxylamino, alkylamino, dialkylamino,
arylamino, alkylarylamino, alkyloxyamino, aryloxyamino,
alkyloxyalkylamino, or aryloxyalkylamino group.

The present invention also provides the compound having

the structure:

Rl\\ //' ”
C—CH——CH CH——CH c
Y N
O Rz

wherein each of R, and R, are independently the same as or
different from each other and are a hydroxyl, alkyloxy,
amino, hydroxylamino, alkylamino, dialkylamino,
arylamino, alkylarylamino, alkyloxyamino, aryloxyamino,
alkyloxyalkylamino, or aryloxyalkylamino group.

The present invention further provides the compound

SUBSTITUTE SHEET



WO 93/07148

10

15

20

25

30

PCT/US92/08454
-11~-

having the structure:

Rl\ / // |
/ c— CH——CH C\
o R2

wherein each of R, and R, are independently the same as or
different frdm each other and are a hydroxyl, alkyloxy,
amino, hydroxylamino, alkylamino,' dialkylamino,
arylamino, alkylarylamino, alkyloxyamino, aryloxyamino,
alkyloxyalkylamino, or aryloxyalkylamino group.

In addition, the present invention provides a method of
selectively inducing +terminal differentiation of
neoplastic cells and thereby inhibiting proliferation of
such cells which comprises contacting the cells under
suitable conditions with an effective amount of any of
the compounds above, effective to selectively induce
terminal differentiation.

The present invention also provides a method of treating
a patient having a tumor characterized by proliferation
of neoplastic cells which comprises administering to the
patient an effective amount of any of the compounds
above, effective to selectively induce terminal
differentiation of such neoplastic cells and thereby
inhibit their proliferation.

Lastly, the present invention provides a pharmaceutical
composition comprising a pharmaceutically acceptable
carrier and a therapeutically acceptable amount of any of

the compounds above.
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