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(57) ABSTRACT
This invention relates to novel 2-amino-3-hydroxypropanoic 
acid derivatives and pharmaceutically acceptable salts 
thereof. This invention also provides compositions compris
ing a compound of this invention and the use of such compo
sitions in methods of treating diseases and conditions that are 
beneficially treated by administering an NMDA glycine-site 
antagonist.
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DEUTERATED 
2-AMIN 0-3 -H YDROXYPROPAN OIC ACID 

DERIVATIVES

This application is the U.S. National Stage of PCT Inter
national Application Number PCT/US2009/057001, filed 
Sep. 15, 2009, which claims the benefit of U.S. Provisional 
Application No. 61/192,218, filed on Sep. 16, 2008.

The entire teachings of the above applications are incorpo
rated herein by reference.

BACKGROUND OF THE INVENTION

Lacosamide, also known as 2(R)-acetamido-N-benzyl-3- 
methoxypropionamide, acts as an NMDA glycine-site 
antagonist with a dual mode of action: selectively enhancing 
sodium channel inactivation and modulating collapsin 
response mediator protein-2, (Doty, P et al, Neurotherapeu
tics, 2007, 4(1): 145).

Lacosamide is currently in clinical trials for epilepsy, 
migraine, diabetic neuropathy, fibromyalgia, and osteoarthri
tis.

Lacosamide is converted, in vitro, to inactive metabolites, 
30% of which is the O-demethylated product. (Bialer, M et al, 
Epilepsy Research, 2002, 51: 31-71).

The most frequently reported adverse events among 
patients dosed with lacosamide include headache, dizziness, 
fatigue, oral paraesthesia, diplopia and nausea—generally of 
short duration and mild in intensity (Sachdeo, R C et al, 
Neurology, 2003, 60 (5, suppl. 1): Abst S54.007).

Despite the beneficial activities of lacosamide, there is a 
continuing need for new compounds to treat the aforemen
tioned diseases and conditions.

SUMMARY OF THE INVENTION

This invention relates to novel 2-amino-3-hydroxypro- 
panoic acid derivatives and pharmaceutically acceptable salts 
thereof. This invention also provides compositions compris
ing a compound of this invention and the use of such compo
sitions in methods of treating diseases and conditions that are 
beneficially treated by administering an NMDA glycine-site 
antagonist.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts the time course of serum concentration of a 
compound of the invention and lacosamide after intravenous 
(panel A) or oral co-administration (panel B) of both in 
chimps.

DETAILED DESCRIPTION OF THE INVENTION

The terms “ameliorate” and “treat” are used interchange
ably and include both therapeutic and prophylactic treatment. 
Both terms mean decrease, suppress, attenuate, diminish, 
arrest, or stabilize the development or progression of a disease 
(e.g., a disease or disorder delineated herein), lessen the 
severity of the disease or improve the symptoms associated 
with the disease.

“Disease” means any condition or disorder that damages or 
interferes with the normal function of a cell, tissue, or organ.

It will be recognized that some variation of natural isotopic 
abundance occurs in a synthesized compound depending 
upon the origin of chemical materials used in the synthesis. 
Thus, a preparation of lacosamide will inherently contain 
small amounts of deuterated isotopologues. The concentra-

1
tion of naturally abundant stable hydrogen and carbon iso
topes, notwithstanding this variation, is small and immaterial 
as compared to the degree of stable isotopic substitution of 
compounds of this invention. See, for instance, Wada E et al, 
Seikagaku 1994, 66:15; Gannes L Z et al, Comp Biochem 
Physiol Mol Integr Physiol 1998, 119:725. In a compound of 
this invention, when a particular position is designated as 
having deuterium, it is understood that the abundance of 
deuterium at that position is substantially greater than the 
natural abundance of deuterium, which is 0.015%. A position 
designated as having deuterium typically has a minimum 
isotopic enrichment factor of at least 3340 (50.1 % deuterium 
incorporation) at each atom designated as deuterium in said 
compound.

The term “isotopic enrichment factor” as used herein 
means the ratio between the isotopic abundance and the natu
ral abundance of a specified isotope.

In other embodiments, a compound of this invention has an 
isotopic enrichment factor for each designated deuterium 
atom of at least 3500 (52.5% deuterium incorporation at each 
designated deuterium atom), at least 4000 (60% deuterium 
incorporation), at least 4500 (67.5% deuterium incorpora
tion), at least 5000 (75% deuterium), at least 5500 (82.5% 
deuterium incorporation), at least 6000 (90% deuterium 
incorporation), at least 6333.3 (95% deuterium incorpora
tion), at least 6466.7 (97% deuterium incorporation), at least 
6600 (99% deuterium incorporation), or at least 6633.3 
(99.5% deuterium incorporation).

In the compounds of this invention any atom not specifi
cally designated as a particular isotope is meant to represent 
any stable isotope of that atom. Unless otherwise stated, when 
a position is designated specifically as “H” or “hydrogen”, the 
position is understood to have hydrogen at its natural abun
dance isotopic composition. Also unless otherwise stated, 
when a position is designated specifically as “D” or “deute
rium”, the position is understood to have deuterium at an 
abundance that is at least 3340 times greater than the natural 
abundance of deuterium, which is 0.015% (i.e., at least 50.1% 
incorporation of deuterium).

The term “isotopologue” refers to a species that differs 
from a specific compound of this invention only in the isoto
pic composition thereof.

The term “compound,” when referring to the compounds of 
the invention, refers to a collection of molecules having an 
identical chemical structure, except that there may be isotopic 
variation among the constituent atoms of the molecules. 
Thus, it will be clear to those of skill in the art that a com
pound represented by a particular chemical structure contain
ing indicated deuterium atoms, will also contain lesser 
amounts of isotopologues having hydrogen atoms at one or 
more of the designated deuterium positions in that structure. 
The relative amount of such isotopologues in a compound of 
this invention will depend upon a number of factors including 
the isotopic purity of deuterated reagents used to make the 
compound and the efficiency of incorporation of deuterium in 
the various synthesis steps used to prepare the compound. 
However, as net forth above the relative amount of such 
isotopologues will be less than 49.9% of the compound.

A salt of a compound of this invention is formed between 
an acid and a basic group of the compound, such as an amino 
functional group, or a base and an acidic group of the com
pound, such as a carboxyl functional group. According to 
another embodiment, the compound is a pharmaceutically 
acceptable acid addition salt.

The term “pharmaceutically acceptable,” as used herein, 
refers to a component that is, within the scope of sound 
medical judgment, suitable for use in contact with the tissues
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of humans and other mammals without undue toxicity, irrita
tion, allergic response and the like, and are commensurate 
with a reasonable benefit/risk ratio. A “pharmaceutically 
acceptable salt” means any non-toxic salt that, upon admin
istration to a recipient, is capable of providing, either directly, 
or indirectly, a compound of this invention. A “pharmaceuti
cally acceptable counterion” is an ionic portion of a salt that 
is not toxic when released from the salt upon administration to 
a recipient.

Acids commonly employed to form pharmaceutically 
acceptable salts include inoiganic acids such as hydrogen 
bisulfide, hydrochloric acid, hydrobromic acid, hydroiodic 
acid, sulfuric acid and phosphoric acid, as well as organic 
acids such as para-toluenesulfonic acid, salicylic acid, tartaric 
acid, bitartaric acid, ascorbic acid, maleic acid, besylic acid, 
fumaric acid, gluconic acid, glucuronic acid, formic acid, 
glutamic acid, methanesulfonic acid, ethanesulfonic acid, 
benzenesulfonic acid, lactic acid, oxalic acid, para-bro- 
mophenylsulfonic acid, carbonic acid, succinic acid, citric 
acid, benzoic acid and acetic acid, as well as related inoiganic 
and organic acids. Such pharmaceutically acceptable salts 
thus include sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, 
phosphate, monohydrogenphosphate, dihydrogenphosphate, 
metaphosphate, pyrophosphate, chloride, bromide, iodide, 
acetate, propionate, decanoate, caprylate, acrylate, formate, 
isobutyrate, caprate, heptanoate, propiolate, oxalate, mal- 
onate, succinate, suberate, sebacate, fumarate, maleate, 
butyne-l,4-dioate, hexyne-l,6-dioate, benzoate, chloroben- 
zoate, methylbenzoate, dinitrobenzoate, hydroxybenzoate, 
methoxybenzoate, phthalate, terephathalate, sulfonate, 
xylene sulfonate, phenylacetate, phenylpropionate, phenyl- 
butyrate, citrate, lactate, β-hydroxybutyrate, glycolate, male
ate, tartrate, methanesulfonate, propanesulfonate, naphtha
lene-1-sulfonate, naphthalene-2-sulfonate, mandelate and 
other salts. In one embodiment, pharmaceutically acceptable 
acid addition salts include those formed with mineral acids 
such as hydrochloric acid and hydrobromic acid, and espe
cially those formed with organic acids such as maleic acid.

The compounds of the present invention (e.g., compounds 
of Formula I), may contain an asymmetric carbon atom, for 
example, as the result of deuterium substitution or otherwise. 
As such, compounds of this invention can exist as either 
individual enantiomers, or mixtures of the two enantiomers. 
Accordingly, a compound of the present invention may exist 
as either a racemic mixture or a scalemic mixture, or as 
individual respective stereoisomers that are substantially free 
from another possible stereoisomer. The term “substantially 
free of other stereoisomers” as used herein means less than 
25% of other stereoisomers, preferably less than 10% of other 
stereoisomers, more preferably less than 5% of other stereoi
somers and most preferably less than 2% of other stereoiso
mers are present. Methods of obtaining or synthesizing an 
individual enantiomer for a given compound are known in the 
art and may be applied as practicable to final compounds or to 
starting material or intermediates.

Unless otherwise indicated, when a disclosed compound is 
named or depicted by a structure without specifying the ste
reochemistry and has one or more chiral centers, it is under
stood to represent all possible stereoisomers of the com
pound.

The term “stable compounds,” as used herein, refers to 
compounds which possess stability sufficient to allow for 
their manufacture and which maintain the integrity of the 
compound for a sufficient period of time to be useful for the 
purposes detailed herein (e.g., formulation into therapeutic 
products, intermediates for use in production of therapeutic

3
compounds, isolatable or storable intermediate compounds, 
treating a disease or condition responsive to therapeutic 
agents).

“D” refers to deuterium. “Stereoisomer” refers to both 
enantiomers and diastereomers. “Tert”, and “t-” each 
refer to tertiary. “US” refers to the United States of America. 
Throughout this specification, a variable may be referred to 
generally (e.g., “each R”) or may be referred to specifically 
(e.g., R1, R2, R3, etc.). Unless otherwise indicated, when a 
variable is referred to generally, it is meant to include all 
specific embodiments of that particular variable.

Therapeutic Compounds 

The present invention provides a compound of Formula

I

4

o
H
.N.Y.

N'
H

O

or a pharmaceutically acceptable salt thereof, wherein:
Y1 is selected from CH3, CH2D, CHD2 or CD3;
Y2 is selected from CH3, CH2D, CHD2 or CD3;
each Z variable is independently selected from hydrogen or 

deuterium; and
each R variable is independently selected from hydrogen or 

deuterium;
provided that when Y1 and Y2 are each CH3 and each Z 

variable is hydrogen, then at least one R variable is 
deuterium.

One embodiment of this invention provides compounds of 
Formula I where Y1 is CH3 or CD3 and Y2 is CH3 or CD3. 
Various aspects of the embodiment where Y1 is CH3 or CD3 
and Y2 is CH3 or CD3 include those compounds where:

(a) each R variable is hydrogen;
(b) each Z variable is hydrogen;
(c) each R variable is hydrogen and each Z variable is 

hydrogen;
(d) each R variable is hydrogen and each Z variable is 

deuterium;
(e) each R1 variable is deuterium, each R2 and R3 variable 

is hydrogen, and each Z variable is hydrogen;
(f) each R1 and R2 variable is deuterium, each R3 variable is 

hydrogen, and each Z variable is hydrogen;
(g) each R variable is deuterium and each Z variable is 

hydrogen; and
(h) each R1 variable is deuterium, each R2 and R3 variable 

is hydrogen, and each Z variable is deuterium;
(i) each R1 and R2 variable is deuterium, each R3 variable is 

hydrogen, and each Z variable is deuterium; and/or
(j) each R variable is deuterium and each Z variable is 

deuterium.
Another embodiment of this invention provides com

pounds of Formula I where Y1 is CH3 andY2 is CD3. Various 
aspects of the embodiment where Y1 is CH3 and Y2 is CD3 
include those compounds where:

(a) each R variable is hydrogen and each Z variable is 
hydrogen;

(b) each R variable is hydrogen and each Z variable is 
deuterium;
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(c) each R1 variable is deuterium, each R2 and R3 variable 
is hydrogen, and each Z variable is hydrogen;

(d) each R1 and R2 variable is deuterium, each R3 variable 
is hydrogen, and each Z variable is hydrogen;

(e) each R variable is deuterium and each Z variable is 5 
hydrogen; and/or

(f) each R1 variable is deuterium, each R2 and R3 variable is 
hydrogen, and each Z variable is deuterium.

Another embodiment of this invention provides com
pounds of Formula I where Y1 is CD3 andY2 is CD3. Various 10 
aspects of the embodiment where Y1 is CD3 and Y2 is CD3 
include those compounds where:

(a) each Z is hydrogen;
(b) each Z is deuterium; 15
(c) each Z is hydrogen and each R1 is deuterium,
(d) each Z is hydrogen and each R1 and R2 variable is 

deuterium; and/or
(e) each Z is deuterium and each R1 is deuterium.
Another embodiment of this invention provides com- 20

pounds of Formula I where each R1 is deuterium. Various 
aspects of the embodiment where:

(a) Y2 is CD3;
(b) each Z is hydrogen or each Z is deuterium;
(c) Y2 is CD3 and each Z is hydrogen or each Z is deute- 2 5  

rium;
(d) Y2 is CD3 and each Z is deuterium;
(e) Y2 is CD3 and each Z is hydrogen; and/or
(f) Y1 andY2 are each CD3.
Examples of specific compounds of Formula I include 30 

compounds 100-126 shown below:
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60 or a pharmaceutically acceptable salt of any of the foregoing.
Another example of a specific compound of Formula I is an 

(R) enantiomers of any one of Compounds 100-126, which is 
substantially free of the corresponding (S) enantiomer.

Still another example of a specific compound of Formula I 
65 is an (S) enantiomers of any one of Compounds 100-126, 

which is substantially free of the corresponding (R) enanti
omer.
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or a pharmaceutically acceptable salt thereof
In another set of embodiments, any atom not designated as 

deuterium in any of the embodiments or compounds set forth 
above is present at its natural isotopic abundance.

Exemplary Synthesis

Compounds of Formula I may be prepared in a manner 
analogous to the known methods for preparing non-deuter- 
ated lacosamide. A preferred synthetic route described by 25 
Kohn, FI et al, Tetrahedron Asymm 1998, 9:3841 is shown in 
Scheme 1 below.

Compounds of Formula I may be prepared from racemic 
serine and appropriately deuterated starting materials in a 
manner analogous to that depicted in Scheme 1 above, Con
versely, compounds of Formula I may be prepared from (R) or 
(S)-serine and appropriately deuterated starting materials in a 
manner analogous to that depicted in Scheme 1 above.

It would be apparent to one skilled in the art that various 
starting materials and/or intermediates in Scheme 1 may be 
replaced by the appropriate deuterated analogues to obtain 
the desired deuterated versions of lacosamide. For example, 
the following deuterated reagents and building blocks are 
commercially available:

20

Scheme 1.
General Route for Making Non-Deuterated Lacosamide

d 3c  o  x d 3,

and iodomethane-d3. Other deuterated building blocks that 
can be used to obtain the desired deuterated versions of 
lacosamide are known or available by known methods for 
making deuterated compounds of a similar nature.

Compounds of Formula I can be prepared in a manner 
analogous to that shown in Scheme 1 above using appropri
ately deuterated reagents such as those shown above. For 
example, appropriately deuterated serine (2-amino-3-hy- 
droxypropanoic acid), after CBz (carboxybenzoyl) protec
tion of the amine moiety, can be coupled with the appropri
ately deuterated benzyl amine to form the deuterated 
benzamide. Subsequent alkylation of the hydroxyl function
ality with methyl iodide can be followed by deprotection of 
the CBz protected amine under palladium catalyzed hydro
genation conditions to afford the deuterated N-benzyl-2- 
amino-3-methoxypropionamide. Treatment of the resultant 
free amine with acetic anhydride affords the deuterated 
N-benzyl-2-acetamido-3-methoxypropionamide as the race
mic mixture. The final resolution step may be carried out as 
described for non-deuterated lacosamide by chiral chroma-
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tography (see PCT Publication No. WO 00/00463) or by 
recrystallization (see J Med Chem 1996, 39:1907). For other 
useful references see WO 97/33861; U.S. Pat. No. 5,773,475; 
U.S. Pat. No. 6,048,899; and EP 1642889. The specific 
approaches and compounds shown above are not intended to 
be limiting.

Compositions

The invention also provides pyrogen-free compositions 
comprising a compound of Formula I (e.g., including any of 
the formulae herein), or a pharmaceutically acceptable salt of 
said compound; and an acceptable carrier. In one embodi
ment, the composition comprises an effective amount of the 
compound or pharmaceutically acceptable salt thereof. Pref
erably, a composition of this invention is formulated for phar
maceutical use (“a pharmaceutical composition”), wherein 
the carrier is a pharmaceutically acceptable carrier. The car
riers) are “acceptable” in the sense of being compatible with 
the other ingredients of the formulation and, in the case of a 
pharmaceutically acceptable carrier, not deleterious to the 
recipient thereof in an amount used in the medicament.

Pharmaceutically acceptable carriers, adjuvants and 
vehicles that may be used in the pharmaceutical compositions 
of this invention include, but are not limited to, ion exchang
ers, alumina, aluminum stearate, lecithin, serum proteins, 
such as human serum albumin, buffer substances such as 
phosphates, glycine, sorbic acid, potassium sorbate, partial 
glyceride mixtures of saturated vegetable fatty acids, water, 
salts or electrolytes, such as protamine sulfate, disodium 
hydrogen phosphate, potassium hydrogen phosphate, sodium 
chloride, zinc salts, colloidal silica, magnesium trisilicate, 
polyvinyl pyrrolidone, cellulose-based substances, polyeth
ylene glycol, sodium carboxymethylcellulose, polyacrylates, 
waxes, polyethylene-polyoxypropylene-block polymers, 
polyethylene glycol and wool fat.

If required, the solubility and bioavailability of the com
pounds of the present invention in pharmaceutical composi
tions may be enhanced by methods well-known in the art. One 
method includes the use of lipid excipients in the formulation. 
See “Oral Lipid-Based Formulations: Enhancing the Bio
availability of Poorly Water-Soluble Drugs (Drugs and the 
Pharmaceutical Sciences),” David J. Hauss, ed. Informa 
Healthcare, 2007; and “Role of Lipid Excipients in Modify
ing Oral and Parenteral Drug Delivery: Basic Principles and 
Biological Examples,” Kishor M. Wasan, ed. Wiley-Inter- 
science, 2006.

Another known method of enhancing bioavailabilify is the 
use of an amorphous form of a compound of this invention 
optionally formulated with a poloxamer, such as LUTROL™ 
and PLURONIC™ (BASF Corporation), or block copoly
mers of ethylene oxide and propylene oxide. See U.S. Pat. No. 
7,014,866; and United States patent publications 
20060094744 and 20060079502.

The pharmaceutical compositions of the invention include 
those suitable for oral, rectal, nasal, topical (including buccal 
and sublingual), vaginal or parenteral (including subcutane
ous, intramuscular, intravenous and intradermal) administra
tion. In certain embodiments, the compound of the formulae 
herein is administered transdermally (e.g., using a transder- 
mal patch or iontophoretic techniques). Other formulations 
may conveniently be presented in unit dosage form, e.g., 
tablets, sustained release capsules, and in liposomes, and may 
be prepared by any methods well known in the art of phar
macy. See, for example, Remington: The Science and Prac
tice of Pharmacy, 21st Edition, Lippincott Williams & Will
iams, Philadelphia, Pa. (2005).

11
Such preparative methods include the step of bringing into 

association with the molecule to be administered ingredients 
such as the carrier that constitutes one or more accessory 
ingredients. In general, the compositions are prepared by 
uniformly and intimately bringing into association the active 
ingredients with liquid carriers, liposomes or finely divided 
solid carriers, or both, and then, if necessary, shaping the 
product.

In certain embodiments, the compound is administered 
orally. Compositions of the present invention suitable for oral 
administration may be presented as discrete units such as 
capsules, sachets, or tablets each containing a predetermined 
amount of the active ingredient; a powder or granules; a 
solution or a suspension in an aqueous liquid or anon-aqueous 
liquid; an oil-in-water liquid emulsion; a water-in-oil liquid 
emulsion; packed in liposomes; or as a bolus, etc. Soft gelatin 
capsules can be useful for containing such suspensions, 
which may beneficially increase the rate of compound 
absorption.

In the case of tablets for oral use, carriers that are com
monly used include lactose and com starch. Lubricating 
agents, such as magnesium stearate, are also typically added. 
For oral administration in a capsule form, useful diluents 
include lactose and dried cornstarch. When aqueous suspen
sions are administered orally, the active ingredient is com
bined with emulsifying and suspending agents. If desired, 
certain sweetening and/or flavoring and/or coloring agents 
may be added.

Compositions suitable for oral administration include loz
enges comprising the ingredients in a flavored basis, usually 
sucrose and acacia or tragacanth; and pastilles comprising the 
active ingredient in an inert basis such as gelatin and glycerin, 
or sucrose and acacia.

Compositions suitable for parenteral administration 
include aqueous and non-aqueous sterile injection solutions 
which may contain anti-oxidants, buffers, bacteriostats and 
solutes which render the formulation isotonic with the blood 
of the intended recipient; and aqueous and non-aqueous ster
ile suspensions which may include suspending agents and 
thickening agents. The formulations may be presented in 
unit-dose or multi-dose containers, for example, sealed 
ampules and vials, and may be stored in a freeze dried (lyo- 
philized) condition requiring only the addition of the sterile 
liquid carrier, for example water for injections, immediately 
prior to use. Extemporaneous injection solutions and suspen
sions may be prepared from sterile powders, granules and 
tablets.

Such injection solutions may be in the form, for example, 
of a sterile injectable aqueous or oleaginous suspension. This 
suspension may be formulated according to techniques 
known in the art using suitable dispersing or wetting agents 
(such as, for example, Tween 80) and suspending agents. The 
sterile injectable preparation may also be a sterile injectable 
solution or suspension in a non-toxic parenterally-acceptable 
diluent or solvent, for example, as a solution in 1,3-butane- 
diol. Among the acceptable vehicles and solvents that may be 
employed are mannitol, water, Ringer’s solution and isotonic 
sodium chloride solution. In addition, sterile, fixed oils are 
conventionally employed as a solvent or suspending medium. 
For this purpose, any bland fixed oil may be employed includ
ing synthetic mono- or diglycerides. Fatty acids, such as oleic 
acid and its glyceride derivatives are useful in the preparation 
of injectables, as are natural pharmaceutically-acceptable 
oils, such as olive oil or castor oil, especially in their poly- 
oxyethylated versions. These oil solutions or suspensions 
may also contain along-chain alcohol diluent or dispersant.
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The pharmaceutical compositions of this invention may be 
administered in the form of suppositories for rectal adminis
tration. These compositions can be prepared by mixing a 
compound of this invention with a suitable non-irritating 
excipient which is solid at room temperature but liquid at the 
rectal temperature and therefore will melt in the rectum to 
release the active components. Such materials include, but are 
not limited to, cocoa butter, beeswax and polyethylene gly
cols.

The pharmaceutical compositions of this invention may be 
administered by nasal aerosol or inhalation. Such composi
tions are prepared according to techniques well-known in the 
art of pharmaceutical formulation and may be prepared as 
solutions in saline, employing benzyl alcohol or other suit
able preservatives, absorption promoters to enhance bioavail
ability, fluorocarbons, and/or other solubilizing or dispersing 
agents known in the art. See, e.g.: Rabinowitz J D and Zaf- 
faroni A C, U.S. Pat. No. 6,803,031, assigned to Alexza 
Molecular Delivery Corporation.

Topical administration of the pharmaceutical compositions 
of this invention is especially useful when the desired treat
ment involves areas or organs readily accessible by topical 
application. For topical application topically to the skin, the 
pharmaceutical composition should be formulated with a 
suitable ointment containing the active components sus
pended or dissolved in a carrier. Carriers for topical admin
istration of the compounds of this invention include, but are 
not limited to, mineral oil, liquid petroleum, white petroleum, 
propylene glycol, polyoxyethylene polyoxypropylene com
pound, emulsifying wax, and water. Alternatively, the phar
maceutical composition can be formulated with a suitable 
lotion or cream containing the active compound suspended or 
dissolved in a carrier. Suitable carriers include, but are not 
limited to, mineral oil, sorbitan monostearate, polysorbate 60, 
cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl 
alcohol, and water. The pharmaceutical compositions of this 
invention may also be topically applied to the lower intestinal 
tract by rectal suppository formulation or in a suitable enema 
formulation. Topically-transdermal patches and ionto- 
phoretic administration are also included in this invention.

Application of the subject therapeutics may be local, so as 
to be administered at the site of interest. Various techniques 
can be used for providing the subject compositions at the site 
of interest, such as injection, use of catheters, trocars, projec
tiles, pluronic gel, stents, sustained drug release polymers or 
other device which provides for internal access.

Thus, according to yet another embodiment, the com
pounds of this invention may be incorporated into composi
tions for coating an implantable medical device, such as pros- 
theses, artificial valves, vascular grafts, stents, or catheters. 
Suitable coatings and the general preparation of coated 
implantable devices are known in the art and are exemplified 
in U.S. Pat. Nos. 6,099,562; 5,886,026; and 5,304,121. The 
coatings are typically biocompatible polymeric materials 
such as a hydrogel polymer, polymethyldisiloxane, polyca- 
prolactone, polyethylene glycol, polylactic acid, ethylene 
vinyl acetate, and mixtures thereof. The coatings may option
ally be further covered by a suitable topcoat of fluorosilicone, 
polysaccharides, polyethylene glycol, phospholipids or com
binations thereof to impart controlled release characteristics 
in the composition. Coatings for invasive devices are to be 
included within the definition of pharmaceutically acceptable 
carrier, adjuvant or vehicle, as those terms are used herein.

According to another embodiment, the invention provides 
a method of coating an implantable medical device compris
ing the step of contacting said device with the coating com-
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position described above. It will be obvious to those skilled in 
the art that the coating of the device will occur prior to 
implantation into a mammal.

According to another embodiment, the invention provides 
a method of impregnating an implantable drug release device 
comprising the step of contacting said drug release device 
with a compound or composition of this invention. Implant
able drug release devices include, but are not limited to, 
biodegradable polymer capsules or bullets, non-degradable, 
diffusible polymer capsules and biodegradable polymer 
wafers.

According to another embodiment, the invention provides 
an implantable medical device coated with a compound or a 
composition comprising a compound of this invention, such 
that said compound is therapeutically active.

According to another embodiment, the invention provides 
an implantable drug release device impregnated with or con
taining a compound or a composition comprising a com
pound of this invention, such that said compound is released 
from said device and is therapeutically active.

Where an organ or tissue is accessible because of removal 
from the patient, such organ or tissue may be bathed in a 
medium containing a composition of this invention, a com
position of this invention may be painted onto the organ, or a 
composition of this invention may be applied in any other 
convenient way.

In another embodiment, a composition of this invention 
further comprises a second therapeutic agent. The second 
therapeutic agent may be selected from any compound or 
therapeutic agent known to have or that demonstrates advan
tageous properties when administered with a compound hav
ing the same mechanism of action as lacosamide. Such agents 
include those indicated as being useful in combination with 
lacosamide, including but not limited to, those described in 
WO 2006079547.

Preferably, the second therapeutic agent is an agent useful 
in the treatment or prevention of a disease or condition 
selected from epilepsy and other CNS disorders; stroke and 
other ischemic disorders; neuropathic pain, notably diabetic 
distal sensory polyneuropathy, mononeuropathy or atypical 
facial neuropathic pain, or trigeminal neuralgia; non-neuro- 
pathic pain including chronic inflammatory pain, rheumatoid 
arthritis pain and/or secondary inflammatory osteoarthritis 
pain; tumor pain, in particular bone cancer pain, chemo
therapy-induced pain and nucleoside-induced pain; non-in- 
flammatory muscle pain, in particular fibromyalgia, myofa- 
cial pain syndrome or back pain; chronic headache, 
particularly migraines; primary and/or secondary dyskinesias 
such as Huntington’s chorea, cerebral palsy, tardive or 
L-DOPA-induced dyskinesias; amyotrophic lateral sclerosis 
(ALS) and other motoneuron diseases and peripheral neuro
pathies; spinal muscular atrophy; progressive bulbar palsy; 
Guillain-Barre syndrome; Charcot-Marie-Tooth syndrome; 
tremor and related disorders, including primary orthostatic 
tremor, undetermined tremor syndrome, dystonic tremor, 
task- and position-specific tremors, Holmes tremor, neuro
pathic tremor syndrome and myorrhythmia; bipolar disease; 
allodynia; and schizophrenia.

In another embodiment, the invention provides separate 
dosage forms of a compound of this invention or pharmaceu
tically acceptable salt thereof and one or more of any of the 
above-described second therapeutic agents, wherein the com
pound and second therapeutic agent are associated with one 
another. The term “associated with one another” as used 
herein means that the separate dosage forms are packaged 
together or otherwise attached to one another such that it is 
readily apparent that the separate dosage forms are intended
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to be sold and administered together (within less than 24 
hours of one another, consecutively or simultaneously).

In one embodiment of the pharmaceutical compositions of 
the invention, the compound of the present invention is 
present in an effective amount. As used herein, the term 
“effective amount” refers to an amount which, when admin
istered in a proper dosing regimen, is sufficient to treat (thera
peutically or prophylactically) the target disorder. For 
example, and effective amount is sufficient to reduce or ame
liorate the severity, duration or progression of the disorder 
being treated, prevent the advancement of the disorder being 
treated, cause the regression of the disorder being treated, or 
enhance or improve the prophylactic or therapeutic effect(s) 
of another therapy.

The interrelationship of dosages for animals and humans 
(based on milligrams per meter squared of body surface) is 
described in Freireich et al, (1966) Cancer Chemother. Rep 
50:219. Body surface area may be approximately determined 
from height and weight of the patient. See, e.g., Scientific 
Tables, Geigy Pharmaceuticals, Ardsley, N.Y., 1970, 537.

In one embodiment, an effective amount of a compound of 
this invention can range from about 1 to about 8000 mg per 
treatment. In more specific embodiments the range is from 
about 10 to 4000 mg, or from about 20 to 1600 mg, or most 
specifically from 100 to 800 mg. Treatment typically is 
administered one to two times daily.

Effective doses will also vary, as recognized by those 
skilled in the art, depending on the diseases treated, the sever
ity of the disease, the route of administration, the sex, age and 
general health condition of the patient, excipient usage, the 
possibility of co-usage with other therapeutic treatments such 
as use of other agents and the judgment of the treating phy
sician. For example, guidance for selecting an effective dose 
can be determined by reference to the prescribing information 
for lacosamide.

For pharmaceutical compositions that comprise a second 
therapeutic agent, an effective amount of the second thera
peutic agent is between about 20% and 100% of the dosage 
normally utilized in a monotherapy regime using just that 
agent. Preferably, an effective amount is between about 70% 
and 100% of the normal monotherapeutic dose. The normal 
monotherapeutic dosages of these second therapeutic agents 
are well known in the art. See, e.g., Wells et al, eds., Pharma
cotherapy Fiandbook, 2nd Edition, Appleton and Lange, 
Stamford, Conn. (2000); PDR Pharmacopoeia, Tarascon 
Pocket Pharmacopoeia 2000, Deluxe Edition, Tarascon Pub
lishing, Loma Linda, Calif. (2000), each of which references 
are incorporated herein by reference in their entirety.

It is expected that some of the second therapeutic agents 
referenced above will act synergistically with the compounds 
of this invention. When this occurs, it will allow the effective 
dosage of the second therapeutic agent and/or the compound 
of this invention to be reduced from that required in a mono
therapy. This has the advantage of minimizing toxic side 
effects of either the second therapeutic agent of a compound 
of this invention, synergistic improvements in efficacy, 
improved ease of administration or use and/or reduced overall 
expense of compound preparation or formulation.

Methods of Treatment

In another embodiment, the invention provides a method of 
modulating the activity of an NMDA glycine-site (e.g., 
antagonizing) in a cell, comprising contacting the cell with 
one or more compounds of Formula I herein.

According to another embodiment, the invention provides 
a method of treating a disease that is beneficially treated by
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lacosamide comprising the step of administering to a patient 
in need thereof an effective amount of a compound or phar
maceutically acceptable salt thereof or a composition of this 
invention. Such diseases are well known in the art and are 
disclosed in, but not limited to the following patents and 
published applications: WO 1997033861, U.S. Pat. No. 
5,773,475, WO 1999003460, WO 2000000463, WO 
2002015922, WO 2002074784, WO 2002074297, WO 
2005053667, WO 2005092313, WO 2005099740, WO 
2005110390, WO 2005120539, WO 2005120476, WO 
2006000397, WO 2006021412, WO 2006037574, WO 
2006079547, US 2007043120. Such diseases include, but are 
not limited to, epilepsy and other CNS disorders; stroke and 
other ischemic disorders; neuropathic pain, notably diabetic 
distal sensory polyneuropathy, mononeuropathy or atypical 
facial neuropathic pain, or trigeminal neuralgia; non-neuro- 
pathic pain including chronic inflammatory pain, rheumatoid 
arthritis pain and/or secondary inflammatory osteoarthritis 
pain; tumor pain, in particular bone cancer pain, chemo
therapy-induced pain and nucleoside-induced pain; non-in- 
flammatory muscle pain, in particular fibromyalgia, myofa- 
cial pain syndrome or back pain; chronic headache, 
particularly migraines; primary and/or secondary dyskinesias 
such as Fluntington’s chorea, cerebral palsy, tardive or 
L-DOPA-induced dyskinesias; amyotrophic lateral sclerosis 
(ALS) and other motoneuron diseases and peripheral neuro
pathies; spinal muscular atrophy; progressive bulbar palsy; 
Guillain-Barre syndrome; Charcot-Marie-Tooth syndrome; 
tremor and related disorders, including primary orthostatic 
tremor, undetermined tremor syndrome, dystonic tremor, 
task- and position-specific tremors, Flolmes tremor, neuro
pathic tremor syndrome and myorrhythmia; bipolar disease; 
allodynia; and schizophrenia.

In one particular embodiment, the method of this invention 
is used to treat a disease or condition selected from epilepsy, 
migraine, diabetic neuropathic pain, fibromyalgia, and 
osteoarthritis in a patient in need thereof.

Methods delineated herein also include those wherein the 
patient is identified as in need of a particular stated treatment. 
Identifying a patient in need of such treatment can be in the 
judgment of a patient or a health care professional and can be 
subjective (e.g. opinion) or objective (e.g. measurable by a 
test or diagnostic method).

In another embodiment, any of the above methods of treat
ment comprises the further step of co-administering to said 
patient one or more second therapeutic agents. The choice of 
second therapeutic agent may be made from any second 
therapeutic agent known to be useful for co-administration 
with lacosamide. The choice of second therapeutic agent is 
also dependent upon the particular disease or condition to be 
treated.

The term “co-administered” as used herein means that the 
second therapeutic agent may be administered together with 
a compound of this invention as part of a single dosage form 
(such as a composition of this invention comprising a com
pound of the invention and an second therapeutic agent as 
described above) or as separate, multiple dosage forms. Alter
natively, the additional agent may be administered prior to, 
consecutively with, or following the administration of a com
pound of this invention. In such combination therapy treat
ment, both the compounds of this invention and the second 
therapeutic agent(s) are administered by conventional meth
ods. The administration of a composition of this invention, 
comprising both a compound of the invention and a second 
therapeutic agent, to a patient does not preclude the separate 
administration of that same therapeutic agent, any other sec-
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ond therapeutic agent or any compound of this invention to 
said patient at another time during a course of treatment.

Effective amounts of these second therapeutic agents are 
well known to those skilled in the art and guidance for dosing 
may be found in patents and published patent applications 
referenced herein, as well as in Wells et al, eds., Pharmaco
therapy Handbook, 2nd Edition, Appleton and Lange, Stam
ford, Conn. (2000); PDR Pharmacopoeia, Tarascon Pocket 
Pharmacopoeia 2000, Deluxe Edition, Tarascon Publishing, 
Loma Linda, Calif. (2000), and othermedical texts. However, 
it is well within the skilled artisan’s purview to determine the 
second therapeutic agent’s optimal effective-amount range.

In one embodiment of the invention, where a second thera
peutic agent is administered to a subject, the effective amount 
of the compound of this invention is less than its effective 
amount would be where the second therapeutic agent is not 
administered. In another embodiment, the effective amount 
of the second therapeutic agent is less than its effective 
amount would be where the compound of this invention is not 
administered. In this way, undesired side effects associated 
with high doses of either agent may be minimized. Other 
potential advantages (including without limitation improved 
dosing regimens and/or reduced drug cost) will be apparent to 
those of skill in the art.

In yet another aspect, the invention provides the use of a 
compound of Formula I alone or together with one or more of 
the above-described second therapeutic agents in the manu
facture of a medicament, either as a single composition or as 
separate dosage forms, for treatment or prevention in a patient 
of a disease, disorder or symptom set forth above. Another 
aspect of the invention is a compound of Formula I, or a 
composition comprising a compound of Formula I, for use in 
the treatment or prevention in a patient of a disease, disorder 
or symptom thereof delineated herein.

Pharmaceutical Kits

The present invention also provides kits for use to treat 
epilepsy, migraine, diabetic neuropathy, fibromyalgia, and 
osteoarthritis. These kits comprise (a) a pharmaceutical com
position comprising a compound of Formula I or a salt 
thereof, wherein said pharmaceutical composition is in a con
tainer; and (b) instructions describing a method of using the 
pharmaceutical composition to treat epilepsy, migraine, dia
betic neuropathy, fibromyalgia, and osteoarthritis.

The container may be any vessel or other sealed or sealable 
apparatus that can hold said pharmaceutical composition. 
Examples include bottles, ampules, divided or multi-cham
bered holders bottles, wherein each division or chamber com
prises a single dose of said composition, a divided foil packet 
wherein each division comprises a single dose of said com
position, or a dispenser that dispenses single doses of said 
composition. The container can be in any conventional shape 
or form as known in the art which is made of a pharmaceuti
cally acceptable material, for example a paper or cardboard 
box, a glass or plastic bottle or jar, a re-scalable bag (for 
example, to hold a “refill” of tablets for placement into a 
different container), or a blister pack with individual doses for 
pressing out of the pack according to a therapeutic schedule. 
The container employed can depend on the exact dosage form 
involved, for example a conventional cardboard box would 
not generally be used to hold a liquid suspension. It is feasible 
that more than one container can be used together in a single 
package to market a single dosage form. For example, tablets 
may be contained in a bottle, which is in turn contained within 
a box. In one embodiment, the container is a blister pack.
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The kits of this invention may also comprise a device to 

administer or to measure out a unit dose of the pharmaceutical 
composition. Such device may include an inhaler if said com
position is an inhalable composition; a syringe and needle if 
said composition is an injectable composition; a syringe, 
spoon, pump, or a vessel with or without volume markings if 
said composition is an oral liquid composition; or any other 
measuring or delivery device appropriate to the dosage for
mulation of the composition present in the kit.

In certain embodiment, the kits of this invention may com
prise in a separate vessel of container a pharmaceutical com
position comprising a second therapeutic agent, such as one 
of those listed above for use for co-administration with a 
compound of this invention.

EXAMPLES 

Example 1

Synthesis of (R)-2-Acetamido, N-benzyl-3-(meth- 
oxy-d3)propanamide (127R)
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Scheme 2: Preparation o f Compound 127 R.
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Step 1. Synthesis of (R)-Benzyl (l-(Benzylamino)-3- 
(methoxy-d)-l-oxopropan-2-ylcarbamate (4)

Intermediate 3 (1.50 g; 0.0046 moles, prepared from 
D-serine as described in Kohn, H et al, Tetrahedron Asym
metry, 1998, 9: 3841) was placed in a round bottom flask 
which was maintained under an atmosphere of nitrogen. The 
solid was then dissolved in 50 ml of CD3I. To the solution was 
then added Ag20  (5.29 g; 0.0228 moles; 5.00 eq.). The round 
bottom flask was then wrapped in aluminum foil and the flask 
was then heated to 35° C., overnight under an atmosphere of 
nitrogen. The reaction mixture was then filtered through
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Celite and the organic filtrate was concentrated in vacuo. The 
crude product was purified by silica gel chromatography 
using a gradient from 100% CHC13 to 95% CHC13/5% metha
nol. Column fractions containing the desired product were 
combined and concentrated in vacuo.

A total of 1.54 g (96% yield) of purified 4 was obtained.

Step 2. Synthesis of (R)-2-Amino-N-benzyl-3- 
(methoxy-d3)propanamide (5)

A solution of 4 (1.54 g; 0.0079 moles) in 50 mL of metha
nol was purged with nitrogen gas and to the flask was then 
added Pd/C (0.042 g; 0.0003944 moles; 0.05 eq.). The nitro
gen gas was then removed from the flask and hydrogen gas 
was introduced from a balloon cannula. The reaction was 
stirred for 3 hours at ambient temperature. The resulting 
mixture was filtered through Celite and the organic filtrate 
was concentrated in vacuo. A total of 1.03 g (62% yield) of 
product 5 was obtained.

Step 3, Synthesis of (R)-2-Acetamido, N-benzyl-3- 
(methoxy-d3)propanamide (127R)

To a solution of 5 (1.03 g; 0.0049 moles) in 10 ml of THF 
were successively added in the following order: pyridine 
(0.39 ml; 0.386 g; 1.0 eq.); 4-dimethylaminopyridine 
(DMAP) (0.596 g; 0.0049 moles; 1.0 eq.); and finally acetic 
anhydride (0.46 ml; 0.498 g; 0.0049 moles; 1.0 eq.). The 
reaction was stirred for 1 hour at ambient temperature. The 
solution was then concentrated in vacuo to afford a solid. The 
crude solid was purified by silica gel chromatography using a 
gradient from 100% CHC13 to 90% CHC13/10% methanol. 
Column fractions containing the desired product were com
bined and concentrated in vacuo to afford 0.753 g (61% yield) 
of product 6 as an off-white powder. XH-NMR (CDC13): δ 
2.00 (s, 3H, —NHCOOCH3); 3.43 (d oft,  1H, —CH—C 
HαH6—OCD3; J=1.0 Hz; J=9 Hz); 3.80 (q of d, 1H, —CH— 
C H Λ -O C D 3 J=1.0 Hz; J=9 Hz); 4.47 (d, 2H CO—NH—C 
H2̂ C 6H5 J=15 H z); 4.54 (m, 1H, α-CH-methine); 6.45 
(Br.d. 1H, CO-NH-amide; J=3.0Hz); 6.787br.s. 1H, CO—N 
H-amide); 7.25-736 (m, 5H, ArH). MS (M+H): 254.

Example 2

Synthesis of (R)-2-(Acetamido-d3)-N-benzyl-3- 
(methoxy-d3)propanamide (120R)
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Scheme 3: Preparation of Compound 120:
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Synthesis of (R)-2-(Acetamido-d3)-N-benzyl-3- 
(methoxy-d3)propanamide (120)

To a stirred solution of 5 (2.05 g; 0.0097 moles) in 50 ml of 
THF were added sequentially the following reagents: pyri
dine (0.785 ml; 0.767 g; 0.0097 moles; 1.0 eq.); 4-dimethy- 
laminopyridine (DMAP) (1.195 g; 0.0097 moles; 1.0 eq); and 
finally acetic anhydride-d6 (0.912 ml; 1.049 g; 0.0097 moles; 
1.0 eq.). The reaction was stirred for 1 hour at ambient tem
perature. The solution was then concentrated in vacuo and the 
crude product was purified by silica gel chromatography 
using 90% CHC13/10% methanol/1% aqueous NH4OH. Col
umn fractions which contained the desired product were com
bined and concentrated in vacuo. A total of 0.759 g (30% 
yield) of Compound 120 was obtained as a light yellow solid. 
XH-NMR (CDC13): δ 3.45 (d of d; 1H—CH—C 
HαH6—OCD3; J=9.1 H z ; J=9.4 H z ); 3.81 (d of d; 1H; 
C T H -C H aH j-O C D 3; J=4.3 Hz; J=9.4 Hz); 4.48 (overlap
ping d; 2Hf —CO—NH—CH2—C6H5 J=2.7 H z ); 4.57 (m; 
1H; α-CH-methine); 6.50 (d; 1H; -C O -N H -am ide; 3.0 
Hz); 6.8θχbr.s.; 1H; -CO -N H -am ide); 7.26-7737 δ (m, 5H, 
ArH). MS (M+H): 257. “

Example 3

Pharmacokinetic Study of Lacosamide and 
Compound 120 in Chimps After Oral and 

Intravenous Dosing

Lacosamide and Compound 120 (250 mgs each) were 
separately dissolved in water at a concentration at 2 mg/mL. 
A 1:1 mixture of the two compounds was then prepared 
containing a final concentration of 1 mg/mL of each com
pound and the mixture was then sterile filtered through a
0.2-μm filter.

Two chimps (one male and one female) were used in each 
of the oral and intravenous studies. Animals were fasted over
night prior to administration of compounds. All animals were 
sedated with ketamine (approximately 10 mg/kg) and/or tela- 
zol (approximately 5 mg/kg) prior to dosing. Intravenous 
administration was achieved by IV infusion of 50 mg of each 
compound (50 mL total dosing solution) over 30 minutes. 
Oral administration was achieved by oral gavage of a single 
50 mg dose of each compound (50 mL total dosing solution). 
Blood samples (4.5 mL) were collected from the dosed 
chimps at various times prior to and after dosing. For intra
venous administrations blood samples were collected at 0 
min (preinfusion), 15 min, 29.5 min (immediately before the 
end of the infusion), then 6, 15, 30 and 45 min, and 1, 2, 4, 6, 
8, 10, 12 and 24 hr after the infusion is stopped. For oral 
administrations, blood samples were collected at 0 min (pre
dose), 15 and 30 min, and 1, 1.5, 2, 4, 6, 8, 10 and 12 hr 
postdose.

Blood samples were placed in tubes containing sodium 
heparin, mixed and stored on ice until centrifuged. Within 30 
minutes of collection, plasma was isolated by centrifuging the 
blood samples and dividing the resulting plasma (approx. 2 
ml) between two 96-deepwell plates. Each plate was sealed 
and stored at -70° C. until further analysis by LC-MS/MS 
using an Applied Bio-systems API 4000 mass spectrometer.

Urine was collected for 24 hours post-dose for each test 
animal and stored on ice. Total volume was measured and an 
aliquot was stored at -70° C. until further analysis

Samples were analyzed by LC-MS/MS using an Applied 
Bio-systems API 4000 mass spectrometer. FIG. 1 shows data 
for each chimp administered lacosamide and Compound 120 
intravenously (panel A) or orally (panel B). Table 1 below
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shows the AUC and Cmax values observed in each chimp. 
Table 2 shows the average amount of unmetabolized com
pound found in the urine of chimps co-administered both 
compounds either orally or intravenously.

TABLE 1

21

AUC and Cmax Values Following Co-administration of 
_____Compound 120 and Lacosamide to Chimps._____

Chimp 1 Chimp 2 Chimp 3 Chimp 4
Plasma IV PO

A UQ o.24,
Compound 120

31330 25373 23090 17983

(hr * ng/mL)
A UQ q.24,
Lacosamide

27567 23037 20441 15860

(hr * ng/mL) 
Cmax Compound 
120 (ng/mL)

5280 1690 1540 1180

Cmax Lacosamide
(ng/mL)

4770 1560 1370 1090

As can be seem from Table 1 and FIG. 1, Compound 120 
demonstrated a higher AUG and Cmax than lacosamide fol
lowing either intravenous or oral administration to chimps.

TABLE 2

Unmetabolized Compound Found in Urine Following Co-administration 
___________ of Compound 120 and Laeosamide to Chimps.___________

_____ Urine (ng/ML)_____

IV PO

Lacosamide 9515 2720
Compound 120 11025 3195

Table 2 demonstrates that a greater amount of Compound 120 
than lacosamide was excreted in the urine intact following 
either intravenous or oral administration to chimps.

Without further description, it is believed that one of ordi
nary skill in the art can, using the preceding description and 
the illustrative examples, make and utilize the compounds of 
the present invention and practice the claimed methods. It 
should be understood that the foregoing discussion and 
examples merely present a detailed description of certain 
preferred embodiments. It will be apparent to those of ordi
nary skill in the art that various modifications and equivalents 
can be made without departing from the spirit and scope of the 
invention. All the patents, journal articles and other docu
ments discussed or cited above are herein incorporated by 
reference.

I claim:
1. A compound of formula I:

O
H

,N.
N'
H

or a pharmaceutically acceptable salt thereof, wherein:
Y* 1 is CD3;
Y2 is CD3;
each Z variable is independently selected from hydrogen 

and deuterium; and 
each R variable is independently selected from hydro

gen and deuterium.
2. The compound of claim 1 wherein each Z variable is 

hydrogen.
3. The compound of claim 1 wherein each Z is deuterium.
4. The compound of claim 1 which is selected from the 

group consisting of the following:
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-continued

or a pharmaceutically acceptable salt of any of the forego
ing.

5. The compound of claim 4, wherein the compound is an 20
(R) enantiomer, or a pharmaceutically acceptable salt thereof, 
which is substantially free of the corresponding (S) enanti
omer.

6. The compound of claim 4, wherein the compound is an
(S) enantiomer, or a pharmaceutically acceptable salt thereof, 
which is substantially free of the corresponding (R) enanti
omer.

7. A compound of the following formula:

8. The compound of claim 1, wherein any atom not desig
nated as deuterium is present at its natural isotopic abun
dance.

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

10. The composition of claim 9 for use in treating a disease 
or disorder associated with aberrant NMDA receptor func
tion.

11. The composition of claim 9 foruse in treating epilepsy, 
diabetic neuropathic pain, fibromyalgia, osteoarthritis, or 
migraine.

12. The compound of claim 4, wherein the compound has 
the formula:

24

or a pharmaceutically acceptable salt thereof.
13. The compound of claim 12, wherein the compound is 

an (R) enantiomer, or a pharmaceutically acceptable salt 
thereof, which is substantially free of the corresponding (S) 
enantiomer.

14. The compound of claim 13, wherein any atom not 
3 0  designated as deuterium is present at its natural isotopic abun

dance.
15. A composition comprising a compound of claim 14 and 

a pharmaceutically acceptable carrier.
16. The composition of claim 15 for use in treating a 

3 5  disease or disorder associated with aberrant NMDA receptor
function.

17. The composition of claim 15 for use in treating epi
lepsy, diabetic neuropathic pain, fibromyalgia, osteoarthritis, 
or migraine.

or a pharmaceutically acceptable salt thereof.
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