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Background

Even though significant advances have occurred in treatment of cancer, it still
remains a major health concern. It has been reported that cancer is the cause of death of

up to one of every four Americans.

Included among the known chemotherapeutic drugs are carmustine, doxorubicin,
methotrexate, TAXOL", nitrogen mustard, procarbazine, and vinblastine, to name only a
few. However, many chemotherapeutic drugs also produce undesirable side effects in the
patient. For example, U.S. Patent 4,717,726 reportedly discloses a compound suitable for
inhibiting the growth of certain types of malignant neoplasms in mammals. See also
Plowman et al., Cancer Res., 49 (1989), 1909-1915. The disclosed compound, 3,5-
dichloro-2,4-dimethoxy-6-(trichloromethyl) pyridine, also known as penclomedine, is not
satisfactory as a chemotherapeutic, however, because it is known to produce certain

undesirable side effects especially in the central nervous system.
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agai nst tunor xenografts in the brain (see

compared to those reported in preclinical studies, may preclude the administration of
higher doses of penclomedine and the achievement of concentrations associated with
optimal antitumor activity. Berlin et al., Proc. Amer. Assoc. Cancer Res., 36, 238 (1005);
O’Reilly et al., Proc. Amer. Soc. Clin. Oncol., 14, 471 (1995).

Some relevant background art can be found in O’Reilly et al., Clinical Cancer
Research, 2 (March 1996), 541-548. This reference describes a study to assess the
distribution of *C-penclomedine in the tissues and tumors of tumor-bearing rats. The
study found that the predominant radioactive species in the brain was penclomedine,
which may explain the observed neurotoxicity of the drug.

4-Demethylpenclomedine (DM-PEN) was identified as the major plasma

metabolite in patients and rodents (see Hartman et al., Clin Cancer Res. 2:953, supra and
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wherein when X is O then Y is S; and when X is Sthen Y is O or S;

each of Z1 and Zz2 is an alkyl having C1-Ci2 or aryl having 6-12 carbon atoms in
the ring;

and pharmaceutically acceptable salts thereof.
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The present disclosure is concerned with novel derivatives of 4-
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It has been found according to the present disclosure that the disclosed compounds
are surprisingly and édvantageously useful in treating mammalian cancer, especially
human cancer. The disclosed compounds have been shown to exhibit generally superior
activity in comparison to 4-demethylpenclomedine and penclomedine. Moreover, the
disclosed compounds are believed to possess reduced toxicity in comparison to both

demethylpenclomedine and penclomedine (PEN).
Synthesis of Disclosed Compounds

A general procedure for preparing the above disclosed compounds is as follows:
4-Demethylpenclomedine (DM-PEN) (1g) in 15 ml dry dichloromethane is treated with a
base such as 0.5 ml triethylamine followed by one equivalent of a chlorothiolocarbonate,
a chlorothionocarbonate, a chlorodithiocarbonate or thiocarbamoyl chloride, respectively,
added dropwise at room temperature in 5 ml dry dichloromethane. The solution is stirred

for about 30 min at room temperature and evaporated to dryness via a water aspirator.
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eluted with acetone and the sol vent evaporated, giving
the respective product in high yield. Characterization
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300 ng in mass and is continued for 5 days for al
treatnment groups. Each tunor is neasured by caliper in
two di nensions twi ce weekly and converted to tunor
mass. Antitunor activity is assessed on the basis of
tunor growth delay in conparison to a vehicle-treated
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ifloGfice, DM-PEN and the various derivatives are prepared as a suspension in aqueous

hydroxypropy! cellulose. Tumor fragments (30-40 mg) from in vivo passage are
implanted into the mammary fat pad of the mice.

Treatment of groups of 5 mice each is initiated when the tumors reach
approximately 300 mg in mass and is continued for 5 days for all treatment groups. Each
tumor is measured by caliper in two dimensions twice weekly and converted to tumor
mass. Antitumor activity is assessed on the basis of tumor growth delay in comparison to
a vehicle-treated control, tumor regressions (partial and complete), and tumor-free '
survivors, and experiments are terminated when the control tumors attained a size of 1
gram, which is typically 57-61 days. For i.c. implants, 0.03 ml of an MX-1 tumor brei
(containing 10° cells) is implanted into the right hemisphere of the brain of mice.

Treatment of i.c. implants is initiated 1 day after tumor implantation and
continued for 5 days. Mice are monitored daily for survival. Antitumor activity is
assessed on the basis of the percentage increase in lifespan (ILS) in comparison to a

vehicle-treated control, and long-term survivors.
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Evaluation of DM-DMTC-PEN against intracranially-implanted U251 human

brain tumor xenograft for comparison of its activity with that of DM-SMTC-PEN in a
side-by-side experiment reveals activity of 44% increase in life span (ILS), which is
slightly inferior to DM-SMTC-PEN, which yields and ILS of 56%, but is identical to that
of the ethyl and phenyl analogs of DM-SMTC-PEN.

A major concern for the penclomedine (PEN) series of derivatives is their possible
neurotoxicity. PEN was removed from clinical development as a potential drug for
treating breast cancer because of its dose-limiting neurotoxicity. Consequently, DM-
SMTC-PEN is evaluated simultaneously with PEN in a behavioral test of neurotoxicity
and is observed to be non-neurotoxic, as indicated by the absence of production of

tremors in the DM-SMTC-PEN group in comparison to the PEN group.
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Table 2
Response of MX-1 Mammary Tumor Implanted in the Mammary Fat Pad to
Treatment with 4-DM-PEN, DM-DETC-PEN and DM-DMTC-PEN

Regressions Growth
IP Dosage Tumor-free
Agent Schedule Delay ]
(mg/kg/dose) Partial | Complete Survivors
(T-C)
4.DM-PEN 135 Days 15-19 2 0 32.8 0/5
DM-DETC-PEN 135 Days 15-19 1 1 >35.2 1/5
DM-DMTC-PEN 135 Days 13-17 1 4 >37.0 3/5
Thiocarbamate Derivatives: R=methyl - DM - DMTC - PEN
R = ethyl - DM - DETC - PEN
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intraperitoneal, intrathecal, rectal, and vaginal administration are merely exemplary and
are in no way limiting.

Formulations suitable for oral administration can consist of (a) liquid solutions,
such as an effective amount of the compound dissolved in diluents, such as water, saline,
or orange juice; (b) capsules, sachets, tablets, lozenges, and troches, each containing a
predetermined amount of the active ingredient, as solids or granule; (c) powders; (d)
suspensions in an appropriate liquid; and () suitable emulsions. Liquid formulations
may include diluents, such as water and alcohols, for example, ethanol, benzyl alcohol,
propylene glycol, glycerin, and the polyethylene alcohols, either with or without the
addition of a pharmaceutically acceptable surfactant, suspending agent, or emulsifying
agent. Capsule forms can be of the ordinary hard-or soft-shelled gelatin type containing,

for example, surfactants, lubricants, and inert fillers, such as lactose, sucrose, calcium
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suspending agents, solubilizers, thickening agents, stabilizers, and preservatives. The
compound can be administered in a physiologically acceptable diluent in a
pharmaceutical carrier, such as a sterile liquid or mixture of liquids, including water,
saline, aqueous dextrose and related sugar solutions, an alcohol, such as ethanol,
isopropanol, or hexadecyl alcohol, glycols, such as propylene glycol or polyethylene
glycol such as poly(ethyleneglycol) 400, glycerol ketals, such as 2,2-dimethyl-1, 3-
dioxolane-4-methanol, ethers, an oil, a fatty acid, a fatty acid ester or glyceride, or an
acetylated fatty acid glyceride with or without the addition of a pharmaceutically
acceptable surfactant, such as a soap or a detergent, suspending agent, such as pectin,
carbomers, methylcellulose, hydroxypropylmethylcellulose, or carboxymethylcelluslose,

or emulsifying agents and other pharmaceutical adjuvants.
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skilled in the art. The choice of excipient will be determined in part by the particular

compound, as well as by the particular method used to administer the composition.
Accordingly, there is a wide variety of suitable formulations of the pharmaceutical
composition of the present invention. The following methods and excipients are merely
exemplary and are in no way limiting. The pharmaceutically acceptable excipients
preferably do not interfere with the action of the active ingredients and do not cause
adverse side-effects. Suitable carriers and excipients include solvents such as water,
alcohol, and propylene glycol, solid absorbants and diluents, surface active agents,
suspending agent, tableting binders, lubricants, flavors, and coloring agents.

The formulations can be presented in unit-does or multi-dose sealed containers,

such as ampules and vials, and can be stored in a freeze-dried (lyophilized) condition
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especially humans. The method comprises administering an effective treatment amount

of a derivative of 4-demethylpenclomedine disclosed above to the mammal.

As regards these applications, the present method includes the administration to an
animal, particularly a mammal, and more particularly a human, of a therapeutically
effective amount of the compound effective in the inhibition of neoplasia and tumor
growth.

The disclosed compounds and compositions can be administered to treat a number
of cancers, including leukemias and lymphomas such as acute lymphocytic leukemia,
acute nonlymphocytic leukemias, chronic lymphocytic leukemia, chronic myelogenous
leukemia, Hodgkin’s Disease, non-Hodgkin’s lymphomas, and multiple myeloma,

childhood solid tumors such as brain tumors, neuroblastoma, retinoblastoma, Wilms
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total amount is typically, but not necessarily, administered as a series of smaller doses

over a period of from about one day to about 24 months, and preferably over a period of
28 days to about 12 months.

The size of the dose also will be determined by the route, timing and frequency of
administration as well as the existence, nature and extent of any adverse side effects that
might accompany the administration of the compound and the desired physiological
effect. It will be appreciated by one of skill in the art that various conditions or disease
states, in particular chronic conditions or disease states, may require prolonged treatment
involving multiple administrations.

The method disclosed comprises further administering of chemotherapeutic agent
other than the derivatives of the present invention. Any suitable chemotherapeutic agent

can be employed for this purpose. The chemotherapeutic agent is typically selected from
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cancefxamplenaf hemathempsitic agasts thas amumle@bolaﬁﬂhclude cytosine
C S e t 4 0 S
oG, ARNEER. LnGaRRE by SRR A ARG it hedicie
| thivgwanoenfieuridings fudgehine, mulubmg atdhlragpachgimpe er

t hod

esophageal and The
G oo B e AR B arc AR o dLOF R
tacemnmsent D,dfledmm;a:nm pam:;ﬂbmemnsg émmbmyamdiommfny etbporiies
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R b Op el b iR g e ) Mg b,
hdlsn‘ﬁlb’isln MmH{EASH\IWﬁhMr@me add H@ngbfamyml
parti cuI arI e context of

P enditais o AR, e Eageotic st Brpde teRor ERoBEples

[ F SRS Esai mIsbelafétus BhenWiRkapduticRRs@E allude biitdRiné, mdfRantrone,

(me sk|II cg in the art will recognize that dosage wi ||
3tng gBhlexaiseleet y of factors including the

Condl trihe Tor@émﬁ%k&s@[ﬂtlﬁmllusﬁzﬁ& 438 d¥schBdsahd d19cfloshfke Additionally,
ani nmal , as wel s the severity and stage of the

chngdisglosupe shawe ansl deserihseonly therpagferyg e@wommqmrb@é @b mentipngd

%B@ee Rl t%tHteﬁdé?!‘;to&th%aﬁPfs Y RLRISMe ih ParidiSBihef dodfifitions,
whi is known to effect the desired response. The

ﬁﬁ@hﬁ‘i’aﬁl@éﬁa askayonmentsandansashle orharees esupdisicgtions within the
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teachings and/or the skill or knowledge of the relevant art. The embodiments described

herein above are further intended to explain best modes known by applicant and to enable
others skilled in the art to utilize the disclosure in such, or other, embodiments and with
the various modifications required by the particular applications or uses thereof.
Accordingly, the description is not intended to limit the invention to the form disclosed
herein. Also, it is intended to the appended claims be construed to include alternative
embodiments.

All publications and patent applications cited in this specification are herein
incorporated by reference, and for any and all purposes, as if each individual publication
or patent application were specifically and individually indicated to be incorporated by

reference.
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effects. The total amount of the conmpound of the
present disclosure admnistered in a typical treatnent

WO 200p08F980 abl y bet ween about 60 ng/ kg and abouPCROSM06/003496
ng/ kg of body weight for mce, and between about 5
ng/ kg and about 100 ny/ kg of body wei ght, and nore
preferably between 5 ng/ kgChAdM8bout 20 ng/ kg of body
wei ght for humans. This total amount is typically, but
not necessarily, admnistered as a series of snmaller
dosés Dsvigativg of drdewethplpefalamdiisaenressnied Hnthetformatrsut 24
nmont hs, and preferably over a period of 28sdays to
about 12 nonths. The sijze of the dose also”mﬁll be
determined by the routggy,tinng and frequekey. of
adm nistration as well|as the existence, haturg and
extent of any adwerse _S§i '
acconmpany the adm ni fon of the co and the
desi red physi ol ogi caj It will
by one of skill i t hat vapigeds ditJi ons or
di sease states,™% particul &" @hdoni ¢ conditi ofi& or
di sea . k€, : .
mvol vy e R Y AL e AR b R
di scleadeef 4 onp s ses alkyl having Giclere ot asyldaving 602 carbon atoms in the
qﬂ%notherapeutic agent other than the derivatives of
the’ present invention. Any suitable chenotherapeutic
ageimthagzacelsisalibngicentade fats thetvo§ pur pose. The
chenot herapeutic agent is typically selected fronthe
group consisting of al kylating agents,
ant 2.mdhebBeivatiesof demurwliergn eddialkygl, grévpravotanls 1adge@ition,atoms.

and, m.scel | aneo agents. Examples of al kyl ating
cnehotherabRird CIRERr Wi SR R A

chl &r dib dedvativeofidimtli beingl selettsd frond thecgtchpogansistiipaofi de,
nmel phal an, nechl or et ham ne, procarbazi ne, thiotepa,
uracil nustard, triethylenenel am ne, busulfan,

pi pobroman, strept®&zocin, ifosfam de, dacarbazine,
carbopl atin, and hexanet hyl nel am ne. Exanpl es of
chenot her apeuti c cﬁ@ﬁ?s that are antinetabolites

i ncl ude cytosine

HaCO N CCl,
ﬁ
OCSCH;
o N cl
/
H;CO N CCls |
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ar abi nosi de, fiuorouracil, gentitabine, hydroxyurea,
nmer capt opuri ne, nethotrexate, thioguanine,

w0 b@xwsiosh ne, fl udarabi ne, cladribine and PCT/US2006/003496
L- aspar agi nase. Exanpl es of chenot herapeutic agents
that are natural prgducts i ncl ude actinonycin D,
bl eonyci n, canpt ot heci ns, daunonycin, doxor ubi cin,
et oposi de, nitonyc&&cg, TAXOL (paclitaxel), taxotere
t eni posi de, vincri$tine, vinorel bine, idarubicin,
M THRACI N(t ) (pl ig&anycicn), and deoxycofornycin. An
exanpl e of hor enot her apeuti ¢ agent i ncl udes
t anoxi fen. Exa t he aforesai d m scel | aneous
chenot her apeut include mtotane,
ni t oxant r o€ vi nbf ast i 78 amd | evami sol e. The
foregoing description illustrates and descri bes the
di scl osure. Additionally, the disclosure shows and
descri bes only thel referred enbodi nents but, as
nmentioned above, ifg\$,t0 be understood that it is
capable to use in yarious other conbinations,
nndificatiogi, andienvi konnents and i s capabl e of
changes or e dons within the scope of the
i nvention concepts as| expressed herein, conmensurate
Wi th the above frngs and/or the skill or know edge
of the rel é¥&ht arl. Th&%nbodi ments described herein
above are further intended to explain best nodes known
by applicant and to enable others skilled in the art
t o ut idnd phartrhecuticallyl ageaptablei salistherhof. or ot her,
enbqdi ne ' | i L.ons
Fead rs v AREoLLh LB RplcRitRea Tt LRRILICE
t hereof. Accordingly, the description is not intended
tolimt the inventgon to the formdi scl osed herein.
Also, it is intendqp to the appended cl ai ns be
construed to incl udscal t ernative enbodi nents. Al
publicati ons and patent applications cited in this
specificati ap_ar rei4¥ i ncorporated by reference,
and for any and urposes, as if each individua
publi cati on

HsCO N CCly

and pharmaceutically acceptable salts thereof.

6. The derivative of claim 1 being represented by the formula:

S
|

OCSCH;,
o N cl
HsCO N CCly
H

and pharmaceutically acceptable salts thereof.

7. The derivative of claim 1 being represented by the formula:
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or patent application were specifically and
individually indicated to be incorporated by

w0 edoengise. CLAIMS 1. Derivative of PCT/US2006/003496
4- denet hyl pencl onedi ne represented by the fornul ae:
wherein when X is then Yis S; and when X is S then
Yis Oor S; each Zi and Z2 is an al kyl having
C1-Cl2 or aryl havphgn§; 12 carbon atonms in the ring;
and pharmaceutical |y acceptable salts thereof. 2. The
derivative of_ clai erein said al kyl group
contains 1-4 ¢ ons. 3. The derivative of Caim
1 wherein said group is nmethyl. 4. The
derivative of eing selected fromthe group
consistingk%¥%. and phafﬂhceutically acceptable salts
thereof. 5. The derivative of claim1 being
represented by the fornul a: and pharnmaceutically
acceptaappbargiateusicallyacesptablegaltstthereefer i vati ve of claim 1
bei gy : mceutically
accgb{gﬁﬁgﬁégﬁggp? é}%ﬁ?@g%ﬁﬁgﬁﬂ%dggﬁgvggﬁ@gaof claim1l
bei ng represent ed the formul a: and pharmaceutically
acceptable salts t of . 8. The derivative of claiml
bei ng represented py the formula: and pharnaceutically
acceptable salts thereofs 9. A pharnmaceutica
corrpositionC IS a compound of claim1l and a
phar maceuti cal |y acceptable carrier. 10. A nethod of
treati ng cancer mral conpri sing adm nistering
to the mamiel® an e¥fect®@s cancer treatment anount of
a compound of claim1l. 11. The nmethod of claim 10,
wherein the cancer is selected fromthe group
consi sting

and pharmaceutically acceptable salts thereof.

9. A pharmaceutical composition comprising a compound of claim 1 and a
pharmaceutically acceptable carrier.

10. A method of treating cancer in a mammal comprising administering to the
mammal an effective cancer treatment amount of a compound of claim 1.

11. The method of claim 10, wherein the cancer is selected from the group consisting
of mammary tumors and brain tumors. _

12. The method of claim 10 wherein the treatment amount is from about 5 mg/kg to
about 100 mg/kg of the body weight of the mammal.

13. The method of claim 12 wherein the treatment amount is from about 5 mg/kg to
about 100 mg/kg of the body weight of the mammal.

14. The method of claim 10 wherein the treatment is carried out over a period of from
one day to about 24 months.

15. The method of claim 10 wherein the derivative is administered orally,
intravenously or intraperitoneally.

16. The method of claim 10 wherein the mammal is human.
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of mammary tunors and brain tunors. 12. The net hod of

claim 10 wherein the treatnent anmount is from about 5
wonguok®sIoso about 100 ny/ kg of the body wei ght OPCT/H82006/003496

manmal . 13. The nethod of claim 12 wherein the

treatnment anmount is fromabout 5 ng/kg to about 100

my/ Kg- dmetlied of prpglucies @eerivetive i élaimngmmw.h cpmIpriyisgeastingitd

of cl aj ' ' j over

2 por | saeaRERELRLINS i b EERERD el o al by Bt e

met hod of cl zigm 10 wherein the derivative is

adm ni stered|oral ly,[ i ntravenously or

i ntraperit 1 or. B85 21ZThe et hod of cl ai m 10 wherein

t he . kS, h n,.17. h f cproduci

dor 1 vayiegen B EBfen dug £ Py R0 B S BECGFHo X and ¥ camno

denet hhel @ énbe semeectiompowd. h a conpound r epresent ed by

t he mul a. ei | i al ggen, and X and Y are O
or é%%@?&’é%ﬁ‘)dt%[al%ggﬁ% egﬁég\‘rs @gnnot be Oin the sane
conpoLTte. métbod offttrima V bereif the teattig i cantiey @it ih thidbrebehice of a

a. 19. The nethod of claim 17 wherein the reacting is
carri edbut in the presence of a base.
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