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(57) Abstract

Methods of killing mumor or cancer cells in human patients using an aryl N-substituted carboxamide having one or more aryl halo
or one or more aromatic nitrogens, and/or acid addition salts thereof. The carboxamide may be an N-substituted nicotinamide or an N-
substituted benzamide having such features, and may be used directly as a chemotherapeutic agent, or as a sensitizer for radiation or other
chemotherapeutic agents. New compositions for such use include N-(2-diethylamino-ethyl)-4-amino-3-chlorobenzamide, N-(2-diethylamino-

ethyl} nicotinamide, and their acid addition salts, e.g. hydrochlorides.
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USE OF ARYL N-SUBSTITUTED CARBOXAMIDES TQO KILL TUMORS

BACKGROUND CF THE INVENTION

This invention relates to methcods of inhibiting or killing
tumor and cancer cells in human patients using aryl N-substituted
carboxamides such as N-substituted benzamides and nicotinamides as
direct chemotherapeutic agents or as sensitizers for radiation
and/or other chemotherapeutic agents, and te novel aryl N-
substituted benzamides and nicotinamides for such use.

B variety of chemical structures including the nitroimida-
zoles, phenothiazines, butyrophenones, halopyrimidines, benzamides
and nicotinamides are known to possess radio- and chemosensitizing
properties (Horsman, M.R. et al., Acta Oncologica 34:571, 1995;
Brown, J.M. et al., Cancer Treatment Symposia 1, 85-101, 19B4; Pu,
A.T. et al., Oncolegy 9(8):707-21, 1995; George, K.C. and Singh,
B.B., Indian J. Expt. Biol. 22:305-07, 1984; Kemnedy, K.A. et al.,
Int. J. Radiat. Oncol. Bicl. Phys. 12:1367-70, 1986; U.S. patent
No. 5,340,565; Charp, P.A. and Regan, J.D., Biochim. Biophys. Acta
824:34-39, 1985, Ganapthi, R. et al., Biochem. Biophys. Res.
Commun. 131:912-19, 1985; Lazo, J.S. et al., Cancer Res. 45:2103-
09, 1985; Lazo, J.8. et al., Cancer Res. 46:2236-40, 1986).
Common chemical structural features linking these diverse agents
as radio- andchemosensitizers are not known in the prior art.
U.S. patents No. 5,340,565, No. 5,215,738, No. 5,032,617 and No.
5,041,653 teach that benzamides and nicotinamides can radio- and
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chemosensitize by several mechanisms of action including by

inhibiting DNA repair, by directly damaging DNA and by increasing

tumor blood flow thus decreasing hypoxic resistance to tumor cell

killing.

The chemical features previously identified giving these

classes of drugs radio- and chemosensitizing properties were di,
mono- or un-N-substituted (-CONH,) or (-CSNH,) substitutions of the

pyridine and benzene rings along with other aryl substitutions in

structures I, II and III described below.
Structure I (from U.S. patent No. 5,340,565) has the formula

wherein
X

C—NX,

is any compatible aliphatic or aryl mono (-NHX) or di-
substitutions (-NX;); and

can be from 0 to 5 substitutions of a cempatible
chemical structure, for example (but not limited to) a
group consisting of: H, OR, SR or NHR in which R is H,
hydrocarbyl (1-6 C} including cyclic and unsaturated
hydrocarbyl, optionally substituted with 1 or 2 substit-
uents selected from the group consisting of halo,
hydroxy, epoxy, alkoxy, alkylthio, amino including
morpholine, acyloxy and acylamido and their thio
anajogs, alkylsulfonyl or alkylphosphonyl, carboxy or
alkoxycarbonyl, or carbamyl or alkylcarbamyl, and in
which R c¢an opticnally be interrupted by a single
ether (-0-) linkage; or Y is O(CO)R, NH(CO)R, O(SO)R, or
O(PORJR in which R ig as above defined.

_2_
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Structure II (from U.S. patent No. 5,215,738) has the formula

X
A It

C—NH,
(11)

N

wherein
X is O or S; and
Z is H, OR, SR or NHR in which R is H, hydrocarbyl (1-6 ©)
including cyclic and unsaturated hydrocarbyl, optionally
substituted with 1 or 2 substituents selected from the
group censisting of halo, hydroxy, epoxy, alkoxy,
alkylthio, amino including meorpholino, acyloxy and
acylamido and their thio analogs, alkylsulfomyl or
alkylphosphonyl, carboxy or alkoxycarbonyl, or carbamyl
or alkylcarbamyl, and in which R can optionally be
interrupted by a single ether (-0-) linkage; or Z is
O{CO)R, NH(CO)R, O(SO)R, or O(POR)R in which R is as
above defined.
Structure III (from U.S. patent No. 5,041,653) has the formula

X
I
(IT1}
Y
Z
wherein
X is 0 or S;
Y is H, Me, OMe, OCEt acetoxy or acetamido; and
-3~
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Z is OR or NHR in which R is H, straight chain alkyl (1i-6
C) optionally substituted with 1 or 2 substituents
selected from the group consisting of halo, hydroxy,
epoxy, alkoxy, amino, acyloxy and acylamido, and in
which R can optionally ke interrupted by 2 single ether
(-0-) linkage; or O{CO)R or NH(CO)R in which R is as
above defined.

In addition, prior art teaches that some analogs of the
benzamides (Lybak, S. and Perc, R.W., Carcinogenesis 12:1613-17,
1%91; Olsson, A. et al., Carcinogenesis 16:1029-35, 1995; George,
A.M. et al., Int. J. Radiat. Biol. 49:783-98, 1986; Hcrsman et
al., Int. J. Radiat. Onecol. Biol. Phys. 12:1307-10, 1986),
nicotinamides (Horsman, M.R. et al., Radiat. Res. 118:139-50,
198%; Ben Hur, E. et al., Radiat. Res. 97:546, 1984; Horsman,
M.R., Acta Oncologica 34:571, 1995), phenothiazines (Rosenthal,
S8.A. and Hart, W.N., Yale J. Biocl. Med. 51:39-49, 1988), butyro-
phencnes (U.S5. patent No. 5,340,565) and halcopyrimidines (Pu, A.T.
et al., Oncology 9(8B):707-21, 1995) can either directly by
reacting with DNA, or directly by reacting with some chemical
intermediate that in turn is converted to a DNA reactive interme-
diate, or indirectly Hy causing an increase in oxygen uptake by
tumors which in turn can form DNA binding radicals, or indirectly
by inhibiting DNA repair, cause DNA and other cell constituents to
become damaged resulting in antitumor or radio- and chemosen-
sitization. However, there is no prior knowledge in the litera-
ture that there are common chemical structural features which can
give this diverse group of agents properties of antitumor or
radio- and chemosensitization by a variety of mechanisms that
amplify the levels of cellular DNA damage.

Among the specific compounds thus considered in the prior art
are nicotinamide (hereinafter sometimes referred to as NAM), 4-
amino-5-chloro-N- (2-diethylamino-ethyl) -2-methoxybenzamide
{hereinafter sometimes referred to as metoclopramide or MCA), and
their acid addition salts, e.g. metoclopramide hydrochloride
{metoclopramide HCL).

SUBSTITUTE SHEET (RULE 26)
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According to one embodiment of this invention there is provided a method of
inhibiting or killing tumour or cancer cells in a human patient, consisting essentially of
treating the patient with at least one compound sclected from the group consisting of aryl
N-substituted carboxamides having one or more ary! halo or one or more aromatic

nitrogens, acid addition salts of said carboxamides, and mixtures thereof.

According to another embodimenit of this invention there is provided an aryl
N-substituted carboxamide having one or more aryl halo or one or more aromatic nitrogens,
an acid addition salts of said carboxamide, and mixtures thereof when used to inhibit or kill
umour or cancer cells in the absence of radiation or other chemotherapeutic agents.

According to a further embodiment of this invention there is provided the use of aryl
N-substituted carboxamides having one or more aryl halo or one or more aromatic
nitrogens, acid addition salts of said carboxamides, and mixtures thereot in the manufacture
of a medicament for inhibiting or killing tumour or cancer cells in the absence of radiation
or other chemotherapeutic agents.

According to yet a further embodiment of this invention there is provided a method of
inhibiting or killing tumour or cancer cells in a human patient, consisting essentially of
treating the patient with radiation or a chemotherapeutic agent logether with at least one
compound selected from the group consisting of N-substituted nicotinamides,
N-(2-diethylamino-ethyl}-4-amino-3-chlorobenzamide. their acid addition salts, and
mixtures thereof, in an amount effective to enhance the cytotoxicity of the radiation or
chemotherapeutic agent employed.

According to yet another embodiment of this invention there is provided a
combination of radiation or a chemotherapeutic agent together with at least one compound
selected from the group consisting of N-substituted nicotinamides, N-(2-dietiylamino-
ethyl)-4-amino-3-chlorobenzamide, their acid addition salts, and mixtures thereof when
used to inhibit or kill tumour or cancer cells.

According to another embodiment of this invention there is pravided the use of at least
one compound selected from the group consisting of N-substituted nicotinamides,
N-(2-diethylamino-ethyl)-4-amino-3-chlorobenzamide, their acid addition salts, and
mixtures thereof in the manufacture of a medicament for inhibiting or killing tumour or
cancer cells exposed to radiation or a chemotherapeutic agent.

According to a further embodiment of this invention there is provided a method of
inhibiting or killing tumour or cancer cells in a human patient which comprises treating the

patient with at least one compound selected from the group consisting of

T [RALIBXX]02347.docaak
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N-(2-diethylamino-ethyl)-4-amino-3-chlorobenzamide, acid  addition  salts  thereof,
N-(Z-diethylamino-ethyl) nicotinamide, and acid addition salts thereol.

According to another embodiment of this invention there is provided at feast one
compound selected from the group consisting ol N-(2-dicthylamino-ethyl)-4-amino-3-
chiorobenzamide, acid addition salts thereof, N-(2-diethylamino-ethyl) ricotinamide, and
acid addition salts thereo! when used to inhibit or kill tumour or cancer cells.

According to a further embodiment of this invention there is provided the use of at
least one compound selected from the group consisting of N-(2-diethylamino-ethyl)-4-
amino-3-chlorobenzamide, acid addition salts  thereof, N-(2-diethylamino-ethyl)
nicotinamicde. and acid addition salts thereof in the manufacture of a medicament for
mhibiting or killing tumour or cancer cells,

Summary of the Invention

The present invention, in one aspect, broadly contemplates the provision of a method
of inhibiting or killing tumor or cancer cells in a human paiient, consisting essentiaily of
treating the patient with at Jeast one compound selected from the group consisting of aryl
N-substituted carboxamides having one or more aryl halo or one or more womatic
nitrogens. acid addition salts of these carboxamides, and mixtures thereof. In this method,
the defined carboxamides act directty as chemotherapeutic agents, not merely as sensitizers
for radiation and other chemotherapeutic agents. The term “consisting essentially™, as used
in the definition of the ahove-described method, excludes the use or presence of radiation or
chemotherapeutic agents (other than the stated carboxamides and/or acid addition salts
thereof) in the practice of the method.

The invention in another aspect contemplates the provision of a methed of mhibiting
or killing tumor or cancer cells in a human patient, consisting essentially of treating the
patient with radiation or a chemotherapentic agent together with at least one compound
selected from the group consisting of N-substituted nicotinamides, N-(2-diethylamino-
ethyl)-d-amino-3-chlorobenzamide  (hereinafter sometimes referred to as  3-chloro-
procainamide or 3-CPA), their acid addition saits, and mixtures thereof, in an amount
effective to enhance the cytotoxicity of the radiation or chemotherapeutic agent employed.
The at least one compound, in the fatter method, acts as a sensitizer for the radiation or
chemotherapeutic agent. The compositions used as such sensitizers, in accordance with the
iavention in this aspect, are povel in themselves or have at leasi not heretofore been

recognized as capable of acling as sensitizers in radiation or chemotherapeutic treatments.

[RALIBXX]02347.doc:pak
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They are within the broadly defined class of aryl N-substituted carboxamides having one or
more aryl hale or one or more aromatic nitrogens,

In further important specific aspects, the invention contemplates the provision of
certain novel compositions within the last-mentioned class and suitable for use in the
practice ‘of one or more of the above-stated methods of the invention: and the use ol such
compositions in the same methods.  These compositions include the compounds
N-(2-diethylamino-ethy!) nicotinamide (which is an N-substituted nicotinamide, and is
hercinafier sometimes referred to as N-NAM), N-(2-diethylamino-ethyl)-4-amino-3-
chlorobenzamide (i.e., 3-chloro-procainamide, mentioned above), their acid addition salts,
and  mixtures thereof.  Preferred acid addition salis are the hydrochlerides, viz.,
N-(2-diethylamino-ethyl) nicotinamide HC1 and 3-chloro-procainamide HCL.

Stated broadly, the invention in significant aspects is based on the identification of
chemical features that impart properties of radio- and chemosensitization to some members
ol the proup of agents discussed in the above-cited prior art. and embraces the discovery
that agents having such properties include a new class of drugs called the N-substituted
nicotinamides (e.g. N-NAM).

None of the prior art discussed above teaches the chemical [eatures important to the
present invention. For example, this invention embraces the discovery that the presence of
an aryl constituent containing one or more halo substitutions (e.g. a halogenated
benzamide). or an aromatc nitrogen (e.p. nicotinamide), or an equivalently appropriate
reactive aromatic substitution {e.g. an aromatic sulfur (-8-) or oxygen (-O-)) needs to be
combined with an N-substitution of the amide group of an existing carboxamide group.(e.p.
diethylumino-cthyl side chain group) to give the resulting molecules the properties of
inhibition of DNA repair, potentiation of DNA damage and a sensilized cytotoxieity.

These features may be represented by formula {A)

W

l

c—aQ

(A)

o ' [RALIBXX]02347 dogzank
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wherein

W is 0 or S;

Q is MHX or MX, where M is N, O or 8 and X is any compaﬁi-

ble aliphatic or aryl substitution;

Y can be from 0 to 5 substitutions of a chemical struc-

ture, for example, but not limited to a group consisting
of: H, OR, SR or NHR in which R is H, hydrocarbyl (1-s
€) including cyelic and unsaturated hydrocarbyl,
optionally substituted with 1 or 2 substituents selected
from the group consisting of halo, hydroxy, epoxy,
alkoxy, alkylthio, amipo including morpholino, acyloxy
and acylamido and their thio analogs, alkylsulfonyl or
alkylphosphenyl, carboxy or alkoxycarbonyl, or ‘carbamyl
or alkylcarbamyl, and in which R can optionally be
interrupted by a single ether (-0-) linkage; or Y is
O(COIR, NH(CO)R, O{S0)R, or O(POR)R in which R is as
above defined; and

4 is one or more aromatic halo substitutions or one or

more arcmatic nitrogens or appropriately equivalent
reactive aromatic substitutions such as a ring sulfur
{i.e., -S-) or oxygen (-0-).

These structural requirements can be satisfied by benzamide
and nicotinamide analogs as well as condensed aromatic ring
systems such as. suggested by but not limited to: quinolines,
anthracenes, anthraquincnes, quinones, phenothiazines, naphtha-
lenes, and butyrophenones that contain a substitutable nitrogen
(e.g. carboxamide) and at least one aromatic halc or aromatic
nitrogen substitution.

Thecretically the discoveries embraced by the invention also
teach that the N-substituted carboxamide structural requirement
for antitumor or radio- and chemosensitizing properties c'ould be
replaced by an aryl carbonyl containing ester (aryl-COO-R, aryl-
COS-R or aryl-COP-R) where R is equal to any substitutable
aliphatic or aromatic group (e.g. a diethylaminoethyl side chain).

SUBSTITUTE SHEET (RULE 26)
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The invention in important respects, therefore, relates to
the discovery of the chemical structural features that are
imporcant to give drugs antitumor or radio- and chemosensitizing
properties of potentiation of DNA damage resulting in tumor
cytotoxicity. In its broadest sense, the essential common
chemical features are an aryl N-substituted carboxamide and either
at least one arcmatic hale or aromatic nitrogen. The N-substitut-
ed benzamide analocyg, procainamide, will be shown here to be
inactive because it did not contain an aromatic hale substitution
along with the presence of an aryl N-substituted carboxamide (e.g.
the diethylaminocethyl side chain present in metoclopramide or 3-
chloro-procainamide) . Moreover, metoclopramide and 3-chloropro-
cainamide but not procainamide could be shown to react with
radiation which is a -potential radicsensitizing event. These data
are shown to be paralleled by in vitro cytotoxicity data that
established metoclopramide and 3-chloro-procainamide, but again
not procainamide, as having the properties to sensitize apoptotic
cell killing by radiation. Together the data presented here
indicate that both halo aromatic substitutions as well as N-
substituted benzamides are necessary to give antitumor or radio-
and chemosensitizing properties.

In another aspect this invention relates to the presence of
an aromatic nitrogen substitution together with the presence of an
aryl carboxamide to give antitumor or radio- and chemosensitizing
properties. Such drugs are represented by the N-substituted
nicotinamides or pyrazinamides for which N- {2-diethylamino-ethyl)
nicotinamide is an example. In addition, it is now found that
although N-(2-diethylamine-ethyl) nicotinamide, and to a much
lesser degree nicotinamide, possess the potential radio-sensitiz-
ing property of reacting with radiatien as a mechanism of
initiating oxidative stress and increasing the potential for DNA
damage induction, it is only N-(2-diethylamino-ethyl) nicotinamide
and not nicotinamide, that can enhance apoptotic cell killing by
radiation. It is hypothesized that an N-substitution of the
carboxamide group of nicotinamide blocks the metabolic conversion

SUBSTITUTE SHEET (RULE 26)
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of the nicotinamide moiety to NAD, and thus allows the chemical
reactivity of the aromatic nitrogen with radiation to produce
stress-induced cellular damage, and consequently, potentiates
apoptotic cell killing by radiation plus the drug. 1t is clear
then that N-substitutions of the carbeoxamide of nicotinamide
permit the aromatic nitrogen to react with radiation or other
radical generating systems t0 initiate an oxidative stressing
cascade, instead of allowing the normal aromatic nitrogen cellular
reaction of nicotinamide with the ribose moiety of adenine
dinucleotide to form the energy source, NAD. These properties of
N-gubstituted nicotinamides are novel and have never been
heretofore described. They constitute a new class of agents with
a high potential to possess antitumer or radio- and chemosensiti-
zing properties.

Moreover, it should be noted that because both N-substituted
benzamides (as shown in U.S. patent No. 5,340,565) and N-substi-
tuted niccotinamides (as now discovered, as an aspect of the
present invention) possess antitumor or radio- and chemosensitiz-
ing properties, there is a great likelihood that other aromatic
condensed ring systems can be identified that contain similar:
prerequisite structural moieties including, but not limited to a
N-substituted aryl carboxamide giving such agents antitumor or
radio- and chemosensitizing properties.

Additionally it may be noted that certain components of
formula (III) above, wherein Z is in the 3-position, and wherein %7
is OR or NHR in which R is substituted or interrupted with -O-, or
Z is O(CO})R or NH(CO)R in which R is substituted or interrupted
with -0-, are novel.

Further features and advantages of the invention will be
apparent from the detailed description hereinbelow set forth,
together with the accqmpanyihg drawings.

~-9-

SUBSTITUTE SHEET (RULE 26)




WO 9732576 PCT/USY7/03659
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an NMR graph for the free base of N-{2-diethyl-
amino-ethyl} nicotinamide in CDCl,;

FIG. 2 is an NMR graph for the hydrochloride salt of N-{2-
diethylamino-ethyl) nicotinamide in DMSO;

FIG. 3 is an NMR graph for the hydrochloride salt of N-(2-di-
ethylamino-ethyl} nicotinamide in D,0;

FIG. 4 is a thin layer chromatographic tracing of metoclopra-
mide {MCRA), procainamide (proc.), 3-choroprocainamide (3-CPa),
nicotinamide (NAM} and N-(2-diethylamino-ethyl) nieotinamide {N-
NAM) and in combination with gamma radiation {rad.);

FIG. 5 is a graph of growth curves of a human lung adenccar-
cinoma (H2981) xenografted intec scid mice treated with NeuSensa-
mide™ (a conformationally altered formulation of 4-amino-5-chloro-

. N-(2-diethylamino-ethyl) -2-methoxybenzamide or metoclopramide) at
repeated doses of 2 and 10 mg/kg (i.m.) 3 times per week (Menday,
Wednesday, Friday), wherein each data point represents the mean +
S.E.M. of 16 to 30 animals, (*) indicates a statistically
significant difference (AUC, t-test, p<0.03) between the control
group and the treated group at 10 mg/kg repeated dose; and

FIGS. 6A and 6B are graphs illustrating induction of
apoptosis and necrosis in human lymphocytes at 48 hours after
treatment with (FIG. 6A) NeuSensamide™ (MCA), 3-chloro-procain-
amide (3-CPA), procainamide, N-(2-diethylamino-ethyl) nicotinamide
{N-NAM) and nicotinamide (NAM) or (FIG. 6B) ionizing radiation (1
Gyl in combination with 100 pM MCA or 1000 uM 3-CPA, procainamide,
N-NAM and NAM; FIG. 6B shows the average + S.D. and (*) indicates
a significant difference versus control, t-test p<0.01 and (**) a

significant difference versus radiation only, p< 0.02.

-10-
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DETAILED DESCRIPTION

The methods and compositions of the invention will be
described and exemplified by the illustrative procedures and
experimental data now to be set forth.

In these procedures, the sources of commercially available
drugs and chemicals were as follows:

Nicotinamide, procainamide (4-amino-N-(2-diethylamino-ethyl)
benzamide), and all organic solvents and general chemicals were
supplied as analytical grade products from Sigma Chemical Company.
Metocleopramide HCl (4-amino-5-chlore-N-(2-diethylamino-ethyl)-2-
methoxybenzamide hydrochloride) was supplied as the formulated
products identified by trademarks "Sensamide" and "Neu-Sensamide"
by Oxigene, Inc. The novel compounds 3-chloro-procainamide (N- (2-
diethylamino-ethyl) -4-amino-3-chlorobenzamide) and N- (2-diethyl-
amino-ethyl) nicotinamide, and their respective hydrochlorides,

were newly synthesized by Oxigene by the following procedures:

Novel synthesis of 3-chloro-procainamide
hydrochloride [N-(2-diethylamino-ethyl)-4-
amino-3-chlorobenzamide hydrochloride] {(1a)

3-Chloroprocainamide Hydrochloride (l1a)

2 -
(l,!_N/\/NH"Cl‘ (1a)
H L
Ccl
NH,

Ethyl 4-amino-3-chlorcbenzoate (2). Ethyl p-aminobenzoate, 49.50
g {(0.30 moles) was dissolved in 500 ml of acetonitrile (CH,CH) and
heated to reflux. When the mixture became homogeneous, 42.0 g
{0.315 moles) of N-chlorosuccinimide was added in several portions
over one hour and the mixture was stirred at reflux overnight. By

-11-
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TLC (Hexane: EtOAc, 3:1), the mixture contained nec starting
material but only the desired product (Rf = 0.55) and a minor
impurity, which was probably dichlorinated material (Rf = 0.65).
The mixture was concentrated on a rotary evaporator and the
residue was redissclved in 250 mL of dichloromethane (CH,Cl,} and
washed twice with 100 mlL of 5% sodium hydroxide (NaGH). The
organic layer was dried over anhydrous potassium carbonate (K,C0,)
and concentrated on a rotary evaporator to yield 62.0 g of a
reddish brown solid. The solid was recrystallized from 1.25 I of
beiling hexane to give 52g of a brown solid. The solid was
recrystallized twice more from 1 L of boiling hexane to give 45.5
g (76%) of tan solid ethyl 4-amino-3- chlorobenzoate (2), mp 82-
83°C and homogeneous by TLC. Additional material, 2.6 g (16%) of
like gquality, was obtained by repeated recrystallization from
hexane. The total yield of pure ethyl 4-amino-3-chlorcbenzoate
(2) was 92%. 1H NMR {(CDCl,) d 7.97-7.96 (t, 1H, J=0.7 Hz, AxH),
7.80-7,75 (dt, 1H, J=0.7 Hz, ArH), 6.77-6.73 (dd, 1H, J=0.5 Hz,
ArH), 4.40-4.29 (g, 2H, J=2.8 Hz, OCH,), 1.41-1.34 (t, J=2.8 Hz,
2H, OCH,CH,). IR (KBr) cm’', 3500, 3370 (NH, , m}), 1695, (C=0, s)
1630. MS (El) m/e 19% (M+), 201 (M+2), Anal. Calc'd for CH,,NO,.
Cl: C, 54.15; H, 5.05: N, 7.02. PFd. C, 54.14; HE, 5.17, N, 6.93.
The formula is: ' '

Ethyl 4-Amino-3-chlorobenzoate (2)
CO,CH,CH5

{2}

cl
NH,

4-Amino-3-chlorobenzoic acid {(3). The benzoate ester (2), 45.5 g
(0.23 moles), was dissolved in 250 mL of hot MeOH and then 230 mL
of 3N NaOH (3 equivalents, 0.69 moles) was added. The mixture was
stirred at reflux for 5 hours. The solution was concentrated on a
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rotary evaporator at 80 C° to remove the MeOH and then the mixture
was acidified to pH 2 with 3N HCl. The precipitated solids were
filtered on a sintered glass funnel and washed with water. The
product was homogenecus by TLC (Hexane: EtOAc, 4:1, Rf = 0.1) and
therefore was not further purified. The white s0lid was dried at
70 C° in a vacuum oven to give 3B.1 (97%) of 4-aminoc-3 chloro-
benzoic acid (3), mp 225-226 C°. 1H NMR (DMSO d&) d 7.7¢ (4, 1H,
J=0.9 Hz, ArH), 7.61-7.56 (dd, 1M, J=0.7 Hz, ArH), 6.78 (d, 1E,
J=3.4 Hz, ArH), 6.15 (bs, 2H, NH). IR (KBr) em™, 13515, 3410
(NH,, m), 1675, (C=0, s) 1640. MS(E1) m/e 171 (M+), 173 (Me3).
Anal. Calc’d for CHNOCL: C, 49.00; H, 3.62; K, 8.16. Fd. C,
49.22; H, 3.71, N, 7.9. The formula is:

4-Amino-3-chlorobenzoic Acid (3)

CO,H

(3)
Cl

NH,

3-chloro-procainamide, free base, [N-(2-diethylamino-ethyl)-4-
amino-3~chlorobenzamide, free basel {1b). The acid (2), 10 g
(0.0%8 moles) was dissolved in 800 mL of anhydrous THF. Carhonyl
diimidazole, 11.1 g (0.067 moles), was added in one portion and
the mixture wés warmed to 35 C®. CO, began to slowly evolve and
then increased rapidly. After one hour, all evolution of gas
ceased and the mixture was warmed to 45 C° for fifteen minutes to
insure that all of the acid had reacted. N,N’-diethylenediamine,
7.5 g (0.65 moles) was added dropwise over five minutes and then
the reaction mixture was warmed to 55 C°. After 30 minutes, a TLC
of the mixture (CH,Cl,:MeOH, 3:1) showed that the reaction was
complete, producing the desired product (Rf 0.4) along with a
minor nonpclar impurity (Rf 0.8) and polar impurities (RE 0.1).
The TCL did not change after stirring overnight at 55 C°. The
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solvent was removed cn a rotary evaporator at 50°C and then 100 mL
of water was added to destroy any unreacted carbonyl diimidazole,
producing a biphasic mixture. The free base was extracted into
CH,Cl, (3 x 100 mL), and dried over anhydrous X,C0,, and evaporated
to give 20 g (>100%) of a brown oil. Attempts to prepare a
crystalline salt (sulfate, succinate, tosylate, and adipate)
failed. Simple chromatography on 25 g of silica, eluting with
hexane : EtOAc (2:1) gave 14.3 g {91%) of 1b as clear tan cil,
homogeneous by TLC. The structure of the free base (1b} is shown
in Figure 5. 1H NMR (CDCL,} d 7.75 (4, J=0.8 Hz, 1H, Arl), 7.s2-
7.48 (dd, J=0.8 Hz, 1H, ArH), 6.84 (be, 1H, NE), 6.77-6.74 (d,
J=2.8 Hz, 1H, ArH), 3.49-3.43 (g, 2H, J=1.8 Hz, CHNHCO), 2.66-
2.54 (m, 6H, (CH,),N, 1.07-1.02 (t, J=2.4 Hz, 6H, N(CH,CH,),). IR
(KBr) cm™, 3475, 3320 (NH,, m), 1620, 1600 (C=0, 8). MS (E1) m/fe
26% (M+), 271 (M+2), 240 (M= - Et), 187 (M+ - NBt,}), 154 (M+ -
NCH,CHNEt;) , 86 (base peak, M+ -CHNEt,) Anal. Calc’'d for C,,H,N,.
OCl: C, 57.88; H, 7.47; N, 15.58. Fd. C, 58.05; H, 7.%6; N, 15.30.

The formula is:

3-Chloroprocainamide, free base (1b)

i [
N
C_ﬁ/\/ | (1b)

cl
NH.,

N- (2-diethylamino-ethyl)-4-amino-3-chlorobenzamide hydrochloride
(1a). The free bage (1b) 22.1 g (0.082 moles) was placed in a
flask and acidified to pH 2 with 85 mL of 1N HCl. The homcgenous
light yellow solution was divided up equally in five pre-weighed
100 mL lyophilization wvials and frozen to -80 C°® and lyophilized
at high vacuum for one week in a Virtis Freeze-Dryer. Bach vial
was confirmed to contain 5.0 g {x 0.1 g) of amorphous lyophilized
material that was determined to be deliquescent. The yield of the
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hydrochleride (1a) was 100%. 1H NMR (D,0) 4 7.87 (s, 1H, ArxH),
7.66 {d, J=2.8 Hz, 1H, ArH), 7.47 (s, 1H, NH}, 7.29 (4, J=2.8 Hz,
1H, ArH), 2.74-3.78-(t, J=2.0 Hz, 2H, CHNHCO), 3.42-3.25 (m, &H,
(CH,},N), 1.33-1.28 (t, J=2.4 Hz, 6H, N(CH,CH,),) IR (KBr) cm™
3450, 3230 (NH,, m), 1630, (C=0, s). Anal.Calc’'d for CH,eN,0C1 -
HC1-2H,0): C, 45.95; H, 6.47; N, 12.26. Fd. C, 45.62; H, 6.90;
N, 12.28,.

Novel synthesis of N-{2-diethylamino-ethyl} nicotinamide

CO,H Q: HN\\//«\ S~
| HaN EDC_ N
N. # " DMSO.

1 2 99%

Comp. Mol. Amount | Amount Remarks
Weight {g) (mmol)

{1) 122.1 0.67 5.5 Nicotinie Acid

(2) 116.2 0.66 5.7 p = 0.827

EDC 191.7 1.10 5.7 1-Ethyl-3-(3-di-

methylaminopropyl)
carbodidimido
hydrochloride (T E-
7750}

(3) 220.28 1.1 5.0 =100% vyield
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Compound (1) (0.67 g, 5.5 mmol) and EDC (1.1 g, 5.7 mmol) was
dissolved in dimethyl sulfoxide (DMSO) (10 mL}. N,N-dimethyl 1,2-
ethylenediamine [compound (2)](7.5 mL, 5.7 mmol) was added znd the
mixture was stirred at room temperature for 5 hours, whereafter
the reaction mixture was freeze dried. The residue was subjected
to column chromatography [silicon dioxide (Si0,) plates chromato-
graphed in chloroform (CHCL,) -methanol (30:1, v/v} + triethylamine
(Bt N) (1:1, v/v). This procedure gave quantitative yield (1.1 g)
of compound (3) as a syrup.

Elemental analysie for the free base form of N-(2-diethyl-
amino-ethyl) nicotinamide. C,H,,N,0: Calculated; % C = 65.12; H =
8.65; N = 18.99; O = 7.23, Pound; % C = 65.2; H = 8.6; N= 19.0; O
= 7.2.

NMR assignments for the free base form of N-(2-diethylamiro-
ethyl) nicotinamide in CDCL, (FIG.1). ’H-NMR data {CH,C1,) gamma
9.10, B.70, 8.22 and 7.3.9 (d, dd, dd, dd, 1 H each, H-2 -6 -4 -5
in aromatic unit); 8.0 (bs, H, N-H); 3.63 (g, 2 H, NCH,C); 2.92
(t, 2 H, NCCHNC,); 2.82 (q, 4 H, 4 x NCH2C); 1.2{(t, 6 H, 2 XCHa)'
Selvent signal art 7.26 (CHCL,).

Preparation of the hydrochloride salt of N-(2-diethylamino-
ethyl) nicotinamide. The free base [compound (3)] was dissolved
in n-propanol + n-butanol + 0.1 M HCl,, (2:1:1, v/v/v). B&An
aliquate of 2 M agueous hydrochlorous acid was added to adjust the
pPH to 2. The soluticn was concentrated and the resulting
amorphous material was dried under vacuum overnight. Thisg
material was readily soluble in water.

NMR assignments for the hydrochloride salt of N-(2-diethylam-
ino-ethyl) nicotinamide in DMSO (FIG. 2) and D0 (FIG. 3}, H-NMR
data (DMSO-d6) gamma 10.5 (bs, 1 H, HNC,}; 9.46, 9.26, 8.90, 8.62,
7.82 (bt, bs, m, d, bt, 1 x NH, 4 x Ar-H); 3.7; (g, 2 H, NCHC};
3.3-3.1 (m, 6H, HCN(CH,C),; 1.2 (t, 6 H, 2 x CH,}. The signals at
10.5 and 9.46 vanished on treatment with D0 (Figure 3, H-D
exchange) . Solvent signal at 2.50 (DMSO-H).
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The following procedures were then performed with the
materials obtained as described above:

Reaction of aryl carboxamides with radiation. Aqueous 100
#M solutions of procainamide (4-amino-N-(2-diethylamino-ethyl)
benzamide) , 3-chloro-procainamide (N- (2-diethylaminc-ethyl) -4-
amino-3-chlorobenzamide), metoclopramide {4-amino-5-chloro-N- (2-
diethylamino~ethyl) -2-methoxybenzamide), nicotinamide and N-(2-
diethylamino-ethyl nicotinamide were given 1000 Gy of irradiation

from 7

cesium source (1.3 Gy/min., Scanditrenix) at room tempera-
ture for 30 min. The various reaction mixtures were then vacuum
evaporated to dryness, redissolved in methanol, spotted on silica
gel 60 F245 thin layer chromatography (TLC) plates in l-butanol
acetic acid : water (4:1:1, v/v/v), and visualized with short and
long wave ultraviclet light and also in an iodine chamber, and the
Rf values calculated in the conventional manner.

Evaluation of antitumor activity. & - 8 week old scid mice
of both sexes were used. The average body weights were 19 + 1 gm
for female and 22 + 3 gm for male mice. The animals were
maintained under sterile but not specific pathogen-free condj-
tions. The tumor line used H2981 that originated from a human
lung adenocarcinoma and has been established in in wvitro cell
culture (Schreiber et al., Cancer Res. 52: 3252-66, 1992} and
implanted into scid mice. The tumor grants were serially
translated by subcutaneous inoculation of tumor cell suspension
into the right flank of the mice. Neutralized metoclopramide
(Neu-Sensamide™, Oxigene, Inc., New York, N.Y.) was provided as a
100 mg/ml (free base) sterile injectable concentration, pH 6.7-
6.9. The chemical was diluted with sterile saline and was
sterilized again by filtration (0.22 uM) at concentrations of 0.5
and 2.5 mg/ml. 100 ul of the drug was injected intramuscularly
(i.m.) 2 h before irradiation, at final doses of 2 or 10 mg/kg
body weight 3 times per week (Mondays, Tuesdays and Fridays} until
the animals were sacrificed (i.e. when tumors were 15 x 15 mm,"
usually about 20 days). Contrcl animals were injected with an
equal volume of sterile saline as a placebo control. The animals
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were randomly divided into treatment groups, where no significant
difference of sex, body weight or initial tumor voclume between the
groups was observed. At the first day of treatment the tumor
volumes ranged from 30-95 mm’. The tumor volumes were calculated
as volume = (L x W) /2 where L is the length and W is the width of
the tumor.

Evaluation of radiosensitization by apoptotic cytotoxicity.
Apoptosis or programmed cell death was evaluated in purified
mononuclear leukocytes after 24 h exposure to 1 Gy radiation + 0-
10 mM doses of procainamide, 3-chloro-procainamide, metoclopra-
mide, nicotinamide or N-(2-diethylamino-ethyl) nicotinamide. The
cells were first exposed to the drugs for 30 minutes at 379C
before being given 1 Gy irradiation (*cesium source, Scandi-
tronix, 1.56 Gy/min). The apoptotic and necrotic cells were
analyzed and scored by phase contrast wmorphological criteria.
Apoptotic cells have condensed chromatin and are trypan blue
negative whereas necrotic cells stain blue with trypan blue. The
morphological examination determining apoptotic cells wag
confirmed by measurements of apoptotic cells by flow cytometry and
DNA frequency histograms stained with propidium iodide and
incubated for 1 h before subjected to cytometric analysis.

EXAMPLES OF DATA

EXAMPLE 1

Data for this Example are set forth in FIG. 4.

This example, together with Examples 2 and 3, shows that aryl
N-substituted carboxamides, such as are represented by N-substi-
tuted benzamide and nicotinamide analogs, if they have the
¢hemical property of being able to interact with a therapeutic
agent (in this case radiaticn), then they can also manifest the
biological property of enhancing, or either indirectly or
directly, inducing cytotoxicity of importance for the control of
tumor growth. TFor example, metoclopramide and 3-chloro-procain-
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amide readily react with radiaticn producing at least 7 distine-
tive products identifiable by thin layer chromatography, whereas
procainamide {(a very similar chemical analog differing from these
2 drugs only by the lack of an aromatic chloride} does not react
at all (FIG. 4). These data are exactly paralleled by their
abilities to radiosensitize cytotoxicity where metoclopramide and
3-chloro-procainamide are effective but not procainamide {examples
2-3). Moreover, the identification of other important chemical
features were obtained from biclogical and chemical structural
analyses of the nicotinamide analogs. N- (2-diethylamino-ethyl)
nicotinamide readily reacts with radiation (evidenced by intense
spot at baseline and Rf = 0.41) and also radiosensitizes cytotox-
icity by apoptosis, but nicotinamide does not sensitize cytotoxic-
ity by apoptosis and the reaction with radiation although present
is much reduced (evidenced by weak spot at baseline and intense
spot co-chromatographing with intact nicotinamide) compared to the
N-substituted nicotinamide (Figure 4). These data establish that
aryl carboxamides must have the common chemical features of having
an aryl N-substituticn plus either aromatic nitrogen or aromatic
halo substitutions before the interaction with a .DNA damaging
therapeutic agent becomes ernhanced, and either a direct or

indirect sensitization of cytotoxicity is apparent.

EXAMPLE 2

Data for this Example are set forth in FIG. 5.

This Example demonstrates that when repeated doses of aryl N-
substituted carboxamides such as Neu-Sensamide™ (a conformational-
ly altered formulation of 4-amino-5-chloro-N-(2-diethylamino-
ethyl) -2-methoxybenzamide or metoclopramide) are -increased from
lower doses such as 2 mg/kg to higher doses such as 10 mg/kg then
there is a cytotoxic effect against tumors directly without the
necessity of co-administration of radiation or chemotherapeutic
drugs in order to enhance the cytotoxicity (FIG. 5). Hence, these
data teach that aryl N-substituted carboxamides have potential
anticancer value because they possess inherent antitumor effects
by themselves.
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EXAMPLE 3

Data for this Example are set forth in FIGS. 6a and 6B.

Thisz Example discloses two important observations. Firstly,
aryl N-substituted carboxamides must have other chemical structur-
al features in addition to the N-substitution before these agents
can either induce cytotexicity directly (FIG. 8A; see also Example
2} or sensitize radiation-induced cytotoxicity (FIG. 6B)., These
chemical features included the presence of an aryl halo substitu-
tion (e.g. 3-chlero-procainamide, metoclopramide) or an aromatic
nitrogen (e.g. K-{2-diethylamino-ethyl) nicotinamide). Agents not
including an aryl N-substituted carboxamide plus at least one
other structural feature outlined above such as was the case with
the examples procainamide (e.g. 4-amino-N-2-(diethylamino-ethyl)
benzamide) and nicotinamide were not able to affect cytotoxicity
by apoptosis. Second, this Example has shown along with example 2
that aryl N-substituted carboxamides containing aryl halo
substitutions or an aromatic nitrogen were capable of inducing
apoptotic cytotoxicity but not agents lacking these essential
chemical features. Furthermore, these data show that the N-
substituted benzamides and nicotinamides can induce effects on
apoptotic cytotoxicity even when there are no measurable effects
on killing cells by necrosis (i.e. reproductive/proliferative cell
death) . Because apoptosis i1s a normal physiclogical mechanism
contributing tc the pathological development of many human
disorders including cancer, HIV/AIDS, psoriasis, Alzheimer’'s
disease, Hodgkin's disease, Huntington’s chorea, ischemic injury
and many other autoimmune or neurodegenerative diseases (C.B.
Thompson, Science 267:1456-62, 1995}, this Example alsc indicates
that the N-substituted aryl carboxamides such as benzamide and
nicotinamide analogs are potentially useful therapeutic agents for
the treatment of a wide variety of human diseases.

It iz to be understood that the invention is not limited to
the features and embodiments hereinabove specifically set‘forth,
but may be carried out in octher ways without departure from its
spirit.
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The claims defining the invention are as follows:-

t. A method of inhibiting or killing tumour or cancer cells in a human patient,
consisting essentially of treating the patient with at least one compound selected from the
group consisting of aryl N-substituted carboxamides having one or more aryl halo or one or
more aromatic nitrogens, acid addition salts of said carboxamides, and mixtures thereof.

2. An ary] N-substituted carboxamide having one or more aryl halo or onc or more

aroniatic nitrogens, an acid addition salts of said carboxamide, and mixtures thereof when
used to inhibit or kill tumour or cancer cells in the absence of radiation or other
chemotherapeutic agents.
3. 3.Use of aryl N-substituted carboxamides having one or more aryl halo or onc or
more aromatic nitrogens, acid addition salts of said carboxamides, and mixtures thereof in
the manufacture of a medicament for inhibiting or killing tumour or cancer cells in the
absence of radiation or other chemotherapeutic agents.

4. A method according to claim 1, wherein said at least one compound is selected
from the group consisting of N-substituted benzamides and N-substituted nicotinamides,
acid addition salts of said N-substituled benzamides and N-substituted nicotinamides, and
mixtures thereof.

5. A method according (o claim 4, wherein said at jeast one compound is selected
from the group consisting of N-substitwted benzamides, acid addition salls of said N-
substituted benzamides, and mixtures thereof.

6. A method according to claim 5, wherein said at least one compound is selected
from the group consisting of N-(2-diethylamino-ethyl)-4-amino-3-chlorobenzamide, acid
addition salts thereof, and mixtures thereof.

7. A method according to claim 4, wherein said at least one compound is selected

from the group consisting of N-substituted nicotinamides, acid addition salts of said N -

“substituted nicotinamides, and mixtures thereof.

8. A method according to claim 7, wherein said at least one compound is selected
from the group consisting of N-(2-diethylamino-ethyl) nicotinamide, acid addition salts
thereol, and mixtures thereof.

9. A method of inhibiting or killing wmour or cancer cells in a human patient,
consisting essentially of treating the patient with radiation or a chemotherapeutic agent
logether with at least one compound selected from the group consisting of N-substitted
nicotinamides, N-(2-diethylamino-ethyl)-4-amino-3-chlorobenzamide, their acid addition
salts, and mixtures thereof, in an amount effective to enhance the cytotoxicity of the

radiation or chemotherapeutic agent employed.
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10, A combination of radiation or a chemoiherapeutic agent together with a at least
one compound selected from the group consisting of N-substituted nicotinamides, N-(2-
dicthylamino-ethyl}-4-amino-3-chlorobenzamide, their acid addition salts, and mixtures
{hereof when used to inhibit or kill tumour or cancer cells

5 11. Use of a at least one compound selected from (he group consisting of’ N-
substituted nicotinamides, N—(Z-diethylamino-elhyl)-4-amino—3—chlorobcnzamide, their acid
addition salts, and mixtures thereof in the manufacture of a medicament for inhibiting or
killing tomour or cancer cells exposed to radiation or a chemotherapeutic agent.

12. A method according to claim 9, wherein said at least one compound is selected

w  from the group consisting of N-(2-diethylamino-ethyl)-4-amino-3 chlorobenzamide, acid
addition salts thereof, and mixtures thereof.

13. A method according to claim 9, wherein said at least one compound is selected
from the group consisting of N-substituted nicotinamides. actd addition salts of said N-
substituted nicotinamides, and mixtures thereof.

14, A method according to claim 13, wherein said atleast one compound is selected
from the group consisting of N-(2-diethylamine-cthyl) nicotinamide. acid addition salts
thereof, and mixtures thereof,

15. A method of inhibiting or killing tumour or cancer cells in a human patient which

comprises lreating the patient with at least one compound selected from the group consisting

w ol N-(2-diethylamino-ethy!)-4-amino-3-chlorobenzamide, acid addition salts thereof, N-(2-

:l.l'.

LS diethylamino-ethyl) nicotinamide, and acid addition saits thereof.

.o 16. At least one compound selected from the group consisting ot N-(2-diethylamino-
e cthyl)-4-amino-3-chlorobenzamide, acid addition salts thereaof, N-(2-diethylamino-ethyl)

nicotinamide, and acid addition salts thereof when used to inhibit or kill tumour or cancer

oo cells.

17. Use of at least ane compound selected from the group consisting of N-(2-
. diethylamino-ethyl)-4-amino-3-chlorobenzamide, acid addition salts thereof, N-(2-
§ diethylamino-ethyl) nicotinamide, and acid addition salts thereof in the manufacture of a
: medicament for inhibiting or killing tumour or cancer cells.
at 18, An ary]l N-substituted carboxamide when used according 1o claim 2, wherein
said carboxamide is selected from the proup consisting of N-substituted benzamides and N-
substituted nicotinamides, acid addition salts of said N-substituted benzamides and N-
substiluted nicotinamides, and mixtures thereof.
19.  An aryl N-substituted carboxamide when used according to claim 18, wherein
i suid at least compound is selected from the group consisting of N-substituted benzamides,

acid addition salts of said NI substituted benzamides, and mixtures thereof.
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20.  An aryl N-substituted carboxamide when used according to claim 19, wherein
said at least compound is selected from the group consisting of N-(2-diethylamino-ethyl)-4-
amino-3-chlorobenzamide, acid addition salts thereof, and mixtures thereof.

21, An aryl N-substituted carboxamide when used according te claim 18, wherein
suid at least compound is selected from the group consisting of N-substituted nicotinamides,
acid addition salts of said N substituted nicotinamides, and mixtures thereof,

22.  An aryl N-substituted carboxamide when used according to claim 21, wherein
said composition is selected from the group consisting of N-(2-dicthylamino-cthyl)
neotinamide. acid addition salts thercof, and mixtures thereof.

73. A combination according to claim 10, wherein said at feast one compound is
wlected  from  the  group  consisting  of  N-(2-diethylamino-ethyl)-4-amino-3
chlerobenzamide, acid addition salts thereof, and mixtures thereol.

74, A combination according to claim 10, wherein said at least one compound is
selected from the group consisting of N-substituted nicotinamides, acid addition salis of said
N-substituted nicotinamides, and mixtures thereof.

25, A combination according to claim 24, wherein said at least one compound is
selected from the group consisting of N-{2-diethylamino-cthyl) nicotinamide, acid addition
salts thereof. and mixtures thereof.

26, Use according to claim 11, wherein said at least one compound is selecled from
the group consisting of N-(2-diethylamino-ethyl)-4-amine-3 chlorobenzamide, acid addition
salts thereof. and mixiures thereof,

27. Use according to claim 11, wherein said at least one compound is selected from
the group consisting of N-substituted nicotinamides, acid addition salts of said N-substituted
nicotinamides, and mixtures thereof.

28, Use according to claim 27, wherein said at least one compound is selected from
the group consisting of N-(2-diethylamino-ethyl) nicdtinamide, acid addition salts thereof,
and mixtures thereof.

Dated 11 July, 2000
OXiGENE, Inc.

Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON

[1ADay LN IBXX 3 162bspeg dogaak

CRETTIS I e




PCT/USY7/03659

WO 97132576

| /76

0 I I £ b

Wdd

§

]

! ] 6

IREYRITEIETA SUNSRRINTANIRIRRINNE ATRIR RN AT RTINS TRU IR IR IRTININII NN IR ITI R ITA NI I Y

/ 9IS

SILANIK 6% IHILL V101
AZf 325 14

INISS3I04d VLW

¢l SNOLL1113d3d ON
JUNIYHIINIL LNIIGNY
S3349X1 £5 _; alk 357N0d
T
HN Ep6'66¢ AONINDIYY
HOL0Ud 3AYISEO

VEOZXO 3714

£1309 LNIAI0S

£6-60-21 31V
HIQ1S-IIN3NDIS 35104 BdXT
35va 3344 WYKN

:.:z?

SUBSTITUTE SHEET (RULE 26)




PCT/US97I03659

WO 97/32576

/6

I [4

Ndd
£ b S 9 ! 8 6 o

YIRS I TSRSt I NTTINTTINIfUTURTIINI [T TN ITETIBYRTR (IRTH ITRNTE TR ICRRIRITRA ERINNT TN NRNINEY

i

a \l\\l\l\l

Y

¥et 3215 14
9N1SS300Hd_yLvd
66 SNOILILId3 ON

-l
-4
o b
[+
[rv]
o
{775

A0 N oo 56 aoNane 3
woszmzuz_ummo

avo2Xo 3114

OSHO 1N3AT0S

G6-60-21 31v0

HLOLS 3N3ND3S 35N 84X 3
T3H-NYRN

c 9/

SUBSTITUTE SHEET (RULE 26)



| Hdd
| 2 £ b g 9 I g § 0l

_:___:_:____.:_:___:_______________:__.._____:___:__:__::_:___:___:____._________

PCT/USYT/03659

WO 97/32576

/6

3

Aat

£ 9/

SILANIN 2°C_3MIL TYIOL
¥ 3715 14

9NISSID0Nd VIVD

91 SHOT1313d34 ON

0 IvHIANIL INJ1EY
SI530 2€ HIOIW 3S10d
935 960'v IWiL 0IY
THO000Y HIOIM TYYLI3dS
2HN b6 66¢ AANINDIN
NOLO¥d JA¥3SED

Jp02X0 314

020 INIA10S

S6-60-21 31¥]

H$01S : 3943A03S 3SNd 6dX3
HL HvddlS

SUBSTITUTE SHEET (RULE 26)



.= . .==+ T
_“_r zs_.z hﬂz. zs. ."_._Em .ue._u.mau,mg_.gs
it 3w o £ e § © §—o —o

PCT/US97/0365%

WO 9732576

4/6

NI ENO¥

86oo

0

©

@-——seo-u

L

SUBSTITUTE SHEET (RULE 26)




PCT/USS7/03659

WO 97/32576

5/6

]l

)7 6 0f X SpAUDSUIS -NON () - -~ --
By)/ 6wz X apIIDSIS-NAN — - —(>—
ToHIN0} —O—

ANINLYIYL 1SHId Y3LV SAVO

al § 0
I 1 |

(L

sy i

SUBSTITUTE SHEET (RULE 26)



WO 97/32576 PCT/US97/03659

&/6
FI1G.64
20
APOPTONG 57
CELLS .
GOFTOTAL 1o
CELLS EXAMINED ' ° ]
5—
ol o1 05 | 1
DOSE (mM)
BHCA O-CPh --EE-PROCAINAMIDE
O N-RAN @AM
FlG. 68
20"- E 2]
% OF AL CELLS o ~ T
EXAMINED
10— 2
5_ -
N Lh
CONTROL 307 H-NAN

RADIATION +RADIATION | +RADIATION
MCA PROCAINARIDE NAM

+RADIATION ~ +RADIATION +RADIATION

(] APOPTOTIC CELLS
I NECROTIC CELLS

SUBSTITUTE SHEET (RULE 26)




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

