wO 2013/119304 A2 | |11 00 OO0 00 00 Y O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau _/

=

(10) International Publication Number

(43) International Publication Date / WO 2013/119304 A2
15 August 2013 (15.08.2013) WIPO | PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
AG61K 47/48 (2006.01) AG6IN 5/10 (2006.01) kind of national protection available): AE, AG, AL, AM,
AG61K 45/06 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
’ PCT/US2012/066379 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
21 November 2012 (21.11.2012) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(25) Filing Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
(26) Publication Language: English M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.
(30) Priority Data:
61/562,105 21 November 2011 (21112011) us (84) Designated States (unless otherwise indicated, fO}" every
13/566,731 3 August 2012 (03.08.2012) Us kind Of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(71) Applicant: NEONC TECHNOLOGIES INC. [US/US]; UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
21700 Oxnard Street, Suite 900, Woodland Hills, CA TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
91367 (US). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Tnventors: CHEN, Thomas; 5155 La Canada Blvd., La ¥[RC) “gg;ll\g%Nlé’JN(% PCLGP& RCOMR&S%I\SILG%(’ S\I\;
Canada, CA 91011 (US). LEVIN, Daniel; 220 Starlight ML,MR NE S,N ”l:D fG) > 2 T A >
Crest Drive, La Canada, CA 91011 (US). PUPALLLI, Sat- > e ’
ish; 6550 Veneto Place, Rancho Cucamonga, CA 91701 Published:
(US). —  without international search report and to be republished
(74) Agent: DAVITZ, Michael, A.; Axinn, Veltrop & upon receipt of that report (Rule 48.2(g))

Harkrider LLP, 114 West 47th Street, New York, NY
10036 (US).

(54) Title: PHARMACEUTICAL COMPOSITIONS COMPRISING DEUTERIUM-ENRICHED PERILLYL ALCOHOL, ISO-
PERILLYL ALCOHOL AND DERIVATIVES THEREOF

(57) Abstract: The present invention, provides for a deuterium-enriched monoterpene or sesquiterpene such as perillyl alcohol, or a
deuterium-enriched isomer or analog of monoterpenes or sesquiterpenes, such as isoperillyl alcohol. The present invention also
provides for a deuterium-enriched derivative of a monoterpene or sesquiterpene, such as a perillyl alcohol carbamate, or a deuteri-
um-enriched derivative of an isomer or analog of a monoterpene or sesquiterpene, such as an isoperillyl alcohol carbamate. The deu-
terium-enriched derivative may be perillyl alcohol or isoperillyl alcohol conjugated with a therapeutic agent such as a chemothera-
peutic agent. The present invention also provides for a method of treating a disease such as cancer, comprising the step of delivering
to a patient a therapeutically effective amount of a deuterium-enriched compound.



10

15

20

25

30

WO 2013/119304 PCT/US2012/066379

PHARMACEUTICAL COMPOSITIONS COMPRISING DEUTERIUM-ENRICHED

PERILLYL ALCOHOL, ISO-PERILLYL ALCQHOL AND DERIVATIVES THEREOF

Cross Reference to Related Applications
This apphication claims priority to ULS. Provisional Application No. 61/562,103 {filed on
November 21, 2011}, and U.S. Application No, 13/366,731 (filed on Aupust 3, 2012), each of

which iz incorporated hergm by reference m s entirety.

Fiedd of the Invention
The present invention relates to deutertunm-enriched perillyl aleohol (POH), deuterium-

enriched wopernityl alcohol Gso-POH) and derivatives thereof,

Background of the Invention

Mahgnant gliomas, the most common form of central nervous system {CNS) cancers, are
currently considered essentially incarable. Among the vartons malignant ghomas, anaplastic
astrocytomas {Grade ) and ghioblastoma multiforme (GBM; Grade TV} have an especially poor
prognosis due to their agpressive growth and resistance to currently available therapies. The
present standard of care for malignant ghiomas consists of surgery, ronizing radation, and
chemotherapy. Despite recent advances tn medicne, the past 30 vears have not seen any
signiticant improvement in prognoesis for malignant ghomas, Wen et al. Malignant gliomas m

aduits, New Encland I Med., 359:492.507, 2008, Stupp et al., Radiotherapy plus concomitant

and adjuvant temozolonude for ghoblastoma, New England J Med., 352: 987-996, 2003,

The poor response of tamors, including malignant ghomas, to various types of
chemotherapeutic agents is often dae to intrinsic drag resistance. Additionally, acquired
resistance of mitially well-responding tumors and vowanted side effects are other problems that
frequently thwart long-term treatment using chemotherapeutic agents. Peritlyl alcohol (POH), a
naturally occurring monoterpene, has been suggested to be an effective agent against a variety of
cancers, mclading CNS cancer, breast cancer, pancreatic cancer, lung cancer, melanomas and
colon cancer. Gould, M., Cancer chemoprevention and therapy by monoterpenes, Environ,

Health Perspect., 1997 hune! 108 {Suppl 4): 977979, Hyvbrid molecules contammng both pendiyl

alvohol and retinoids were prepared to increase apopiosis-inducing activity., Das et al., Dexign
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and svothesis of potential new apopiosis agents: hybrid compounds containing periiyl alcokol

and new constraived retinoids, Tetrahedron Letters 2010, 51, 14621466,

However, POH 13 rapidly metabolized. In order to improve performance over perillyl
aleohol and 11s derivatives, e.g., using a lower dose, there 1s a need to prepare deuterated forms of
perillyl alcohol, mcluding isomers or analogs, such as pernilyl alcohol or soperilivl alcohol
conpugated with other therapentic agents, and use this matenial in the treatment of cancers such as

malignant gliomas, as well as other brain disorders such as Parkinson's and Alzheimer's disease,
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The present disclosure provides for a method for treating a disease i a mammal,
comprising the step of administering 1o the mammal a pharmaceutical composition disclosed
the present disclosure.

The methods may further comprise the step of treating the manunal with radiation, andéor
the step of administering to the mammal a chemotherapeutic agent. The pharmaceutical
compaosition or deuterimm-enriched compound may be adnunistered before, durimg or atter
radiations andor the adnunistration of a chemotherapeutic agent. The chemotherapentic agent
may be a DNA alkylating agent, a topoisomerase mhibitor, an endoplasmic reticutum stress
inducing agent, a platinum compound, an antimetabolite, an enzyine inhibitor, or a receptor
antagonist. For example, the chemotherapeutic agent may be dimethyl celocoxth (DMO),
temozolomide (TMZ} or volipram.

The disease may be cancer, such as a tumor of the nervous system {e.g., chioblastoma).

The pharmaceutical composition or deutentunm-enriched compound may be admimstered
by mhalation, intranasally, orally, intravenously, subcutaneousty or intramuscularly,

The pharmacentical composition or dentertom-enniched compound may be admimstered
using a nasal delivery device, such as an intranasal wnhaler, an intranasal spray device, an
atomizer, a nebulizer, a metered dose mhaler (MDI), a pressurized dose inhaler. an msutflator, a

uwmit dose contamer, a pump, a dropper, a squeeze bottle and a bi-directional device.
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Detailed Description of the Invention

The present mvention provides for deuteriom-enriched compounds and pharmaceutical
compositions comprising the deuterium-enriched compounds. Specifically, the present invention
provides for deuterium-enriched monoterpenes or sesquiterpenes (e.g., deuterium-enriched
perillyl alcohol} and deuterium-enriched isomers or analogs of monoterpenes or sesquiterpenes
{e.g.. denterum-enwiched soperilyl aleohol).

The present invention alse provides for deuterium-enriched derivatives of monoterpengs
or sesquiterpenes, such as a deuteriuym-enriched perillyl alcohol derivative. For example, the
deuterium-enriched perilivl alcohol dertvative may be a deuternum-enriched perillyvl alcohol
carhamate. The perillyl alcobol derivative may be perilhyi aleohol comjugated with a therapeutic
agent such as a chemotherapeutic agent,

The present invention further provides for denterium-enriched derivatives of isomers or
analogs of monoterpenes or sesquaterpenes, such as a deutertum-entiched isoperillyl alcohol
dertvative. For example, the deutertum-enriched wsoperillyl alcobol dertvative may be a
dentertunmeenriched isoperillyl alcobol carbamate. The isopertilyl alcohol derrvative may be
isoperiivl aleohol conjugated with a therapeutic agent such as a chemotherapeutic agent,

Also encompassed by the present invention 1s a pharmaceutical composition comprising a
therapeutically effective amount of a dewternum~-enriched compound of the present mvention (or
a pharmaceutically acceptable salt thereof) and a pharmaceutically acceptable carrier.

The mvention provides for methods of asing the deuternum-ensiched compounds or the
pharmaceutical compositions to treat 8 disease, such as cancer or other pervous system disorders.
The compounds or pharmaceutical compositions of the present mvention may be adnunistered
alone, or in combination with radiation, surgery or chemotherapeutic agents. The deutertom-
enriched molecule may also be co-admimstered with antiviral agents, anti-iflammatory agents
or antibiotics. The agents may be administered concarrently or sequentially. The compounds of
the present invention can be admimstered before, during or after the adnunistration of the other

active ageni{s).

One of ordinary skill in the art recognizes that in all chemical compounds with an H
atom, the H atom represents a muxture of 1 {hydrogen-1, protium) and D {deuternam, hydrogen-

2, “H), with about 0.015% beimng D. Thus, a devteriam-enriched compound (or a deuterated

6



Gk

gt

£53

WO 2013/119304 PCT/US2012/066379

comnpound} has ¢ level of dewternnn greater than s natural stadane

A used
herety, all percentages given for the abundance of dewterhon ave mole perceniages.

Ths isomer or analog of nu

ene can be an sopenilyl aloohol (so-

POHY. Isoperiyl alechols melude sav isomsrs or anslogs of peailbvl slosholl o ong

,_.
bt
}
%
'f.'
(42
“
o
e
z.
ba
4
o
e
oo
(44
oS
.
)
s
2
o
]
e
)
o
v
Lo
&
&
=
7
e}
‘c‘
W

clohex-fenyl nethanol, (ther

Pinetoade, but are not tinuted o, {4~sopropyt ovclohexa~ 1.3+

digpvhmethanol, {févisapmmfi cyulobexa | d-disnylimethansl, (dsopropyiphonvhimethano! and

{4-isomwopenviphenylimethanol.
The present tnvantion provides for deoterin-enviched fsnpariibyl sloohol where the
compound is enriched with deuteriun in at least one position, It oue smbodiment, the

3

deuteriuneenriched isoperitlyl aloohol is represented by Formuda T shown belows

=
3
55

Farmaie §

or & pharmacenneally s

abile salt thereof, wherenn Ry, Ry, Ry, R Ra By, B B R

Ko B Rz, Bys, B, Bas and Bieare independsatly selected from the groap consisting of

hyvdrogen-1 ¢ i dewterionm and at Ieast one of Ru, By, Ry Ry, Ry, R B, Ra,

Rua, Ry Ris, Rys and Ryeiy desternan,

wy

Loy B, Ky,

a-himitng sxamples of the dewterinn-enrwhed isopenily! aloohol are dlustrated &

[



WO 2013/119304 PCT/US2012/066379

The depteninmi-eraiched &

commerciatly sourced pertlivt alochol or isoperilyl gloobel followad by reduetion of the

& oxicheod wiermedistes using dewternmp~euriched hydade rediing agems or by wseof

Arydrogen gas with a suitable catalyst or by other msans,
The present mvention pravides for dewteriumeentivhed perttivl gleohol, whergm the
componnd 18 enriched with dowmertam it at feast one posttion, In ove srnbodument, the

dentertumennched periilyd aloobol i represented by Formuda 1, shown below,

[
(]

-y ’
K resrrsnseres,

Rig

Formaula B}

[972)



[
b

o
B

WO 2013/119304 PCT/US2012/066379

or g pharmaceutizally acceptable salt thersofl whersan: By, Ra, Ba Ry, Ko Re, Ry, R, Ry,

Ryu: B Busy R, R Ris and Rie are independertly selected fogn the group consisting of

‘i

1y and dewtenum, and at least one of By, Ba, Ba, Ry R Re Ry, Ra, Ro, By By,

Bya Bea, By Ry and Rog iy deuterim,
Nes-lmiting examples of the devtsrieny-enniched perdhv alvohod sre tusivnted as

et 5.

e
&

4, %
/

L

s

"]
", ,,,,,,,,,1_,‘:,,,,,”{:2

fare deuterinm,” whers used to desoribe a given posiion i a molecade such

av Ry, Ry R, Ra, Be B B R Ry, Ryl R

o

Thetwrm ™

B Bas Rug, Rusand Rygor the svmbed 707 whaen

w
P
Z
7
&
2
ot
o
o
%
By
::.
/ "

esent @ given position i a deawmng of & molscular strochrs, means that the speeified

postion s enniched vith deuterion greater than s natural abundance oF QU130

v,

Ths term “abundance of deatsriuny’™ hevers refors (o the mols percentags ol incorporation

“HEyara grven posifion 1n a molecule o the place of hedrogen. For sxample

of dewteram (I,

the abundance of deyteriim of sbot &8 &

W @ grven postuon means that abowt 6% of molscalss

a grven sample contam de

v gt the spenified posttinn,

The abundance of deutertum o the prossat dewleniume-enriched corpound may he at least

at feast sbout 10% at least abowt 0%, st loast about By, at kess

about 1%, at leg

st 40%, at least about S0%., st feast about 80%%, af least abow 7

at Isast abowt SO%,

tagst abour 80%, at lsast sbowur 93%, at least about $48%, atf least shout 9%, about (1.5%

/“;

1005 | abowt 19% to about 1P, about 5% to about 100%, abon 6% 1o sbou |

o ahout 160%, abour 18% 1o sbout 100%, ghout 2096 1o ghow 100594, about 8%

abort 0% 1o sbout 100%, about 3056 1o about | . about 60% 30 abowr 100, about TR &

about R, about S8% to about 1008, of about ¥¥% 0 about ¥R,



10

15

20

25

30

WO 2013/119304 PCT/US2012/066379

Deutermum enrichment can be deternuned using analviical methods, sach as mass
spectrometry, noclear magnetic resonance spectroscopy and infrared specirometry. I one

embodiment, dentertum enrichment is deternuned by "H NMR.

The deuterium-entiched perillyl alcohol of the present mvention may be synthesized with
deuternun meorporated in place of hydrogen atoms,  For example, the deuterium may be
incorporated in place of hydrogen atoms at the carbinol side chain where metabolic degradation
takes place in viva, The deuterium atoms retard or slow down the metabolic processes when
compared with the rate of metabolism for conventional perillyl alcohol or isoperillyt aleohel.
Without hemg Hmited to any spectfic physiologic mechamsm, 1t 1s believed that this slow-down
is due to the kinetic isotope effects at the active site of periilyl alcohol dehydrogenase enzyme.
Deutertum can also be incorporated at a number of different centers in the molecule. Inan
embodiment, deuternan 1s ncorporated at the carbinol moety where 1, 2 or 3 deaterium atoms
can be mcorporated in place of hydrogen atoms to give gnv of the isotopic analogs of perillyl
alcohol or tsoperittyl alcobol.

Because of its slower metabolism, the deuterated forms of penillyvt alechol or 1sopenilvl
alcohol will demonstrate significant improvement in the therapentic effectiveness as conpared

with conventtonal non-dewterated matenial,

The dewternm-enniched compounds described berem may contain one or more deaterium
atoms. The compounds may be partially or fully dewterated.  Any chenneal compound described

herem may be deuternum-~enniched.

Monoterpenss mclude terpenes that consist of two isoprene umits. Monoterpenes may be
hear (acyclio) or contain rings. Derfvatives of monoterpenoids are also encompassed by the
present invention. Monoterpenoids may be produced by biochemical modifications such as
oxidation or rearrangement of monoterpenes. Examples of monoterpenes and monoterpenoids
mclude, perdivl alcohol {S6-3) and (R{+)). ocimene, myvrcene, geraniol, citral, citronellol,
citronellal, linalool, pinene, terpineol, terpinen, imonene, terpinenes, phellandrengs, terpinolene,

terpinen-d-ol {or tea tree oil), pinene, terpmeol, terpimen; the terpenods such as p~eymene which

10
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1s derivad from monocyelic terpanes such as menthol, thymol and carvacrol; bicyelic
monoterpenoids such as camphor, borneol and eucalyptol.

Monoterpenas may be distinguished by the structure of a carbon skeleton and may be
grouped into acvclic monoterpenes {e.g., myreene, {£})- and {E)-octmene, linalool, gerantol,
nerol, citronellol, myrcenol, geramial, citral a, neral, citral b, citronelial, etc.), monocychic
monoterpenes (2.g., limonene, terpinene, phellandrene, terpinolene, menthol, carveol, ete),
bicyclic monoterpenes (e.g., pingne, myrtenol, myrtenal, verbanol, verbanon, pinccarveol,
carene, sabineneg, camphene, thujene, etc.} and tricvelic monoterpenes {e.g. fricyclene). See

Encyclopedia of Chemical Technology, Fourth Edition, Volume 23, page 834-835,

A specific example of a monoterpene 1s penllyl aleohol (POH).

Sesquiterpenes of the present invention include terpenes that consist of three isoprene
units. Sesquiterpenes may be linear {acyclic or contain rings. Derivatives of sesquiterpenoids
are also encompassed by the present mvention. Sesquiterpenoids may be produced by
biochemical modifications such as oxidation or rearvangement of sesquiterpenes.  Examples of
sescputerpenes inclode farnesol, famesal, farnesyvlic acid and nerolidol. PCT Application Nos.
PCTAUS201 /027051 and POT/AUS2011/049392. LS. Applicanion No. 13/040.059. All these

apphications are incorporated herein by reference in their entivety.

The present mvention also provides for deutenum-ewriched derivatives of monoterpenes
or sesquiterpenes, such as a dentertam-gnriched periliyl alcobol dentvative. For example, the
deuntertum-erriched perithd alcobol derivative may be a deutertum-entiched perillyl aleohol
carhamate. The perilivi alcobel dertvative may be penillyvi alcohol conjugated with a therapeutic
agent such as a chemotherapeutic agent.

The present mvention further provides for dewtennum-ennched denvatives of isomers or
analogs of monoterpenes or sesquuterpenes, such as a deuteriwn-entiched isoperillyl alcobol
derivative. For example, the deutertum-enriched isoperilivl alcohol derivative may be a
deuterium-enriched soperidlyl alcohol carbamate. The penilivl alcohol derivative may be
isoperillyl alcohol conpugated with a therapeutic agent such as a chemotherapeutic agent.

The denvatives may be deuterated at any desired atom position, including the atom
positions of perilivl alcohol or 1soperillyl alcohol, as well as the atom positions of the therapeutic

agent conjugated with the periliyvl alcohol or sopenilyl alcohol.

11
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A deuterium-enriched compound can be prepared by, 2.2, exchanging hydrogens with
deatertum, or synthesizing the compound with deuterium-eniched starting materials or
ntermediates. In one embodiment, deatertum can be introdaced by deuterium-contaming
reagents ncluding, but not hmited to, lithium aluminium deutenide, deutertum gas or other
reagents. In another embodument, depending on the desired sutes of dewteration, deuterium from
1220 can be exchanged directly mito fimshed drug compounds or into reagents that are used ©

synthesize drug molecules.

The dewterated derivatives of monoterpens or sesquiterpens (or deuterated derivatives of
isomers or analogs of monoterpene or sesquiterpene} mclude, but are not limuted to, carhamates,
psters, ethers, alcohols and aldehyvdes of the moncterpens or sesquiterpens {or of 1somers or
analogs of monoterpene or sesquiterpene). The present invention also provides for dertvatives
and confugates of a deuterium enriched perillyl alcobol or woperilivt alcohol

Derivatives include, but are not himited to, carbamates, esters, ethers, alcohols and
aldehydes of a monoterpene or sesquiterpene (e.g., POH), or of the tsomer or analog of a
monoterpene ar sesquiterpene {e.g., 150-POH). Alcohols may be derivatized to carbamates,
esters, ethers. aldehvdes or acids.

Carbamates refer o a class of chemical compounds sharing the functional group

based on a carbonyl group flanked by an oxygen and a nitrogen. R', R” and R” can be a group
such as alkyl, aryl, etc., which can be substituted. The R groups on the nitrogen and the oxygen
may form a ring. R-OH may be a monoterpene, e.g., POH or iso-POH. The R*-N-R’ moiety

may be a therapeutic agent.

Carbamates may be synthesized by reacting isocyanate and alcohol, or by reacting
chioroformate with amine. Carbamates may be synthesized by reactions making use of phosgene
or phosgene equivalents. For example, carbamates may be svathesized by reacting phosgene
gas, diphosgene or a solid phosgene precursor such as triphosgene with two amines or an amine

and an alcohol. Carbamates (also known as urethanes) can also be made from reaction of & wea

12
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ranging from shout -70°C 1o showt R
woperiilyl chloroformate {or perdhyvl chlovolomute} to the substrate R~ NH; may range from

&
4

about 111 o about 201, froem abot 11 o abowt 1501, from aboot 201 o abowt 11, or fom abowt

P

1051 1o abont {11 Spitable hases inchuds, but ave not imited 1o, organe bas

fristhviamme, potasstum carbonate, NN -diisopropyiathvlamme, butyl Bthium, and podassivm-t-
buteside.

Alrernatively, sarbanates may be syothesized by the following approasie

Suiiable reaotion sobvents mclude, but are nod nwted 1o, dichloromethane, divhiloroethane,

soduene, ditsopropy! ether, and errshvdrofiran, The reaction may be performed at g teroperaturs

fng from abeut 25°C to abowt TIHMC, oy from abeart 30°C 1o about SO°C, or about 30°C. The

mcdar ratio of isoperitlyl alcobol to the substrate R-M=CsG may rangs from about 1] to sbow

o1, fromm o

3

38, froro about 1w about § ;1o about 1, or from shout 1.65:1 w about

f.h L

s
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Esters of a moncterpensa or sesquiterpensg algohol, or esters of the alcohol of the isemers
or analogs of a monoterpens ov sesquiterpene, can be derived from an inorganic ackd or an
orgamc acid, Inorganic acds fclude, but are not mated 1o, phosphoric acid, sulfirie acid, and
mitric acid. Organic acids include, but are not limited to, carboxylic actd such as benzotc acid,
fatty acid, acetic acid and propionic acid, and any therapeutic agent bearng at least one
carboxylic actd functional group. Examples of the esters of alcobols include, but are not tauted
te, carboxylic acid esters (such as benzoate esters, fatty acid exters (e g, palmitate ester, Hnoleate
ester, stearate ester, butyryl ester and oleate ester), acetates, propionates {or propanoates), and

formates), phosphates, sulfates, and carbamates {g.g., N .N-dimethylaminocarbonyl),

The dertvatives of periliyvl alcobol mclude, peritlyl alcohol carbamates, perillyl alcohol
esters, peritlic aldehydes, dihydroperillic acid, perillic acid, perillic aldehyde dertvatives,
dihydroperiitic acid esters and penillic actd esters. The derivatives of perilivl aleohol may also
mclude its oxidative and nucleophilic/electrophilic addition derivatives, ULS. Patent Publication
No. 20090031455, ULS. Patent Nos. 6,133 324 and 3,957 856,

The derrvatives of isopenilv alechal include 1sopenitivl aleohel carbamates, isoperitiv
alcohol esters, 1soperitlyl alcohol ethers. isoperillic aldehydes, soperilic acid, sopenilhe
aldeliyde derrvatives, and sopertttic acid esters. The denvatives of isoperiliyl alcohol may also
melude its oxidative and nucleophilic/electrophulic addition derivatives. Few examples of
dertvatives of 1sopendlvl alcohol are reported 1 the chemistry hiterature. See ULS. Patent No.

5,994 598 and Japanese Patent No. 07048264A.

To certam ervbodiments, a POH carbamate {or an 150-POH carbamate) 18 syothestred by s
progess comprising the step of reacting a first reactant of perillyl chloroformate (or 1soperilyl
chioroformate) with a second reactant such as dimethyl celocoxib (DMO), temozolomude (TMZ)
and rolipram. The reaction may be carried oul i the presence of tetrahydrofuran and a base such
as n-butyl lithium. Penillyl chloroformate {or sopentilyl chloroformate) mayv be made by reacting
POH {or o-POH) with phosgene. For example, POH {or iso-POH) conjugated with
temozolomide through a carbamate bond may be synthesized by reacting temozolomide with
oxalyl chlonde followed by reaction with periilyl alcohol {or mo-POH). The reaction may be

carried ot m the presence of 1,2-dichloroethane.
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POH carbamates encompassed by the present invention chule, but not mited to, 4-(his-
N.N"-d-isopropeny! cyclohex-1-envimethvioxy carbonyl [5+(2,5~dimethy] phenyl}-3-
trifluoromethyl pvrazol-1-vl] benzenesulfonammde, 4-3-cvclopentyloxv-d-methoxy phenvl}-2-
oxo-pyrrohdine-1-carboxylic scid 4-isopropeny! evelohex-1-envlmethyl ester, and (3-methyl 4-
oxo-3 d-dihydronmidazo] 5, 1-d}{1,2,3. 5 Retrazine-8-carbonyl jcarbamic acid-d-1sopropenyl
cyclohex-1-enylmethyl ester.

Is0-POH carbamates encompassed by the present invention include, but are not himited
to, (3-Methyl 4-ox0-3 4-dihydroimudazo{5,1-d}j 1,23 Sjtetrazine-8-carbonyl}-carbamic acid -4-
isopropylidene cyvclohex-t-enyimethyt ester, 4-(3-Cyclopentyloxy-4-methoxyphenyl}-2-oxo-
pyrrohdine--carboxylic acid d-isopropvhdene cvclobex-1-enyimethyl ester, 4-{Bis-NN-4-
isopropylidene cyclohax-1-envimethyloxy carbonyl | 5-{2,5-dimethy! phenyl)-3-trifluoromethyl
pyrazol-1-v1] benzenesulfonanude. The details of the chemical reactions generating these
compountds are described i the Examples below,

In certain embodiments, perillyl alcobol derivatives may be perillyl alcohol fatty acid
esters, such as palmitoy! ester of POH and tinoleoy! ester of POH: wo-penilivl alcohol dertvatives
may be isoperitivl alcohol fatty acid esters, such as palmitoy ester of tso-POH and linoleoyl

ester of 1wo-POH.

The dententom-enniched peritlyvl alcobol or isoperitiyl alcohol may also be conjugated
with other therapeutic moreties sach as anti~cancer agents {such as temorolomide) by means of
carbamate or other chemical hnkage between the deuterated sopenitivt aleohol moiety and the
other therapeutic mosety with net therapeutic advantage compared with either moety or both
moieties m thew own right.

The monoterpene {or sesquiterpene) derivative may be @ monoterpene {or sesquiterpeng)
conjugated with a therapeutic agent. A monoterpene {or sesquiterpene) conjugate encompassed
by the present invention is a molecule having a monoterpene (or sesquiterpene) covalently bound
via a chemucal hnkmg group to a therapeutic agent.

The derivative of an isomer or analog of monoterpene or sesquiterpene may be an isomer
or analog of monoterpene or sesquiterpene conjugated with a therapeutic agent. A conjugate

encompassed by the present mvention may be a molecele having an wowmer or analog of

Jrm
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menoterpens or sesquiterpene covalently bound via a chemucal Mnking group 1o a therapeutic
agent.

The molar ratio of the monoterpene or sesquiterpene {or an isomer or analog of
monoterpene or sesquiterpene) to the therapeutic agent i the conjugate may be 111, 122, 13, b4,
2:1, 3:1, 411, or any other suitable molar ratios. The monoterpene or sesquiterpene (01 an 1somer
or analog of monoterpene or sesquiterpene) and the therapentic agent may be covalently linked
through carhamate, ester, ether bonds, or any other suitable chenvical functional groups. When
the monoterpene or sesquiterpene {or an isomer or analog of monoterpene or sesquiterpene) and
the therapeutic agent are conjugated through a carbanate boad, the therapeutic agent may be any
agent bearing at least one carboxylic acid functional group, or any agent bearing at least one
amine functional group. In a specific example, a perillyl alcohol (or an so-POH} conjugate s
perillyvi aleohol (or 1s0-POH) covalently bound via a chemical inking group to a

chemotherapeutic agent.

According to the present mvention, the therapeutic agents that way be conjugated with a
monoterpene or sesquiterpene {or av 1somer or analog of monoterpene or sesquiterpene } nclude,
but are not linuted to, chemotherapentic agents, therapeutic agents for treatment of ONS
disorders (inchuding, without limntation, primary degenerative neurclogical disorders such as
Alzheimer’s, Parkmson’s, multiple sclerosis, Attention-Deficit Hyperactivity Disorder or
ADHD, psychological disorders, psyehosis and depression), mmunotherapeutic agents,
angiogenesis infubitors, and anti-hypertensive agents. Anti-cancer agents that may be
conjugated with a monoterpene or sesquiterpene {or an isomer or analog of monoterpene or
sesquiterpene) can have one or more of the following effects on cancer cells or the subject: cell
death; decreased cell prohiferation; decreased numbers of cells; mbbition of cell growtly
apoptosis; necrosis: mitotic catastrophe; cell oyele arrest; decreased cell size; decreased cell
division; decreased cell survival; decreased cell metlabolism; markers of cell damage or
cytotaxicity; mdirect indicators of cell damage or cytotoxicity such as tumor shrinkage;
mproved sarvival of a subject; or disappearance of markers associated with undeswable,
wirwanted, or aberrant call proliferation. U8, Patent Publication No. 20080275057,

Chemotherapeutic agents mctade, but are not hmited 1o, DNA alkylating agents,

topoisomerase mbubitors, endoplasmuic reticulum stress mducing agents, a platimaen compound,
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an antunetabolite, vincalkalowds, taxanes, epothilones, enzyme inhibiors, receptor antagonists,
tyrosine kinase inhibitors, boron radiosensitizers (1.e. velcade), and chemotherapeutic
combination thevapies.

Non-hmiting examples of DNA alkvlating agents are nitrogen mwustards, such as
Cyclophosphamide (fosfamide, Trofosfanude), Chlorambucil (Melphalan, Prednimustine},
Bendanwstine, Uramustine and Estramustine; nitrosoureas, such as Cammusting (BONUY,
Lomustine {Semustine), Fotemustine, Nimustine, Ranimustine and Streptozocin; alkyl
sulfonates, such as Busulfan (Mannosulfan, Treosulfan); Aziridines, such as Carboguone,
Triaziquone, Triethylenemelamine; Hydrazines {Procarbazine); Triazenes such as Dacarbazine
and Temozolomide; Alretamine and Mitobrowitol,

Non-hmiting examples of Topoisomerase | inhibitors mclude Campothecin derivatives
mcluding SN-38, APC NPC, campothecin, topotecan, exatecan mesylate, S-nitrocamptothecin,
S-anunocamptothecn, urtotecan, rubitecan, silatecan, gimatecan, diftomotecan, extatecan, BN-
80927, DX-8951H, and MAG-CPT as decribed in Poromier Y. (2006) Nat. Rev, Cancer
H{1017R0-R02 and ULS. Patent Publication No. 200510230854, Protoberbernine alkalowds and

derivatives thereof including berberrubine and coralyne as descnibed m Li et al. {2000}
Biochemistry 39(24).7107-71 16 and Gatto et al. (1996) Cancer Res, 15(12):2795-2800,
Phenanthroline denvatives mcluding Benzofijphenanthnidme, Nitidine, and fagaronme as

described m Makhey et al. (2003} Broorg, Med. Chem. 11 (8): 1809-182(), Terbenmmidazole and

derivatives thereof as descrtbed i Xu {1998) Biochemistry 37{10)1:3558-3566; and

Aunthracveling dervatives including Doxorubicin, Damorubicin, and Mitoxantrone as desertbed
m Foglesong et al. {1992) Cancer Chemother, Pharmacol, 30(23123-125, Crow et al. (1994) ],

Med, Chem, 3719131913194, and Crespr et al. {1986) Biochem. Biophys. Res. Commun.

136(2):521-8. Topoisomerase I inhibstors melude, but are not inuted to Etoposide and
Temposide. Dual toporsomerase T and H mmlubitors taclude, but are not Himued to, Samtopm and
other Naphthecenediones, DACA and other Acridine-4-Carboxamindes, Intophcine and other
Benzopyridomndotes, TAS-H3 and other 7H-indeno{2, 1 -cjQumolme-7-ones, Pyrazoloacridine,
XR 11576 and other Benzophenazines, XR 5944 and other Dumeric compounds, 7-ox0-7TH-

dibenz{f.itlisoquinolines and 7-oxo-7H-benzolelpyrinudines, and Anthracenvi-amine Acid

Conpugates as desersbed 1 Denny and Baguley (2003) Cur. Top, Med, Chemy, 3(33:339-353,

Some agents inhubit Toposomerase I and have DNA mtercalation activity sach as, but not

1

~3



10

15

20

25

30

WO 2013/119304 PCT/US2012/066379

fimited to, Anthracychines {(Aclarubicin, Davnorubicm, Doxorabicin, Epirubicin, Idarubioin,
Amrubicin, Prarubicin, Valrubicin, Zorubicing and Antracenediones (Mitoxantrone and
Pixantrone).

Examples of endoplasmic reticulum stress inducing agents mclude, but are not limited 1o,
dimethyl-celecoxib (DMC), nelfinavir, celecoxib, and boron radiosensitizers {1.g. velcade
{Bortezonub)),

Platinum based compounds are a subclass of DNA alkylating agents. Non-limiting
examples of such agents inclade Cisplatin, Nedaplatin, Oxaliplatin, Trplatin tetranitrate,
Satraplatin, Aroplatin, Lobaplatin, and IM-216, (see McKeage et al. {1997} I, Clin. Oncol. 201
1232-1237 and in general, CHEMOTHERAPY FOR GYNECOLOGICAL NEOPLASM,
CURRENT THERAPY AND NOVEL APPROACHES, in the Sertes Basic and Clinical
Ongcology, Angioh et al. Eds., 2004).

"FOLFOX" ts an abbreviation for a tvpe of combination therapy that s used 10 treat
colorectal cancer. It includes 53-FU, oxaliplatin and lencovorin, Information regarding this
treatment s avalable on the National Cancer Institute’s web stte, cancer.gov, last accessed on
lanuary 16, 2008,

"FOLFOX/BV" 1s an abbreviation for a type of combination therapy that s used to treat
colorectal cancer. This therapy mcludes S-FU| oxaliplatin, leacovorin and Bevacizomab.
Furthennore, "XELOX/BY" is another combination therapy used to treat colorectal cancer,
which mctades the prodrug to S-FUL known as Capecttabine { Xeloda) in combmation with
oxahiplatin and bevactmumab, Infonnation regarding these treatments are available on the
Nattonal Cancer Institute’s web site, cancer.gov or from 23 the National Comprehensive Cancer
Network's web stie, ncen.org, last accessed on May 27 2008,

Non-limiting examples of antimetabolite agents inchude Folic acid based, 1.e.
dihydrofolate redactase mbubutors, cuch as Anunopterm, Methotrexate and Pemetrexed;
thvmidylate synthase inhibitors, such as Raltitrexed, Pemetrexed; Purine based, ie. an adenosine
deanunase whibitor, such as Pentostatin, a thiopurine, such as Thioguamne and Mercaptopurne,
a halogenated/nibomucleotide reductase mhibitor, such as Cladnbme, Clofarabme, Fludarabine,
or 3 guaning/guanosine: thiopurine, such as Thivguanine; or Pyrinudine based, 1.e.
cvtosiedfoviidine: hvpomethylating agent, such as Aracittdine and Decitabme, a DNA

polymerase whibitor, sach as Cvtarabine, a nbomucleotide reductase miubror, such as
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Gemucitabine, or a thyming/thynudine: thynudylate synthase inhibitor, such as a Fluorouracd (8-
FUY. Equivalents to 3-FU include prodrogs, analogs and dertvative thereof such as §' ~deoxy-3-
fluorouwridine {doxiflurcidine), Ietrahivdrofuranyl-3-Huorouraci! (ftorafar), Capeciiabine
{Xeloda), S-1 {MBMS-247616, consisting of tegafur and two modulators, a S-chlore-2 4-
dihvdroxypynidine and potassium oxonate), ralititrexed (tomudex ), nolatvexed (Thynutag,
AG33T), LY231514 and ZDO331, as described for example in Papamicheal (1999} The
Oncologist 4:478-487.

Examples of vincalkaloids include, but are not limited to Vinblastine, Vincristine,
Vinflunine, Vindesine and Vinorelbine.

Examples of taxanes mclude but are not linuted to docetaxel, Larvotaxel, Ortataxel,
Paclitaxel and Tesetaxel. An example of an epothilong is 1abepilone.

Examples of enzyme inhibitors include, but are not linuted to famesyliransferase
wmhibitors (Tipifarmib); CDK tnhabitor {Alvocudib, Seliciclib); proteasome mhibitor
{Bortezonub); phosphodiesterase mhibitor {Anagrelide; rolipram); IMP dehvdrogenase inhibitor
{ Trazofurine); and hipoxygenase whibitor {Masoprocol). Exarmples of receptor antagonists
melude, but are not limited to ERA { Atrasentan}; retimoid X receptor {Bexarotene); and a sex
steroid {Testolactone).

Examples of tyrosine kinase mhibitors melade, but are not limited to mhubitors to HebB:
HERV/EGFR (Erlotinib, Gefitintb, Lapatinib, Vandetanib, Sumtinb, Nerattmb), HER2/neu
{Lapatimb, Nesatimib); RTK class IH: C-kat (Axstinih, Sunttinib, Sorafentb}, FLTI {Lestaurtimbs),
PDGFR {Awtinub, Sonitinth, Soraferub); and VEGFR (Vandetanb, Semaxamb, Cediranth,
Axitintb, Sorafenub); ber-abl (hoatimib, Nitotinth, Dasatimb); Sre (Bosutinib) and Janus kinase 2
{Lestaurtinub).

"Lapatinth” {Tvkerb®) 15 a dual EGFR and erbB-2 mhibitor. Lapatinb has been
mvestigated as an anticancer monotherapy, as well as w combmation with trastuzumab,
capecilabine, letrozole, pachiaxel and FOLFIRI {iinotecan, S-fluorowract! and leucovorin), ina
number of chinical trials. Itis currently in phase 1 testing for the oral treatment of metastatic
breast, head and neck, hung, gastric, renal and bladder cancer.

A chemnical equivalent of lapatinih iz a ymall molecule or compound that is a tyrosine
kinase nhibetor {TKI) or alternatively a HER- mhubator or a HER-2 mbibator. Several TKIs have

been found to have effective antitumuor activity and have been approved or are m chinical trials.
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Examples of such mchude, but are not imited to, Zactima {Z126474), Iressa (pefitinih), nnatmib

%,

{SUS416), vatalanib (PTR787/ZK 222584}, sorafenib {BAY 43- 9006), sutent (SUT 1248) and
lefltmomide {SULO).

mesylate (STIST1: Gleevec), erfotinmib (OS1-1774; Tarceva), canertintb (C 1033), semaxinib

PTK/ZK s a tyrosme kinase whibitor with broad specificity that targets all VEGF
receptors (VEGER), the platelet-derived growth factor (PDGF) receptor, ¢~KIT and o-Fs,
Drevs (2003 Idvugs 68X 787-794. PTK/ZK i3 a targeted drug that blocks angiogenesis and
lymphangiogenesis by mhibiting the activity of all known receptors that bind VEGF including
VEGFR-L (Fit-1), VEGFR-2 (KDR/Fik-1) and VEGFR-3 (Flt-4). The chemical names of
PTK/ZK are 1-[4-Chloroanihno}-4-[4-pynidylmethyl] phthalazine Succinate or 1-
Phthalazinaming, N-{4-chlorophenyl}-4-(d-pyridinvimethvi}-butanedioate (1:1). Synonyms and
analogs of PTR/TK are known as Vatalanb, CGP79787D, PTK787/7ZK 222584, CGP-79787,
DE-QQ268, PTK-787, PTK787A, VEGFR-TK mhibitor, ZK 222584 and ZK.

Chemotherapeutic agents that can be conjugated with a monoterpene or sesquiterpene {or
an somer or anafog of monoterpene or sesquuterpene) may also inclode amsacrine, Trabectedin,
retinoids {(Ahtretinoin, Tretinom), Arsenic tnoxide, asparagine depleter Asparaginase/
Pepasparsase), Celecoxib, Demecoleine, Elesclomel, Elsamitrucin, Etoglucid, Lomidanune,
Lucanthone, Mitoguazone, Mitotane, Oblimersen, Temsirolimus, and Vormnostat,

A monoterpene or sesquuterpene {or an 1somer or analog of monoterpene or
sesquiterpene ) may be conjogated with angiogenests mbitntors. Examples of angiogenesis
mhibitors imctade, bot are not Hmited to, angiostating, angiozyme, antithrombin I, AG3340,
VEGF mhibitors, batimastat, bevacizomab (avastin), BMS-273201, CAL 203, HuMVE&33
Canstatin, Captopril, carboxyamidotnazole, cartidage derived mhibitor ({CDI). CC-5013, 6-0-
{chioroacetyl-carbonyl}-fumagiliol, COL-3, combretastatin, combretastatin A4 Phosphate,
Dalteparin, EMD 121974 (Gilengitide), endostatin, erlotimb, gefitnib (Tressa), gemsten,
halofuginone hydrobronude, Idi, Id3, IM862, imatinib mesylate, IMC-1C11 Inducible protein
10, mterferon-alpha, mterleukin 12, lavendustin A, LY317613 or AE-941, marunastat, mspin,
medroxpregesterone acetate, Meth-1, Meth-2, 2-methoxyestradiol {2-ME), neovastat, oteopontin
cleaved product, PEX, pigment epithelium growth factor {PEGF), platelet factor 4, prolactin
fragment, proliferm-refated protem (PRP), PTKT7R7ZK 222584, ZD6474, recombinant human

platelet factor 4 (TPF4), restin, squalamune, SU3416, S1T6668, S1111248 suranmun, Taxol,
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Tecogalan, thalidomide, thrombospondin, TNP-470, roponin-l, vasostatin, VEGE, VEGF-Trap,
and ZD6474.

Nop-limating examples of angiogenesis inhibitors also mclude, tyrosine kinase mhibitors,
such as inhibitors of the tvrosine kinase receptors Flt-1 (VEGFR1) and Flk-/KDR (VEGFR2),
miubitors of epidermal-derived, fibroblast-derived, or platelet derived growth factors, MMP
{matrix metalloprotease) inlubitors, mtegrin blockers. pentosan polysulfate, angiotensin H
antagonists, cyclooxygenase inhibitors {including non-steroidal anti-inflanunatory drugs
{NSAIDs) such as aspirin and itbuprofen, as well as selective cyclooxygenase-2 mhibitors such as
celecoxib and rofecoxib), and steroidal anti-inflammatories {such as corticosteroids,
mineralocorticoids, dexamethasone, predmisone, preduisolone, methylpred, betamethasone).

Other therapeutic agents that modulate or mbibit angiogenesis include agents that
modutate or inhibit the coagulation and fibrinolysis systems, including, but not hmited to,
heparin, low molecular weight hepanns and carboxypeptidase U tinhubitors {also known ag
mhihitors of active thrombin activatable fibrinotysis intubtor [TAFIa]). U.S. Patent Publication
No. 20090328239, U.S. Patent No. 7,638,549,

Noo-limiting examples of the anti-hypertensive agents mclude angiotensin converting
enzyme inhibitors {e.g., captopril, enalapnl, delapril etc.), angiotensin Il antagonists {e.g.,
candesartan cilexetil, candesartan, losartan (or Cozaar), losartan potassium, eprosartan, valsarian
{or Diovan), ternusartan, irbesartan, tasosartan, olmesartan, olmesartan medoxonul et ), calenum
antagonists {e.g., mamdipme, nifedipme, amlodipme {or Amiodin), efonudipine, nicardipine ete. ),
duuretics, renm inhibitor {e.g., abiskiwen ete)), aldosterone antagonists {e.g., spironolactone,
eplerenone ete.), beta-blockers {e.g., metoprolot {or Toporol}, atenolol, propranolol, carvediol,
pindolol ete), vasodidators (e g, ntirate, soluble goanylate eyclase stimulator or activator,
prostacycline eic.), angiotensin vaceme, clonidine and the hike. 118, Patent Publication No.
201001 13780,

Other therapeutic agents thal may be conjugated with a monolerpene or sesquiterpene {or
an isomer or analog of monoterpene or sesquiterpeng) mclude, but are not himited to, Sertraline
{Zoloft), Topiramate (Topamax), Doloxetine(Cymbalta), Sumatniptan (Imnrex), Pregabalin
{Lyrica), Lamotrigine {Lamictal), Valaciclovir (Valtrex), Tamsulosin (Flomax), Zidovudine
{Combivir), Lamivadme (Combivir), Efavirenz (Sustiva), Abacavir (Epzicom), Lopmasir
{Kaletra}, Pioglitazone {Acitox), Desloratidine (Clarinex), Cetinzine {£yrtec). Pentoprazole
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{Protonix), Lansoprazole (Prevacid), Rebeprazole {Aciphex), Moxifloxacm (Avelax),
Meloxicam {Mobic), Dorzolanude (Truspot), Diclofenac {Voltaren), Endapri { Vasotec),

Montelakast (Singulair), Sidenafil (Viagra), Carvedilol (Coreg), Ramipril (Delix), and L-DOPA.

Also encompassed by the present mvention are adnuxtures and/or coformulations of the

present deuterium-enriched compound and at least one therapeutic agent discussed gbove,

The purity of the present compounds may be assayed by gas chromatography (GC) or
high pressure Hquid chromatography (HPLC). Other technigues for assayving purity and for
determuning the presence of impurtiies inclade, but are not limited to, mass spectrometry {MS),
GC-MS, infrared spectroscopy (IR), naclegar magnetic resonance { NMR) spectroscopy, and thin
taver chromatography {TLC). Chiral purity can be assgssed by chiral GC or measurement of
optical rotation.

The present compounds may be purified by methods such as crystallization, or by
separating the compoands from mapurities according to the amgue physicochemical properties
{e.u., solubility or polarity) of compounds. Accordingly, the present compound can be separated
by suitable separation techniques known in the art, such as preparative chiromatography,

{fractional) disttlllation, or {fractional) crystathization.

The compounds and methods of the present mvention may be used to miubit the Ras
protein. The Ras family 13 a protein fanuly of small GTPases that ave wwvolved i celhular signal
transduction. Activation of Ras signaling causes cell growth, differentiation and survival.
Miations i ras genes can permanently activate it and cause mappropriate transmission mside the
cell even m the absence of extracellular signals. Because these signals resalt m cell growth and
division, dysregulated Ras signaling can ultimately lead to oncogenests and cancer. Activating
mutations i Ras are found in 20-25% of all human tumors and up to 90% m specific tumor

types. Goodsell DS (1999). Downward 1., "The molecular perspective: the ras oncogene”.

Oncologist 4 {33 2634, (January 2003). "Targeting RAS signaling pathways in cancer therapy”.

Nat. Rev, Cancer 3 {1): 11-22. Ras family members inchude, but are not hmited to, HRAS;

KRAS; NRAS: DIRASE; DIRASZ; DIRASE, ERAS GEM. MRAS; NKIRAST NKIRAS2:
NRAS: RALA; RALB: RAPIA; RAPIB; RAP2A: RAPZB: RAP2C; RASDI; RASD2;

2%
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RASLIOA: RASLIOB  RASLITA: RASLIIB: RASLIZ: REMI: REMZI; RERG: RERGL:
RRAD; RRAS; and RRAS. Wennerberg K, Rossman KL, Der CF (March 2008). "The Ras

superfamily at a glance™. J. Cell. Sci, 118 (Pt 5} 3436

The present deuterim-enriched compounds may be formulated into a pharmaceutical
compaosition. The deuterium~-enriched compound may be present m the pharmaceutical
composition m an amount ranging from about 0.01% (w/w} to about 100% {w/w}, from about
0.1% (wiw) to about 80% {wiw), from about 1% {(wiw) o about 70% {wiw), from gbout 10%
{wiw) to about 60% (wiw), or from about 0.1% {w/w)} to about 20% {w/w).

The present compounds or pharmaceutical compositions may be administered by any
route known i the art, mcluding, without Iinitation, mhalation, intranasal, oral, transdermal,
ocular, mtraperitoneal, inhalation, intravenous, ICV | intracisternal myection or infusion,
subcutaneous, inplant, vaginal, sublingual, uretheal {e.g., vrethral suppository), saboutaneous,
mtramuscular, intravenous, rectal, sub-tingual, mucosal, ophthalmie, spinal, mirgthecal, intra-
articolar, miva-artenial, seb-grachinoid, bronchial and lvmphatic admimstration. Intranasal
formulation can be dehvered as a spray or in a drop; inhalation formulanon can be delivered
using a nebulizer or sinular device; topical formulation may be m the form of gel. omntment,
cream, aerosol, ete; transdermal formulation may be administered via a transdermal patch or
womtorphoresis. Compositions can also take the form of tablets, pills, capsules, senmsohids,
powders, sustamed release fornundations, selutions, suspensions, elixirs, aerosols, orany other
appropriate COMpOsIons.

To prepare such pharmaceutical compeositions, one or more of compound of the present
myention may be mixed with a pharmaceutical acceptable carvier, adjuvant and/or excipient,
accordmg to conventional pharmaceatical compounding techniques. Pharmaceutically

acceptable carriers that can be used n the present compositions encompass any of the standard

pharmaceutical carriers, such as a phosphate buttered saline solation, water, and emulsions, such
as an oilfwater or water/oil emulsion, and vanwous types of wetting agents. The compositions can
addizonally contam sohd pharmaceutical excipients such as starch, celludose, tale, glucose,
lactose, sucrose, gelatn, malt, rice, flour, chalk, silica gel, magnesium stearate, sodium stearate,
glveerol monostearate, sodunam chlortde, dried sk milk and the ke, Ligund and semisolid

excipients may be selected from glvcerol, propyiene glveol, water, ethanol and various oils,
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wicluding those of petrolewm, animal, vegetable or synthetic ongin, 2.g., peanut o, soybean o,
maneral o, sesame oil, efe. Liquid camers, particularly for imjectable solations, include water,
saline, aqueous dextrose, and glyvcols. For examples of carrers, stabilizers and adjuvants, see

Remington's Pharmaceutical Sciences, edited by E. W, Martin (Mack Publishing Company, 18ih

ad., 1990). The compositions alse can include stabilizers and preservatives.

The present invention also provides for a method of treating a disgase vomprising the step
of adnunistering to a patient a therapeutically effective amount of a deuaterivm-enriched
compound, e.g., deuterium-enriched perillyl aleohol, devterium-enriched isoperitivl alcohol, a
deuternmm-enriched periihvl alcohol carbamate ora dentenume-enriched soperitivl aleohol
carbamate.

As vsed herein, the term "therapentically effective amonnt” is an amount sufficient to
treat a specified disorder or disease or alternatively to obtain a pharmacological response treating
a disorder or disease, Methods of determining the most effective means and dosage of
admunistration can vary with the compostion used for therapy, the purpose of the therapy, the
target cell being treated, and the subject being treated. Treatment dosages penerally may be
titrated to optimize safety and efficacy. Single or multiple administrations can be carried out
with the dose level and pattern being selected by the treating phvsician, Swuitable dosage
formulations and methods of admbistering the agents can be readily determined by those of skill
w the art. For example, the composition are admmistered at about 0.01 mygfky to aboot 200

mg'kg, about 8.1 mg'ky to about 100 mgke, or about 0.5 mg/ke to about 30 mgky. When the

compounds described herem are co~-admuuistered with another agent or therapy, the effective
amount may be less than when the agent 1s used alone.

Transdermal formelations may be prepared by mcorporating the active agent m a
thixotropic or gelatinous carmier such as a celluloste mediom, e g, methyd cellulose or
hvdroxyethyvl cellulose, with the resulting formulation then being packed in a transdermal device
adapted to be secured in dermal contact with the skin of a wearer. If the composition 1s m the
form of a gel, the composition may be rebbed onto a membrane of the patient, for example, the
skiny, preferably miact, clean, and dry skin, of the shoulder or upper arm and or the upper torso,
and maintained thereon for a period of time sufficient for delivery of the present compound o

the blood serum of the patient. The composition of the present mvyention m gel form may ba

24



10

15

20

25

30

WO 2013/119304 PCT/US2012/066379

contamnad 1 a tube, a sachet, or a metered pump. Such a tube or sachet may contam ong unit
dose, or more than one unit dose, of the composition. A metered pump may be capable of
dispensing one metered dose of the composition.

This invention also provides the compositions as described above for intranasal
administration. As such, the compositions can further comprise a permeation enhancer. Southall

et al. Developments in Nasal Drug Delivery, 2000, The present compound may be gdministered

intranasally as an aerosel, in a liquid form such as a solution, an emulsion, a suspension, drops,
or int a solid form such as a powder, gel, or ointment.

Devices to deliver intranasal medications are well known in the art. Nasal drug delivery
can be caried out using devices including, but not limuted to, intranasal inhalers, ntranasal spray
devices, atormizers, nasal spray bottles, unit dose contaimers, pumps, droppers, squeeze botiles,
nebulizers, metered dose mhalers {MDI), pressurized dose inhalers, insuftlators, and bi-
directional devices. The nasal delivery device can be metered to admunster an gecurate effective
dosage amount to the nasal cavity. The nasal delivery device can be for single wait delivery or
multiple vnit debivery. Tu a spectfic example, the ViaNase Electronic Atomizer from Kuorve
Technology {Bethell, Washungton) can be used m this tnvention. The compounds of the present
mvention may also be delivered throngh a tube. a catheter, a syringe, a packtail, a pledpet, a
nasal tampon or by sabmucosal mfusion. ULS. Patent Publication Nos, 20090326275,
20090291894, 20090281522 and 20090317377.

The present compound can be formulated as asrosols using standard procedures. The
compoutd may be formulated with or without solvents, and formulated with or without carviers.
The formudation may be a solution, or may be an aqueous emulsion with one or more surfactants.
For example, an aeroso] spray may be generated from pressurized contamer with a suntable
propetiant such as, dichlorodifluoromethane, tnichlorofluoromethane, dichlorotetrativoroethane,
hydrocarbons, compressed air, mitrogen, carbon dioxide, or other switable gas. The dosage wauit
can be determined by providing a valve to deliver a metered amount. Pump spray dispensers can
dispense a metered dose or a dose having a specific particle or droplet size. As used herein, the
term “aerosol” refers {0 a vaspension of fine solid particles or hiquud solation droplets i a gas.
Specifically, acrosol includes a gas-borne suspension of droplets of a monoterpene (or
sesquiterpene}, as may be produced mn any sustable device, sach as an MIM, a nebalizer, or a nust

spraver. Aerosol also mcludes a dry powder composition of the composition of the mstant
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wvention suspended m air or other carrier gas. Gonda (1990) Critical Reviews m Therapeutic

Dirug Carmer Systems 6:273-313. Racbum et al., (1992} Phammacol. Toxicol. Methods 27:143-

159,

The present compound may be delivered to the nasal cavity as an aerosol, such gs a hquid
aerosol, or a solid aerosol.  The present compound may be delivered to the nasal cavityv as a
powder in a form such as microspheres delivered by a nasal tnsufflator. The present compound
may be absorbed to a solid surface, for example, a carrier. The powder or microspheres may be
administered i a dry, air-dispensable form. The powder or microspheres may be stored in a
container of the msufflator. Alternatively the powder or microspheres may be filled into a
capsule, such as a gelatin capsule, or other single dose unit adapted for nasal administration,

The pharmaceutical composition can be delivered to the nasal cavity by direct placement
of the composition 1 the nasal cavity, for example, in the form of a gel, an otntment, a nasal
emulsion, a lotion, a cream, g nasal tampon, a dropper, or a bioadhesive strip. In certain
embodiments, # can be desirable to prolong the residence time of the pharmaceutical
composition 1 the nasal cavity, for example, to enhance absorption. Thas, the pharmacestical
composition can optionally be formulated with a bioadhesive pobamer, g pum {e.g.. xanthan
pom), clutosan (e g, highly purified cationic polysaccharide), pectin {or any carbohvdrate that
thickens tike a gel or emulsifies when applied to nasal mucosa), a microsphere {e.g., starch,
albumin, dextran, cyclodextring, gelatin, 8 liposome, carbamer, polyvinyl sleohol, algmate,
acacia, chitosans andfor cellulose {e.g., methyvl or propyl: hydroxyl or carboxy carboxvimethyl or
hydroxylpropyl}.

The composition contamning the present compoand can be admmnistered by oral inhalation
mto the respiratory tract, 1.e., the lungs.

Typical delivery systems for inhalable agents inchude nebulizer mbhalers, dry powder
mhalers (DP1), and metered-dose inhalers (MDI).

Nebalizer devices prodace a stream of high velocity air that causes a therapeulic agent in
the form of hiquad to spray as a nust. The therapeuatic agent 1s formulated m a hquid form such as
a solation or 8 suspension of particles of suitable size. In one embodiment, the particles are
micrenized. The term “micronized™ is defined as having about 90% or more of the particles with
a diamater of less than about 10 um. Suitable nebulizer devices are provided conunercially, for

example, by PARI GumbH {Stamberg, Germany). Other nebulizer devices mclude Respimat
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{Boehringer Ingeltheim) and those disclosed iy, for example, ULS, Patent Nos. 7,568 4880 and
6,123 068, and WO 97/12687. The present compound can be formulated for use 1 a nebuhizer
device as an aqueous solution or a3 a hqmd suspension.

DP devices typically administer a therapeutic agent in the form of a free flowing powder
that can be dispersed in a patient's aw-stream during mspiation. DPI devices which use an
external energy source may glso be used in the present wvention. In order 1o achieve a free
flowing powder, the present compound can be formulated with a suitable excipient (2.2,
lactose}. A dry powder formulation can be made, for example, by combining dry lactose having a
particte size between about | pm and 100 wm with micronized pamticles of the present compound
and dry blending. Alternatively, the compound can be formulated without excipients. The
formulation 1s loaded mto a dry powder dispenser, or mto whalation cartridges or capsules for
use with a dry powder delivery device. Examples of DPI devices provided commercially mclude
Diskhater (GlaxoSathKline, Research Triangle Park, N.C.} {see, e.g., U.S. Patent No.
5,035.237); Diskus (GlaxoSmuthKhine) {see, e g, U.S. Patent No. 6,378.519; Twbuhaler
{ AstraZeneca, Wilmington, Del) (see, e.g.. U.S. Patent No. 4,324,769}, and Rotahaler
{GlaxoSmithKline) {see, e.g., U.S. Patent No. 4,353 365}, Further examples of suitable DPY
devices are described in U.S. Patent Nos. 5,415,162, 5,239,993, and 5,715,810 and references
therein,

MDI devices typically discharge a measured amount of the stored composition using
compressed propellant gas. Formulations for MDT admanistration nclude a solution or
suspension of an active mgredient in a hiquefied propeliant. Examples of propellants include
hydrofluoroatklanes (HFA), such as 1,11, 2-terrafluoroethane (HFA {34a)and 1,1,1.2,333-
heptafluoro-n-propane (HFA 227), and clidorofluorocarbons, such as CCKF. Additional
components of HFA formalations for MDI adminsstration inchde co-solvents, such as ethanol,
pentane, water; and surfactants, such as sorbitan trioleate, oleic acid, lecithin, and glyeerin, (See,
for example, U.S. Patent No. 5225183, EP 0717087, and WO 92/22286). The formudation 18
toaded mto an aerosol canister, which forms a portion of an MDI device. Examples of MDI
devices developed specifically for use with HFA propellants are provided m U.S. Patent Nos.
6,006,745 and 6,143,227, For examples of processes of prepaning suitable formalations and
devices suitable for mhatation dosing see ULS. Patent Nog. 6,268,533, 5,983 936, 5,874,063, and
£,221,398, and WO 99/53801, WO 00/61 108, WO 99/55319 and WO 00/30614.
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The present compound or pharmaceutical composition may be encapsulated in liposomes
or microcapsules for delivery via mhalation. A liposore is a vesicle composed of s Hipid bilaver
membrane and an aqueous interior. The lipid membrane may be made of phospholipids,
examples of which include phosphatidylcholine such as tecithin and tysolecithing acidic
phospholipids such as phosphatidylserine and phosphatidylglveerol; and sphingophospholipids
such as phosphatidylethanolamine and sphingomyelin, Alternatively, cholesterol may be added.
A nucrocapsule is a particle coated with a coating material. For example, the coating material
may consist of a mixture of a film-forming polymer, a hvdrophobie plasticizer, a surface
activating agent ov/and a lubricant nitrogen-containing polymer. US. Patent Nos. 6,313,176 and
7,563,768,

The present compound or pharmaceutical composition may also be used alone or
combination with other chemotherapeutic agents via topical application for the treatment of
localized cancers such as breast cancer or melanomas. The present compound may also be used
m combingtion with narcotics or analgesics for transdermal delivery of pain medication.

This mvention also provides the compound or the compositions as desceribed above for
ccular admmistration. As such, the compaositions can further comprise @ permeation enhancer,
For ocular administration, the compositions deseribed herein can be formulated as a sohution,
emulsion, suspension, ete. A vartety of vehicles suitable for admumistering compounds to the eye
are known in the art. Specific non-hmiting examples are described m ULS. Patent Nos.
6,261,347, 6, 197,934 6,056,950, 3 800,807, 5,776 445, 5698219 5,321,222, 5 403 841,
5077033, 4 882.150; and 4,738 851,

The present compound or pharmaceutical composttion can be given alone or
combination with other drugs for the treatment of the above diseases for a short or prolonged
pertod of tme. The present compound or pharmacestical compositions can be adnunistered to a
mammal, preferably a human. Manwoals include, but are not Innited to, murines, rats, rabbit,
stimians, bovines, ovine, porcine, camnes, feline, farm animals, sport ammals, pets, equine, and

primates.

The present compounds or compositions can be administered alone, or may be co-
admuustered together with radiation or another agent (e.g., & chemotherapeutic agent), to treat a

dizease such as cancer. Treatments may be sequential, with the present compounds or
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compositions bemng admuinistered before or after the admunistration of other agents. For example,
a deuterium-enviched perithvl alcobol (or 1soperillvt alcohol) may be used to sensitize a cancer
patient to radiation or chemotherapy, Alternatively, agents may be admnistered concurentiy.

The present deuterium-enriched compounds may be used in combination with radiation
therapy. In one embodiment, the present invention provides for a method of treating tumor cells,
such as malignant ghoma cells, with radiation, where the cells are treated with an effective
amount of a deuterium-enriched compound of the present mvention {(such as dewterium-enniched
perillyvl alcohol or deuterium-enriched isopenitivl alcohol), and then exposed to radiation,
Treatment by the compounds of the present invention may be before, durmg and/or after
radigtion. For example, the compounds of the present invention may be adnunistered
continuously beginning one week prior to the initiation of radiotherapy and continued for two
weeks after the completion of radiotherapy. U.S. Patent Nog. 5,587 402 and 5,602,184,

In one embodiment, the present invention provides for @ method of treating tumor cells,
such as malignant ghioma cells, with chemotherapeutical agent, where the cells are treated with
an effective amount of a deuternm-enriched compound of the present invention {such as
deuterium-enriched perilhyvl aleohol or deuterium-enriched isoperiilyl aleohol), and then exposed
to chemotherapeutical agent. Treatment by the compounds of the present invention may be

betore, durmg andfor after chemotherapy.

The compounds or pharmaceutical composttions of the present mvention may be used for
the treatment of nervouns system cancers, such as a malignant ghoma {e.g., astrocytoma,
anaplastic astrocytoma, ghoblastoma multiforme), retinoblastoma, procytic astrocytomas {grade
1), meningtomas, metastatic bramn tumors, nearoblastoma, pitwatary adenomas, skull base
menngiomas, and skull base cancer.

Cancers that can be treated by the present comspounds ov pharmaceutical compositions
include, but are not limited to, lung cancer, ear, nose and throat cancer, leakemia, colon cancer,
melanoma, pancreatic cancer, mammary cances, prostate cancer, breast cancer, hematopoietic
cancer, ovarian cancer, basal cell carcinoma, biliary tract cancer; bladder cancer; bone cancer;
breast cancer; cervical cancer; choriocarcinoma; colon and rectum cancer; conngctive tissue
cancer; cancer of the digestive svstem; endometnial cancer; esophageal cancer; eyve cancer;

cancer of the head and neck; gastriv cancer; intra-epithehial neoplasm; kidney cancer; larvax
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cancer; leukenua including acute myeloid leukemia, acute lvimphond leukemia, clwonic myelmd
leukemia, chronic lymphoid leukemia; liver cancer; tymphoma including Hodgkin's and Non~
Hodgkin's lvmphoma; mysloma; fibroma, neuroblastoma; oral cavity cancer (e.g., lip, tongue,
mouth, and pharynx); ovarian cancer; pancreatic cancer; prostate cancer; retinoblastoma;
rhabdomyosarcoma; rectal cancer; renal cancer; cancer of the respiratory system; sarcoma; skin
cancer; stomach cancer; testicular cancer; thyroid cancer; uterine cancer; cancer of the urinary
systern, as well as other carcinomas and sarcomas. LS. Patent No. 7.601 355

The present invention also provides methods of treating CNS disorders, including,
without Himitation, primary degenerative neurological disorders such as Alzhemmer’s,
Parkmson’s, psychological disorders, psychosis and depression.  Autism may also be weated by
the present compositions and methods, Treatment may consist of the use of a compound of the
present invention alone or i combination with current medications used tn the treatment of
Parkinson's, Alzheimer’s, or psychological disorders.

The present invention also provides a method of improving immunomodulatory therapy
responses, comprismg the steps of exposing cells to an effective amownt of a compound (such as
deuterium-enriched perilhyl aleohol or dewterium-enriched isopeniilyl alcohol) or pharmaceutical
compositions of the present invention, before or during immunomodulatory treatment. Preferred
unmunomodulatory agents are cytokimes, such mterleckins, Ivmphokines, monokines,

mterfereons and chemokines.

The mvention also provides a method for ininbiting the growth of a cell in vitrn, exvive
or 2 vive, where a cell, such as a cancer cell, 1s contacted with an effecttve amount of the present
compound as described heremn.

Pathological cells or tissue such as hyperproliferative cells or ussue may be wreated by
contacting the cells or tissue with an effective amount of the compound or composition of this
imvention. The cells. such as cancer cells, can be primary cancer cells or can be cultured cells
available from tissue banks such as the American Tvpe Culture Collection {ATCC). The
pathological cells can be cells of a systemuie cancer, ghomas, menmgiomas, pituitary adenomas,
or a ONS metastasis from a systemic cancer, lung cancer, prostate cancer, breast cancer,
hematopoietic cancer or ovarian cancer. The cells can be from a vertebrate, preferably a

mammal, more preferably a haman. 178, Patent Pubhcation No. 2004/0087651. Balassiano el
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{1 o)y weas added over 2 pertod of 10 mun while maintaming the teperaurs below -78

reaction nuviure was steved for 1.0 0 &t S73 50 A solunon of phenvhnfliomde (353

w ey THE (18 miby weas added sfowhy wohile mamtanmg the tomperatre below ~T8 50 The

e wag slowdy warmed o 800, roaintamed for 208 h at 870 and then quenched wath

FRACHN &

satvrated sommontum chiovide solition. The separated orgarec laver was washed wtls water (15

ik, brive (15 mi and died over sodiom sudiate. The filered organie fayer was concentrated
wider vacwn, The resudbog residue was pandied by colmnn chyomatography, [Colamy

dirsensions: dlameten 6.0 cm, herghtt 12 o, sifioa: 200 mesh, eluted with hexanes (200 mby]
The spolar fractions weve comdnved and concentrated voder vacuum which gave 2 as anoid,

Weight: 0.9 ¢ Welght viskh 38%. H-NMR (400 MHz, CDCLY & 168 (s 310, L7 is, 3, 237

ZHE 246 {m JHY 297 Om, 2HEL 873 (my HHY ME (APCT +ve mode) Maolecular ton peak

was obhsarved,
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esis of S-isopray e eyefaliaxs Faeae cordoxels g‘r;se'.?ff{'ﬁs‘f exfer (30
To a solation of compoand 3 {02z, §.74 svaed) in N Kedimethylfvamannde 1.5 wml)
verg added methanol (1.0 mLY, methylamine {017 mi, 1.2 mmol}, 1, 3

phimopropans (0.03 g, .07 mmol) and palladiom acstate (0 iiétz;. (.07 mumol}.
N

{batloear pressure) for S b, The resction mituee was diloted with ethy! soetate {18 sy snd

bas{diphenylph

The reaction muxture was degs and thay sd af room lemperaiure 1

ashad with 3N HOUOU S mb b brine {18 mb ) and dried over sodium sulfate. The filtered

ok

organie hver was concentrated under vacuun: and the resuliing rexadue was purified by volumn
cleemaimgraphy, [Colnne dimensions: diamster, 6.0 o, haghtt 12 o, silicar 200 niesh, slated
with hexanes {100 ml} followed by ottod scotate: hexanes (2%, 150 mll}L

3

were combined and concentrated undsr vacwuwm which gave an ol Weight 088

fen

ayepes f enet AR X Sof Beesd :"et’

5"*:({ N f?’ Fof 3(.3;

Lithaws alominuns demenide (1.0 Man THE, 166 ml, 166 nunol) will be added slowly
o cold solution of methvl ester (3, T8, 11 nunol) o dry THF {20 mb) whils mamtsinmyg the
temperaturs below 10 %0 ander No. The reaction mibture will be slowly warmed o room

wnperature and then stivred st roon termporatre for 2.0 B The resction ymxnwrg wall be

guanched with saturated sodivm sulfate solution carefidly. The resudting titheuo salis will be
filtered and washed wnth ethyd acetate. The orpanie layver will be dried over sodnt sulfate and

filteved. The flate will be concantraied and the rexalting oil will be porified by cohawn

hy o abtan companngd 4,

Txample 3 Svuthesis of Bewferated tso-periliyl alvohol: d-Isopropylidene-T~eyciohsxene-i~

degters methanegn 42wl
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Lathonan aduenmom degtentde (1.0 M in THE, 16,6 mi, 166 munol} will e added slowdy

to 3 cold sohstion of Mathyl ester {3, 2.0z, 11 vumol} i dey THEF Q20 ml) whils matiaimmg the
temperature below 1 °C uader Na. The resction mivture will be slowly warmed to mom

temperature and then it will be stirved at room tompsraturs for 2.0 k. The reaction mixture will be
gusnched with 5% sodian desteroxide m B0 (6.0 mL) carefullv, The reselong hithinn salis

will be Hhered, and washed with ethyl avetate. The organie lyver will be died over sodium

subfate and flersd. The filirate will be concentrated snd the resulting otly residus will be

purifind by column chromatography to obtan coanpound 4A.

Example 4 Synthesis of Bestergted ko-perilivl sloahol: 4-Bopropyiidena-toyclahexene-1-

methan-aegdi-al

hydode (0.35 g 6.6 mmolly w dvy THEF (20 ml) at 10 °C over a pertod of § sur The mixnhre

wis slowly heated to vefluy and maintained fov 2.0 1 The reaction mixture was cooled and

quenched with satursted sodium subfate solution {2.0 mb). The ntldum salts were Rltered and

washed with hot ethyl geetate. The organic layver was dried over sodiwm sullate, Rltered and

H

concarated nnder vacnm 0 give a colorless o1l Weight 0.67 g Yiekh S0%: "H-KMR {400
LS {5, 3HY, L7 (he, OFDL 2,00 (o, 28, 233 (4 28, 279 (br s,
ave TAZ N, 3.3%G), 135,07 (1069, 10T 12 (3%

Dry DMSO 5w ¢ added o 3 cold solution of sxal

vichlride (007 mi, 7.8

vl in dichloromethane (158 mﬁi.._} At ~78 %0 aud the vusture will be stieved for 30 pun. Aleobed

3
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{5, O, 65 mmely, i 5 mb of BOM el be sdded over 10 min and the waxtare will be stivved

RE

for 1O followed by the addition of tathvlamme {08 mb). The reaction vuixture will be stirred

for 0.3 b and then warmed 10 room temperatuse. or {26 miy will be added and the BCM

faver will be separated. The aquesus laver will be extracted with DOM 20 mL) and sepurated

5 The combmed DUM laver will be washed with water, separated, amd will be dried orver sodium

sulfate, The Hhered orgsne laver will be concantrated winder vacwn and the resuliand residue

will he punified by columm chromatography o obtain compound &

oY . + LI bR
Spahesic of Sisopropylic

3

Lathiwro slomdoun deuteride (LO M W THF, 213 ;all, 213 mmol) will be added slowly

P
[

3

tor a cobd sohstion of adeboede {6, 2.0, 133 nunol) in dry THF (20 mb) whils mamtaming the
semperaturs below 1090 ander N The reaction nuxture w ;H?: shonady warmasd o voom
temperature and then heated o reflox for 2.0 b, The resction mixture will by guenched with

&

saturated sodiom sulfite solation carefilly. The resnlnng hthaes sales will be fltered and

washed with ethyl acetate. The organic tayer will he dried over sodiv sulfine and filtered. The

P
841

filirate will be concentrated and the resulting off will be purifisd by colimn chromatopraphy ©©

obtan compound 7.

Example § Syuthesits of Bruterated so-periliyl alvcheol: &-lsopropylidense ~Iryclohexened-

20 gegters methasgegrd el

e
LI

e

2% Lithfwn shoninom deotecide (1.0 M i THE, 213 ml, 213 wool) will be added slowdy

N

ter g colid solunion of aldehyede (6, 2.0, 13.3 romod) wm dey THEF 20 mL) while matmaming the
femperature below 10 %0 ander Ny The reaction mtore will be slowly warmed to room

wnperafiwe and then i will be heated o reflox for 2.0 B The veaction will be guenched with

.l

i

v
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S% soduan dewteroxide i DHO (60 mdl) carefidlly and the rexelting iy salis will be Ritered,
washed with ethy! acetate. The ovgame faver will be dried over sodinm sultate and ftered. The
filivate will be voncentrated and the resultmy oidy residue will be punfied by column

1

chromatography to obtan compound TA.

Eaampls & Synthesds of Musthyl Colevoxib bisPOH Carbamuts (i NN “d-soprogeny
eyelehex-L-envimetheloxy carbonyl |52, 5 dimuthyl phenvh-3rifuoromethyl pyraeedd-

i benrsnssntonamide}

P
[

The reaction schame is the following:

orofurrnsts 8
50 O

Limethvt celecoxits

PRIC-POH

ctrrssssssssssssshn:

$o3
i3

Phosgene (20% w tolueng, 13 mi, 262 nanel} was added to a muxture of perifly! aleohol

{2.0 gramy, 131 mmol} and potassium carbonate (5.4 grams, 391 pumol) w dry toloens 30 mb)

gvar a period of 30 mmutes while mainwining the temperatare betwesn 10°C 10 15°C The

R

regciion nuxare wis atlowed o w10 room temperature and stirred for 8.4 howrs under ]

The reaction Mixiure was {30 ml) and the organie lavey was separatsd.
20 The agoesus faver was extracksd with tohuens (20 mL) and the combmed organis layver was
witshed yith water (S0 ml x 2}, brine (15%, 30 by and dried over sodnwny selfate {20 grams}.

The fltered organe hvver wis concentrated ender vacuam o give penidhy ehloroformate as an

K
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pil. Weight: 2.5 grams: Yield: 89%. "H-NMR (400 MHz, CDCLY: 8 1.5 (m, 1H), 1.7 (s, 3H), 1.8
{m, TH), 2.0 (m, 1H), 2.2 (m, 4H), 4.7 (dd, 4H}; 5.87 {m, 1H)

Periliyvi chloroformate (.11 grams, 0.35 mmol) was added siowlv 1o a2 mixtwe of
dimethyl celecoxib (0.2 grams, (.30 mmol) and potassium carbonate (0.13 grams, 1.0 mmol) in
dry acetone {10 mL) over a period of § nunutes under Ny The reaction muxture was heated to
reftux and mawmntained for 3 hours, Singe TLC analysts mdicated the presence of dimethyl
celecoxib (> 60%), another 1.0 equivalent of perillyl chloroformate was added and refluxed for
an additional § hours. The reaction mixture was cooled and acetone was concentrated under
vacuum to give a residue.

The resulting residue was suspended m water {15 mL) and extracted with ethyl acetate
{3x13 mL}. The combingd organic layer was washed with water {20 mL) followed by brine
{15%, 20 mL) and dried over sodium sulfate. The hiltered organic layer was concentrated under
vacuum to give g residue which was purified by cohunn chromatography {column dimensions:
diameter: 1.5 om, height: 10 cm, sitica: 230-400 mesh] and eluted with hexanes (100 mL)
followed by a mixture of hexanes‘ethyl acetate (95:5, 100 mL). The hexane/ethyl acetate
fractions were combined and concentrated under vacuum to give a gummy mass,

The product POH carbamate exhibited a weight of 120 mg and a viekd of 31%. 'H-NMR
{400 MHz, CDCELY. 0 0.9 (m, 2H), 1.4 {m, 2H), 1.7 (m, 7H*}, 1.95 (m, SH¥), 2.1 (m, 4H), 23 (5,
3HY, 4.4 {d, 2H)Y. 4.7 (dd, 2H), 5.6 {br d, 2H)L. 6.6 (s, 1H)YL, 7.0 (brs, 1H), 7.12(d, 1H), 7.19 (d.
TH), 7.4 (d, 2H), 7.85 {d, 2H) MS, mie: 7518 (M7 3963, 374.3 (100%4), 530.5 (45%), 396 (6%).
¥N.B. further 2H overlapping from presumed mmpurity discounted fn NMR integration.

The product POH carbamate may be partially or fully deuterated. For example, one or

more of the H atoms may be deuterium.
Example 7 Synthesis of Temozoloniide POH Carbamate {3-methyl 4-0x0-34-
dihydroimidaro{S,1-d}{1,2.3.5}tetrazine-8-carhonyl}-carbamic acid-4-isopropenyl cyvclohex-

1-enylmethyl ester)

The reaction scheme i the following:
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e

Crabyl ehlovide (013 grams, LU mmol) was added slowly to o puxtare of tsmosolnnade
{OChen Incorporation, 8.1 gramyg, 8.5 mmaol) 1 2-dichlorcethane (Bhmly over a pentod of 2

pvmetes wiitds matntainmy the temperanes at 1070 wder Moo The resciion niinture was allowsed

£ Warm o oo temperatere and then heated o refhug for 3 hwsas, The sxoess of oxalvl

-,
e

comrentration under vacuum, The resubiin

o and { 2-dichl

"§

<3

vorethane {15 mby and the reavtion mxiure was eowded o

was re-ghssolved m 1 2-digd

YO ander Ny & seduting of perithyl aloohol {£.086 grams, .36 mmol) in 1 2-dicklorcethane 3
b} was sdded over a periad of 3 mmuotes. The reaction moiiurs was ghowed 1o warm to room

temperature and stived for 14 hows. 1 3-diwhloroethane was concentrated ander vacuum o give

reflow solid was Hlered and washed

s vesicdug, which was triturated with hexanes, The resaltng
with hevanes. Weighe 170 my Yield: 888 71

SHG, 46-4.8 (4N, 388 (b s, 'i.ﬁ%{j 8.4

N

40545,
.

peak was obsseved. miel 314 {100%), 2865

%

Alernatively, tomovolonude PO cwrbamme was syothesized acoording o the following
procedare. Qmalyl chionde (0013 grams, 1O wmol} was sdded slowly to 2 minwe of

Y

semozatomide {OCherm Incorporation, 8.1 grares, 0.5 nunol) in  S-dichlorosthane (10 ml) o

rod of 2 minutes while maimaining the terperature at 19 7°C under Ny The reaction mixture

)

weas sdowed to warnt (0 roon temperatore sod then heated o vellux for 3 hours, The excess of

esviration undet vacwan, The

oxalyt chlonde and 1 3-dichlomethane ware ramoved by om

resaliny residue was re-dissolved in | 2-dichlorethane (15 mb) and he reaction wixire wag

cooled o 10 °C wnder Na. A solotion of periliyl aloshol {8086 grams, 058 ramol) in 2

oo
&

ad over & period of § minntes. The resction mixaere was agllowed

e

dichioroethans Gml) was #

0wt i roon temperatare and steved for 14 hours. L 2-Dichlorcethane was concentrated
andey vacuum @ give a restcdhiee, which was psified by a short sthoa-plup column {oolomn

dimensions: diamedey 2 om, hetghtn 3 oy, sthear 2300400 mesh) and eluted with g wuxtare of

,
Su
)
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heanesfethiv acetate (111 100wl The hexanefethyd atetate fractiom werg cominined and

concentrated wider vacuan o give 8 white sobd residue which was tritergted with beptanes and

filigred o oblam a winide solud \\\.ght E70 mg Yisld: 89

314 (100%), 286
The prochaot PO cawrhbwoate may be partially o fully deoterated. For sxample, one or

s of the H atonms may be deuterium,

Example & Bonthests of Redipram POH Carbamate (- 3cvclpenivipyy-domethony

P
[

pheayib-Z-oxo-prrvoliding--carboyyiic acid d-isoprapenyl ovclohex-bonyimethyl ester)

o

The reaction scheroe s the followig

N

Fasfipram POH

P
in

T

Phosgene {20% notoheene, 13 i 267 sumod) eaay added 1o s mixnee of perihid aleohl

{30 grams, 131 mmol) and potassium carbonats {34 grangs, 321 muned} o dey wobloene (30 ml)

el
s
=

over a period of 30 nunotes while raintaining the temperature between 1070 w0 187°C
resefion mature was allowad 1o warsy o room temperature and strved for 8.0 houwrs wader Ny

1w laver separated. The

RS

20 The reaction mixtore was quenched with water {30 s and the organ

¥

aqueons laver was extracted with tolvene {20 L) and the combed organie laver washed with
water {30 mi x 2} e (18%%, 36 mi and drned ovir sodia sulfate (206 grams). The fidtered

¥

orgame faver was concentrated wider vasum o give penidby! chlorotonmate as sn ol Waghn

4
3 }
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2.5 gramsy Yield: BO%, FLNRR (400 MHx, CDOLE & L8 (o VL L7 (03, B8 O T, 20

fry, VEEY 202 G, 4HDL 47 {dd, a8 38T 4w THDL
Buty! hthma (2.3 M, 8018 mib, .45 mmol) was added 1o @ solution of rolipram (GL

synthesis, Ine, 0.1 grams, 8.36 mmaod) o dry THY 8t -72°C over a period of S minutes under N

Adfter the resction mixture was stirred for 1O bowrs at -727 0, pendivl chiovolormate {dissalvad n

s the tempergiure at STV

4ol THEFY was gdded over a perind of 15 munutes while roaintab
The reaction nuxture was stivred for 2.5 hours and quenched with saturated snumoninm chloride
{$mi) The reaction mixture was allowsd to wanm o roon lemperatms and exiracted with
sehyvt acstats (2x15 mb) The combinsd organic laver was washsd with water {15 ml), wine
{13%, 15 mb), and che drisd over sodian salfste. The fibered organic lover was concentrated

i

o give an ol which was purified by cohonn chromasography [eolunn dimensions: diameter 13

oo, heights 10 ove, sificar 3300400 mesh] and eluted with a maxture o 8% ethyd seonatetbexanes
{100 ml) followed by 12% ethyl acetate/hexanes (100 mb). The 12% ethyl acetate fhoxanes

fractions were combined mnd concentrated wnder vatmmm o vield & pummy sohd. Weaighy 14

N

aare of the H atons may be dagternan.

canple ¥ Syathesis of Bso-POR Conjopated with Teawneolamide {TME)

The reaction schere w the ollowing:

A

&

SN

-‘-..

Freparation of (3-Merfpd Seoxos3 dedifpdroimida:
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Onalyl chlonde {826 g, 2.0 nonod will be added dowly to s yaxtore of Tomosolamide

{Soarrpe: OChen Increporation, Lot 8071 (02 g 1.0 mmol w1 2-dishdoroethane (18

-~

the temparaturs at 10 °C under §

s The reaction

fow 2.5 b, The

mby over g peniod of S nun while mamtainmg

mixture will by allowed to warn to roon temperstere and then heated o refhux

entration undsy

cabyvl ohloride and 1 2-dichlovosthane will be ramo

vacinit, The resuliing resichse will be redissobved o { 2-dichloroethanse (20 mi} and the

Fraction mbvire cooled o 0 aader N sodution of isopenllvt alecohol {07 g, 112 mumoly in

b 2-dichloroethane (5 mbly will be added over a pertod of Hindn, The resction mixture will e

ailowed (0 warm © oo tem;‘:‘eram:: s and stirred for 12 h L23-Dickloroethans will be

concentrated vnder vacun o give a residue which will be riturated with hexanes, The resulting

D
-
Y

pale vellow solid wall be filtered and washed with hexanes,

3

The product iso-PON carbaroate may be partially or fully deutersted, For sxarpls, one or

e of the B atoms raay be dewterim.

Example 1 Syuthesis of 1se-POH Conjunpated with Rolipram

The reaction scheme 1 as follows.

i rrssssssrsside.

wily will be added to 8 mixours of isopeniiyv

alcobol (3.0 ¢, 147 nuool} and potassium carbonate (8.1 g, 38,6 romad) in dry woluene (48 mb)

ceer g period of 45 min while majntaining the temperature between 10-12 °C. The reaction
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nuxture will be allowed (0 warm to room temperature and stirved for 10 Iy under Ni. The reaction
mixture will be quenched with water (40 mL) and the organic layer separated. The aqueous layer
will be extracted with toluene (30 mL) and the combined organic fayer washed with water {40
mL x 2}, brine {10%, 40 mL). and dried over sodium sulfate {25 g). The filtered organic layer
will be concentrated under vacuwm to give isopeniilyl chloreformate as an oil.

Butyl hthium (2.5 M, 0.36 mL, 0.90 mmel) will be added to a solution of rolipram
{Source: GL synthests, Inc. Lot # GLS-SH-110809; 0.2g, 0.72 mumol) in dry THF {8 mL) at-72
“C over a period of 10 min under Ny, After the reaction mixture being stirred for 10 hat -72
°C, isoperilly! chloroformate (0.16 g, 0.76 mmol, dissolved in 4 ml THF) will be added overa
pertod of 10 min while maintaining the temperature at -72 “C. The reaction mixture will be
stirred for 3 h and quenched with saturated ammonium chloride (10 mb). The reaction mixture
will be allowed to warm to room temperatare and extracted with ethyl acetate (2x20 mL). The
combined orgame laver will be washed with water (20 mL), brine (10%, 25 mL), and dried over
sodium sulfate. The filtered organic layer will be concentrated to give an ol which will be
portfied by colomm chromatography [Cohunn dimensions: dia: 1.5 om, heaght: 13 cm, aibica:
230-400 mesh] and eluted with a nuxture of 3% ethyl acetateshexanes (120 ml) followed by
10% ethyl acetate'hexanes {150 mL). The 10% ethyl acetate fhexanes fractions will be combined
and concentrated wnder vacuwm 1o give a gommy sohid.

The product 1s0-POH carbamate may be partially or fully deuterated. For example, one

or more of the H atoms may be dewterium.

Example 11 Synthesis of Dimethyl Celecoxib bis iso-POH carbamate conjugate

The reaction scheme 15 as follows,

44
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o srssssss s s

alvolio! (3.0 g, 197 mood) and potassiom carbonate (8.1 g, 38,0 mumeol} i dry tolusue (43 mbj

gver a period of 45 mi while muintaining the temperatore between 10-12 °C. The reaction

f

wixture will be allowed to warm to rowmmn tempersture and stoved for 10 b under Mo The reaction

auviure will be gquenched with water {40 b} and the grgamc lnyver separated, The agquenus

faver wall be exiracted with toloene {30 b} and the combined orpanic layver washsed with water

The filtered organ

{40 ml x 23 brime (10%, 40 ml), and dined over sodam suifate (08 g

e

fayer will be concantated wadsyr vamumn 1o pive isopertihd ehlorndirmate ax anc ol

tsoperidiyt chloroforms 2 g, L4 ownol) will be added stowly o g miwre of

dimethyl celecoxibh (0.2 ¢ .50 muool) and potassium carbounate (00 g L0 romoly i dey

S R

acetong {25 ml} ove

g poried of § min under Ny The reaction nuxtare witl be bested 1o refhax
and mainamed for 4 i The rescuon mixture will be vooled and the sootone concentrated under
vacwen. The resudting restdue will be sospeadad 1 ovater {25 b)) and extracted with ethyd
acetate {3k20 ol The combined organie laver will be washesd with water {40 mll}, followed by
brine {10% 30 mdl), and dyed over sodiom sulfate. The Bltered ovganie Javer will be
concentrated ander vacuum 0 give a restdie which seill be punified by coloom chromatography

1

Flohmm dimensiona: di B8 om, b S omy, sihesr 230-40¢

mesh] and chaed with hexanes

{100 mL) ollowed by g nuxtare of hesan 3, B mb ) The hexanedetind

acetate fractions will be combimed and conce QIVE 8 EUININY Mass,



10

15

WO 2013/119304 PCT/US2012/066379

The product 1so-POH carbamate may be partially or fully dewterated. For example, one or

more of the H atoms may be deuternum.

The scope of the present invention is not limited by what has been specifically shown and
described hereinabove. Those skilled in the art will recognize that there are sustable alternatives
to the depicted examples of materials, configurations, constructions and dimensions, Numerous
references, ncluding patents and various publications, are cited and discussed in the description
of this invention, The citation and discussion of such references 1s provided nerely to clarify the
description of the present invention and is not an admission that any reference is prior art to the
wvention described herein. All references cited and discussed in this specification are
icorporated hergin by refergnce in thewr entirety. Vaniations, modifications and other
implementations of what is described herem will occur to those of ordinary skill i the ant
without departing from the spirit and scope of the vention. While certain embodiments of the
present invention have been shown and described, it will be obvious 1o those skilled n the art
that changes and modifications may be made without departing from the spirit and scope of the
mvention. The matter set forth i the foregomg deseription and accompanying drawings is

offered by way of illustration only and not as 2 linutation.

46
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What s olaimed w
A denternm-enniched compound of Formmda | or Formula H

R 3 Q}

Tk

JEERV:Y

I 4

R 14 & 14

Fermula Formuda {i

or a pharmeacsuiivally seceptabls salt theveof) wherewy By, B, By Ry R Ry, Ry, R, Ry, Ry,
Byy, Rin Ris, Ry Ris and Ry ave mdependently selooted feom the gronp consisting of bydrogen~
{ and dewteriuy i, wid af least one Qf}f{;t R» }‘vf.;s.ﬁ ifi—;\.\ Rs, &*‘_\, Rf:', ‘{{.'\f\ R\‘;( R;-‘;._ R; R;:, Rg,s, 31:(;, R;fz

and Ry v dewtertuny; and whevein the abundance of dewterinm s at least about 185

2. he dewteriumeenniched compound of olatn 1) selsctad ooy the group consisting
oft

oL DN D, Ob a.

&

.l
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Do 0D

o

-

3

A dewtersump-soriched perilibvd aloobol o wopertiiyd aleobod, wherem &

abrandanes of deoteriem s at least sboud 1894

EEtN

w devtsnium-snriched compond of claims 1, 2 or 3, vonjugated with a
therapeatic agent to forms & carbamuate.

MM

tohed periibl alvohed varbamate or soperillyl alcohol carbamats
wherstn the abundance of deuteriws s at least ghouy 1%

8. The devteniunr-snriched componnd of any of claims 1 - 5, whersan the sbundancs

bot
>

of dewternmt v at Teast

shons 30%
3. The devtsrumeenrichad compound of claim 5, wheretn periibd aloohal or

woperibd alvohad is conp

ted with a therapeutic sgent o fiwm a carhamate.
§, The deatenume-enriched componnd of claims 4 or 7, wherein the therapautic agent
o chemothergpentio

selected from the group congisting of a BNA alkvlating agsat, s

L8, o

Sk
3

opoisomerase whibitor, an endoplagmic rebionhu stress indiang agent, & platinus compound,
an antimetabodits, an sy nhibitor, and & recepor mdagomist,
B The de

eiam-enrichad compound of clamms 4 or 7, wherein the therapeutic agemt

soted from the growp comsisting of dimethyd cetocaxib

N, temozakomde (TMZ) and
rolipram,

20 W A phar

grinacsutical composition conprising the dewteriunveanched covapound of
any of elamas 1 - 3
T3 5 € v 2 39 T IR A revg Y4 S ae B b an 2 A S P A 8 v
By The phanwacentical compositon of clany 10, farther conywising &

rapentic agent selected from the group consisting of 8 DNA allovlang

e sgent, §
foporsomerase mhibitor, an endoplasmue reticulom svess mducing sgent, a platimaey compotnd,

QETS

an antimetabolite, an enzyme wdnbioy, and g receptor avgagonist,
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12, The pharmaceutical composttion of claim 10, further comprising a therapeutic
agent selected from the group consisting of dimethyt celocoxil (DM}, temozolomide {TMZ)
and rolipram.

13, A pharmaceutical composition comprising the dewtertun-enniched compound of
anv of claims 4 - 9.

4, A method for treating a disease m @ mammal, comprising the step of
administering to the mammal a pharmaceutical composition comprising a therapeutically
effective amount of a deuterium-enriched peritivl alcohol, a deutertuny-enriched soperiiiyl
alcohol, 8 dewteriun-enniched periliyl alcohol carbamate, andior a deuwterium-enriched isoperiliyl
aleohol carbamate.

15, A method for treating a disease in a manmmal, comprising the step of

administering to the manuual a pharmaceutical composition of any of claims 10~ 13,

16, The method of claims 14 or 13, whereimn the disease is cancer.
17. The method of claim 16, wherein the cancer is a tumor of the nervous system.

18, The method of ¢laim 17, wherein the disease is ghoblastoma,

19, The method of claims 14 or 15, wherein the pharmaceutical composition 13
admunistered by mhalation, intranasally, orally, intravenously, subcutaneousty or
intramescularly,

20, The method of clatms 14 or 15, further comprising the step of treating the
masvmal with radiation.

21, The method of claty 20, wherein the pharmaceutical composition 18 admmnistered
before, durmg or after radiation.

22, The method of claims 14 or 15, further comprising the step of adnmuimstenng to the
mammal a chemotherapeutic agent.

23 The method of claim 22, wherem the pharmaceutical composition 18 administered
before, durmng or after the administration of a chemotherapeutic agent.

24, The method of clazm 22, wheremn the chemotherapeutic agent is selected from the
group consisting of a DNA alkvlating agent, a iopomomerase mihitator, an endoplasmiic reticalom
stress mducing agent, a platinum compound, an antimetabolite, an enzvme mhibitor, and a

receptor antagomst,

49



10

WO 2013/119304 PCT/US2012/066379

25, The method of clanm 22, wheram the chemotherapeutic agent ix selected from the
group consisting of dimethvl celocoxih (DMCY, temozolomide {TMZ) and rolipram.

26, The method of claims 14 or 15, wheram the pharmaceuatical composition s
administered using a nasal delivery device.

27, The method of claim 26, wherein the nasal delivery device 1s selected from the
group consisting of an intranasal mbaler, an wtranasal spray device, an atomizer, a nebuhizer, a
metered dose mhalar (MDI}, a pressurized dose inhaler, an msufflator, a unit dose container, a

pump, a dropper, a squeeze bottle and a bi-directional device.
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