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or the N-oxide thereof or pharmaceutically
acceptable salts thereof wherein

R ig aryl, aryl lower alkyl, heterocyclic or
heterocyclic lower alkyl, cycleoalkyl, lower cycloalkyl,
lower alkyl, wherein R is unsubstituted or is substituted
with at least one electron withdrawing group or an electron
donating group:

R, is hydrogen or lower alkyl, lower alkenyl,
lower alkynyl, arvl lower alkyl, aryl, hetercocyclic lower
alkyl, heterocyclic¢ lower cycloalkyl, lower cylcoalkyl,
lower alkyl, and R; is unsubstituted or substituted with at

/2
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least one electron withdrawing substituent or at least one
electron deonating substituent;

R>, and R, are independently hydrogen, lower
alkenyl, lower alkynyl, heterocyclic, heterocyclic lower
alkyl, lower alkyl heteroccyclic, lower cycloalkyl, lower
cycloalkyl lower alkyl, SO, or Z-Y wherein R, and R, may
be unsubstituted or substituted with at least one electron
withdrawing group or electron donating group;

2 is O, S{Q)., NR,, PR,, mercaptoalkyl,
alkylthio; or a chemical bond;

¥ is nydrogen, lower alkyl, arvyl, aryl lower
alkyl, lower alkenyl, lower alkynyl, halc, heterocyclic or
heterocyclic lower alkyl, cycloalkyl, cycloalkyl lower
alkyl and Y may be unsubstituted or substituted with an
«lectron donating group or an electron withdrawing group

provided that Z is a chemical bond only when Y is halo; or
ZY taken together is NR,NRsR,, NR,OR5, ONR.R-,

OPR,Rs, PRL,ORs, SNR,R,, NR.SR-5, SPR.Rs, PR4.SR~», NR,PR:Rg,
PR,NRsR,, NR,C - Rs, SC - Rs, NR,C -OR5;, SC - ORg,

I ) I )

0] O o 0]

- NRsRg, NRL,C - NRsS(O)a.Re, NRLC = NRgRe,

I

I
sl 3

NE,

O==0

NR,CMNR5COR, or C-NH;
I | I
Q A S
R,s, Rs and Rg are independently hydrogen, lawer
alkyl, aryl, aryl lower alkyl, lower alkenyl, or lower
alkynyl, wherein R,, Rs and Rg may be unsubstituted or
substituted with an electron withdrawing group @r an
electron donating group;
R-, 1s Reg, COORs Or CORa; .
Pe 1s hydrogen or lower alkyl or aryl lower
alkvyl;
n is 1-4 and
a is 1-3
M is a lower alkylene chain, and A and @ are

independently O or § with the provisio that at least one of
A or Q is S.
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The present invention relates to compounds of formula (1).
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;MINO _ACID DERIVATIVE ANTICONVULSANT

The present invention  relates to compounds and
rharmaceutical compositions having central nervous system
(CNS) activity which are useful in the treatment of
epilepsy and other CNS disorders. More specifically, the
compounds of this invention can be characterized as
protected aminc acid derivatives of the formula:

R

or the N-oxides thereof or pharmaceutically acceptable
salts thereof wherein

R is hydrogen, lower alkyl, lower alkenyl, lower
alkynyl, arvyl, aryl lower alkyl, heterocyclic, heterocyclic
lower alkyl, lower alkyl heterocyclic, lower cycloalkyl,
lower cycloalkyl lower alkyl, and R is unsubstituted or is
substituted with at least one electron withdrawing group or
eliectron donating group;

R; is hydrogen or lower alkyl, lower alkenyl,
lower alkynyl, aryl lower alkyl, aryl, heterocyclic lower
alkyl, hetero€yclic, lower cyclealkyl, lower cycloalkyl
lower alkyl, each unsubstituted or substituted with an
electron deonating group or an electron withdrawing group
and

R. and Rs are independently hydrogen, lower
alkyl, lower alkenyl, lower alkynyl, aryl lower alkyl,
arvl, heterocyclic, heterocyclic lower alkyl, lower alkyl
heterocyclic, lower cycloalkyl, lower cycloalkyl lower
alkyl, SO,~ or 2-Y wherein R. and R, may be unsubirtituted
or substituted with at least one electron withdrawing group
or electron donating group;
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2 is O, S,8(0)a, NR,, PRy or a chemical bond;

Y is hydrogen, lower alkyl, aryl, aryl lower
alkyl, lower alkenyl, lower alkynyl, halo, heterocyclic,
heterocyclic lower alkyl, cycloalkyl, cycloalkyl lower
alkyl and Y may be unsubstituted or substituted with an
electron donating group or an electron withdrawing group,
provided Zz is a chemical bond only, when Y is halo, or

2Y taken together is NR,NRsR,, NR,ORs, ONR.R-,
OPR4Rs, PR.ORs, SNR4R-, NR,SR,, SPR4Rs, PR SR,, NR,PR R¢
PR,NRsR,, NR.,C-Rs, SCRs, NR.C-OR,, SC-OR,, NR,C-NR.Rs,

I I I I )
0 0] 0] O o]
NR,CNRsS(0O)aRe, NRL,CNRsRg, NR,CMNRsCORe, or C-NH.,
I I I I |
&) S 0] A S

R4, Rs and Rg are independently hydrogen, lower
alkyl, aryl, aryl lower alkyl, lower alkenyl, or lower
alkynyl, wherein R,, Rs and Re may be unsubstituted or
substituted with an electron withdrawing group or an
electron donating group and

R, 1s Rg or COORg Or CORg

Rz is hydrogen or lower alkyl, or aryl lower
alkyl, and the aryl or alkyl group may be unsubstituted or
substituted with an electron withdrawing group or an
electron donating group and

A and Q are independently O or S, M is an
alkylene chain containing up to 6 carbon atoms or a
chemical bond;

n is 1-4 and
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a is 1-3.

The predominant application of anticonvulsant drugs
is the control and prevention of selzures associated with
epilepsy or related cecntral nervous system disorders. Epilepsy
refers to many types of recurrent seizures produced by
paroxysmal excessive neuronal discharges in the brain; the two
main generalized seizures are petit mal, which is associated

with myoclonic jerks, akinetic seizures, transient loss of

consclousness, but without convulsion; and grand mal which
manifests in a continuous series of seizures and convulsions
with loss of consciousness.

The mainstay of treatment for such disorders has been
the long-term and consistent administration of anticonvulsant
drugs. Most drugs in use are weak acids that, presumably,

exert their action on neurons, glial cells or both of the

central nervous system. The majority of these compounds are

characterized by the presence of at least one amide unit and
one or more benzene rings that are present as a phenyl group or
part of a cyclic system.

Much attention has been focused upon the development
of anticonvulsant drugs and today many such drugs are well
Xxnown. For example, the hydantions, such as phenytoiﬁ, are
uscful in the control of generalized seizures and all forms of
partial seizures. The oxazolidinediones, such as trimethadione

and paramethadione, are vsed in the treatment of
seizures.

onconvulsive
Phenacemide, a phenylacetylurea, is one of the most
well known anticonvulsants employed today, while much attention
has recently been dedicated to the investigation of the
diazepines and piperazines. For example, U.S. Patent Nos.
4,002,764 and 4,178,378 to Allgeier, et al. disclose esterified
diazepine derivatives useful in the treatment of epilepsy and
other nervous disorders. U.S. Patent No. 3,887,543 to
Nakanishi, et al. describes a thieno [2,3-e}l{l1,4] diazepine



WQ 92/21648 -4~

10

15

20

25

30

35

PCT/US92/04687

compound also having anticonvulsant activity and other
depressant activity. U.S. Patent No. 4,209,516 to Heckendorn,
ct al. rclates to triazole derivatives which exhibit

anticonvulsant activity and arc useful in the treatment of

epllepsy and conditions of tension and agitation.

U.S. Patent
No.

4,372,974 to Fish, et al. discloses a pharmaceutical
formulation containing an aliphatic amino acid compound in

which the carboxylic acid and primary amine are separated by

three or four units. Administration of these compounds in an

acid pH range are useful in the treatment of convulsion

disorders and also possess anxiolytic and sedative properties.

Unfortunately, despite the many available

pharmacotherapeutic agents, a significant percentage of the

population with epilepsy or related disorders are poorly

managed. Moreover, none of the drugs presently available are

capable of achieving total seizure control and most have

disturbing side-effects. Clearly, current therapy has failed

to “seize control™ of these debilitating diseases.

It is thercfore one object of the present invention
to provide novel compounds exhibiting CNS activity,
particularly anticonvulsant activity.

Another objecct of this invention is to provide

pharmaceutical compositions useful in the treatment of epilepsy
and other CNS disorders.
A further object of this invention is to provide a
treating epilepsy and related convulsant disorders.
These and other objects are accomplished herein by
compounds of the following general formula:

method of

providing

R
12
R-NH{C~CNH} C-
{H ] }nu Rl
0 R3 A
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Wherein Rn Rlc RZI RBI Rdl Rs: RGI n, zl‘ Yl A and Q are as
defined hereinabove.

The present invention contemplates employing the

compounds of Formula I in compositions of pharmaceutically

acceptable dosage forms. Where the appropriate substituents

arc employed, the present invention also includes
pharmaceutically acceptable addition salts. Moreover, the
administration of an effective amount of the present compounds,
in their pharmaceutically acceptable forms or the addition
salts thereof, can provide an excellent regime for the
treatment of epilepsy, nervous anxiety, psychosis, insomnia and
other related central nervous disorders.

The alkyl groups when used alcne or in combination
with other groups, are lower alkyl containing from 1 to 6
carbon atoms and may be straight chain or branched. These
groups include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tertiary butyl, amyl, hexyl, and the 1like,

The aryl lower alkyl groups include, for example,
benzyl, phenethyl, phenpropyl, phenisopropyl, phenbutyl, and
the like, diphenylmethyl, 1,l1-diphenylethyl,

1,2~-diphenyl-
ethyl, and the like.

The term aryl, when used along or in combination,
refers to an aromatic group which contains from 6 up to 18 ring

carbon atoms and up to a total of 25 carbon atoms and includes

the polynuclear aromatics These aryl groups may be

monocyclic, bicyclic, tricyclic or polycyclic and are fused
rings. Polynuclear aromatic compound is meant to encompass
bicyeclic, tricyclic fused aromatic ring system containing from
10-18 ring carbon atoms and up to a total of 25 carbon atoms.
The aryl group includes phenyl, and the polynuclear aromatics
e.g., naphthyl, anthracenyl, phenanthrenyl, azulenyl and the

like. The aryl group also includes groups like ferrocenyl.
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Lower alkenyl is an alkenyl group containing from 2
to 6 carbon atoms and at lecast one double bond. These groups
may be straight chained or branched and may be in the 2 or E
form. Such groups include vinyl, propenyl, l-butenyl,
iscbutenyl, 2-butenyl, l-pentenyl, (2)-2-pentenyl,
(E)-2-pentenyl, (2)-4-methyl-2-pentenyl,
(ﬁ-)-4fmethyl~2~pentenyl, pentadienyl, e.g., 1,3 or 2,4~
pentadienyl, and the like.

The term alkynyl include alkyene substituents

containing 2 to 6 carbon atoms and may be straight chained as

well as branched. It includes such groups as ethynyl,

propynyl, l-butynyl, 2-butynyl, l-pentynl, I-pentynyl,
3-methyl-l-pentynyl, 3-pentynyl, l-hexynyl, 2-hexynyl,
3-hexynyl and the like.

The term cycloalkyl when used alone or in combination
is a cycloalkyl group containing from 3 to 18 ring carbon atoms

and up to a total of 25 carbon atoms. The cycloalkyl groups

may be monocyclic, bicyelic, tricyclic, or polycyclic and the
rings are fused. The cycloalkyl may be completely saturated or
partially saturated. Examples include cyclopropyl, c¢yclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclodecyl,
cyclohexenyl, cyclopzntenyl, cyclooctenyl, cycloheptenyl,
decalinyl, hydreindanyl, indanyl, fenchyl, pinenyl, adamantyl,
and the like. Cycloalkyl includes the cis or trans forms.
Furthermore, the substituents may either be in endo or ex
positions in the bridged bicyclic systems.

The term "electron-withdrawing and electron donating"
refer to the ability of a substituent to withdraw or donate
electrons relative to that of hydrogen if the hydrogen atom
occupied the same pogition in the molecule. These terms are
well understood by one skilled in the art and are discusced in

Advanced Organic Chemistry, by J. March, John Wiley and Sons,
New York NY, pp.

16~18B (1985) and the discussion therein is
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incorporated hercin by reference. Electron withdrawing groups

include halo, including bromo, .fluoro, chloro, iodo and the
like; nitro, carboxy, lower alkenyl, lower alkynyl, formyl,
carboxyamido, aryl, quaternary ammonium, trifluoromethyl, aryl
lower a;kanoyl, carbalkoxy and the like. Electron donating
groups include such groups as hydroxy, lower alkoxy, including
methoxy, ethoxy and the like; lower alkyl, such as methyl,
ethyl, and the like; amino, lower alkylamino, di(loweralkyl)
amino, aryloxy such as phenoxy, mercapto, lower alkylthio;
lower alkylmercapto, disulfide {lower alkyldithio) and the
like. One skilled in the art will appreciate that the
aforesaid substituents may have electron donating or electron
withdrawing properties under different chemical conditions.
Moreover, the present invention contemplates any combination of
substituents selected from the above-identified groups.

The term halo includes fluoro, chloro, bromo, iocdo
and the like.

The term acyl includes Jower alkanoyl.

As employed herein, the heterocyclic substituent
contains at least one sulfur, nitrogen or oxygen, but also may

include one or several of said atoms. The heterocyclic

substituents contemplated by the present invention include
heteroaromatics and saturated and partially saturated

heterocyclic compounds. These heterocyclics may be monocyclic,

bic_=2lic, tricyclic or polycyclic and are fused rings. They
may contain up to 18 ring atoms and up to a total of 17 ring
carbon atoms and a total of up to 25 carbon atoms. The
heterocyclics are also intended to include the so-called
benzoheterocycles. Representative heterocyclics include furyl,
thienyl, pyrazolyl, pyrrolyl, imidazolyl, indolyl, thiazolyl,
oxazolyl, isothiazolyl, isoxazolyl, piperidyl, pyrrolinyl,
piperazinyl, quinolyl, triazolyl, tetrazolyl, isogquinolyl,
benzofuryl, benzothienyl, morpholinyl, benzoxazolyl,
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tetrahydrofuryl, pyranyl, indazolyl, purinyl, indolinyl,
pyrazolidinyl, imidazolinyl, imadazolidinyl, pyrrolidinyl,
furazanyl, N-mcthylindolyl, mcihyliuryl, pyridazinyl,
pyrimidinyl, pyrazinyl, pyridyl, epoxy, aziridino, oxetanyl,
azetidinyl, the N-oxides of the nitrogen containing
heterocycles, such as the nitric oxides of pyridyl, pyrazinyl,

and pyrimidinyl and the like. The preferred heterocyclic are
thienyl, furyl, pyrroly, benzofuryl, benzothienyl, indolyl,
methylpyrrolyl, morpholinyl, pyridyl, pyrazinyl, imidazolyl,
pyrimidinyl, pyrazolyl or pyridazinyl. The preferred
heterocyclic is a 5 or 6-membered heterocyclic compound.
The especially preferred heterocyclic is furyl, pyridyl,
pyrazinyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl,
oxadiazolyl, epoxy, pyrimidinyl, or pyridazinyl. The most
preferred heterocyclics are furyl, pyrazolyl, pyrrolyl and

ridyl.
PY Y The preferred compounds are those wherein n is 1, but

di, tri and tetrapeptides are also contemplated to be within
the scope of the claims.

The preferred values of R is aryl lower alkyl,
especially benzyl, and the preferred Rl is H or lower alkyl.
The most preferred R1 group is methyl.

The most preferred electron donating substituent and
electron withdrawing substituent are halo, nitro, alkanoyl,
formyl, arylalkanoyl, aryloyl, c - rboxyl, carbalkoxy,
carboxamide, cyano, sulfonyl, sulfoxide, heterocyclic,
guanidine, quaternary ammonium, lower alkenyl, lower alkynyl,
sulfonjum salts, hydroxy, lower alkoxy, lower alkyl, amino,
lower alkylamino, di(loweralkyl)amino, amino lower alkyl

mercapto, mercaptoalkyl, alkylthio; and alkyldithio.

The term
"sulfide®

encompasses mercapto, mercapto alkyl and alkylthio,
while the term disulfide encompasses alkyldithio. These
preferred substituents may be substituted on any one of R

R
1 720
R3, R4, RS or RS' R7 or R8 as defined herein.
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1 The 2Y groups representative of r, and RJ include
hydroxy, alkoxy, such as methory, ethoxy, aryloxy, such as
phenoxy; thioalkoxy, such as thiomethoxy, thiocthoxy;
thicaryloxy such as thiophenoxy; amino; alkylamino, such as

5 methylamino, ethylamino; arylamino, such as anilino; lower
dialkylamino, such as, dimethylamino; trialkyl ammonium salt,
pydraziqo, alkylhydrazino and arylhydrazino, such as
‘N—methylhydrazino. N-phenylhydrazino, carbalkoxy hydrazino,
aralkoxycarbonyl hydrazino, aryloxycarbonyl hydrazino,

10 hydroxylamino, such as N-hydraxylamino (-Nli-OH), lower alkoxy
amino I(NHOng) wherein Rig is lower alkyl]), N-lower
alkylhydroxyl amino [(NCRlB)OH wherein R18 is lower alkyl],
N-lower alkyl-O-lower alkyl hydroxyamino, i.e., {N(Rle)Ong
wherein RlB and ng are independently lower alkyll and

15 o-hydroxylamino (-O—NHZ); alkylamido such as acetamido,
trifluorcacetamido, lower zalkoxyamino, (e.g. NH(QCHJ); and
heterocyclicamino, such as pyrazoylamino.

Furthermore, in still another embodiment Z may be
0, S, NR, or PR, and Y may be hydrogen, lower alkyl or aryl
and R, R, Rz, Ra, R., Rs, Re, Ry, Rg, n and a are as
20 defined hereinabove.

In a still further embodiment, 2Y may be NR,CR.,

]
or SCRs Or NR,C-ORs, Oor SC-ORs and

i I ll)
25 ] 9]
R, Ry, Ra, Ry, Ra, Rs, Rs, Ry, Re, n and a are as defined
hereinabove.
when R, or R, is heterocyclic, the preferred
heterocyclics are furyl, tetrahydrofuryl, pyridyl,
30 pyrazinyl, imidazolyl, pyrazolyl, triazolyl, tetrazolvl.
oxadiazolyl or epoxy. The most preferred heterocyclic is fury

pyridyl, pyrazoyl and pyrrolyl.

35
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The preferred heterocyclic groups representative
©f R; and R, have the formula

B -~
l O“T” X1
G

or those corresponding partially or fully saturated form
thereof wherein n is 0 or 1

A, Z, L and J are independently CH, or a heteroatom

selected from the group consisting of N, O, S, and

G is CH, or a heteroatom selected from the group
consisting of N, O and S,

but when n is 0, G is CH, or a heterocyclic selected

from the group consisting of NH, Q0 and S with the proviso that

at most two of A, E, L., J and G are heteroatoms.

If the ring depicted hereinabove contains a nitrogen

ring atom, then the N-oxide forms are also contemplated to be

within the scope of the invention.

When Rz'of R3 is a heterocyclie of the above formula,

it may be bonded to the main chain by a ring carbon atom.

When
n is O,

R2 or R3 may additionall: be bonded to the main chain
by a nitrogen ring atom.

R, or R, may independently also be SO; , or

—m

SO, .

Furthermore, 2Y may also be NR,C NRsRg,

I
o
I i I
O 0 0
or Ry, CM NRy C ORg.

] I
Q A
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When R, is alkenyl the alkenyl group is a lower
alkenyl group having 1-6 carbon atoms. The alkenyl group
may be substituted with an electron donating group and more

preferably with an electron withdrawing group, . such as
COCH.

As indicated hereinabove, Q and A may be O or S;
in other words, the main chazin may contain only C=0, only
~-C=S or combinations thereocf. All such permutatiocns are
contemplated herein. It is preferred that the compounds of
the present invention contain no more than 2 C=S moieties,
it is even more preferred that the compounds of the present
invention contain no more .han 1 C=S meoiety. The most
preferred embodiment are when A and Q are both oxygen.

An embodiment of the present applicaticon is one
in which the compounds are of Formula I wherein R is lower
cycloalkyl or lower cycloalkyl lower alkyl, and R is
unsubstituted or is substituted with at least one electron
withdrawing group or electron donating group and R,, Rs,
Ra, 2, ¥ or 2Z¥ taken together, R., Rs, Rg, R+, Ra, n and a
are as defined herein.

Another embodiment of the present invention
include compounds of Formula I wherein R; is lower
cycloalkyl or lower cycloalkyl lower alkyl and R, may be
unsubstituted or substituted with an electrorn donating
group or electron withdrawing group and R,, R., Ra, 2, ¥,
or 2Y taken together, R., Rs, Re; R2, Re m and a are as
defined hereinabove.
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1 Another embodimeng of the present invention
includes compounds of Formula I wherein R, is lower
cycloalkyl or lower cycloalkyl lower alkyl and R. may be
unsubstituted or substituted with an electrop donating

5 group or electron withdrawing group, and R, Ry, R,, Rs, Rs,
Re, R, Ry and a are as defined hereinabove.

Still another embodiment of the present invention
include compounds of Formula I wherein R, is lower
cycloalkyl or lower cycloalkyl lower alkyl and R, may be

10 unsubstituted or substituted with an electron donating or
electron withdrawing group and R, R,, R., R., Rs, Re, R-,
Rg, n and a are as defined hereinabove.

A further embodiment of the present invention
include compounds of Formula I wherein 2 is S{0). and R,

Ri, Rz, Rs, Y, Rs, Rs, Re, Ry, Rg, n and a are as defined

15 herein.

It is preferred that one of R, and R,y is hydrogen.
In a preferred embodiment, one of RZ and R3 is
hydrogen and that the other is heteromyclic. It is preferred

o0 that one of R2 and R3 is a heterocyclic having Formula %I. The
preferred heterpcyclics include furyl, thienyl, benzothienyl,
benzofuryl, oxazolyl, thiazolyl, isoxazolyl, indolyl,
pyrazolyl, isoxazolidinyl, penzothienyl, benzofuryl,
morpholiny . indolyl, pyrrolyl, furfuryl, and met?yl—

o5 PY¥F°1X%L pyridyl, pyrazinyl, imidazolyl, pyrimidinyl or
pyridazinyl, pyrazolyl, or epoxy. In another preferred
embodiment, one of R, and R, is alkyl (e.q.
methylisopropyl), aryl (e.g., phenyl), 2-thiomethylethyl,
lower alkoxy (e.g., phenyl), 2-thicmethylethyl, lower

30 alkoxy (e.g., ethoxy, methoxy), anilino, propenyl,

35
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alkylamino {e.g., ethylamino'or methylamino). In another
preferred embodiment, one of R and R, is hydrogen and the
other is heterocyclic lower alkyl, lower alkenyl, amino,
lower alkoxy amino, N-lower alkylhydroxyamino, lower

alkoxyamino, N-lower alkyl-O-lower alkylhydroxyamino or
aralkoxycarbonylhydrazino.

Preferred compounds of the

. Present invention have the
following general formula:
R
CH 12
A NHC.
m 2 h ?NHO-;&.
o R I 1
\3 0

wherein Rl is H or lower alkyl, R2 and R3 are as define@ above
and A is hydrogen or an electron donating group or electron-
withdrawing group and m is 0-5.

It is preferred that A ir
hydrogen (i.e., m=0).

However, values of m equalling 1, 2 or 3
are also preferred.

Preferred embodiments include compounds of Formula I

R

12
R-NH{C-C) -R
{" lNH}nﬁ Rl (1)
O Ry 0O
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i ogen, lower alkyl,
wherein R and Rl' independently, are hydrog 1 -
lower alkenyl, lower alkynyl, aryl lower alkyl, ary f o
heterocyclic, lower alkyl heterocyclic, each unsubstitute
substituted with at least one substituent;

R2 and R3, independently, are hydrogen, lower alkyl,
lower alkenyl, lower alkynyl, aryl lower alkyl, aryl,
heterocyclic, lower alkyl heterocyclic, each unsubstituted or
_substituted with at least one substituent; halogen or a

heteroatom containing oxygen, nitrogen, sulfur or phosphorous

substituted with hydrogen, lower alkyl or aryl, said lower
alkyl or aryl groups being substituted or unsubstituted; and
n is 1 to 4.

Another preferred embodiment is a compound having
Formula I

R
R-NH{C-CNH3} c-pn
o '}nﬁ Rl (I)
O R, -0 ,

wherein R is aryl, aryl lower alkyl, heterocyclic, lower alkyl
heterocyclic, polynuclear aromatic or lower alkyl polynuclear
aromatic, each uasubstituted or substituted with at least one
electron withdrawing substituent or at least one electron

donating substituent;

&l is H or lower alkyl, unsubstituted or substituted
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with at least one electron withdrawing substituent or at least
one clectron donating substituent;

RZ and R3, independently, are hydrogen, lower alkyl,
lower alkenyl, lower zlkynyl, aryl, aryl lower alkyl,
heterocyclic, lower alkyl heterocyclic, polynuclear aromatic,
lower alkyl polynuclear aromatic, each unsubstituted or
substituted with at least one electron donating substituent,
halogen or a heterocatom containing oxygen, nitrogen, sulfur or
phosphorous substituted with hydrogen, lower alkyl or aryl,

said lower alkyl or aryl groups being substituted or
unsubstituted; and

n is 1 to 4.

Ancother preferred embodiment of the present invention
is a compound of Formula I

R2
R-NH{4C-CNH C~-R
*ll 1 }n" 1
(o] R3 o]

wherein R is aryl lower alkyl, heterocyclic, lower alkyl
heterocyclic, polynuclear aromatic or lower alkyl polynuclear
aromatic, each of which may be unsubstituted or substituted
with at least one halo, nitro, acyl, carboxyl, carboalkoxy,
carboxamide, tyane, sulfenyl, sulfoxide (sulfinyl),
heterocyclic, guanidine, gquaternary ammonium hydroxy, alkoxy,
alkyl, amino, phenoxy, mercapto, ~1lfide or disulfide;

R, is H or lower alkyl which may be unsubstituted or
substituted with at least one halo, nitre, acyl, carboxamide,
cyano, sulfonyl, sulfoxide (sulfinyl), heterocyclic, guanidine,
quaterrnary ammonium, hydroxy, lower alkoxy, amino, phenoxy,
sulfide, or disulfide;

R2 is hydrogen, lower alkyl, lower alkenyl, lower
alkynyl, agfyl, heterocyclic, lower alkyl heterocyclic,
polynpuclear aromatic, lower alkyl polynuclear aromatic, each
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unsubstituted or substituted with at least one electron
withdrawing substituent or at least one electron donating
substituent; halogen or a hetcroatom consisting of oxygen,
nitrogen, sulfur or phosphorous, said heteroatom being
substituted with hydrogen, lower alkyl or aryl, said lower
alkyl or aryl groups being substituted or unsubstﬁtuted;

R3 is hydrogen, lower alkyl, lower alkenyl, lower
alkynyl, aryl, heterocyclic, lower alkyl heterocyclic,
polynuclear aromatic, lower alkyl polynuclear aromatic, each
unsubstituted or substituted with at least one electron
withdrawing substituent or at least one electron donating
substituent; halogen or a heteroatom consisting of oxygen,
nitrogen, sulfur, or phosphorous said heteroatom being
substituted with hydrogen, lower alkyl or aryl, said lower
alkyl or aryl groups being substituted or unsubstituted;

and n is 1 to 4;

Another preferred embodiment is a compound of Formula

I R
R-NHiC-Cn
- -CNH C-
TGV LCRy (1)
O Ry, -0

wherein R is aryl, aryl lower alkyl, heterocyclic or
heterogyclic lower alkyl and R is unsubstituted or is
substituted with at least one electron withdrawing group, or
clectron donating group;

Rl is hydrogen or lower alkyl, unsubstituted or
substituted with an electron donating group or an electron
withdrawing group and

R2 and R3 are independently hydrogen, lower alkyl,
lower alkenyl, lower alkynyl, aryl lower alkyl, aryl,
heterocyclic, heterocyclic lower alkyl, or Z-Y wherein R2 and
R3 may be unsubstituted or substituted with at least one
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clectron withdrawing group or clcchron donating group;

Z is 0o, s,s(o)a, Nnd"PR4 or a chemical bond;

¥ is hydrogen, lower alkyl, aryl, aryl lower alkyl,
lower alkenyl, lower alkynyl, heterocyclic, heterocyclic lower
alkyl, or halo and Y may be unsubstituted or substituted with
an electron donating group or an electron withdrawing group,
provided that when Y is halo, 2 is a chemical bond, or

2Y taken together is NRANR5R7, NR40R5, ONR4R7,
OPR4R5, PR4OR5, SNR4R7, NR4SR7, SPR4R5 or PR45R7, NR4PR5R6 or

PR4NR5R R NR4ER5' SERS, NR4EOR5, SEIZ-—OR5
0] @] o

R4, RS and R6 are independently hydrogen, lower
alkyl, aryl, aryl lower alkyl, lower alkenyl, or lower alkynyl,
wherein R,, RS and R, may be unsubstituted or substituted with
an electron withdrawing group or an electron donating group and

R7 is Rg or COORg or CORg, Rg is hydrogen or lower
alkyl, or aryl. lower alkyl, wherein the aryl or lower alkyl
groups may be unsubstituted or substituted with an electron
Qithdrawing or electron donating group, '

n is 1-4 and

a is 1-3.

Another class of preferred compounds of the Formula I
have the formula

R

12
-NH4C-CNH}_C-R
R NH{({E Ci ’}n" 1
' O R3 -0
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wherein R is aryl, aryl lower alkyl, heterocyclic or
heterocyclic alkyl which is unsubstituted or substituted with

at least one electron withdrawing group or at lcast one
electron donating group;

Rl is hydrogen or lower alkyl which is unsubstituted
or substltuted with at least one electron withdrawing group or
one electron donating group,

R2 and R3 are independently hydrogen, lower alkenyl,
lower alkynyl, aryl, aryl lower alkyl, Z-Y or a heterocyclic
group which may be ‘unsubstituted or substituted with at least

one electron withdrawing or one electron donating group, with

the proviso that R2 and R3 cannot both be hydrogen;

Z is 0, S, NR4, PR4 or a chemical bond;

Y is hydrogen, lower alkyl, aryl, aryl lower alkyl,
lower alkenyl, lower alkynyl or halo, and Y may be

unsubstituted or substituted with an electron donating group or

an electron withdrawing group, provided that when Y is halo, 2
is a chemical bond; or

ZY taken together is NR NRS 6° NRAORS' ONRARS,
OPR RS, PR4OR5, SNR4R5, NR SRS' SPR,R or PR SRS' NR,PR.R. or

4757 477576
PR NRSRG'

R4, RS and Rs are independently hydrogen, lower
alkyl, aryl, aryl lower alkyl, lower alkenyl,

or lower alkynyl,
wherein R, .

RS and RG may be unsubstituted or substituted with

an electron withdrawing group or an electron donating gz
n is 1-4.

Of this preferred group,

1.

1p;
it is especially preferred that n is

The preferred compounds are those in which R is aryl,
aryl lower alkyl, heterocyclic, or heterocyclic lower alkyl, R
is hydrogen or lower alkyl, R2 and R3 are independently
hydrogen, heterccyclic, lower alkyl,

1
aryl, lower alkoxy, lewer

alkenyl, amino, hydroxylamino, lower alkoxy amino, N-lower
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alkyl hydroxyamino, N-lower alksl-o-lower alkyl hydroxyamino,
aralkoxy carbonyl hydrazino or alkylmercapto and n is 1.

In another preferred embodiment, n is 1, R and R1 are

as defined hereinabove and one of R, and R, is hydrogen and the

other is heterocyclic, heterocyclic lower alkyl, aryl
N-hydroxylamino, lower alkoxyamino, N-lower alk}lhydroxylamino,
N-lower alkyl-O-~lower alkylhydroxyamino.

Another preferred embodiment is wherein n is 1, R and
R1 are as defined hereinabove, one of R2 and R3 is as defined
hereinabove or the other is heterocyclic, heterocyclic lower
alkyl, lower alkyl heterocyclic, aryl, N-hydroxylamino, lower
alkoxy amino, N-lower alkyl hydroxylamino, N-lower
alkyl-o-lower alkyl hydroxylamino, lower alkoxy, dialkyl lower
amino, lower alkylamino, aryl lower alkyloxy hydrazino, or
lower alkylmercapto.

The various combination and permutations of the
Markush groups of Rl’ RZ' R3 R and n described herein are
contemplated to be within the scope of the present invention.
Morcover, the present invention also encompasses compounds and
compositions which contain one or more elements of each of the
Markush groupings in Rl’ RZ' R3, n and R and the various

combinations thereof. Thus, for example, the present invention

contemplates that Rl may be one or more of the substituents
listed hereinabove in combination with any and all of the
substituents of RZ' R3 and R with‘respect to each value of n.
The compounds of the present invention may contain
one (1) or more dsymmetric carbons and may exist in racemic and
optically active forms. The configuration around each
asymmetric carbon can be in either the D or L form. (It is
well known in the art that the configuration around a chiral
carbon atoms can also be described as R or S in the
Cahn-Prelog-Ingold nomenclature system). All of the various
configurations around each asymmetric carbon, including the



WO 92/21648 -20=~ PCT/US92/04687

10

15

20

25

30

35

various enantiomers and diastercomers as well as racemic
mixtures and mixtures of enantiomers, diastereomers or both are
contemplated by the present invention.

In the principal chain, there exists asymmetry at the
qarbon atoms to which the groups Rz and R3 are attached as

Ssubstituted. When n is 1, the compounds of the present
invention is of the formula

a2 ¥ 9
- C~N-~-C - Rl

I
3

wherein R, Ry, Ry, Ry, Ry, Rg, Rg, 2 and Y are as defined

previously. As used herein, the term configuration shall refer

R - NH -

to the configuration around the carbon atom to which RZ and R3
are attached, even though other chiral centers may be present
in the molecule. Therefore, when referring to a particular
confiquration, such as D or L, it is to be understood to mean
the sterecisomer, including all possible enantiomers and
diastereomers. The compounds of the present invention are
directed to all of the optical isomers, i.c., the compounds of
the present invention are either the L-stereoisomer or the
D-stereoisomer. These stereoisomers may be found in mixtures
of the L and D stereoisomer, e.g., racemic mixtures. The D
stereoisomer is preferred.

Depending upon the substituents, the present
compounds may form addition salts ..s well. All of these forms
are contemplated to be within the scope of this invention
including mixtures of the sterecisomeric forms.

The following three schemes of preparation are

generally exemplary of-the process which can be employed for

the preparation of the present complex. Although the compound:

in the schemes hereinabove contain only the C moiety, it is

O
just as applicable to compounds of

Formula I wherein either A or Q is sulfur or both A or 0
are sulfur.
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R O R
12 no2
HOOC~C-NH s0cCl excess *R-NH-C~C-NH
R3 NeOH RNH R3
. {
o) 0] 0O R
n u v 12
Rlc—o—c—R1 RHN~-C—-C-NN-C-1!
> oo
3 O
Scheme 11
114 0O 0 n, O
t2 R 1a il
HOoC-C-~1ill IR,COCR, . HOCC~-C~-Hi1i-Cit
1 2 1 1 1 1
—_—
R3 R3 .
O
L}
C1COR.
tectiary amine
O n O 7 aogn O
TR | o o2 i
RNH-—C-"C‘-—NHCR"I P,NH? R OCOC—C-—UH-CRl
n S 17 ﬁ
3 3
4
CO? + l‘ﬁ.pll
wherein
Ri7= lower alkyl, aryl, aryl lower galkyl,
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Scheme II11
o] 00 o olo
i TR ] ]
R, Cun, R,CColl ulcun-$—con
—_—s
R,
onsun’t
L Ry
o OR.0 0 OR _O
it _13Wn i P70
nltnu-g—-cmnn run, R, CRi~C—CORy 7
n e ﬁ .
pa vith' or 2
without catalyst
RN (i.e., nitcu-)
Lewis acid, such as Bry o(Et)2
o) R.O
i P 3
R, CHIi-C-CHIIR
]
Ly

wherein Rj = aryl, heteroaromatic and Ry is as defined

hereinabove. -

More specifically, these compounds can be prepared
by art-recoygnized procedures from hknown compowunds or readily

preparable jiincermediates. For instance, compdunds of Formula

1 can be prepared by reacting amines of Formula II with an
acylating derivative of a carbozylic acid of Formula 111
under amide forming conditions:

o R

O
2 i
o 4+ R-C-0H —3 1

RNl + € =C - Hu H ]

\l

Ry

11 " n I1 11X
wherein R, R R 1t

17 2 3 and are as defined hereinabove and n = 1.
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The amide forming conditions referred to herein
involve the use of known derivatives of the described acids,

such as the acyl halides, (ec.g., Rl-g-x,

N

o}
wherein ¥ is Cl, Br and the like), anhydrides

Q 0
(e.g., Rl'g'o'g'Rl)' mixed anhydrides, lower alkyl esters,
carbodiimides, carbonyldiimidazoles, and the like. It is
preferred that the acylating derivative used is the

i
anhydride, Rl-C-O-C-Rl. When alkyl esters are employed, amide.
bond formation can be catalyzed by metal cyanides such as
sodium or potassium cyanides.

Another exemplary procedure for preparing compounds
wherein at least one of R2 and R3 is aromatic or heteroaromatic
is depicted in Scheme IV.

The ester {IV) is reacted with halogen and
ultraviolet light in the presence of a catalyst, e.g., AIBN, to
form the halo derivative (V). (V) is reacted in the presence
of a Lewis acid, such as zinc chloride, with an aromatic or
heteroaromatic compound to form the compound (VI). (VI) in
turn is hydrolyzed and then reacted with alkylhaloformate, such
as alkylchloroformate in the presence of a tertiary amine to
generate the mixed N-acyl amino acid carbonic ester anhydride
(VII1). This intermediate is reacted w’“h an amine under amide
forming conditions to give the compound of Formula 1.
Alternatively, (VI) can be reacted directly with an amine
(RNHZ) optionally in the presence of a metal catalyst, such as
metal cyanides, e.g., potassium or sodium cyanide, under amide
forming conditions to form a compound of Formula I.
Alternatively, compound V1I] can be prepared by an independent
method and converted to V1 which is then reacted with an amine,

with or without catalyst to form the compound of Formula I.
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1 17

B

ol
R iNnTu OR X.

Rj

IV

e
R, CNil=C-COl 1.M700

1 &
+
VIT 2. H3O

w—u-g

C1~-C OR 17
tertiary amine

leNHjtﬁl-Ojlﬂl7

VIII

I NR

Iy

2l
R, CNH-C<C-NHR
0 ]

R3 1

3
\ ~ Lewis Acid
RyH
[
R]: Nll-(l,- OP17
Vi R3
R Nl12
with W
without catalyst
(i.e., M CN)

/
T~

X= halogen (i.e., Cl, Br)
R1=lower alkyl, aryl, arly lower alkyl

5

' ) ] + +
M+=metal cation (i.e., Na , K )
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Two additional synthetic routes may be employed for
the preparation of compounds wherein R, or R3 is Z-Y as defined
hercinabove. 1In one scheme, for the preparation of these
complexes, a substitution reaction is used:

Scheme V
H R3 H 0
I
T 7
RN - C - C - N~-C - Rl CH2C12
O ORg
IX
vop T d o
RN -~ & - C ~- N -~ é - R.
br
excess‘HRZ or MR2
© THF (~-78°C)
N
7
or compound of Formula I,
1) Et3N
2) HR2
THE (-78°C)

In the above scheme, R9 is lower alkyl, R2 is Z-Y and
Z, ¥, R, R3 and R1 are as defined hereinabave.

The ether functionality on IX can be cleaved by
treatment with Lewis acids, such as Egr3 in an inert solwent
sucih as methylene chloride %o form the corresponding halo
(bromo) derivative. Addition of either an excess of the H-R,
o MRZ or the sequential addition of triethylamine and H~R2 to
a THF mixture containing the halo derivative furnishes the
desired product. For example, in the case wherein the
compound of Formula IX is 2-acetamido-N-benzyl-2-ethoxy

acctamide, its treatment with BBr3 in CH2C12 led to the
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formation of the a-bromo derivative, 2-acetamido-N-
benzyl-2-bromoacetamide. Addition of an excess of HRZ or the
sequential addition of IR, to a THF mixture containing the
bromo adduct furnishes the desired product.

In another procedure, the product wherein RZ or Ry is
Z-Y can also be prepared by substitution reaction on a

quaternary ammonium derivative of the compound of Formula I as
outlined below

Scheme VI
Rlo_ Rg (CH3)30+BF4-
W B O >
RN - C - N - C -
xi RS CH,NO,
3 o
CH, X

"o [

\x
mi-g L—NC-R

1 1
R

excess RLH

;> desircd product

In scheme VI, R, Rl' R3 and R are as defined

hereinabove, Rz is 2-Y and Rg and R,, are independently lower
alkyl. 1In scheme VI, methylation of compound X with a
methylation reagent, such as trimethyloxonium tetrafluoroborate
provided the corresponding ammonium derivative. Subsequent
treatment of the ammonium salt thﬁ'ﬂRz furnizhes the desired
product. For example, methylation of
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2-acctamido-N~benzyl-2-{N,N-dimethylamino) acetamide with
trimcthyloxonium tetrafluoroborate in nitromethane furnishesd
the quaternary ammonium derivative,

2-acetamido-N-benzyl-(t,N,N- trimethylammonium) acetamide

tetrafluoroborate in high yields. Subsequent treatment of the

salﬁ with the HRZ reagent in the methancl leads to the
production of the desired product.

- AT Im any oryamic feacrtion, soIVents Gan be employed
such as methanol, ethanol, propanol, acetone, tetrahydroluran,
dioxane, dimethylformamide, dichloromethane, chloroferm, and

the like. The reaction is normally effected at or near room
temperature, although temperatures from 0°C up to the reflux
temperature of the reaction mixture camn be emploved.

As a further convenience, the amide forming reaction
can be effected in the presence of a base,

such as tertiary
organic amine, e.g., triethylamine,

pyridine,
4-methylmorpholine, picolines and the like, particularly where

hydrogen halide is formed by the amide forming reaction, c.g.,

the reaction acyl halide and the amine of Formula II. Of

course, in those reactions where hydrogen halide is produced;
any of the commonly used hydrogen halide acceptors can also be
used.

. The exact mineral acid or Lewis acid employed in the
rea~tion will vary depending ©on the given transformation, the
temperature required for the conversion and the sensitivity of

the reagent toward the acid in the reaction employed.

* compounds of the present invention in which Q or
A is & are prepared from the corresponding compounds in
which © or A is O by art recognized technigques. For
example, one reagent that can be used is Lawesson's reagent,
i.e, I2,4~bis~(4~methoxypheny1i—l,3-dithia*2,4~
diphosphetane~2-,4—disu1fide]‘ This reagent is a known
reagent for the thiation of such compounds as ketones,
carboxamides, esters, lactones, lactams, imides, enamines,
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and S-substituted thioesters. Thus, this reagent can be.
used to transform compounds of Formula I wherein Q Or A 1s

O to compounds wherein one or both of Q or A is S. The
numbery of C groups in the final product is dependent upon
I
5 S

the amount of reagent added and the number of C groups
]
O

present (i.e., the value of n) in the reactants having
10  PFormula I. For example, if n is 1, and both ¢ and A are

oxygen, than the compounds of Formula I have two C groups.

I
)

Thus, if it is desired that both C groups be transformed to

C

C then approximately eguimolar amount or a slight excess of

i
S

is added to compounds of Formula I. ©n the other hand, if
20 . . . ,
2 only one C group is desired in the final product,

i

S

then approximately 3 molar equivalent of Lawesson's reagent is u

25 , .
Furthermore, it is not necessary to add the

reagent at the last step of the synthesis; the reagent can
be added at any stage of the syntheses outlined in Schemes

I-VI hereinabove.

30 i

As before, the amount of the reagent

added depends upon the number of C desired in the preduct, and

S

numbear of ? groups in the reactant.
35 o
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Regardless of which step in the synthesis the
reagent is added, the reagent and the compound of Formula I
having at least one C group or an intermediate thereof is

o

dissolved in an inert solvent, such as THF and heated at a
temperature effective to convert the C group to a C.

|

i
o S

Temperatures ranging from room temperature to the reflux
temperature of the solvent can be used.
N1 =

In cases when

1, it is preferred that the reaction is heated to about
reflux if both Q and A are converted to S and that about
room temperature be used if one of QO or A is converted to
S.

The various substituents on the present new
compounds, e.g., as defined in R, Rl' R2 and R3 can be present
in the starting compounds, added to any one of the
intermediates or added after formation of the final products by
the known methods of substitution or conversion reactions. For
example, the nitro groups can be added to the aromatic ring by

nitration and the nitro group converted to other groups, such
ass amino by reduction, and halo by diazotization of the amino

group and replacement of the diazo group. Alkanoyl groups can

be substituted onto the aryl groups by Friedel-Crafts
acylation. The acyl (roups can be then transformed to the
corresponding alkyl groups by various methods, including the

Woff-Kishner reduction and Clemmenson reduction. ‘Amino groups

can be.alkylated to form mono, dialkylaminc and trialkylamino
groups; and mercapto and hydroxy groups can be alkylated to
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form corresponding thioethers or ethers, respectively. Primary
alcohols can be oxidized by oxidizing agents known in the art
to form carboxylic acids or aldehydes, and secondary alcchols
can be oxidized to form ketones. Thus, substitﬁtion or

5 alteration reactions can be employed Yo provide a variety of
substituents throughout the molecule cof the starting material,
intermediates, or the final product.

In the above reactions, if the substituents
themselves are reactive, then the substituents can themselves

10 be protected according to the technigues known in the art. A
variety of protecting groups known in the art may be employed.
.Examples of many of these possible groups may be found in
"Protective Groups in Organic Synthesis,”" by T.W. Greene, John
Wiley & Sons, 1981.
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Resulting mixtures of isomers can be separated in the
pure isomers by methods known to one skilled in the art, e.g.,
by fractional distillation,

crystallization and/or
chromotagraphy.

The present compounds obviously exist in
stereoisomeric forms and the products obtained thus can be

mixtures of the isomers, which can be resolved. Optically pure

functionalized amino acid derivatives can be prepared directly

from the corresponding pure chiral intermediate. Racemic

preducts can likewise be resolved into the optical antipodes,

for example, by separation of diastereomeric salts thereof,

e.g., by fractional crystallization, by selective enzymatic

hydrolysis, e.g., papain digestion, or by use of a chiral

stationary phase in chromotagraphy (HPLC). For a discussion of

chiral stationary phases for HPLC, See, DeCamp, Chirality, 1.,
2-6 {(1989), which is incotrporated herein by reference with the
same force and effect as if fully set forth herein.

For example, a racemic mixture of any of the
intermediate in any of the schemes, e.g.,

I O
Rl C - NH - ? - COR17 wherein R17 is H
Ry

{which can be prepared according to the procedures of Schemes
1, 2, 3 or 4) is reacted with an optically active amine, RNHZ,
e.g., (R)(+)a-methylbenzylamine to form a pair of

diasteroomeric salts. Diastereomers can then be separated by

recognized techniques known in the art, such as fractional
recrystallization and the like.
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In another method, a racemic mixture of final
products or intermediates can be resolved by using enzymatic
methods. Since enzymes are chiral melecules,

it can be used to
cseparate the racemic modification,

since it will preferentially
act on one of the compounds, without affecting the enantiomer.
For example, acylase, such as -acylase I, can be used to
separate the racemic modification of an intermediate

D,L{t)a-acetamido-2-furanacetic acid. It acts on the L

{+)a~acetamido-2-furanacetic acid, but will not act on the D
enantiomer. In this way,

the D{-)a-~acetamido-2-furanacetic
acid can be isolated.

The intermediate can then react with the
amine (RNHZ) under amide forming conditions as described
hereinabove to form teh compound of Formula I.
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The active ingredients of the therapeutic
compositions and the compounds of the present invention
exhibit excellent anticonvulsant activity when aédministered
in amounts ranging from about 10 mg to about 100 mg per
kilogram of body weight pex dav. A prefcrred(dosa@e regimen
for optimum results would be from about 20 mg to about 50 mg
per kilocgram of body weight per day, and such dosage units
are employed that a total cf from about 1.0 gram to about 3.0

grams of the active compound for a subject of about 70 kg of

-body weight are administered in a 24-hour period. This

dosage regimen may be adjusted to provide the optimum
therapeutic response and is preferably administered one to
three times a day in dosages of about 600 mg per

administration. For example, several divided doses may bec

‘administered daily or the dose may be proportionally reduced

as indicated by tl.e exigencies of the therapeutic situation.

A decided practical advantage 1s that the active compcund may

be administered in an convenient manner such as by the oral,

intraveneous {where water soluble), intramuscular or

subcutaneous routes.

The active compound may be'orally administered, for
example, with an inert diluent or with an assimilable edible
carrier, or it may be enclosed in hard or soft shell gelatin
capsule, or it may be compressed into tablets, or it may Dbe
incorporated directly with the food of the diet. For oral

therapeutic administration, the active compound may be
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incorporated with excipients and used in the form of ingestible
tablets, buccal tablets, troches, capsules, elixirs,
suspensions, syrups, wafers, and the like. Such compositions
and prcparations should contain at least 1% of.active compound.
The percentage of the compositions and preparations may, of

course, be varied and may conviently be between about 5 to

about 80% of the weight of the unit. The amount of active

compound in such therapeutically uscful compositions is such
that a suitable dosage will be obtained. Preferred
compositions or preparations according to the present invention
are prepared so that an oral dosage unit form contains between
about 5 and 1000mg of active compound.

The tablets, troches, pills, capsules and the like
may also contain the following: A binder such as gum
tragacanth, acacia, corn starch or gelatin; excipients such as
dicalcium phozphate; a disintergrating agent such as corn
starch, potato starch, alginic acid and the liek; a lubrican
such as magnesium stearate; and a sweetening agent such as
sucrose, lactose or saccharin mauy be added or a f£lavoring
agent such as peppermint, oil of wintergreen, or cherry
flavoring. When the dosage unit form is a capsule, it may
contain, in addition to materials of the above type, a liquid
carrier. Various other materials may be present as coatings or
to otherwise modify the physical form of the dosage unit.
instance, tablets, pills, or capsules may be coated with

For

shellac, sugar or both. A syrup or elixir may contain the
acitve compound, sucrose as a4 sweetening agent, methyl and
propylparabens as preservatives, a dye and flavering such as
cherry or orange flavor. O©Of course, any material used in
preparing any dosage unit form should be pharmaceutically pure
and substantially non-toxic in the amounts employved. 1In

addition, the active compound may be incorporated into
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1 sustaincd-rclcase preparations. and formulations. For example,
sustained release dosage forms are contemplated wherein the
active ingredient is bound to an iun cxchange resin which,

optionally, can be coated with a diffusion barrier coating to
5 modify the release properties of the resin.
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The active cormpound may also be admiristered
porenterally or intraperitoncully.

Dispersions can also be
prepared in glycerol,

liquid polycthvlene glycols, and
mixtures thereof and in oils. Under ordinary conditions of

storage and use, these preparations contain a preservative to
pPrevent the grouth of microorganisms.

The pharmacectical forms suitable for injectable

use include sterile aaueous solutfions (where water soluble)

or dispersions and sterile powders for the extemporaneous
Preparation of sterile injectable solutions or dispersions.
In all cases the form must be sterile and must be fluid to
the extent that easy syringability exists. It must be stable
under the conditions of manufacture and storage and must be

preserved against the contaminating action of microorganirs s

such as bacteria and fungi. The carrier can be a solvent or

disperzion medium containing, for example, water, ethanol,

propylene glycol, and liguid
polyethylene glycol, and the like},
thereof, and vegetable oﬁls.
maintained,

polyol (for example, glycerol,

suitable mi:tures

The proper f£luidity can be
for example, by the use cf a coating such

as
"lecithin; by the maintenance of the required particle size in
the case of dispersion and by the use of curfactants. The ‘

prevention of the action of microorganisms can be brought
about by various antibacterial and antifungal agents,
example, parabens, chloreobutanol, phenol,
thimerosal, and the like.

for
sorbic acid,

In many cases, it will be
preferable tc include isotonic agents,

for example, sugars or
sodium chloride.

Prolonged absorption of the injectable
compositions can be brought about by the use in the

compositions of agents delaying absorption, for example,

aluminum menostearate and gelatin.
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3 Sterile injeciable solutions ore prepezeé by
incorporating the active compound in the required amount in
the appropriate solvent vith various of the othér ingredients
enumerated above, as reguired, followed by filtcred

5 stexilization.

Generally, dispersions are prepared by
incorporzting the various sterilized active ingredient into a

sterile vehicle which contains the basic dispersion medium
and the reguired other ingredients from those enumerated
above.

In the case of sterile povders for the preparation of
injectable solutions, the preferred methods of
preparation are vacuum drying and the freeze-drying technigue

which yield a powder of the active ingredient plus any

10 sterile

additional desired ingredient from previously sterile-
filtered solution thereof.

15

As used herein, "pharmaceutically acceptable
carrier"™ includes any and all solvents,

dispersion media,
coatings,

antibacterial and antifungal agents, isotonic and

absorption delaying agents, anéd the like. The use of such

media and agents for pharmaceutical active substances is well

20 known -in_the art. Except insofar as any conventional media

‘or agent .is incompatible with the active ingredient, its use
in the therapeutic compositions is contemplated.
Supplementary active ingredients can also be incorporated
into the compositions.

o5 1t is especially advantageous to formulate
parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form as

used herein refers to physically discrete units suited as
unitary dossages for the mammalian subjects to be treated;

30 each unit containing a predetermined quuntity of zctive
material calculated to produce the desired therapeutic effect

in association with the reguired pharmaceutical carrier.

The

35
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specification for the novel dosage unit formec of the
invention are dictated by and diréctly dependent on (a) the
unique characteristics of the active material and the
particular therapcutic effect to be achicved, and (b) the

limitations inherent in the art of compounding such on active
material for the treatment of disease in living subjects
having a diseased condition ir which bodily health is
impaired as herain disclosed in detail.

The principal active ingredient is compounded for

convenlient and effcctive administration in efifective amounts

with & suitable pharmaceutically acceptable c§rrier in dosage

unit form as hereinbefore 2isclosed. A unit docage form can,

for example, contain the principal active compound in amounts
ranging from about 5 to about 1000 mg, with from about 250 to

about 750 mg being preferred. Expressed in proportions, the

active compound is ¢cenerallv present in {1om about 10 to

about 750 mg/ml of carrier. 1In the case of compositions

containing supplementary active ingredients, the dosages arec

determined by reference to the 1al dose anc manner of

administration of the said ingredients.

The compounds of the present invention
may be administered in ccmbination with other anti-convulsant

agents, such as phenytoin, phenbarbitol, mephenytoin,

and phenacemide, and the like. This combination

is likely to exhibit synergistic effects.

. For a better understanding of thc present invention
together with other and further objects, reference is made to
the following description and examples.
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o

Genetal methiods. Mélting points were

i

dctermlned with a Thomas-loover melting point apparatus
and are uucortccted. lncrarcd spectra (IR) were r
a Deckman 1r~-A250 and perkin-Lilmer 1330 and 283

spectrophotometers and calibrated against the 1601~cm’1

pand of polysytrcne. Absorption values are e¥
wavenumbers

un oh

(¥}

pressed in
tcm‘li. proton nucleat magnetlc resonance
(1H ) gpectra were yecorded on yarian Associates
Models w-60 and FT-80N0, general glectric QE 300,

16 Nicolet nTw300 NMR spectrometers. carbo

and
n nucleal
magnetic resonance (13C HUR) spectra were run on a
varlan Assoclates Models FT-B0A General glectric 0Ot 300
and Hicolet e-300 instrumcnt. chemical chifts are in
parts pex million (% values) relative to Me451, and
15 coupling constants (3 values) are {n hertZ. 13ass
spectral data were obtained at an jonlzing voltage of 10
eV on A uewlett-?acka:d 5930 93as chrcmotagtaph—mass
spectramete: and a Bell—nowcll 21-491 spectrometer as
well as at the ELL Lilly Laboratories oh A varian
20 MAT—Cﬂnsvspcctrometex. ngh—resolution (21 mode) wWass
spectra were periormed Ly DYs- James nudson and John
chinn at the peparement of Chemistry. uyniversity of
rTexas At Austin, o a CECZ&—llDE doublc—focusing
maqwetkc—gector spectrometer at 70eV- Elemental
25 analyses were obtalned at Spang Mlcraanalytical
Laboratorles, Eagle Harbor, @1 and at the £11 Lixly
pescarch Labozatozies.
The sglvents and reagtants were of the past
ccmmercial grade availabaé angd were uged without furt
30 pur&iication unless noted. A anhydrous reactions ’
runsunder nitrogen, and all glassware was dried pefec
wse. 0 particmlar, acetonitrlle and triethylamlne
aistilled grom Cailzy while dichloromethaﬂe was dist
exom P205- acetic anhydride, benzaldehyde and eﬁhy

chloﬁoformate were £:actionally dLstllied.

(88}
i
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1 Preparation of N-Acetyl-D- and i.-amino acid-li-benzylamides,
Gencral Procedure, The D- or l,-amino acid amide

0

10

20

25

30

fo 3 oo
220

{11 mmol) was dissolved in dichloromethane (15 mL)
acetic anhydride (1.23 g, 1.40 mL,
dropwise.

and then

12 mmol) was added

The solution was stirred at room temperature

{18 h) and then concentrated to dryness. The residue was

recrystallized f£rom chloroform/hexane. The following

examples ]1-7 were prepared according to this procedure.
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EXAMPLE 1

Preparation of N-Acetyl-D,L-alanine-N'-benzylanide.

hcetic anhydride (2.20 g,

0.022 mol) was slowly
added to a methylene chloride solution (30 mbL) of
D,L-alanine-N-benzylamide (3.80 g, 0.021 hol) and allowed to
stir at room temperature {3 h).

The mixture wvas then succes-
sively washed with Il

2O (15 mL), 1% agueous NaOil (15 mL) and

H20 (15 mL), dried (Na2804) and concentrated in vacuo.

The residue was recrystallized from CH Clz.

2
Yield: 2.50 g {(54%).
mp 13%~141°C.
1

H NMR (D1SO-d.) : §1.22 (4,3 = 7.1 #=z, 31), 1.84 (s, 3H),

4.04-4.50 (m, 311), 7.26 (s, 5i), 8.11

111y, 8.42 (br t,J3 = 6 1z, 1H).
C TMMR (DMSO—dG): 18.2, 22.4, 41.9,

128.1, 13%9.4, 168.9,

{br 4,3 = 7.3 lz,
13

48.2, 126.5, 126.9,
172.4 ppm.

iR (CHClz) 3440, 3300, 3005, 1660, 1515 cm—i.

tass spectrum (CI mode), m/e: 221 (P+1});

mol wt 220.1208
{Calculated for C

12”16"202' 220.1212) .
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EXAMPLE 2 -

N-Ncetyl-D-alanine-N'-benzvlamide.

¥Yield: 1.36 g {56%).
mp 139%-141°C.

(o122 = 4+36.2 (c 2.5
1

IH) .
13

C NMR (80 Milz, DHSO-—dG) H

s, HeOll) ,

127.0 {2¢), 128B.2 {(2C), 139.4, 169.2,

IR (KBr): 3290, 1635
Mass spectrum, m/e

{br}), 1540, 1455, 700,
frelative intensity):

(8.3 = 6.0 Uz,

PCT/US92/04687

i8.3, 22.5, 42.0, 48B.4,

H NMR (80 Milz, DMSO-d.) : $1.25 (4,3 = 7.1 Hz, 31), 1.86 (s,
311), 4.10-4.50 (m, 1H), 4.30

211), 7.26
(s, 511, 8.09 (8,3 = 7.3 Hz, 1H),

B.40 (t,J =

6.0 Hz,

126.6,

172.5 ppm.

221 (30},

695 cm T

114 (20},

106 (40), 91 (80), 87 {100), 77 {5}, 72 (20), 65 (5).

Elemental analysis

Calculeted foxr C
Found

12168292

65.42% C;
65.31% C;

T7.34% H;
7.28% 1;

12.72% N.
12.63% N.



Usezmm‘?

pctY/
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3 EXAH?LB 3

n-Acet 1~L—a1aniﬁc—N‘wbcnzylgm}gg.

1.11 g la6%)-

yield:
Y np 1;%'142°C.
tetly °© -35.3 (¢ 2.5, MeOll}
1y wun (80 MUZ puso-dgh: §1:23 @,3 = 1.2 W2 a1y, 1.86 (s
3 . d.26—4.35 {m, ). 4.29 (8,3 7 g 8 Uz, 21) .
7f22—7.33 ts, SHY 8.10 {da,d = 4.4 W2, 1) . g.42 (L, =
10 13 5.8 1z, 1) .
c wur {80 Mtz . prso-d ) 10.3, 22.5; 52.0, 4B.4. 126.7.
127.0 {2CY) 128.3 {2CY 139.5. 169.2. 172.6 ppm@:
ip rpry: 3299 Le3s (br)s 1245 1450, 700, 69° e
Mass specirum, m/e {relative intensity): 221 (&0) . 114 (80) «
106 {80) ., 106 1803, 91 {7%) 87 {100), 77 (5) 72 {15)
5 65 (9}
Elemental analysis
Calculated foxr ClZ“l%“ZOZ 65 .462% L5 7.34% W3 12.72% X
Found 65.58% C: 7.32% Wi 12.43% N
20
25
30
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EXAMPLE 4.

Preparation of N-Acetyl-D,L-phenylaglvcine-l'-methylamide.

Acctic anhydride (2.90 g, 28 mmol) was added

~dropwise to D,L-phenylglycine-N-methylamide (3.4 g, 20 mmol)

and allowed to stir at room temperature (1.5 h). During this

time, a copious white precipitate formed. This material was
collected by filtration, dried in vacuo and recrystallized
from absolute alcohol.

Yield: 2.00 g (49%).

mp 232-235°C {dec).
g NMR. (DMSO-d ) : & 1.89 (s, 31), 2.58 (3,3 = 4.6 Hz, 31,

5.42 (d,J = 8.1 Hz, 1), 7.35 (s, SH), B.18 (br gq,J =
4.2 Nz, 1), 8.47 (4,3 = 8.1 Hz, 1lH).

13¢ amr (DMSO-a ) : 22.4, 25.5, 56.3, 127.1, 127.3, 128.1,
139.0, 168.9, 170.23 ppm.

IR (KBr): 3310, 1645 em L.

Mass spectrum (CI mode), m/e: 207 (P+1).

Elemcr.tal analysis

.Calculated for C11H14H202 64.06% C; 6.86% 1; 13.58% HN.

Found - 63.79% C; 6.66% 1; 13.27% N.
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EXAMPLE 5

Preparation of N-Acetvlglvecine-H-benzvlamide.

The D,L-aminn acid amide

{11 mmol) was dissolved in
dichloromethane (15mL) and then acetic anhydride (1.23 g,

1.40 L, 12 mmol) was added dropwvise.
stirred at room temperature
dryness;

The solution was

{4-6 h) and then concentrated to

The residue was recrystallized from chloroform/
hexane.

¥Yield: 1.84 g (81%).

mp 140-142°C.
1

H NMR.(DMSO—ds): § 1.88 (s, 3H), 3.74 (&,3 = 5.3 Huz, 2H),
4.30 (&d,3 = 5.1 Nz, 211}, 7.27
8.75 (br s, 1li).

13

C NHR (DHSO—de): 22.5, 42.0,

{s, 51), B.37 (br s, 1lt),

$2.5, 126.6, 127.1 (2C},

P

128.1 (2¢), 139.3, 169.0, 169.6 ppm.

IR {(KBr): 3060, 1655, 1640, 1560, 1545, 1450, 1300, 740, 710
em™ L.

Mass spectrum, m/e (relative intensity): 206 {3), 147

106 (100), 91 ({(75), 73 (50).

Elemental  analysis

(12},

) € - > b
Calculated for Cll“lé”ZOZ 64.05% C; 6.86% Ii: 13.58% N.

Found 64.03% C; 6.79% H; I3.61% N,
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EXAMPLE 6.

Preparation of N-Acetyl-D,L-valine-N-benzylamide.

The D,L-amino acid amide

(11 mmol) was dissolved in
dichloromethane {15mL) and then acetic anhydride (1.23 g,

1.40 mL, 12 mmol) was added dropwise. The scolution was

stirred_at room temperature (4-6 h) and then concentrated to

dryness. The residue was recrystallized from chloroform/
hexane.

Yield: 2.35 g (B6i).

mp 192~-193°C.
1

H NMR . (DHSO-d.) : §0.83 (4,3 = 6.7 Hz, 61M), 1.87 (s, 3,

1.73-2.09 {m, 1), 4.11 (4,3 = 8.8 HHz, 1H), 4.27 (4,3 =
5.8 iz, zH), 7.26 (s, S5H), 7.89 (4,J = 8.8 Hz, 1H), 8.84
(¢, = 5.8 Hz, 1),

C NMR (DHSO—dG): i8.1, 19.2, 22.4, 30.2, 41.9, 57.8,
126.6, 127.1 (2C), 128.1 (2C), 13%.4, 16%.2, 171.1 ppm.

IR (XBr): 1625, 1540, 1535, 1450, 1380, 1290, 750, 695 c:m--1

Mass spectrum, m/e (relative intensity): 142

106 (29), %1 (57), 72 (100)}.
Elemental analysis

13

{io), 114 (43),

Caleulated for C

14H20H202 67.70% C; 8.13% 1; 11.28% N.
Found

67.58% C; 8.05% 1i; -11.10% N.
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EXAMPLE 7 -

Preparation of N-Acetvl-D,lL-phenvlalvcine-N-benzvlamide.

The D,L-amino acid amide (11 mmol) was dissclved in
dichloromethane ({(15mL) and then acetic anhydride (1.23 g,

1.40 mL, 12 nmol) was added dropwise. The solution was

stirred at room temperature (4-6 h) and then concentrated to

dryness. The residue was recrystallized from chloroform/

hexane.,

Yield: 2.05 g (66%).

mp 202-203°C.
1H NMR'(DMSO—dG): §1.91 (s, 31), 4.27 (4,3 = 5.6 nz, 2H),

5.50 (8,3 = 7.9 nz, 1y, 7.21 (s, Sy, 7.36 (s, S5y,
B8.38-8.86 (m, 21).
13

C NMR (DHSO—G6): 22.3, 42.0, 56.3, 126.6 (2C), 127.0, .
127.1 (2¢C), 127.4 (2C), 128.1 (2C), 138.9, 139.0, 168.9,

169.9 ppm.
IR (KBr): 3020, 1635, 1580, 1540, 1450, 1265, 745, 690 Cm~1.
Mass spectrum, m/e (relative intensity): 283 (20}, 264 (21},

149 (100}, 131 (20), 118 (34), 108 (92), 91 (70), 79
{56}, 77 (54), €5 (45}, 51 (37).
Elemental analysis

Calculated fox C IH 1.0 72.31% C; 6.44% H; -9.92%v N.

Found 72.49% C; 6.47% 1; 9.89% N.



92/21648 PCT/US92/04687
WO

10

20

25

30

-7~

Preparation of N-Acetyl-D- and ‘I-phenvlalycine-li-benzvlamide.
Genecral Procedure.

The chiral Boc-protected
phenylglycine-N-benzylamide was dissolved in trifluoroacetic

acid (0.04 #i) and was stirred at room temperature {30 min},

during which time gas evolved. The solution was concentrated

in vacuo and the residue was redissolved in enocugh methanol

to form a solution of 0.2 M. Methanesulfonic acid (1 eguiv)

vwas added dropwise and stirred for 5 min. After

concentrating the solution in vecuo, the residue was
repeatedly dissolved in methaznol and the solvent was removed
{3 times). The residue

was then dried under vecuum {18 h},
leaving a yellow oil.

VWithout further purification, the phenylglycine-N-
benzylamide methanesulfonate wac dissolved in tetrahydrofuran
(0.2 M) and then was cooled in an ice bath.
{2 equiv) was added dropwise,

{1 equiv).

Triethylamihe
followed by acetyl chloride
The ice bath was removed and stirring was

continued at room temperature (18 h). The solution was

concentrated in vacuo and the residue was recrystallized from

1:1 95% éthanol/water. Examples 8 and 9 were prepared

according to this procedure.
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EXANPLE 8

N-Acetvli-D-phenvlglycine-N-benzviamide.

The reaction was run on an 11.9 mmol scale.
Yield: 2.97 g (88%).

mp 219-221°C.
lcx]D = -103.0 (c 1%, ELOIl).

In mmr (DMSO-a.): §1.91 (s, 31, 4.27 {d,J = 5.5 Mz, 21},

5.50 (4,3 = 7.8 Hz, 1), 7.14-7.44 {(m, 10H), 8.56 (4,3 =
7.8 1Ilz, 1), 8.79 {(t,J3 = 5.5 uz, 1.
C NHMR (DHSO—dG): 22.4, 42.0, 3%6.4, 126.7, 127.0 (2C),

127.2 (2C), 127.4, 127.9 (2C), 128.1 (2Cc)y, 138.9, 139.0,
168.9, 170.0 ppm.

IR (KBr): 3260, 1620, 1525, 1450C, 1370,
Mass spectrum, /e

13

720, 690 cm Y.

{relative intensity): 203 (2), 149 (94),

106 (100), 81 (32), B6 (43), 77 (14).
Elemental analysis

Calculated for C17H18N202 72.32% C;

6,43% 1i; 7.92% N.
Found

72.04% C; 6.22% H; S5.78% N.
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EXAMPLE 9 -

N-Acetyl-L-phenvylglycine-t-benzylamide,

PCT/US92/04687

Beginning with 16.1 mmol N-t-Boc-L-phenylglycine-

N-benzylamide.
Yield: 2.99 g (66%).
mp 221-222°C.
[oLlD = +105.1 (c 1%,
'u NMR (DMSO-@.): §1

EtCit) .
.99 (s, 3

5.60 (4,3 = 8.0 H=z, 111},

13

8.0 1z, 111}, B8.83 (¢,J =

C NMR (DHSO~56}: 22.4, 42.1
127.3 (2¢), 127.5, 128.2

170.1 ppm.
IR (KBr): 3295, 1630

. 1530, 1

ny, 4.36 (4,3 = 5.6 Nz, 2H),

7.23-7.53 {m,

5.6 Hz, 1)

. 56.5, 126.8,
{4Cy, 139.0,

450, 11395,

{ass spectrum, m/e (relative intensity):
149 (98), 106 {100}, 91 (

Elemental analysis

Calculated for C
. Found

17164292

72.32% C;
72.53% C:

1ony,

127.1
139.1,

8.60 (4,J

({2C),
169.1,

1

720, 695 cm .
223 (1),
32y, 86 (43), 77

6.43%
6.49%

203 (2),

(113 .

1
il;

9.82% N.
3.67% N.
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EXMMPLE 10
Preparation of N-Acetyl-D,l.-alanine-li-{3-methoxy)benzylamide,
The D,L-amino acid amide

(11 mmol) was dissolved in
dichloromethane (15mL) and then acetic anhydride {1.23 g,

1.40 mL, 12 mmol) was added dropwise.

stirred at rocom temperature {(4-6 h)
dryness.

The solution was

and then concentrated to
The residue was recrystallized from chloroform/
hexane.

Yield: 0.47 g (17%).

mp 112-115°C.
1y NMR. (DMSO-d ) : § 1.23 (d,3 = 7.1

Hz, 31), 1.85 (s, 3H},
3.73 (s, 31}, 3.99-4.48 (m, 11U}, 4.25 (4,3 = 6.1 lz,

21), 6.58-7.35 (m, 4HM), B.05 (&,3 = 7.4 Hz, 1H), B.35
(¢, = 6.0 uz, 1u).
13C NMR (DHSO~d6): 1.1, 22.5, 41.8, 48.3, 54.9, 112.2,
112.3, 1i9.0, 129.2, 141.0, 158.3, 16%.0, 172.4 ppm.
IR (KDBr): 23270, 3065, 10625, 1580, 1450, 1260, 1150, 1095,
900, 775, 700, 690 cm ©
Elemental analysis

: 2 . .
Calculated for C13H18L203 62.37% C; 7.26% H; 11.19% N.

Found 62.29% C; 7.13% H; 11.08% N.
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EXAMPLE 11
Preparation of N*Trimcthy]acetyl—p,L—alaninp—ﬂ—bcnzvlﬂmide.

D,L-Alanine-H-benzylamide (3.56 g, 20 mmol) was
dissolved in dichloromethane (25 mL) and trimethylacetic

anhydride (4.10 g, 4,46 mL, 22 mmol) was added dropwise. The

solution was stirred at room temperature {18 h) and then
concentrated to dryness. The so0lid residue was

recrystallized from benzene/petroleum ether (30-60°C).
Yield: 2.07 g {40%).

mp 123-124°C.
1y NMR. (DMSO-d ): §1.12 (s, 9wy, 1.27 (d,d = 7.1 Hz, 3H),

4.23-4.42 (m, 11), 4.31 (4,3 = 5.4 Hz, 21}, 7.23-7.30

{m, SH), 7.38 (4,3 = 7.4 Hz, 1), 8.26 (t,J = 5.4 Hz,

).

13C NMR (DHSO“dG): 18.1, 27.2 (3C), 37.9, 42.0, 48.4, 126.6,

127.0 {(2cC), 128.2 (2C), 139.4, 172.5, 177.1 ppm.
IR (¥KBr): 3300, 1630, 1535 (br), 1455, 745, 695 cm >
Mass spectrum, m/e {relative intensity): 262 (2:, 203 (19),
. 156 (18), 128 (51), 106 (31), 91 (100), 77 (15),
65 (28). :

Elemental analysis

-

Calculated for C15H22N202 68.66% C; B8.47% H; 10.68% N.
Found 68.91% C; 8.14% H; 10.61% N.
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EXAMPLE 12
Preparatipn of N~-Acetyl-D,L-methionine-N-benzvlamide.

R-Acetyl-D,L-methionine (4.78 g, 25 mmol) was

combined with acetonitrile (75 mL) and the mixture was placed

into an ice/salt water bath ({(-5°C). Triethylamine (2.53 g,
3.48 mL, 25 mmol) was added dropwise, followed by ethyl

chloroformate (2.71 g, 2.3% mL, 25 mmol). All additions were

done slowly so that the temperature of the mixture did not
rise above 0°C. The mixture was then stirred at -5°C (20
min) , Benzylamire {3.00 g, 3.06 mL, 28 mmol) in acetonitrile
(5 mL). wvas added dropwise and the mixture was stirred at -~5°C
{1 h) and then room temperature {18 h).

The mixture was filtered and a white precipitate
was collected and dried in vacuo and identified as the

desired product (1H MR and 13 NMR analyses). The filtrate

was concentrated in vacuo and the residue was combined with
hot tetrahydrofuran {50 mL) and cooled in the freezer (3 h),
resulting in the formation of a2 white presipitate. The
mixture was filtered and the precipitate was collected, dried
in vacuo, 'and identified as triethylammonium hydrochloride.
The latter filtrate gontaining tetrahydrofuran was
concentrated in vacuo and the resulting residue was purified
by flash column chromatography (ethyl acetate). A white
solid (Rf = 0.50, ethyl acetate) was isolated and was
identified-as the desired preduct (1N WMR_and 3¢ umm
analyses). The two solids icdentified as N-acetyl-D,L-
methionine-N-benzylamide were combined and recrystallized
from benzene/petroleum ether (30-60°C).
Yield: 2.98 g (43%).
mp 134-135°C. .
i NMR (DMSO-d ) : § 1.69-1.94 (m, 2, 1.87 (s, 3m), 2.02 (s,
3y, 2.29-2.59 (m, 21}, 4.10~4.53 {(m, 1H}, 4.29 (4,7 =
6.0 Mz, 2H), 7.26 (s, 5H), 8.12 (4, = 8.5 Hz, 1H}, B.47
(¢, = 6.0 nHz, 11},
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1 l )
3¢ wmr (pMso-a): 14.6, 22.%, 29.7, 31.8, 42.0, 52.0,

126.6, 127.0 {(2C), 128.2 (2C), 139.4, 169.5, 171.4 ppm.
IR (KBr): 3280, 1630, 1545, 1460, 750, 700 cm .

Mass spectrum, m/e (relative intensity): 280 (3), 206 (100),

e
>

164 (29), 146 (20}, 106 (54), 91 (76), 77 (14), 65 (24).

Elemental analysis .

Calculated for C14H20N2025 59.96% C; 7.20% H; 9.99% MN.

Found 60.02% C; 7.14% H; 9.91% N.
10
15
20
25
30

35
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EXAMPLE 13

Preparation of N-Acetylalanine-ti'-(3-fluorolbenzvlamide,

N-Acetylalanine (3.28 g, 25 nmol) was combined with
acetonitrile

(100 mL) and the mixture was placed into an

ice/salt bath at -5°C. fTriethylamine (2.53 g, 3.5 mL, 25

mmol) was added dropwise followed by the addition of ethyl

chloroformate (2.71 g, 2.40 mL, 25 mmol). All additions were

done slowly so that the temperature of the mixture did not

rise above 0°C. The minture was then stirred at -5°C for 20

minutes. 3-Fluorobenzylamine (3.58 g, 28 mmol)

and
acetonitrile {5 mL) was added dropwise and was stirred at
-5°C for one hour and then at room temperature for 18 hours.

The reaction became homogenous during this time interval.

The solution was concentrated in vacuo and the
residue was combined with hot tetrahydrofuran

{100 mL) and
cooled in the freezer

for 3 hours resulting in the formation

of a white precipitate. The mixture was filtered and the

precipitate was collected, dried in vacuo and identified as

triethylammonium hydrochleoride (3.51 g, mp 253-257°C). The

filtrate was concentrated in vacto and the resulting vellow
solid was recrystallized

Yield: 3.22 g (54%).

mp 120-121°C.
TR I (LMSO-a): § 1.27 (&,3 = 7.1 uz, 3W), 1.90 (s, 3m,

4.23~4.41 {m, 1W), 4.33 (4,3 = 6.1 Hz, 2}, 7.05-7.37

from chloroform/diethyl ether.

(m, 411), 8.19 (4,3 = 7.1 Bz, 1), B.53 (t,J = 6.1 Uz,
1) . '

3¢ unn (Drso-d ): 17.9, 22.4, 41.5, 48.5, 113.3 (4,3 = 20.4
Hz), 113.5 (4,3 = 21.7 iuz), 122.8, 130.1 {&,3 = 7.9 uz),

142.4 (&,3 = 7.4 Nz}, 162.3 (4,3 = 243.6 Hz), 169.6,
172.8 ppmr.

IR (KBr): 3280, 1645, 1545, 1450, 745, 680 Cm—l
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3 Mass spectrum, m/e (relative intensity): 238 (18), 151 (22},
124 (49), 114 (47), 109 (100), 87 (7G}, 72 (27).
Elemental analysis '
Calculated 60.48% C; 6.36% H; 11.76% N.
5 Found 60.55% C; 6.32% 1; 11.71% N.
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EXAMPLE 14

Preparation of D,IL,- A~Acetamido-~ii-benzyl-3-thiophencacetamide.

D,L.- ot~-Acetamido~-3~-thiopheneacetic acid (2.99 g,

15 mmol) was combined with acetonitrile (60 mL) and the

mixture was placed into an ice/salt water bath (-5°C).

Triethylamine {1.51 g, 2.10 mL, 15 mmol) was added dropwise,

followed by ethyl chloroformate (1.63 g, 1.43 mL, 15 mmol).

All additions were done slowly so that the temperature of the

mixture did not rise above 0°C. The mixture was then stirred

at -5°C (20 min). Benzylamine (1.77 g, 1.80 mL, 16.5 mmol)

in acetonitrile (10 mlL) was added drcpwise and the mixture

was stirred at -5°C (1 h} and then room temperature {18 h).

The mi»ture was concentrated in vacuo and the residue wvas

combined with hot tetrahydrofuran (50 mL) and cooled in the

freezer (3 h), resulting in the formation of a white

precipitate. The mixture was filtered and the precipitate

was collected, dried in vacuoc, and identified as

triethylammonium hydrochloride (In MHMR analysis). The

filtrate was concentrated in vacuo ard the resulting vyellow
s0lid was recrystallized £rom 1:1 95% ethanol/wvater.
Yield: 1.9%1 g (454%).
mp 198-199°C.
ln NHR‘(DMSO-&G)' d 1.91 (s, 211, 4.29 (4,3 = 5.2 Hz, 211),
3.6} (¢, = 7.% uz, 1), 7.15-7.50 {(m, 3H), 8.55 .
(a,3 = 7.9 Uz, 1H), B.74 (&,J = S.2 Hz, 1H).
C NMR (DNSO-dslz 22.3, 42.0, 52.5, 122.4, 126.1, 126.7,
127.0 (3c)y, 128.2 {2C), 139.0, 139.2, 169.0,
IR (KBr): 3460, 1675, 1570, 1400, 720, 695 cm -
Mass spectrum, m/e {(relative intensity): 288 (2},
155 (88), 112 (100}, 91 (31}, 85 (17), 65 (7).
Elemental analysis
Calculated for C

Found

13

169.8 ppm.

245 (3),

15”16N2028 62.48% C; 5.59% H; 9.71% N,
62.41% C; 5.47% 'li; 9.55% N.
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EXAMPLE 15°

Preparation of D,L-d ~Acetamido-ll-benzyl-2~thiopheneacetamide

N—Acetyl-D,L—ethoxyglycine~u-benzylamiQe (6.26 g,
25 mmol) wz#% combined with dry ether (175 mL) and then boron

trifluoride etherate (5.68 g. 5.0 mL, 40 mmol) was added

dropwise{ resulting in a homogeneous solution. After

stirring a short time, a small amount of a yellow oil

separated £rom the solution. Thiophene (8.41 g, 8.0 mL, 100

mmol) was then added dropwise via syringe and the reaction

was stirred at room temperature (4 d}. The mirxture was

cooled. in an ice bath and cold agueous saturated NaHCO3 {200
mL) was added and the agqueocus layer was extracted with ethyl

acetate (2 x 100 mL). The organic washings and the original

ether layer were combined, dried (uazsoé), and concentrated

in vacuo. The residue was purified by flash column

chromatography, using 94:6 chloroform/methanol as an eluant

(Rf = 0.7 94:6 chloroform/methanol), and then recrystallized

from benzene.

Yield:r 2.67 g (37%).

mp 167-168°C.

Y1 kMR (DHsO-d): §1.91 s, 3m), 4.31 (4,3 = 6.0 Hz, 21},
5.74 {d,J = 7.9 Bz, 1lH), 6.29-7.44 (m, 811), B.64
(&,3 = 7.9 Hz, 11), B.85 (t,J = 6.0 iz, 1i}.

C NMR (DHSO-dG): 22.4, 42,3, 52.2, 125.6, i125.8, 126.6;
126.9, 127.3 (2C), 128.3 (2C), 139.0, 141.4, 169.2,
169.3 ppm.

13

Mass spectrum, m/e {relative intensity): 288 (2), 181 (&),
155 (100), 112 (100), 91 (100), 85 (343, 74 (24).
Elemental analysis

Calculated for C,_ H, N 0,5 62.48% C; 5.59% H; 9.71% N,
15716 272

Found £2.64% C; 5.73% H; 9.61% N.
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EXAMPLE 16

Preparation of D,L-& -pAcetamido-N-benzyl-2-furanacetamide.

W~Acetyl-D,L-2~-({2-furyl)glycine
was combined with acetonitrile {10 mL)
(ice/salt watexr bath).
mmol) was

{(0.47 .g, 2.56 mmol)
ané cooled to -5°C
Triethylamine (0.26 g, 0.36 mL, 2.56.

then rapidly added and the mixture stirred at -5°C
(3 min). Ethyl chloroformate

{0.28 g, 0.25 mL, 2.56 mmol)
was added

dropwise beween -4°C and -3°C,
suspension was stirred at -4°C
acetonitrile solution

and the resulting’
{20 min), and then an

{2 mL) of benzyliamine {0.30 g, 0.31 mL,
2.82 mmol) was carefully added. During the addition of

benzylamine the temperature of the solution did not go above
0°C. The mi»ture was stirred at -5°C (1 h)

and at room
temperature (18 h),

and then concentrated in vacuo. The
residue was then triturated with

hot tetrahydrofuran (5 mL),
cooled at -16°C (3 h),

and the resulting white precipitate

was filtered and identified as triethylamine hydrochloride
(1t nuR, 60 2z, §1.00 (£, = 7.5 nz, Cll,), 2.82 (q,3 = 7.5
iz, an), 3.83 (s, NiI)). The filtrate was evaporated to
dryness in vacuo and the resulting oil purified by £lasﬁ
chromatography

{92:2 chlorocfiorm/methanol)
{13%)

to give 0.08 g
of the desired product as a white solid: Rf D.30 (B8B:2
chloroform/methanocl}.

mp 178~179°C.

‘5 wMR (300 MMz, DMSO-d): & 1.90 (s, Clj), 4.31 (4.3

= 6.0
iz, Cuz), 5.58 {(da,J =

8.1 llz, CH), 6.27-6.33 (m, C,"H),
6.40-6.44 (m, C, 1), 7.20-7.36 {m, Ph), 7.60-7.64 {m,

CS'H), 8.57 (4,3 = 8.1 Hz, NHH}), 8.73 (t,J = 6.0 Hz, NU).
13

C HMR (300 mMiiz, Dmso—ae)i 22.35 (Cli;), 42.27 (Cn,), 50.95

{Ciy, 107.60 (C3‘), 110.55 ‘Cq'); 126.82 (2C2”‘ or

2C3"), 127.08 (2C27° or 2C3"), 128.27 (C4"), 139.05
iCl"), 142.58 (C

-y,
5 4
151.16 (Cz'), i168.02 (CHBCO), 169.30 (NHCO) ppm.
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WOM#I\MS
~5H9-
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5 Elemental analysis
cal ' ' ; ;
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EXAMPLE 18

Preparation of D,L-2-Acetamido~-N-benzyl-2-ethoxvacetamide,

An ethanclic solution (420 mL) of ethyl

2-acetamido-2-ethoxyacetate (27.92 g, 147 mmol) and

benzylamine (23.70 g, 24 mL, 221 mmol) was stirred at 40-45°C

for 3 days. The reaction mixture was evaporated in vacuo and
- Sr—— S ——————————"

the residue recrystallized (1:3.5 tetrahydrofuran/hexanes

(650 mL)) to yield 25.80 g (70%)
beige crystals: R_. 0.59 (95:5

£
mp 153-155°C.
IH MMR, (300 Mlz, CDC13): & 1.20 (t,J3 = 7.0 iz, CHJ), 2.07 (s,

Ci,), 3.60-3.76 (m, CH,Cll,), 4.40-4.54 (m, Cu, M), 5.60
{(d,3 = 8.7 Hz, CH), 6.63 (4,3 = B.7 Hz, lit}), 7.00 (br s,
iy, 7.26-7.36 (m, Ph).

3¢ mur (300 Mz, CDCl,):  15.06 (CH,Cil,), 23.25 (Cil,CO),
43.60 (cuan), 64.51 (Cu,CH,Y, 77.43 (CM), 127.69 (ZCZ"
or 2C,°°, C,°"), 128.79 (2C,"" or 2C477), 137.57 (c;°7),
168.13 (COCH,), 171.29 (COu) ppm.

IR {KBr): 3260, 1630 (br), 1550 {sh), 1505 (br), 1380, 1360,
1230, 1115, 1060, 1015, 890, 745, 690 cm ™t

of the desired product as
chloroform/methanol).

Mass spectrum, m/e {relative intensity): 251 (4), 163 (9),
116 {(9B), 106 (34), 91 (9€), 74 (100).

Elemental analysis
Calculated for C13H18N203 62.38% C; 7.25% H; 11.19% N.
Found 62.49% C; 7.27% H; 11.24% N.
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EXAMPLE 19

Ireparation of D,L-2~Acctamido-N-benzyl-2-methoxvacetamide,

To a methanolic solution (180 mL) of methyl

2-acetamido-2-methoxyacetate (8.73 g, 54 mmol) was rapidly

added benzylamine (B8.68 g, 8.B0 mL, 81 mmol}) and then the

mixture was stirred at 50°C (3 days) during which time a

beige precipitate appeared. The solvent was removed in vacuo

and the resulting precipitate was recrystallized from tetra-
hydrofuran (2») to give 7.67 g
as beige crystals: R

mp 145-146°C.
1

{32t) of the desired product
£ 0.35 {(95:5 chloroform/methanol}.

H NMR (300 HMliz, coc13): § 2.06 (s, CH,CO), 3.37 (s, cn30).

4.40-4.35 (m, CH,), 5.52 (4,3 = 8.7 Nz, CH), 7.12 (4,3 =
8.7 Hz, Hi), 7.20-7.40 (m, Ph, Hi).
C HMR (300 mMHz, CDCl,): 23.03 (CH,CO}, 43.51 (cnz), 55.84
(CH3O), 78.94 (Cn), 127.62 (C4°'). 127.70 (2C2" or
2C3"), 128.70 (2C.° " or 2C,.°°

5 377) . 137.45 (CyT7), 166.91
(COCH,), 171.57 (Conul) ppm.

IR {(KBr): 1260, 1825 (br), 1550, 1505, 1435, 1390,
1230, 1120, 1050, 935, 890, 690 cm”

13

1370,

Mass spectrum, m/e (relative intensity): 237 (1), 205(2}),

177 (2), 163 (4)y, 146 (1), 134 (1), 121 (2), 106 (26),
102 (98), 91 (95), 77 {(13), 61 (100). '
Elemental analysis

Calculated for C12“16N203 61.00% C; 6.83% 11; 11.86% N.

60.91% C; 6.85% H; 11.66% N.
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EXAMPLE 20

Preparalion of N 1).o-Acetamido-N.-henzyl-2-(5-nethylfuraniacetamide.

N-Acetyl-D,L-cthoxyglycine-N-benzylamide (2.00 g, 8.0 mmol) was suspended in
anhydrous ethyl ether, and then boron trifluoride etherate (1.82 g, 12.8 mmiol) was
rapidly added, and the resulting solution was stirred for 15 .min. The

2-methylfuran (2.63 g, 32.0 mmol) was then added and the reaction was stirred at

room temperature (3 .d). The reaclion mixture was poured into an aqucous

saturated NallCOg3 solution and extracted with ethyl acetate (3 x). The ethyl

acclate extracts were combined, dried (NagSOy4) and evaporated in vacuo to give a

beige sclid, which was purified by flash chromatography (98:2

chloroform/inethanol) to give the desired product as a white crystalline solid.
Yield: 1.40 g (G1%)

Rf0.25 (98:2 chloroformymethanol).

mp 148-150 °C.

111 NMR (DMSO0-dg) § 1.88 (s, C1IgCO), 2.23 (s, ClIg), 4.24-4.36 (m, CII3), 549 (d, J
= 8.0 Hz, CII), 6.01 (br's, C3°11), 6.14 {d, J = 2.4 Hz, C4I1), 7.20-7.31 (m, Ph), 8.52 (d,
J =8.0 Hz, NII), 8.69 (t, J = 5.6 Hz, HII).

13C NDMR (DMSO-dg) 13.44 (CH3), 22.35(CIH3C0), 44.11 (CHp), 53.23 (CH), 107.51

(Cgror Cyv, 110.40(Cgror Cygv), 128.13 (Cy4), 128.18 (2C9" or 2Cg*), 129.43 (2Con

or 2Cg*), 139.69 (C1+), 149.18 (Cg: or C54), 153.81 (Co- or Cgv), 170.78 (CH3COY,
173.03 (CONII) ppm.

IR (KBr) 3270, 1620 (br), 1520 (br), 1440, 1360, 1210, 1010 em-1,

Mass spectrum, m/e (relative intensity) 286 (3), 179(8), '153. (57), 152 (57), 111 (23),
110 (100), 97 (23), 91 (31). ‘

Elemental Analysis
Calculated: 67.12% C; 6.34% H; 9.78% N.
Found: GG6.92%6 C; . 6.52% 11; 9.52% N.
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EXAMPLE 23

Preparation of (DIJ-er-Acetumido-N-benryl-2-benzofuranacetamide,

N-Acetyl-D,L-cthoxyglycine-N-benzylamide (1.00 g, 4 mmiol) was suspended in
anhydrous ethyl ether (30 mL) and then boron trifluoride etherate (0.91 g, 6.3
mmol) was rapidly added, and the resulting solution was stirred for 15 min. The
benzoluran (1.89 g, 16 minol) was then added and the reaction was stirred at room
temmperature (3 d). The reaction mixture was poured into an ice-cold saturated
aqucous solution of NallCQg3, and then the mixture was maintained at this
temperature for an additional 15 min. The mixture was extracted with ethyl
acetate (2 x), and the organic layers were combined, dried {NagS04) and
evaporated in vacug. The residue was purified by {lash chromatosraphy (100%
chloroform, then 99:1 chloroform/methanol) to yield the desirec'i product.

Yield: 0.43 g (33%).

R 0.30 (98:2 chloroform/methanol).
- mp 195-196 °C; |

1H NMR (DMSO-dg) § 1.94 (s, C113C0), 4.34 (d, J = 5.7 Hz, ClI), 5.77 (d, J = 8.1 Hz,
CII), 7.24-7.32 (m, C311, C5ll, Cgll, Ph), 7.54 (4, J = 7.0 11z, C411 or C71D), 7.62
(d,J=7.0Hz, C¢llor C711),8.74 ( ". J = 8.1 Hz, NII), 8.86 (t, J = 5.7 Hz, NII).

13C NMR (DMSO0-dg) 22.27 (CH3CQ), 42.30 (CH2), 51.22 (CH), 104.34 (Cg"), 110.90
(C7), 121.05 (C41), 122.90 (C51), 124.28 (Cgn, 126.73 (Cgra), 127.01 (2C2+ or 2Cg)
127.69 (2Cgn or 2C3v), 128.14 (C4m), 138.87 (C1»), 154.10 (C77g), 154.30 (Cgy), 167.4¢
(CH3CO), 169.26 (CONII) ppm.

IR (KBr) 3230, 1625 (br), 1520 (br), 1440, 1030, 1085, 890, 735, 630 cmL;

Mass spectrum, m/e (relative intensity) 322 (5), 279 (1), 264 (1), 234 (1), 215 (5), 1&
(45), 14G (100), 130 (11), 118(7), 91 (87), G5 (1G).

High resolution mass spectrum, )

Caled for C1gH1gN203 322.1317.
Found 322.1318.
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EXAMPLE 22

Preparation of (D1)-0-Acctamide-N.-henzyvl-2-benzolblthiophenencetamide.

N-Acetyl-D,L-ethoxyglycine-N-benzylamide (1.00 g, 4 mmol) was suspended in
anhydrous ethyl cther (15 mL) and then boron triflueride etherate (0.91 g, 6.3
mmol) was ~l'apidl_y added, and the resulting solution was stirred for 15 min. The
benzo[b]thiophene (2.14 g, 16 mmol) was then added and the reaction was stirred
at room temperature (3 d). The solution was poured into an ice-cold saturated
agqueous solution of NalICO3, and then stirred for 15 min at 0 °C. The mixture
was extracted with ethyl acetate (2 x), and the organic layers were combined,
dried (Na9S0y4) and cvap;)ratcd in vacuo to give an orange cil. The oil was
triturated with ethyl ether to yield a crystalline product which was filtered and

further purified by Nlash chromatography (99:1 chloroform/methanol) to give the
desired product.

Yield: 0.0G g (4%).

Rp 0.32 (99:1 chloroform/methanol).
mp 226-227 °C.

11 NMR (DASO-dg) § 1.94 (s, CII3C0), 4.34 (d, J = 5.7 11z, ClI2), 5.6G (d, J = 8.1

Hz, CII), 7.20-7.38 (m, Cg-II, CgIl, C7:1, PLj, 7.77-7.80 (m, C411 or Cg1D),
7.89-7.93 (m, C4'1l or Cy'11), 8.7G (d, J = 8.1 Hz, NII), B.97 (¢, J = 5.7 1z, NII).
138 NMR (DMSO-dg) 22.34 (CH3C0), 42.38 (CHp), 52.70 (CH) 122.15 (C4' or Cq),
122.32 (C4' or C1), 123.45 (Cgv), 124.37 (Cg' or CgY), 121.41 (Cg' or Cgv), 126.89
(Cq). 127.27 (2C2 or 2C3), 128.27 (2Con or 2 Cg'), 138.84 (Cq'5 or C7'y), 138.95
(Cg'q 0r Cyg), 142.58 (C1), 168.65 (CII3CO), 169.12 (CONID ppm. [A distinct
signal for the Cg9'carbon was not delected and.is presumed to coincide with the
Cj'carbon at 142.68 ppm.].

IR (IBr) 3240, 1610 (br), 1510 (br), 1420, 1360, 1215, 1085, 885, 730, 710, 685 cm-1,

Mass spectrum, m/e (relative intensity) 338 (8), 295 (2), 205 (76), 162 (100), 135 (22),
108 (12), 91 (59).

Elemental Analysis:
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EXAMPLE 23

Preparation of (D.I)-a-Acctamido-N-benzvi-3-indolencetamide.

N-Acetyl-D,L-ethoxyglycine-N-benzylamide (0.69 g, 2.75 minol) was suspended in
anhydrous ethyl ether ( 20 mL) and then boron trifluoride etherate (0.63 g, 4.40
mmoel) was rapidly added, and the resulting solution was stirred for 15 min, The

indole (1.30 g, 11.00 mmol) was then added and the reaction was stirred at room

temperature ( 22 h). Petroleum ether (35-G0 °C) was added to the reaction, and

the rcsul_ting semisolid material filtered, and washed with petroleum ether (35-60

°C). Purification of the reaction mixture was accomplished by flash

chromatography (98:2 chloreform/methanol) to produce the title compound as a

white solid.

Yield: 0.25 g (18%).

R 0.14 (95:5 chloroform/methanol)

mp 213-214 °C.

1H NMR (DMSO0-dg) 8 1.90 (s, CIIqCO)Y, 4.36 (4, J =6.0 11z, Cl12), 5.72 (4, J = 7.2 Hz,

CID), 6.90-7.37 {m, Ph, C211), 7.02 (dd, J = 7.5 Hz, J = 7.5 Hz, C5II or CgID), 7.12
(dd, J = 7.5 Tz, J = 7.5 Hz, Cs1l or CglD), 7.39 (d, J = 7.5 Hz, €411 or C71D), 7.65 (d,
J = 7.511z, C4 1l or C711), 7.86 (d, J = 7.2 1z, NI" "), 8.13 (t, J = 6.0 Hz, NIICIig),

10.30-10.80 (br s, NII).

13C NMR (DMS0-dg) 22.32 (CH3CO), 42.23 (CHa). 49.98 (CH), 111.51 (Cqv), 112.08

(C3), 118.76 (C4' or Cg), 119.24 (C4- or Cgg), 121.37 (C3»), 123,94 (Cg1), 126.58 (C3+y),

126.71 (C4), 127.33 (2Ca or 2Cgv), 128.18 (2C9» or 2C3m), 136.28 (C7ry), 139.44
(C1'9), 169.13 {(CI13C0O), 170.81 (CONI1I) ppm.

IR (KBr) 3260, 1610 (br), 1515 (br), 1450, 1420, 1370, 1350, 1235, 1095, 895, 735, 7156
695, GOO ein-1.

Mass spectrum, m/e (relative intensity) 321 (5), 278 (1), 264 (1), 233 (1), 214 (6), 187
(85), 171 (3), 145 (100), 118 (18), 91 (39).

Elemental Analysis:

Czalculated: 71.01% C; 5.96% 1: 13.0G6% N.
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EXAMPLE 24
Preparption of (D, Idca-Acctamido-N-benzyl-2-(G-methylpyrrolelacetnmid

N-Acetyl-D,L-ethoxyglycine-N-benzylamide (2.00 g, 8 mmol) was susp ondd

in anhydrous ethyl ether (175 1nL), and then boron trifluoride etherate (1.38 g, ©

minol) was added and the resulting solution stirred (15 minj., 17

2-inethylpyrrole (0.85 g, 10 mimnol) was then added and the reaction mixture w
stirred under Ng (6 d), during which time the color of the reaction mixture ture
reddish brown and a dark-brown deposit formed at the bottom of the flask. i
clear solution was decanted and treated with an aqueous saturated NaliCt

solution containing ice (100 mL) for 30 min. The agqueous reaclion mixture «

extracted with ethyl acetate (3 x 30 mL). The combined extracts were d¢

(NaoS04) and the solvent removed in vacuo. The brown oily zesidue was purif

by flash column chromatography using 98:2 chloroform/methanol as the eluent

yield the desired compound. The product was r-.crystallized from el

acetate/hexane to give a light yellow amorphous solid.

Yield 0.20 g (94%%)

~

Rp0.44 (95:5, chloroform/methanol).

mp 167-1G8 °C.

1H NMTR (DMSO0-dg) 8 1.87 (s, Cllg), 2.13 (s, COCIIg), 4.27 (br s, C1Ig), 5.33 (d,
7.4 Hz, CII), 5.60 (s, C41I), 5.77 (s, C3lI), 7.19-7.30 (m, 5 PhII), 8.22(d, J = 7.4
NII), 8.45 (1, J = 5.5 Hz, NII), 10.38 (s, NII).

13C NATR (DMSO-dg) 12.74 (CIIg), 22.49 (COCIIg), 42.11 (Clip), 51.21 (CLI), 105
(C.), 106.07 (Cg), 126.16(C3), 125.64 (C4), 126.85 (Co), 127.09 (2Cg' or 2C3'), 128
(2C9'0or 2C4), 130.33 (Cy"), 168B.88 (COClIg), 169.79 (CONII) ppm.

IR (IKBr) 3250, 1630, 1520, 1420, 13G0, 1300, 1260, 1230, 1160, 1110, 1020 cm- 1.

Mass spectrum, nve (relative intensily) 285 (M+, 10), 178 (20), 152 (24), 151 (1
110 (12), 109 (93), 108 (22), 107 (25), 31 (10), 91 (13).

Elemental Analysis:

Calculated: 67.35% C; G6.T1% 11; 14.73% N.
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EXAMPLE 25

AD LYo Acetamida-N-benzyl-2-furanacetamide.

Using benzyl amine (0.27 g, 2.56 mrol) and racemi.

a-acetamido-2-furanacetic acid (0.47 g, 2.56 mmol) gave the desired compound.
The 'prod'uct was recrystallized from ethyl acetate to give a white solid.

Yield: 0.46 g (65%)

Rp0.30 (98:2 chloroform/methanol).

mp 177-178 °C.

1H NMR (DMSO-dg) 8 1.90 (s, ClIg), 4.31 (d, J = 6.0 Hz, ClIp), 5.58 (4, J = 8.1 H~

CII), 6.27 - G.23 (m, C311), G.40 - 6.44 (m, C4II), 7.20 - 7.36 (m, 5 PhII), 7.60 - 7.64 (m
CsII), 8.57 (d, Jd = 8.1 Hz, NII), 8.73 (t,J = 6.0 Hz, NIL.



vcr/usvz/mm'}‘

WO 92/21648 _93-

X MBLE 6

(N ,5)~g-l\gg;;\m'\5\ovN-S'Z«ﬂugrghgnzy\)-'?,-{'!xrp nagela made.

Using ‘Z-ﬂuorobcu?.ylaminc (1.13 & 9.0 minol) and race

u-acetamido-‘z-!'uranacotic acid (1.50 g, 8.2 mmol) gave the Jesired product.

Vield: 1.20 g (50%)
Rp 0.30 (QG:“: c'\\\orofoml{mc‘mauo\).

mp 193-195 °C (rccryswllizcd from TLOAC).
o 1.89 (s, CcOC1ia) 433(d,d= 5.5 Hz, Clig), 558 (d,d="
082 (s, CgIi), 7.13-7.35 (i, 4 ArID), 8.61 (4,

10 13 NMR (DMSO-d
CID), 6.28 (s, C41s 6.29 (s, CalD. T

e, NID), 876 (4,3 =52 Hz, NID.
5 95 (COCH3), 30:12 @, Jor = 6.6 1z CHo)

01.4 Hz, Cg). 124.79 (a, dop =42
9.0 Hz, Cq' 07 Cg), 12927¢

50.2

13¢ NiIR (DS0-dg) =
15 107.64 (Cq), 11043 (C3h 115.04 (d, JCF=

195.64 (@, ICr = 180 B Cy0,128.94 (. JCF =
5 51z, Cqt 07 C), 142.6G (Csh 151.07 (Ca), 159.09(d,dCTF = 044.4 Hz. C2
. (COCH3) 169.24 (COWH) ppo:

20, 1440, 1360, 1220, 1180, 1140, 1100, 1000, 740 cm™

m a0 2270, 1620. 15
hiass spcdmm, mfe (relative inlensity) 091 (MF+1 1), 274 (2). 2373}

(10), 139 (98), 138 (163,126 (1), 110 (10). 109 (G35 ﬁ? (93,96 (100).

ot E\c'manaf'i Analysis:
Caleulated: 62.02% C; 5.21% 11} 9.65% N.

Found: 62.20% C: 5 10% H; 9.09% N

30
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EXAMPLE 27

(D1)-o-Acctamide-N-{3-Nugrohenzyl).2-furanacel amide.

Making use of 3-flucrobenzylamine (1.13 g, 9.0 mmgal) and racemic

a-acclamido-2-furanacetic acid (1.50 g, 8.2 mmol) gave the desired product.
Yield 1.90 g (80%).

R 0.30 (96:4 chloroform/methanol).

rop 163-165 °C (recrystallized from cthyl ncetate).

1H NMR (DMSO0-dg) & 1.89 (s, COCIIg), 4.31 (d, J = 5.5 Hz, CITo), 5.55 (d, J = 7.8 Hz,
CI), 6.31 (s, C411), 6.42 (s, C311), 6.98-7.37 (m, 4 ArlIl), 7.62 (s, C5I1), 8.61 (d, J = 7.8
Hz, NII), 8.70 (t, J = 5.5 Hz, MNID.

13C NMR (DMSO-dg) 22.35 (COCII3), 41.71 (CHg), 51.01 (CH), 107.73 (C4), 110.59
(C3), 113.50 (d, JCF = 21.6 11z, Cor or C4v), 113.60 (d, JCF = 22.3 11z, Co' or Cyqv),
122.95 (br, Cg), 120.18 (d, JCF = 8.6 1z, C50), 142.21 (4, JoF = 7.5 Hz, C1v), 142.66

(C3), 151.03 (Cg), 162.28 (d, JoF = 233.3 liz, Cgv), 168.23 (COCIi3), 169.31 (CONII)
ppm.

IR (IXBr) 3220, 1630, 1540, 1440, 1360, 1220, 1140, 1000, 730 em-1,

Nass spc&:tmm, mve (relative intensily) 200 (M*,71), 231 (7), 1G5 (18), 140 (23), 13¢
(100), 126 (16), 109 (06), 97 (118), 96 (100), 96 (30).

LEiemental Analysis:

Calculated: 62.02% C; 5.21% 1I; 9.65% N.
Tound: 61.97¢ C; 5.35% I1I; 9.53% N.



WO 927210648 POT/USY2/04687

10

15

20

25

30

35

-5

EXAMPLE 28

AN L -a-Acetimido-Nof4-Nuarabenzyl).2- furanaceiamide.

Using racemic a-acetamido-2-furanacelic acid (1.50-g, 8.2 mmol) and

4-fluorobenzylamine (1.13 g, 9.0 mmol) gave the desired product.
Yield 2.10 g (88%).

R 0.30 (96:4 chloroform/methanol).
mp 188-190 °C (recrystallized from ethyl acetate).

1H NMR (DMSO-dg) & 1.88 (s, COCIIg), 4.27 (d, J = 5.5 Hz, ClIp), 5.55 (d, J = 8.0 Bz,

cu), 6.27 (s, 1H), 6.41 (s, 111), 7.09-7.15 {(m, 2Arfl), 7.12-
7.27 (m, 2 ArH), 7.61 (s, 1H), 8.58 (4, J = 8.0 Hz, NH),"
8.75 (t, J = 5.5 Nz, HH).

13C NMR (DMSO-dg) 22.28 (COCHg), 41.51 (CHg), 50.87 (CI1), 107.52 (C4), 110.46
(Ca), 114.90 (3, JCp = 21.1 Hz, Cg4), 129.48 (d, JoF = 8.3 Hz, o, 135.23 (d, JCF =
3.2 Hz, Cgv), 142.53 (Cg), 151.08 (Cg), 161.12 (d. JOF = 242.2 Hz, C4), 167.95
(COCH3), 169.13 (CONTI) ppin.

IR (IBr) 3230, 1620, 1500, 1360, 1220. 1260, 1210, 1140, 1000, 820, 780, 730 em-1.

Mass spectrum, m/e (relative intensity) 291 (M*+1, 4), 165 (4), 140 (9), 139 (92), 138
(52), 124 (G), 109 (71), 97 (G0, 9G (100).

Elemental Analysis:

Calculated: 62.02%. C; 5.21% H; 9.65% N.
Found: 61.76% C; 5.41% H; 9.43% N.
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EXAMPLE 29

{D L)-cz-Acctamido-N-(?..S'dimmrobcnzﬂlz-rumnacctamide.

Using 2,5-difluorobenzylamine (1.30 g, 9.0 mmeol) and racemic

@-acelamido-2-furanacetic acid (1.50 g, 8.2 mamol) gave the desired product.
Yield 1.60 g (G4%).

R 0.38 (96:4 chloroform/methanol).

mp 177-178 °C (recrystallized from ethyl acetate).

1H NMR (DMSO-dg) 6 1.89 (s, COCI3), 4.31 (d, J = 5.5 Hz, CIio), 5.55 (d, J = 7.7 Hz,
CII), 6.32 (s, C41II), 6.43 (s, C3I1), 7.22-7.25 (m, 3 Arll), 7.62 (s, C51D), 8.62(d, J = 7.7
Hz, NII), 8.78 (¢, J= 5.5 Hz, INII).

13C NMR (DMSO-dg) 22.30 (COCH3), 35.98 (d, JoF = 5.8 iz, CHg), 51.02 (CH),
107.81 (C4), 110.58 (C3), 115.06 (dd, JoF = 18.5, 25.6 Hz, Cgr or Cg), 115.16 (dd, JCF
= 15.6, 24.7 Hz, C3* or Cg"), 116.52 (dd, JoF = 10.1, 23.9 11z, C4+), 127.98 (dd, JCF =
9.2, 17.7 Hz, C1"). 142.69 (Cs5), 150.78 (Cg), 155.89 (d, JoF = 239.0 Hz, Co' or Cg),
158.18 (d, JCF = 238.8 Hz, Co' or C5?, 165.38 (COCH3), 169.35 (CONI) ppr.

IR (IXBr) 2230, 1620, 1520, 1480, 13360, 1260, 1230, 1180, 1140, 1000, 860, 810, 730, 710

cm‘l.

Mass spectrum, m/e {relative intensity) 309 (M¥+1, 15, 266 (1), 222(1), 165 (5), 140
(5), 139 (G1), 138 (3G), 127 (37), 87 (44), 85 (100).
Elemental Analysis:

Calculated: 58.44% C; 4.58% H; 9.09% N.
Found: 58.68% C; 4.69%% H; 8.87% N.
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EXAMPLE 30

1 (D lra-Acclamido-N-(2.6-diltuorohenzyD)-2:- furanacclamide.
Making use of 2,6-diflucrobxnzylamine (1.30 g, 9.0 mvol) and racomic

A —acetamido-2-furanacetic acid {1.50 g, 8.2 nmol) the desired product was form=
5 Yield 1.90 g (73%).

mp 237-239 °C (recrystallized from ethanol).

111 NMR (DMSO-dg) 8 1.86 (COCIIg), 4.33 (d, J = 4.5 Hz, CIlg), 5.53 (d, J = 8.3 liz,
CID), 6.17 (s, C411), 6.38 (s, C3I), 7.05-7.10 (m, 2 Arll), 7.36-7.41 (m, 1 Arll), 7.60 (s,
Crll), 8.52(d,J = 8.3 Hz, NII), 8.6G (L, J = 4.5 Hz, NII).

13C NMR (DMSO-dg) § 22.33 (COClIg), 30.74 (L, JOT = 4.4 Hz, CH3g), 50.48 (CI),
107.24 (C4), 110.40 (C3), 111.61 (dd, I = 8.0, 25.1 11z, C3+, Cp1), 113.67 (L, Jor =

10

15 18,511z, C19, 129.98 (¢, Jopr = 10.5 iz, Cy4v), 142.50 (Cp), 151.25((32), 160.93 (d, d¢
= 248.1, C2' or Cg", 161.10 (d, Jof = 248.1 11z, Cg'or Cg*), 167.53 (COCH 3), 169.00
(CONTII) ppimn.

IR (KBr) 3230, 1620, 1520, 1460, 13G0, 1320, 1260, 1220, 1160, 1140, 1030, 1000, 820,
oo 780,750, 740,710 cn-i,

Mass spectrum, infe (rcthc intensity) 200 ('\1++1 4), 2G5 (2), 165 (4), 147 (7), 140
(8), 139 (87}, 138 (30).. 12: (54), 97 (58), 96 (1CD).

Llemental Anatysis:

27 Calculated: 55.44% C; 4.08% H,; 9.097% N.
Found: 55.627% C: 4.74% I: 8.99%7% N.
30
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EXAMPLE 23

(D)) c-Acetomide N-benzyl 2-Iuenncetmudde.
Starting with D-a.ncetumido-2-furnnacetic scid (2.45 1, 13.38 mmol) and
benzylamine (1.43 g, 13.38 mmol), the desived product was obtained,

Yield: 2.64 g (70%) The product was further reerystallized from ethyl neetate to
give the title compound.

Yield: 2.30 g
mp 196-197 °C.

(026D w 1, MeO11} = -78.3° Addition of R(-)-mandelic acid to a CDCl3 solution of

the product gave only one signal for Lthe acetamide methyl protons.

Mass spectrum, m/e (relative intensity) 272 (M*, 2), 184 (2), 165 (2), 140 (8), 139 (88),
138 (34), 97 (46), 86 (100), 91 (G3).

Elemental Analysis:

Calculated: 66.16% C; 5.92% II: 10.29% N.
Found: 66.09% C; G.01% H; 10.38% N.
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EXAMPLE 32

({4 )-ca-Acctamida-N-benzyvl-2-furanacet amide.

Using L-a-acetamido-2-furanacetic acid (2.83 g, 15.46 mmol) and
benzylamine (1.65 g, 15.46 mmol) gave 3.80 g of the enriched (icsircd product. 111
NMR analysis with R{-)-mandelic acid showed that it was greater than 80%
enriched in the title compound. The pure L-enantiomer was obtained by
recrystallization from absolute ethanol.

Yield: 1.60 g.

mp 196-197 °C.

[«126p(c = 1, MO = +79.0°.

Mass spectrum, m/e (relatlive intensity) 273 (M* + 1, 3), 229 (2), 214 (2), 184 v(l), 1GH
(7), 157 (4), 140 (33), 139 (100), 138 (95}, 97(98), 96 (100), 91 (93).

Elemental Analysis:

Calculated: 6G.16% C; 5.92% I; 10.29% N.
Found: 65.89% C; 5.86% H; 10.42% N.
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EXAMPLE 33

Resolution of (D, L)-+-Acetamido-2~furanacetic acid Using

(R)-(+)-/-Methylbenzylamine and (S)~(-)-J/-Methylbenzylamine.

(R)=-(+)~A-Methylbenzylamine (13.22 g, 0.11 mol) was added

to an absolute ethanol seolution (550 wmL) of racemic o—-acetamido-

2-furanacetic acid (20.00 g, 0.11 mol). The resulting solution

was cooled in the freezer overnight. The white precipitate

(12.00 g) which separated upon cooling was filtered, and
the mother liquid evaporated to give a salt which was later

used for cobtaining L-d-acetamido-2-furanacetic acid. The

initial salt was recrystallized (3 x) from absolute ethanol
to yield 4.00 g of the pure diasteromeric salt.

mp 173-175°C.

[dJZGD[C=l{ MeOl ) =-1087

Elemental Analysis

Calculated: 63.14% C; 6.62% H; 9.21% N.

Found: €3.19% 'C; 6.62% H: 9.12% N.

The purified salt was treated with 5% agueocus NH40H solu’ on.

extracted with ethyl ether (3 x 50 mL)., and then acidified

with a 8.5% agqueous solution of H3PO4 and then extracted

with ethyl acetate (3 x 100 mL) to yield 2.45 g{(25%) of D-o~-
—acetamido- 2~furanacetic acid.
mp 169-171°C.
26 _ . P
(17 Dlc=1, MeOH] =-184.2°.
Clemental Analysis:

Calculated: 52.46% C: 4.95% U 7.65% N.

Found: 52.17% C: 4.89% H; 7.56% N.

The salt obtained after evaporation of the main mother
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ligquor was hydrolysed with 5% agueous NH _Oi solution to give

10.10 g of the enriched L-A-acetamido-2-furanacetic acid

26
[[d\] D{C:l:‘ MeOH] = +47.701- (S)"’(-) -met_hylbenzylamine (6.7()

g. 0.055 mol) was added to a solution of enriched L-~{-acetamido-~

2-fucanacetic acid (10.10 g, 0.055 mol) in absolute ethanol
(275 mL)}. The white precipitate of the diasterocemeric salt
(B.10 g) that separated upon cooling the solution in the

freezer (1 h) was filtered. The salt was recrystallized

from absolute ethanol (3 x) to yield 3.00g of the salt,
mp 172-174°C.
v ",.]26?3[ c=1, MeOH])='+106".
Elemental Analysis:
Calculated: 63.14% C: 6.62% H: 9.21% N.
Found: 63.18% C: 6.47% Hj 9.00% N.
The salt from the third recrystallization was treated
with a 5% agueous NH4OH solution and extracted with ethyi ether
(3 x 50 mL), and then acidified with a 8.5% agueous solution
of H3P04ﬂ and then extracted with ethyl acetate (3

x 100 mL) to give 1.63g (32%) of L-A-acetamido-2-furanacetic

acid.
mp 169-171°%C.

lm]zeoicﬂ,‘ MeOll]= +182*.
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EXAMPLE 34

Egizfgtic Separation of D(-)X ~acetamido-2-furanacetic acid (R-19)

from DL (1)K -acetamido-2~furanacetic acid.

DL (%) d ~acetamido-2-furanacetic acid (2.00 g, 10.9 mmol)

was suspended in deionized u20 (600mL).

An agueocus solution
of LiOll (1N} was added to this suspension dropwise until

all of the acid had dissolved and the pil was 7.2.Acylase

l, Grade 11 (20 mg, activity = 900 units/mg, Sigma Chemical

Company. Cat. No. A 8376) was then added to the above solution

o
and the mixture stirced at 34-37-C (41h). The suspension

was then cooled to room temperature and acidified to pil 1.5

vith agueous 1N HCl. The suspended material was filteced,

and the filtrate was saturated with solid NaCl, and then

extracted with ethyl acetate (3x250 mL). The combined ethyl

acetate extracts was dried (Nazsod). The solvent was removed

in vacuo and the residue was triturated with ethyl acetate

(10mL). The white solid (0.75 g) that remained was' filtered
and vas pure D{(-)¢| -~ acetamido-2-furanacetic acid; mp 168-169°C,
s ,

mixed mp ith an authentic sample 168-169°C; [d]26[c=l. MeOH]
=-184.3° °
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EXAMPLE 3%
Preparation of D.l-a-Acetumide-2-Muranncelic Acid.

An cthercal solution of ZnClo( 1 N, 28 mL, 0.028 mo)) was added to a slirred
solution of ethyl acetamido-2-bromoacetate (4.40 g, 0.010 nmiol) and furan (11.23 g,
0.165 mol) in dry tetrahydrofuran (100 mL), qnd allowed to stir at room
temperalure (5 h). The mixture was {hen treated with H20 (50mL), the organic
phase separated, and the aqueous layer extracted with CHzClz_(Z x 100 mL). The
orgénic layers were combined, dried (NagSQOy4) and the volatile materials were
removed by distillation in vacuo to give approximately 4.00 g (97%) of light-brown

semi-solid madterial. TLC analysis showed a major spol at Rp 0.30 (99:1

chloroform/methanol). The desired compound, D,L-ethyl

a-acetamido-2-furanacetale, was purified by flash columri'-chromatography on

silica gel using 99:1 chloroform/methanol as the eluent to give 3.60 g (87%) of a
beige solid.

mp 68-70 °C.

D, L-Ethyl a-acctamido-2-furanacetate (4.00 g, 19 mmol) was dissolved in
90:10 cthanol/water (150 mL) and then KOH (2.00 g, 35 mmol) was added and the

resulting solution stirred at roem temperw.ure (48 h). The reaction was

concentrated in vaguo and the residue diluted with 1190 and then washed with
ethyl ether (3 x 50 mlL). The aqueous layer was then made acidic with a 8.5%
agueous solution of H3PO,4 and extracted with ethyl acetate {3 x 150 mL). The
organic layers were combined, dried (NagSOy4), evaporated to dry =ss in vacuo to
give the desired compound.

Yield: 2.65 g (76%).

R 0.37 (8:1:1 isopropanel/NH 1O/ 1190).

mp 172-174 °C.
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EXAMPLE 36 _
Synthesis of (D.1)-2-Accetamido-4-pentencic Acid-N-henzyviamide,

4-Mecthylmorpholine (0.55 g, 5.40 mmo!) was added to a stirred solution of
2-acctamido-4-pentenoic acid (0.81 g, 5.18 mmol) in dry tetraliydrofuran (G0 mL) at
=10 to -15 °C under Ng. After stirring (2 min), isobuty! chloroformate (0.75 g, 5.70
mmol) was added leading to the precipitation of a white solid. The reaction was
allowed to proceed for 2 addilional minutes and then a solulion of benzylamine
(0.61 g, 5770 mmol) in tetrahydrofuran (10 mL) was added slowly at -10 to -15 °C.
After stirring (5 min) at room temperature, the inscluble salt was removed by
filtration. The {iltrate was evaporated Lo dryness and the residue was triturated

with ethyl acetate, and the remaining white solid was filtered to yield the desired
product.

Yield 0.81 g (G4 %).

Rp0.36 (4% methanol/chloroform).

mp 118-120 °C (recrystallized from ethyl acetate/cyclohexane).

11 NMR (DMSO-dg) § 1.83 (s, COC1H3), 2.22-2.49 (m, C119CH=Cl2), 4.26(d, J = 5.3
Hz, Cllg Ph), 4.25-4.33 (m, C11), 4.99-5.09 (m, CHoCH=CIT9), 7.21-7.29 (m, 5 Phll),
8.05(d, J.= 7.6 Hz, NII), 8.4G (br s, NII).

13C NMR (DMSO-dg) 22.41 (COCIi3), 36.24 (CH2CH=ClH9g), 41.01 (CligPh), 52.20
(CH), 117.15 (CHoCH=CH2), 126.54 (C4'), 126.99 (2C9’ or 2Cg31), 128.04 (2Co' or
2Cg}, 134.25 (CHoCH=CHyg}, 139.22 (Cyv), 169.02 (COCH3), 170.96 (CONI) p})ﬁx.

MMass spéctrum, /e (relative intensity) 246 (M, 4), 205 (4), 163 (15), 140 (8), 106
(33), 91 (77, 70 (100). ‘

LElemental Analysis:
Calculated:
Found:

68.27%C; 7.37% H; 11.37% N.
68.55% C; 7.31% H; 11.48% N.
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1 Mass spectrum nv/e (relative intensity) 292 (M++1, 1), 233 (8), 158 (19), 157 (100),
116 (26), 115 (100), 106G (29), 91 (72).

Elemental Analysis:

5 Calculated: 61.84% C; 7.26% I1; 14.42% N.

Found: . 6l1.67%C; 7.10% H; 14.14% N.
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EXAMPLE 37
Synthesis of (D,1)-2-Acetomido-N-benzyl-2.(1-marpholine)acetamide,

A mixture of ethyl 2-acetamide-2-{1-morpholine)acetate (0.59 g, 2.56 minol),
benzylamine (0.28 g, 2.82 mmpl) and sodium cyanide (0.01 g, 0.26 mmol) in
methano! (5 mL) was slirred al 50-55 °C for 18 hr. The solvent was removed in
yacuo and the residue triturated with gthyl acetate (5 mL). The while solid (0.35 g)
that remained was colleclted by filtration and identified as the desired compound.
The . filtrate was concentrated and the residue purified by flash column
chromatoéraphy (2% methanol/chloroform) on SiOg. The initial fractions gave a
trace amount (0.09 g) of (D,L)-2-acetamido-N-benzyl-2- (N-benzylamine)acetamide.
Continued elution gave additional amounts (0.20 g) of the title compound.

(D,L)-2-Acetamido-N-benzyl-2-(N-benzylamine)acctamide:
Yield: 0.09 g (11 %).

mp 135-138 °C.

1H NMR (DMSO-dg) § 1.83 (s, COCIIg), 3.56 (d, J = 13.6 Hz, NIICII), 3.66 (d, J =
13.6 Hz, NHICIT), 4.23 (d, J = 5.4 Hz, CIlg), 4.89 (d, J = 8.0 Hz, CID), 7.05-7.38 (m, 10
PhII), 8.20 (d, J = 8.0 Hz, NIi), 8.51 (t, J = 5.4 Hz, NII).

13C NMR (DMSO-dg) 22.63 (COCH7), 42.11 (CHg), 48.57 (NHCHg), 64.41 (CH),

126.65 (Cy), 126.70 (Cy4n), 127.13, 128.00, 128.13, 128.22, 139.24 (C1 or Cy3*), 140.12(Cy
or C1v, 169.61 (COCH3), 165.90 (CONH) ppm.

(D,L)-2-Acetamido-N-benzyl-2-(1-morpholine)acetamide.
Yield: 0.48 g (G4%).

Ry 0.35 (4% methanol/chloreform).
mp 171-172 ° (recrystallized {rom ethyl acetate). .

1H NMR (DMSO-dg) 5 1.86 (s, COCHg), 2.30-2.40 (m, CliaoNCIIp), 3.51 (br s,
Clio0CII9), 4.18-4.33 (m, CIIp), 5.07 (d, J = 8.9 Hz, CII)}, 7.18-7.25 (m, 5 Phll), 8.23

- (d,J = 8.9 Hz, NI, 8.58 (br s, NII).

13C (DMSO-dg) 22.39 (COCH3), 42.20 (CHo), 48.43 (CHoNCH9), 66.03 (CH), 69.24
(CI190CI19), 126.76 (C4), 127.13 (2Cgr or 2Cq), 128.23 {2C9 or 2C7q), 139.42 (Cy"),
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EXAMPLE 38
amido-2-{cthylamin

Synthesis of (D1)-Ethyl 2-a

A cold (-78 °C) solution of cthyl 2-ncetamido-2-bromoacetate (2.10 g, 9.38
mmeol) in dry tetrahydrofuran (80 mL) was added slowly into a cooled (-78 °C)
tetrahydrofuran (20 mL) solution of methylamine (1.40 g, 31.04 mmol) over a
period of 20 min. The reaction was stirred at -78 °C (1 h), and then at room
temperature (1 h). The precipitated salt was filtered and the filtrate concentrated.
The rcsiduﬁ was purified by flash column chromatography on SiOg using 3%

methanol/chloroform as the eluent to yield the desired compound as a light yellow
oil.

Yield: 0.90 (51%).

Rp 0.36 (4% mcthanol/chloroform).

1H NMR (CDCl3) 0.93 (t, J = 6.7 He, NHCIIoClIIg), 1.12 (t, J = 6.8 Hz, OCHClIg),
1.87 (s, COCIIg), 2.48 (q, J = 6.7 Hz, NHICII9CH3), 4.05 (q, J = 6.8 Hz, OCIIoCH3),
5.05(d, J = 7.1 11z, CII), 7.09 (d, J = 7.1 Hz, NID). -

13C NMR (CDCI3) 13.64 (N}FICHoCH3), 14.55 (OCHoCH3), 22.53 (COCH3), 39.06

(NHCHoCHg), 61.38 (CIi), 64.14 (OCHCHg), 170.08 (COCH3), 170.20
(COOCHCH3) ppm.
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1 EXAMPLE 39 _
Using the procedures described herein, the
following examples are also prepared.
{D,L))\-Acetamido-N-benzyl-3-furanacetamide

5 (D,L)l-hcetamido-N—(2-Eluorobenzy1)—3-furanacetamide
(D,L),) ~Acetamido-N-{3-fluorobenzyl)-3-furanacetamide .
(D,L)d ~Acetamide-N-(4-fluorobenzyl)-3-furanacetamide

»X—Acetamide-N—benzyl—2-aminoacetamide
10
15
20
25
30

35
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Ureparalion ol a-flelerpalom Substituled Aming Acids, Synthesis ol Tothyl 2

Acctamide-2-substituled Acetates, General Procedure.

A cooled (-78 °C) solulion of cthyl 2-bromo-2-acetamidoacetate (1
cquiv) in TIITF (1 mmol/10 inL) was added slowly to a TIHT (1 m‘mol/'l mL) solution
of the nitrogen nucleophile (5-10 equiv) at -78 °C. The reaclion was slirred at this
Lemperature (0.5 h) and then at room temperature (1 h). The insoluble materials
were filtered and washed with THF. The filtrate was concentrated in vacug and

Lthe residue was purified by flash chromatography on SiO3 gel (using the indicated
solvent as the eluent) to give the desired product.

_Using- .this-procedure the following examples were
prepared.
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EXADNLE 40

1¢51 DIy - amide-2-amin a
Ethy! 2-bromo-2-acetamidoacctate (2.00 g, 8.93 munol) and liquid NHjz
(5-6 cquiv) yielded a light brown residue, which on purification by flash column

chromatography on SiOg gel (5% MeOH/CHCI3) gave the desired producl as a

yellow oil.

Yield: 1.00 g (70%).

Rf 0.21 (5% McOH/CLICly).

1H NMR (CDCly) § 1.31(t, J = 7.1 11z, 3 11), 2.03 (s, 3 H), 2.61 (br s, 2 H), 4.24 (q,J =
7.1Hz,2H),5.21(d,J =7.1Hz,1H), 7.50(d,J =7.1 Hz, 1 I1).

BC NMR (CDCly) 13.72, 22.68, 59.70, G1.73, 170.40, 170.68 ppm.
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exampLe 41

Ethyl 2. amido-2-(methylami
\ Use of ethyl 2-bromo-2-acclamidoacetate (2.00 g, 8.93 mmol) and
MeNH3 (2.50 g, 80.6 mmol) gave an oily residue (1.50 g). The residue was purified

by flash column chromalography on SiOg gel (3% McO11/CIICl3) to yicld the

desired product as an oil.

Yield: 1.00 g (G5%).

1} NMR (CDCl3) 5 1.32 (t, J = 7.1 Hz, 3 1), 2.07 (s, 3 H), 2.36 (s, 3 1), 4.26 (q, J = 7.1
Hz, 2 H), 5.20(d, J = 7.4 11z, 1 11), 6.6GO (brs, 1 H).

13C NMR (CDCly) 14.02, 23.0G, 30.84, 62.04, 65.72, 170.09, 170.40 ppwn.
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1 Synthesis of Ethvy! 2-Acetamide-2-(N.N-dimethylaminolacclale.
Ethyl 2-bromo-2-acetamidoacetate (2.00 g, 8.93 mmol) and MepNI1 (5-6

cquiv) gave the desired product as a yellow oil,

5 Yield: 1.50 g (89%).

TH NMR (CDCl3) § 1.25 (t, J = 7.1 Iz, 311), 2.02 (s, 3 H), 2.23 (s, 6 I1), 4.10-4.25 (m, 2
), 5.24 (d, J = 8.3 Hz, 1 H), 6.59 (d. J = 8.3 Hz, 1 1),

13C NMR (CDCIy) 14.05, 23.00, 40.28 (2 C), 61.84, 69.24, 169.38, 170.57 ppm.
10
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EXAMPLE 43

wynlhesis of Tothyl 2-Acctamide-2-(4-morpholinglacetale.

Using morpholine (1.71 g, 19.64 mmol) and cthyl 2-bromo-2-
acetamidoacetate (2.00 g, 8.93 mmol) gave an oily residue, which was purified by
flash column chromatography on SiOs gel (2% MeOH/CIICl3) Lo give the desired

product as a thick oil.

Yicld: 1.90 g (93%).

R 0.29 (3% MeOH/CHCI3).

1H NMR (CDClg) 8 1.32 (t, J = 6.8 Hz, 3 H), 2.07 (s, 3 H), 2.43-2.72 (i, 4 11), 3.58-3.78

(m, 4 H), 4.26 (q, J = 6.8 Hz, 2 H), 5.27(d,J = 7.9 Hz, 1 H), 6.39 (d, J = 7.9 Hz,
1 H).

13C NMR (CDCly) 14.21, 23.25, 48.47 (2 C), 62.0G, 66.71 (2 C), 69.22, 169.00, 170.46

ppm.
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ExampLe 44
Synthesis of Bthyl 2-Acetamide-2-(N-aniling)acetate.
Use of aniline (1.83 g, 19.6 mmol) and ethyl 2-bromo-2-
acetamidoacetate (2.00 g, 8.93 mmol) provided a brown residue which was

purified by flash column chromatography on SiOg gel (CHCI3-2% MeOI1/C11Cl;
grad.icnt) to yield the desired product.

Yield: 1.80 g (85%).

Rp 0.52 (4% MeQII/CHCIy).

mp 87-89 °C (recrystallized from elhyl acetate/petroleum ether).

TH NMR (CDCl3) 8 1.29 (4, J = 7.1 11z, 3 11), 1.84 (s, 3 11), 4.27 (q, J= 7.1 11z, 2 11), 5.89
(d,J =8.21Hz 1), 6.43 (d, J = 8.2 Hz, 1 H), 6.68-6.71 (in, 2 H), 6.80-6.83 (m, 1
H), 7.17-7.22 (m, 2 H). The remaining amino prolon was not detecled.

13C NMR (CDCl3) 13.96, 22.98, 60.19, 62.41, 113.87 (2 C), 119.29, 129.37 (2 C), 144.09,
169.77,170.14 ppm.

IR (KBr) 3340, 1720, 1635, 1590, 1490, 730, 710 cm-1.

Mass spectram (FD) 237 (M++1).

Elemental analysis

Calculated for Cy3l115N205 61.007% C; 6.837% 11, 11.86% N.

Found 60.88%C; G.56% H; 12.00% N.
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EXAMPLE 45

1 rnthesis of Ethyl 2-Acctamide-2-(N-(3-pyrazolylaminolacetale.

Using ethyl 2-bromo-2-acetamidoacetate (2.00 g, 8.92 mmol) and 3-

aminopyrazole (1.85 g, 22.32 mimol) and purification of the reaction productl by

S5  chromatography on SiOg gel (2% MeOIF/CIICl3) gave the desired product as a
ycilow oil.
Yicld: 1.80 g (89%).
R 0.35 (8% McOII/CHCI3).
10 131 NMR (CDCl3) 6 1.21 (t, J = 7.1 Hz, 3 1), 1.89 (s, 3 H), 4.20 (g, J = 7.1. Hz, 2 H),
564(d,J=18Hz, 1), 571 (brs, 1 H),5.73(d,J=T7.1Hz 1H), 7.29(d,J =
1.8 =z, 1 H), 7.98 (d,J = 7.1 11z, 1 H). The remaining amino proton was not
detected.
15 .
13C NMR (CDCl3) 13.73, 22.49, 61.41, 62.02, 91.79, 130.53, 153.02, 169.96G, 170.93 ppn.
20
25
30

35
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EXAMPLE 46

Synthesis of Bthyl 2-Acetamido-2-(N-hydroxyamino)acctale.

Using ethyl 2-bromo-2-acelamidoacelale (2.10 g, 9.37 mmol) and
anhydrous NI 2OH (0.93 g, 28.00 mmol) gave an oily residue. The residue was

purilied by flash column chromatography on SiOj gel (5% McbI~UCIIC13) Lo give

the desired product. The product was recrystallized froin ELOII Lo give a while
[Taky solid.

Yield: 1.00 g (61%).

Rr0.24 (5% MeOH/CHCly).

mp 119-121 °C.

TH NMR (DMSO-dg) & 1.19 (¢, J = 6.9 Hz, 3 H), 1.87 (s, 3 H), 4.10 (q, J = 6.9 }z, 2 H),

5.09 (dd, J = 4.0, 8.0 Hz, 1 H), 6.06 (br s, 1 H), 7.63 (s, 1 ), 8.50 (d, J = 8.0 Hz,
1 H).

12C NMR (DMSO-dg) 14.05, 22.46, 60.82, 67.37, 169.19, 169.48 ppm.

IR (IXBr) 3300, 1750, 1660, 1540, 1390, 610 cm-1,

Mass spectrum (FD) 177 (M++1).

Elemental analysis
Calculated for Cgl12N204 40.91% C; 6.87% I1; 15.90% N.
Found 40.79% C; 6.87% 1I; 15.907 N.
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EXAMPLE 47

MeNHOH (17.39 mmol) (prepared from MeNIIOH-HCI (2.00 g, 23.95
mmol) and NaOMe (0.94 g, 17.39 mmol)), and ethyl 2-bromo-2-acetamidoacetate
(1.00 g, 4.46 mmol) gave an oily residue. The residue was triturated with ELOAc (5
mL) and the solid that remained was filtered and recrystallized from ELOH Lo give
the desired product as a white solid.

Yield: 0.70 g (82%).

R 0.34 (5% McOH/CIICI3).

mp 148-150 °C.

TH NMR (DMSO-dg) § 1.17(t, J = 7.0 Hz, 3 1), 1.89 (s, 3 H), 2.37 (s, 3 H), 4.00-4.20
(m,2H),5.04(d,J =921z 11),8.17(s, 1 11),843(d, J =9.2 11z, 1 I1).

13C NMR (DMSO-dg) 14.04, 22.28, 43.78, ©.79, 71.46, 168.29, 170.23 ppm.

IR (K3r) 3320, 3200 (br), 1760, 1660, 1530, 1470, 720, 640 cm-1,

Mass spectrum (D) 192 (M*++1).

Elemental analysis
Calculated for C7H]4h{204-0.25 11,0  43.18% C; 7.51% 11, 14.39% N.
Found | 43.28% C; 7.25% 11, 14.64% N,
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CXAMPLE 48

Synthesis of Ethyl 2-Acetamide-2-(N-(N.O-dimethylhydroxyamino)acetate.

MeNHOMe (17.40 mmol) (prepared from MeNHOMe HCI (2.18 g,
22.32 mmol) and NaOMe (0.94 g, 17.40 mmol)) and ethyl 2-bromo-2-acetamido-
acetate (1.00 g, 4.46 mmol) gave a residue which was purified by {lash column

chromatography on SiOg gel (1% McOH/CIHCl3) to give the desired product as an
oil. '

Yield: 0.60 g (6G6%).
R¢ 0.53 (2% MeO1/CHCly).
11 NMR (CDCl3) 8 1.35 (t,J =7.0 1z, 3 1), 2.12 (s, 3 H), 2.62 (s, 3 H), 3.46 (s, 3 H),

4.30 (q,J =7.0 Hz, 211), 5.36 (d,J = 8.9 1z, 1 ), 6.66(d, J =8.9 11z, 1 H).
13C NMR (CDCl3) 14.06, 22.89, 40.30, 60.01, 61.89, 70.16, 168.14, 170.53 ppm.
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A mixture of the ethyl 2-substiluted-2-acetamidoacetate (1 equiv),
benzylamine (1.2 equiv), and NaCN (0.1 equiv) in MeOH (1 mimol/25 ml.) was
slirred at 45-50 °C (18 h). The solvent was removed in vacug and the residue was

purified using cither trituration with ELtOAc or flash column chromatography on

SiOg gel with the indicated solvent as the c¢luent.

Using this procedure the following examples were
prepared.
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EXAMPLE 49

Synthesis of 2-Acctamido-N-benzyl-2-amingacctamide.

Ethyl 2-acetamido-2-aminoacelate (1.00 g, 6.25 mmol), benzylamine
(0.80 g, 7.5 mmol) and NaCN (0.03 g, 0.61 mmol) gave a residue which solidified
on standing (18 h). The reaction mixture was triturated with EtOAc (20 mL). The

white solid which remained was filtered and then further purified by recrystal-
lization from EtOAc.

Yielkd: 1.00 g (72%).

Rf 0.21 (5% MeOIVCHCIR).

mp 131-133 °C (dec.).

IH NMR (DMSO-dg) & 1.83 (s, 3 1), 2.35 (br s, 211, 4.28 (d, J = 4.4 Hz, 2 11), 4.91 (d,
J=7.0Hz, 13), 7.20-7.32 (1n, 5 H), 8.31 (brs, 1 H), 851 {brs, 1 1{).

13C NMR (DMSO-dg) 22.66, 42.05, 60.29, 126.67, 127.10(2 C), 128.18(2 C), 139.23,

169.24, 170.67 ppm.
IR (ICB3r) 3300, 1650 (br),1530 (br), 1450, 740 cm-1.

Mass specirum, m/e (relatlive inlensily) 222 (M++1, 100), 221 (M+, 29), 133 (8).
Elemental analysis

Calculated for C11H5N302 59.71% C; 6.83% H;
TFound

18.99% N.
59.86%C; 6.88% H: 18.72% N.
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EXAMPLE 50
mihesis of 2-Acclamido-N-benzyl-2-(imethylaming)acetamide.
Ethyl 2-acelamido-2-(methylamino)acetate (1.50 g, 8.63 mmol),
benzylamine (1.11 g, 10.35 mmol) and NaCN (0.04 g, 0.82 nunol) gave a brown

residuce which was purified by flash column chromatography on SiOz gel (2%
MeOH/CHCIl3) Lo yield the desired praduct.
Yield: 1.00 g (49%).

R¢ 0.33 (3% McOM/CIIClR).

mp 115-117 °C (recrystallized from elhyl acelale/petroleum ether).

IH NMR (DMSO-dg) § 1.87 (s, 3 H), 2.18 (s, 3 ), 4.20-4.29 (m, 2 1), 4.87(d,J = 7.9
Hz, 1 H), 7.24-7.35(m, 5 11), 8.14 (d, J = 7.9 Hz, 1 H), 8.55 (br s, 1 }1). The
remaining amino proton was not detecled.

13C NMR (DMSO0-dg) 22.52, 31.37, 42.04, 65.99, 126.G8, 127.12(2 C), 128.18 (2 C),
139.28, 1G9.51, 169.83 ppm.

IR (KBr) 3240, 1610 (br), 1500 (br), 1430, 725, 670 cm-1.

Elemental analysis

Calculated for CyoH 17NaO2 61.26%7 C; 7.28% H; 17.86% N.

Found G1.12% C; 7.01% H; 17.71% N.



$92/04687
WO 92/21648 -102~ PCT/U

10

15

20

25

30

CXAMPLE 51

Synthesis of 2-Acctamide-N-benzyl-2-(ethylaming)acclamide.
Using ethyl 2-acetamido-2-(cthylamino)acetale (0.90 g, 4.79 munol),
benzylamine (0.62 g, 5.75 mimol), and NaCN (0.03 g, 0.51 mmol) gave an oily

residue which was purified by flash columin chromatography on SiOz gel (3%
MeOH/CHCI3) to give the desired product as a white solid.
Yield: 0.35 g (29%).

Ry 0.34 (4% MeOH/CHCIy).
mp 123-125 °C (reerystallized fromn clhyl acetate/hexane).
1H NMR (DMSO0-dg) 8 0.93 (L, J = 6.8 Hiz, 3 11), 1.81 (s, 3 H), 2.08 (br s, 1 1), 2.40-2.48

(m, 2H),4.22(d,J =5.511z, 2 1),4.90(d, J = 7.8 Hz, 1 I1), 7.20-7.27 (m, H ),
8.08(d,J =7.8}Hz, 1H), 8.48(,J=55Hz, 1H).

13C NMR (CDCl3) 15.14, 22.97, 37.65, 43.53, 65.68, 127.44 (2 C), 127.50, 128.64 (2 C),
137.73, 169.75, 171.20 ppm.

IR (IBr) 3250, 1620 (br), 1510 (br), 1450 (br), 740, GSO cin-1.

Elemental analysis
Calculated for Cyi3H9IN302 62.63% C; 7.68% 1i; 16.85% N.
TFound 62.697% C; 7.49% 1l; 16.65% N.
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EXAMPLE 52

Synthesis of 2-Acctamido-N-benzyl-2.(N-anilino)acetamide.

Employing ethyl 2-acctamido-2-(N-anilino)acetate (2.00 g, 8.47 mmaol),
benzylamine (1.09 g, 10.00 mmaol), and NaCN (0.04 g, 0.84 mmol) gave a while
solid which separated during the course of the reaction. The precipitate was

filtered and purified by recrystallization rom absolute ELOH to give the desired
product.

Yield: 1.10 g (44 %).
mp 183-185 °C.

1H NMR (DMSO-dg) & 1.84 (s, 3 1), 4.31(d,J = 5.8 Hz, 211), 5.67 (¢, J = 8.1 Hz, 1 1),
6.04 (d, J = 8.1 Hz, 1 H), 6.59-6.64 (m, 111), 6.70-6.72 (m, 2 }), 7.0G6-7.11 (m, 2
H), 7.20-7.33 (m, 5 H), 8.41(d, J = 8.1 Hz, 1 H), 8.72 (1, J = 5.8 Hz, 1 H).

13C NMR (DMSO-dg) 22.46, 42.25, 60.42, 113.21 (2 C), 117.22, 126.72, 127.16 (2 C),
128.18 (2 C), 128.77 (2 C), 138.99, 145.88, 168.65, 169.70 ppm.

IR (IBr) 3270, 1630, 1520, 14490, 1430, 740, 690 cm-1.

Mass spectrum, m/e (relative intensity) 297 (M*, 2), 239 (7), 164 (28), 163 (100), 122
(20), 121 (100), 106 (47), 104 (G5), 93(G3), 81 (77).

Elemental analysis
Calculated for C17111gN309g G8.677% C; ©6.447% H;, 14.13% N.

Found 68.94% C; G.42% H; 13.92% N.
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EXAMPLE 93

A salution of ethyl 2-ncetamido-2-(N-(3-pyrazolylamino))acetate (1.60
g, 7.1 mmol) in McOII (40 mL) containing benzylamine (0.83 g, 7.8 mmol) and
NaCN (50 g, 1 mnmol) was slirred at 45-55 “C (18 h). TLC analysis (8%
McOIl/CIICI3) of Lthe reaclion mixture indicated the presence of only an minor
amounl, of pr(;ducl.. A sccond lot of NaCN (50 mg, 1 mnmmol) was then added and
Lthe reaclion was allowed Lo proceed al 45-55 °C (6 h) and then at room lemperalure
(48 h). The solvent was removed in vacug and the residue was triturated with
ELOAc (15 mL). The insoluble solid that remained was filtered and purified by

flash column chromatography on SiOp gel (7% MeOI1/CIICI3) Lo give the desired
product.'.

Yield: 0.90 g (44%).

R¢ 0.35 (8% McOI11/CIICI3).

mp 135-137 °C.

HI NMR (DMSO-dg) 8 1.82 (s, 3 11), 4.29 (1, J = 5.9 11z, 2 11), 5.51-5.55 (i, 3 11), 7.18-
7.40 {m, G I1), B.3G (brs, 111), 8.53 (brs, 1 I1), 11.G66 (br s, 1 1),

13C NMR (DMSO-dg) 22.59, 42.29, 61.79,90.68, 126.67, 127.07 (2 C), 128.17(2 C),
129.10, 139.41, 153.53, 169.19, 1G9.67 ppmn. .

1R (1XBr) 3230 (br), 1620 (br), 1500 (br), 1430, 730, GO0 cm-1.

Mass spectruim, m/e (relative intensily) 288 (M++1, 64), 287 (M*, 2), 230 (28), 229
(100), 153 (40).

Flemenlal analysis
Calculated for Cy4ll17N5045-0.5 11,0 56.47% C; G.12% 11; 23.63% N.

Found 56.63% C; 5h.79% 11, 23.43% N.
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Lreparalion of Funclignalized o-Ileteroalom Substituled Aming Acids, General

A Brj solution {1 M in Cl13Cla, 1.1 equiv) was added Lo a solution of
2-acetamido-N-benzyl-2-elhoxyacelamide (1 equiv) in ClI2Cla (10 mmol/125 mb).
The mixlure was slirred al room temperalure (5 1) and then concentraled Lo
dryness jn yacuo Lo give 2-acetamido-N-henzyl-2-bromoacetamide as a pale yellow
crystalline material. "The bromo adduct was then disselved in “I'TIF (10 mmol/250
ml,), cooled (-78 °C), and then added over a 15 min interval Lo a cooled (-78 °C)
solution of the heleroatom nucleophile in TIF (1 mmol/1 mL). The reaclion
mixtlure was slirred at this temperature (30 min) and then at room temperature
(90 min). The insoluble salts were filtered and the filtrate concentraled in yacug.
The residue was then purified by flash column chromatography on SiO3 gel using

Lthe indicated solvent as Lhe clucul.

Using this procedure the following examples were
prepared.
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EXAMPLE 54

Synthesis of 2-Acetamido-N-benzyl-2-(N N-dimethylaminolacelamide.

By making use of 2-acctamido-N-benzyl-2-ethoxyacetamide (3.00 g,
12.0 minol), BBr3 (1 M in CH;Cl3, 13.2 mL, 13.2 mmol), and MeaNH (5-6 equiv) was
obtained a brown residue which was purified by flash column chromatography on
Si02 gel (2.5% MeOH/CHCI3) to give the desired product. The product was

reerystallized froin ethyl acetate/hexane Lo give light yellow cubic crystals.

Yield: 1.20 g (40%).

Rr 0.39 (5% McOII/CHCl3).

mp 104-106 °C.

1H NMR (DMSO-dg) 8 1.91 (s, 3 1), 2.11 (s, 6 I1), 4.22(dd, J = 5.2, 14,7 Hz, 1 H), 4.34
(dd,J =6.1,14.7 Hz, 1 11),5.11 (d, J = 8.3 Hz, 1 H), 7.23-7.31 (in, 5 1), 8.18 (d,
J = 8.3 Hz, 111), 8.55 (brs, 1 11).

13C NMR (DMS0-dg) 22.43, 40.33 (2 C), 42.28, 69.42, 126.73, 127.27 (2 C), 128.21(2 C),
139.49, 1G8.49, 170.31 ppm.

IR (KBr) 3280, 1670 (br), 1500 (br), 1460, 760, 700 cm-L,

Mass spectrum (IFD) 250 (M*+1).

Elemental analysis

Calculated for Cy3H 1gN309 62.63% C; 17.687% H; 16.85% N.

Found 62.827% C, 7.66% H; 16.69% N.
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EXAMPLE 355

Using 2-acetamido-N-benzyl-2-elthoxyacetamide (2.00 g, 8.0 mmol),
BBr3 (1 M in CH4Cls, 8.8 mL, 8.8 mmol), and anhydrous NH;0H (5-6 equiv) gave
:ir} qily residue. The residue was separaled inlo three components by fash
chramatography on SiOg gel (7.5% MeOH/CHCI3).
2-Acctamido-N-benzyl-2-(N-hydroxyaminolacetamide.
Yield: 0.14 g (7%).
R¢ 0.30 (8% McOIL/CIICly).

mp 144-146 °C (dec.) (recrystallized from ELOH)

TH NMR (DMSO-dg) §1.88 (s, 3 I1), 4.31(d, J = 5.7 Hz, 2 }), 5.08 (dd, J = 4.4, 8.1 11z,
1H),5.94(dd,J =2.8,4.4 Hz, 111),7.19-7.35 (m, 5 1), 7.562(d, J = 2.8 Iz, 1 I1),
8.26(d,J = 8.1 Hz, 111),842(,J = 5.7 liz, 1 H).

13C NMR (DMSO-dg) 22.69, 42.25, 67.86, 126.69, 127.14 (2 C), 128.18 (2 C), 139.08,
168.53, 169.67 ppm.

IR (I33r) 3320 (br), 1660 (br), 1540 (br), 1460, 750, 700 cn-1,

Mass spectrum (FD) 238 (M++ 1),

Elemental analysis
Caleulated for CpHigN3Oy  55.69% C; 6.37% H; 17.71% N.

Found 55.867% C;, G6.377% II; 17.38% N.
Dimer A.

Yield: 0.05 g (3%).

Rr 0.27 (8% MeOI/CHGg).

mp 177-179 °C (recrystallized from [ELOH).

ITH NMR (DMSO-dg) § 1.82 (s, 6 11), 4 25-4.34 (m, 4 11), 5.21 (d, J = 9.3 Iz, 2 }H), 7.20-
7.33 (m, 10 H), 8.16(d,d = 9.3 [1z,211),8.26 (L,J = 5.8 Hz, 2 1), 8.51 (s, 1 11).

13C NMR (DMSO-dg) 22.54 (2 C), 42.30 (2 C), 67.55 (2 C), 126.63 (2 C), 127.13(4 O),
128.11 (4 C), 129.02 (2 C), 168.24 (2 C), 169.33 (2 C) ppm.

IR (IXBr) 3240 (br), 1640 (br), 1510 (br), 1450, 690 cm-1.

Mass spectrum (I'D) 442 (M++1).
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4 Elemental analysis

Caleulated for CopllpqNyOs  59.85% C;, 6.16% H; 15.86% N.

Found 59.5% C; 6.08% H; 15.64% N,
5 Dimer B.
Yicld: 0.10 g (6%).
Rr 0.18 (8% MeOII/CHCI3).
mp 184-180 °C {recrystallized [rom McOID).
10 III NMR (DMSO-dg) § 1.87 (6 1), 4.20 (dd, J = 5.3, 15.3 Hz, 2 11), 4.44 (dd, J = 6.2,

15.3 Hz, 2 H), 5.28 (4, J = 9.0 Hz, 2 }), 7.15-7.31 (m, 10 H), 8.00 (d, J = 9.0 iz,
2 H), 8.39(dd,J =5.3,6.2 Hz, 2 1), 8.51 (s, 1 H).

. 13C NMR (DMSO0-dg) 22.50 (2 C), 42.58 (2 C), 69.98 (2 C), 126.73 (2 C), 127.23 (4 O),
10 128.22 (4 C), 139.08 (2 C), 167.60 (2 C), 169.57 (2 C) ppm.
IR (KBr) 3300 (br), 1660 (br), 1530 (br), 1450, 740, 700 em-1.
Mass spectrum (I'D) 442 (M*+1).
20 IElemental analysis
Calculated for CoollosNsOr  59.85% C; 6.16% H; 15.86% N.
Found ‘ (60.09% C; 5.93% H; 15.96% N.
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EXAMPLE 56

Improved Synthesis of 2-Acctamido-N-benzyl-2-(N-hydroxyaminglacetamide.

2-Acetamido-N-benzyl-2-bromoacelamide (prepared from 2-
acctamido-N-benzyl-2-ethoxyacetamide (3.00 g, 12.0 mmol) and BBr3 (1 M in
CH3Clp, 17.2 mL, 17.2 mmol)) was dissolved in TIIF (250 mL), cocled (-10 °C), and
thn added dropwise (30 min) o a suspension of NH20I1 (5-6 equiv)in THEF (50
mL) al -10 °C. The reaclion mixture was stirred (30 min) at this lemperalure and
then allowed to warm to room temperature (1 1), The insoluble materials were
filtered and the Rltrate was concentrated in vacug. The residue was separated
into two components by flash columnn chiromatography on 8i02 gel (7.5%

McOI1/CHCly).

2-Acctamido-N-benzvl-2-(N-hvdroxvaminglacelomide.

Yicld: 0.66 g (23%).

mp 144-14G °C (dec.) (recrystallized from ELOH).
Dimer B.

Yield: 0.10 g (5%).

mp 184-186 °C (recrystallized from NieOII}.

- Dimuer A was not observed under these conditions.
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EXAMPLE 57
Syunthesis of 2-Acetamido-N-benzyl-2-(N2-phenylhydrazing)acelamide.
Using 2-acetamido-N-benzyl-2-ethoxyacelamide (2.00 g, 8.0 mmol),

BBr3 (1 Min CH,Cly, 10.0 mL, 10.0 mmol), and phenylhydrazine (2.60 g, 24.0
mmol) gave a pale yellow oily residuc which was purified by flash coluinn
clxroinatogqaphy on Si0g get (2% MeOLi/CIICl3) to give the desired product. The
product was recrystallized {rom chloroform/hexane as a light yellew solid.
Yield: 0.75 g (29%).
Rf 0.26 (2% McOII/CHCly).
mp 132-134 °C. |
HINMR (DMSO-dg) 8 1.89 (s, 3 11), 4.28 (d, J = 5.8 Hz, 2 H), 4.89 (d, J = 6.2 Hz, 11I),
5.09(dd,J =5.2,7.4 112, 1 i1}, 6.61 (4, J = 7.4 Hz, 1 ), 6.70-7.28 (i, 10 I1), 8.29
‘ (d,J=741z 11,860, J =581z 1H.
13C NMR (DMSQ-dg) 22.88, 42.22, G6.22, 112.66 (2 C), 117.57, 126,65, 127.08 (2 C),
128.15 (2 C), 128.53 (2 C), 139.12, 149.90, 168.G6G, 170.0-4 ppm.
IR (IKBr) 3300, 1640 (br), 1610, 1520 (br), 1460, 760, 700 cm-L,
Malss spectra (F13) 313 (M++1).

Elemental analysis

o

Calculated for Cy7HgeN4Og 65.37% C; 6.45% 11; 17.94% N.
C

Found G

.15%

[@s ]

; 6.20% 11, 17.71% N.
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EXAMPLE 98

1 Synthesis of 2-Acctamido-N-benzyl-2-(N2.benzyloxycarbonylhydrazinolacetamide,
Employing 2-accltamido-N-benzyl-2-ethoxyacetamide (3.00 g, 12.0

mmol), BBrg (1 M in C!12Cly, 15.0 mL, 15.0 mmol), and benzyl carbazale (4.58 g,

S5 27.6 mmol), 0.95 g (21%) of the desired product was oblained. The product was
recrystallized from chloroform/hexane to give a white amorphous solid.
Rr 0.32 (2% McOII/CIICly).
mp 152-154 °C,

10

1 NMR (DMSO-dg) & 1.85 (s, 3 1), 4.27 (d, J = 4.4 Hz, 2 I1), 5.00 (5, 2 1D, 5.14 (dd, J

=3.1,8.011z, 1), 523 (t,J =3.111z, 1 }D), 7.25-7.35 (in, 10 11), 8.26(d, J = 8.0
Hz, 1 H), 8.56 (br s, 1 11), 8.66 (brs, 1 ).

15 13C NMI; (DMSO-dg) 22.71, 42.23, 65.56, 65.97, 126.69, 127.16 (2 C), 127.61(2 C),
127.77, 128.13 (2 C), 128.27 (2 C), 136.74, 138.87, 168.04, 1G69.95 ppm.
IR (I{Br) 3325, 1620 (br), 1500 (br), 1440, 740, 680 cm-L.
Mass spectrum (FD) 371 (M*+ 1).
20 Elemental analysis
Calculated for CyqtigeN4O4  G1.61% C; 5.99% H; 15.13% N.
Found 61.40% C; 6.21%11; 15.39% N.

25

30
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EXAMPLE 7

Synthesis of 2-Acctamide-N-benzyl-2-phenoxyacctamide.

Using 2-acctamido-N-henzyl-2-ethoxyacelamide (3.00 g, 12.0 mmol),
BBr3 (1 M in CH2Clg, 15.0 ml., 15.0 mmbl). and NaOPl’h (4.18 g, 30 nmol) gave a
brown oily residue which was purifed by flash column chromatoémphy on SiO
gel using first CI1Cl3 and then 2% MeOLl/CHCIj as the eluents Lo give the desired

product. The compound was recrystallized from chlorofornvhexane.
Yield: 0.80 g (22%).

Rr0.58 (3% MeOH/CHCI3).

mp 125-128 °C (soltens at 122 °C).

TH NMR (DMSO-dg) § 1.83 (s, 3 1), 4.35(d,J = 5.7 Hz, 2 1), 6.18 (d, J = 9.4 Hz, 1 H),
6.94-6.99 (m, 2 H), 7.02-7.33 (i, 8 1), 8.98 (t,J = 5.7 Hz, 111),9.10(d, J = 9.4
Hz, 1ID).

13C NMR (DMSO0-dg) 22.54, 42.24, 76.44, 116.09 (2 C), 121.78, 126.84, 127.26 (2 C),
128.25 (2 C), 128.44 (2 C), 138.84, 155.97, 166.63, 170.73 ppm.

IR (IXBr) 3300, 1650 (br), 1600, 1530 (br), 14900, 1450, 760, 700 cm- 1.

Mass spectrum (FD) 299 (M*+1).

Elemental analysis
Calculated for Cy7H ;58N20530.5 11,0 606.43% C; G.237% H; 9.11% N.

‘ound 66.62% C; 6.23% II, 9.16% N.
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EXAMPLE 60

Synthesis of 2-Acetamido-N-benzyl-2-(methvlmercapiolacetamide.

A cooled (78 °C) solulion of Ei3N (4.85 g, 48.0 mmol) in TIIF (20 mL)
was added o a cooled (-78 °C) solution of 2-acetamido-N-benzyl-2-bromoacetamide
(prepared from 2-acetamido-N-benzyl-2-ethoxyacetamide (4.0(3 g, 16.0 mmol) and
BBr3 (1 M in CH3Cly, 20.0 ml,, 20.0 mmol)) in THF (275 mL). A cooled (-78 °C)
solution of excess MeSH (5-6 equiv) in THF (55 mL) was then added. The reaction
mixture was stirred at this temperature (30 min) and then at room temperature (1
h). The insoluble materials were filtered and the filtrate was evaporated to
dryness jn vacug. The oily residue obtained was purified by flash column
chromatography on SiO2 gel (265 MeOH/CHCI3) to give 1.10 g (27%) of the desired
product as a yellow orange oil. The product was purified by a second [lash

column chromatography on SiO3 gel (2% MeOIVCHCI3) to give 0.72 g of the pure

product as a white solid.

R¢0.65 (3% NeOH/CHCI3).

mp 155-157 °C.

1H NMR (CD3NO32) 6 1.98 (s, 3 Fi}, 2.8 (s, 3 11), 4.39 (dd, J = 6.1, 15.2 Iiz, 1 1), 4.49

(dd, J =6.1, 15.2 Hz, 1 1), 5.51(d,J =7.8 Hz, 1 1), 7.15(d, J = 7.8 Hz, 1 H),
7.17-7.41 (m, 6 H). '

1I3C NMR (CD3NO2) 12.28, 22.94, 44.26, 56.03, 128.46, 128.60.(2 C), 129.77 (2 C),
140.17, 169.19, 171.06 ppm.

IR (IXBr) 3320, 1650 (br), 1520 (br), 1460, 750 cm-1,

Mass spectrum (I'D) 253 (M*+1).

Elemental analysis
Calculated for Cj2H gN20sS 57.127% C; G.39% H; 11.107% N.
Tound 57.06% C; 6.57%H; 11.28% N.
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EXAMPLE 61

Symnthesis of 2-Acetnmido-N-benzvl-2-(cthvimercantol)acectamide

Using the procedure described for the synthesis of 2-acetamido-N-
benzyl-2-(methylmercapto)acetamide, 2-acetamido-N-benzyl-2-ethoxyacetamide
(2.00 g, 8.0 mmol) and EtSH (0.65 g, 10 4 mmo]) were converted to 0.80 g (38%) of

the desxrcd product. The compound was further purified by recrystallization from
chloroform/hexane to give a beige solid.

Rr 0.60 (4% MeQOH/CHCI3).
mp 146-148 °C.
1H NMR (DMSO-dg) & 1.56 (¢, J = 7.4 Hz, 3 H), 1.88 (s, 3 H), 2.49-2.67 (m, 2 H), 4.23

(dd,J =5.9, 15.2 Hz, 1 H), 4.32(dd,J = 5.9, 15.2 Hz, 1 H), 5.55(d,J = 0.1 Hz, 1
H), 7.20-7.35 (m, 5 H), 8.59 (d, J = 9.1 Hz, 1 H), 8.75(t, J = 5.9 Hz, 1 H).

- 13C NMR (DMSO-dg) 14.73, 22.43, 23.73, 42.10, 53.70, 126.87, 127.14 (2 C), 128.32 (2

C), 139.01, 167.89, 169.02 ppm.
IR (I$Br) 3240, 1620 (br), 1510 (br), 1415, 680, 640 cm-1.
Mass spectrum (FD) 267 (M*+1).
Elemental analysis

Calculated for C1311181N2055:0.25 1120 57

5% C; 6.88% H; 10.34% N.
Found C

; 6.84% H; 10.28%
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1e nitrogen nucleophile (4.5 amide
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EXAMPL) 62

Synthesis of 2.Acctamido-N-benzyl-2-(N-methoxyamino)acetamide.

Using a McOH solution of McONHg (prepared from MeONH2-HCI
(2.83 g, 33.9 mmol) and NaOMe (1.41 g, 26.1 mmol)), and 2-acetamido-2-(N,N,N-
trimethylammonium)acetamide tetrafluoruborate (2.70 g, 7.67 mmol) gave an oily
residue which was purified by flash column chromatography on SiO2 gel (2%

MeO}/CHCI3) to give the desired product. The product was recrystallized from

chloroform/hexane.

Yield: 0.80 g (42%).

R 0.23 (2% MeOH/CHCl3)

mp 93-37 °C.

1H NMR (DMSO-dg) & 1.88 (s, 3 H). 3.38 (s, 3 H), 4.22-4.41 (m, 2 H), 5.18 (dd, J = 4.9,
7.8 Hz, 1 H), 6.78 (d, J = 4.9 Hz, 1 H), 7.21-7.32 (m, 5 H), 8.33(d,J = 7.8 Hz, 1
H), 8.56 (br s, 1 H).

I3C NMR (DMSO-dg) 22.64, 42.28, 61.42, 66.25, 126.74, 127.19 (2 C), 128.19 (2 C),
139.11, 167.95, 169.66 ppm.

IR (KBr) 3300, 1650, 1620, 1510 (br), 1440, 750, 680 cm-L.

Mass spectrum (I'D) 252 (M*+1).

Elemental analysis

Calculal:d for Ci12H 1718303 57.63% C; 6.82% H; 16.72% N.
Found 57.06% C, 6.63% H; 16.65% N.
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ExamprLe 63

nthesis of 2-Acetamido-N-benzyl-2-(N-A(N-mecthyvlihvdroxyamino)lacetamide,

An McOH solution (30 mL) of MeNHOH (21.74 mmol) (prepared from
McNHOHRHCI (2.36 g, 28.26 mmol) and NaOMe (1.17 g, 21.74 mmol)) and 2-
acctamido-2-(N,N,N- tnmcthy]ammomum)aceLamxde tetrafluoroborate (2.20 g,
6.25 mmol) gave a residue which was punﬁcd by flash column chromatography

on Si0g gel (6% MeOH/CHCI3) to give the desired product as a white solid. The

product was then purified by recrystallization from ELOH.
Yield: 0.95 g (G15).

R 0.32 (8% MeOH/CHCI3).
mp 158-1G61 °C.

1H NMR(DMSO-dg) & 1.95 (s, 3 H), 2.43 (s, 3 H), 4.26(dd, J = 5.7, 15.1 Hz, 1 H), 4.35

(dd,d =5.7,15.1 Hz, 1 H), 5.09(d, J = 9.1 Hz, 1 H), 7.21-7.29 {m, 5 H), 8.05 (s,

1H), 8.18(d,Jd = 9.1 Hz, 1 H), 8.23(t,J = 5.7 Hz, 1 H).

13C NMR (DMSO-dg) 22.40, 42.34, 43.92, 71.49, 126.62, 127.12(2 C), 128.12 (2 C),
139.14, 1G67.82, 170.28 ppm.

IR (IXBr) 3440 (br), 3300, 1640, 1530, 1460, 750, 700 cm-1.
Mass spectrum (I"D) 232 (M=+1).

Elemental analysis

Calculated for C12H17N303

57.36% C;, 6.82% H; 16.72% N.
Found 57.65% C; 6.59% H; 16.66% N.
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CXAMPLE 64

1 Synthesis of 2-Acctamido-N-benzyl-2-(N-(N.O-dimethylhydroxyaminoDacetamide

An McOH solution (20 mL) of MeNHOMe (17.39 mmol) (prepared
from MeNHOMe HCI (2.20 g, 23.02 mmol) and NaOMe (0.94 g, 17.39 mmol)) and 2.
5 acetamide-2-(N,N N-trimethylammonium)acetamide tetraﬂuorob'orate (2.10 g,
5.97 mmol) gave a solid residue. Flash column chromatography of the solid on

SiO2 gel (2% MeOH/CHCI3) yielded pure desired product. The f)roduct was
recrystallized from EtOH.

10 vield: 1.30 g (82%).

Rr 0.39 (2% MeOH/CHCI3).
mp 165-167 °C.

TH NMR (DMSO-dg) 8 1.93 (s, 3 H), 2.43 (s, 3 H), 3.32 (s, 3 H), 4.25 (dd, J = 5.9, 11.9
2 Hz, 1H), 4.37 (dd, J = 5.9, 14.9 Hz, 1 H), 5.19 (d, J = 9.4 Hz, 1 H), 7.21-7.35 (m,
5 H), 8.31(d, J = 9.4 Hz, 1 H), 8.56 (t, J = 5.9 Hz, 1 H).
13C NMR (DMSO-dg) 22.36, 39.68, 42.34, 59.16, 70.33, 126.74, 127.41 (2 C), 128.21 (2
50 C), 139.30, 167.38, 170.20 ppm.
IR (IXBr) 3300, 1640 (br), 1540 (br), 1460, 750, 700 cm-1.
Mass spectrum (I'D) 266 (M;+ 1).

Elemental analysis

25 Calculated for Cy3H 1918303 58.857% C; 7.22% H; 15.84% N.
TFound 59.05% C; 7.37% H; 15.75% N.
30
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ExAMPLE 85
%\

white amorphoyg solid,
Yield: 0.gg g (64%),

Rr0.29 (4, MeOH/CIICla).
Mp 149-151 ¢,

(m, 1 H), 3.74-3.90 (m, 2 H), 4.25 (dd, J= 6.1
15.3 Hz, 1 H), 5.23 (d,J=19 2 Hz
H), 856 (brs, 1 H).

IR (ItBr) 3400 (br), 3300, 1650, 1530, 1470, 740, 700, 610 cm-l,

Mass SPectrum (FD) 278 (M++1),
Elementa) analysis



10

15

20

25

‘reparalion “unclionalized -1 roatom ot ] Amin i Nera

Ir‘ 1

2-Acctamido-N-benzyl-2-cthoxyacetamide (1 equiv) was suspended in
L0 (100 mL/10 mmoal), and then BF; B30 (1.6-2.4 equiv) was rapidly added and
the resulling solution was stirred (10 min). The nucleophile (1120 or EtS1) (1.6-4.0
equiv) was then added and the reaclion was stirred at room temperalure (18-48 1),
The reaction was then quenched by the addition of an aqueous NallCO3 (100
mL/10 mmol)Yice mixture. The_experimnental workup varied slightly for each

compound and is described in the following examples along vith

the observed spectral properties.
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EXAMPLE 66

Synthesis of 2-Acctamido-N-benzyl-2-hvdroxyacectamide.

Reacting 2-acctamido-N-benzyl-2-ethoxyacetamide (1.00 g, 4.0 mmol),
BT3-Ete0 (0.91 g, 6.4 mmol) and H20 (0.12 g, 6.7 mmol) followed by agueous
NallCOj3 workup gave an aqueous reaction mixture. The sciu‘Lion was then
éxtracted with ELOAc (3 X 50 mlL), and the combined ELOAc extractls were dried
(Na3S04), and concentrated in vaocuo. The residue was purified by flash column

ckromatography on SiOg gel (3% MeOH/CHCI3) to give the desired product as a
white solid.

Yield: 0.30 g (34%).

Rr0.14 (3% McOH/CHCI3).

mp 136-138 °C.

1H NMR (DAMSO-dg) 6 1.85 (s, 3 H), 4.29(d, J = 5.9 Hz, 2 H), 5.48 (dd, J = 5.5, 8.6 Hz,
1H), 6.47(d.J =5.5Hz, 1 H), 7.21-7.35 (m, 5 H), 8.52 (t,J = 5.9 Hz, 1 H), 8.59
(d,J = 8.6 Hz, 1 H).

13C NMR (DMSO-dg) 22.66, 41.99, 71.42, 126.6G, 127.22 (2 C), 128.13(2 C), 133.20,
169.47, 169.62 ppim.

IR (KBI‘).SSOO. 1620, 1530 (br), 1430 (br), 730, 6390 cm-1.

Mass spectrum, m/e (relative intensity) 223 (M++1, 1), 163 (11), 134 (9), 106 (406), 91
{100}, 77 (22), 65 (38).

Elemental analysis
Calculated for (711H14IN203 b4y
Found '

C; 6.35% H; 12.61%N.
; 6.36% H; 12.50% N.
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cxampLe 62

1 Synthesis of 2-Acetamido-N-benzvl-2-(ethylimercaptolacetamide.
Using 2-acelamido-N-benzyl-2-ethoxyacetamide (2.00 g, 8.0 mmol),
BTI3-El20 (2.72 g, 19.2 mmol) and EtSII (2.38 g, 38.4 mmol) gave an aqueous
5 reaction mixture. The solution was extracted with CHCl3 (3 x 100 mL). The
combined CHCI3 layers were dried (NagSO4), and then concentrated in yacug to
give the desired product as white solid.
Yield: 1.90 g (89%).
10
R 0.60 (4% MeOH/CHCIl3).
mp 148-148 °C (mixed melting point with an authentic sample of Sxarple 61
was undepressed).
15
20
25
3Q
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mp 265-267 oC (dec.).

1H NMR (DMSO-&{J
1
> 7.20-7.31 (m, 5

13C (DMSO- dg) 2244

168.19, 169.39 (2 C) ppm

15.95% N.

Ca\cu\nLCd for C 13H17N 203
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rxAMPLE 69

Synthesis of 2-Acetamido-N-benzvl-2-trilluoroacetamidoaceiamide.

Ice cold trifluoroacetic anhydride (8 mL) was added in one portion to
ice cold 2-acetamido-N-benzyl-2-aminoacetamide (1.00 g, 4.53 mumol). The
reaction was accompanied by the evolution of heat. Aler stirring (5 min), the
volatile materials were removed in v;x_g_pm The residue was treated with a
saturated aqueous NaHCOg3 solution (20 mL), z{nd the solid that remained was

filtered and washed with H20 to give the desired product. The product was
recrystallized from ELOH.

Yield: 1.00 g (70%).
R 0.34 (8% MeOH/CHCly).
mp 228-230 °C.

1H NMR (DMSO-de) § 1.90 (s, 3 H), 4.30(d,J = 5.1 Hz, 2 H), 5.85(d, J = 8.0 Hz, 1 H),
7.21-7.35(m, 5 H), 8.64 (d,J = 8.0 Hz, 1 H), 8.75 (t,J = 5.1 Hz, 1 }), 10.04 (s, 1
H).

13C NMR (DMSO0-dg) 22.52, 42.52, 57.42, 117.4 (q, JCF = 288.3 Hz), 126.80, 127.16 (2
C), 128.21(2 C), 138.83, 156.14 (q, JCF = 35.3 Hz), 16G.39, 169.88 ppm.'

IR (13Br) 3300, 1720, 1660, 1520, 1380, 760, 700 cm-1.

Mass spectrum (D) 318 (M++ 1).

LElemecinal analysis

Calculated for Ci3H 4 N30O3F3 49.21% C; 4.45% H;
Found

13.24% N.
49.48% C; 4.43% H; 13.10% N.
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CXAMPLE 70
Synthesis of 2-Acctamido-N-benzyl-2-(N.N N-trimcthvlammonium)acelamide

Tetralluoroborate.

A solution of 2-acetamido-N-benzy!-2-(N,N-dimethylamino)acetamide

(1.93 g, 7.76 mmaol) in nitromethane (7 mL) was added slowly to'an ice cold
solution of trimcthyloxonium tetraflueroborate (1.26 g, 8.54 mmol) in nitro-
methane (G mL). The reaction mixture was stirred at this temperature (15 min)
and then at room temperature (2 h). Anhydrous Etp0 (-50 mL) was added to the
reaction mixture and the white solid that separated was filtered, washed with
E170, and dried in vacug.
Yield: 1.95 g (72%).
mp 171-173 °C (dec.).
IH NMR (CD3NQ2) 8 2.14 (s, 3 H), 3.18 (s, 9 H), 4.50(d,J =5.8 Hz, 2 H), 5.70(d, J =

9.3 Hz, 1 H), 7.20-7.41 (m, 5 H), 7.57(d,J =9.3 Hz, 1 H), 7.70 (brs, 1 H).
IR (I{Br) 3300, 1680 (br), 1530, 1429, 710 cm-1.
Mass spectrum (FD) 264 (M+),

Elemental analysis

Calculated for Ci4HooiN302B 47.89% C; 6.31% H:; 11.97% N.
Found 47.80% C; 6.33% H; 12.00% N.
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EXAMPLE 71

Symthesis of 2-Acctnmidn-N-hcnzvl-2-(cthv_lmcr;a'oto)accmmide-g-qxidg,

A solution of m-chloroperbenzoic acid (1.00 g (<65%), 3.76 mmol) in
CH2Cl3 (10 mL) was added dropwise into a stirred, cooled (-10 to :15 °C) CH,Clo
solution (125 mL) of 2-acetamido-N-benzyl-2-(ethylmercapto)acetamide (1.00 g, 3.76
mmuol) under No. The reaction was stirred (30 min) at this temperature and then
the m-chlérobenzoic acid was precipitated as its ammonium salt by passing NHj
gas over the surface of the reaction solution. The excess NHj3 was removed by
passing Ng gas through the solulion (20 min) at room temperature. The
ammonium salt was filtered, and the filtrate was concentrated in vacuo. The
residuc was purified by flash chromatography on SiOg3 gel (29 MeOI/CHCI3) to

give the desired product. The product was recrystallized from chloroform/liexane

as a white granular solid.
Yield: 0.55 g (529%).

Ry 0.23 (2% MceOIVCHCI3).

mp 135-137 °C.

TH NMR (DMSO-dp) 8 1.15(t,J =7

.5 Hz, 3H), 1.99(s, 3 H), 249256(m 1 H), 2.65-

2772 (m, 1H),4.34(d,J =5.7THz, 2 H), 5.55(d,Jd = SSHz 1H), 7.23-7.34 (m, 5
H), 8.74(d,J =9.5Hz, 1 H), 8.77 (t,J = 5.7 Hz, 1 H).

13C NMR (DMSO-dg) 7.03, 22.34, 42.40, 42.47, 67.15, 126.89, 127.27 (2 C), 128.24 (2 0),
138.55, 164.66, 170.18 ppm.

IR (IBr) 3300 (br), 1640 (br), 1510 (br), 1370, 1230, 1100, 1020, 300 cm-1.

Mass spect=—n (FFD) 283 (M*+1).

Elemental analysis

Calculated for Cy3H 1aN303S 55.30% C; 6.43% H; 9.92% N.
Found 55.17% C;, 6.38% H; 9.70% N.
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Dipstercomer B

TH NMR (DMSO-dg) § 1.13 (t, J = 7.6 Hz, 3 1), 1.94 (s, 3 H), 2.49-2.72 (m, 2 H), 4.28-
4.39 (m, 2 H),5.71(d, J =9.9 Hz, 1 H), 7.21-7.34 (m, 5 H), 8.83(d,J = 9.9 Hz, 1
H), 8.98 (t, J = 5.6 Hz, 1 H).

13C NMR (DMSO-dg) 6.47, 22.43, 41.53, 42.55, 67.90, 126.98, 127.36 (2 C), 128.33 (2 O),
138.39, 164.43, 169.82 ppm.



1 94)

10

15

20

30

~-129-
WO 92/21648 PCT/US92/04687
cxAameLE 73

Synthesis of 2-Acctamidn-N-benzvi-2-(ethanesulfonvDncetamide.

An aqueous solution (20 mL) o.f NalQ,4 (3.00 g, 14.02 mmiol) was added
to a MeOH solution (20 mL) of 2-acetamido-N-benzyl-2-(ethylmercapto)acetamide
(0.95 g, 3.57 mmal). The inilial homogencous solution rapidly Became turbid.
H20 (~10 @L) was then added dropwise until the system became homogeneous.
The solution was stirred (18 h) at 50-60 °C. MeOH (50 mL) was added to the
reaction solution and the precipitated salt was filtered and washed with MeOH (10
mL). The filtrate was concentrated and the remaining solution was extracted
with CHCI3 (3 x 50 mL). The combined CHCl3 extracts were dried (NazS0y), and
concentrated in vacuo. The residue was purified by flash chromatography on

Si02 gel (1% MeOH/CHCIl3) to give the desired product. The product was further

punified by recrystallization from EtOH:,

Yield: 0.34 g (32%).

Rr 0.34 (3% MeQH/CHCI3).

mp 161-163 °C.

TH NMR (DMSO-dg) 8 1.22 (t, J = 7.4 Hz, 3 H), 1.99 (s, 3 H), 3.04-3.24 (m, 2 H), 4.31
(dd,J =5.7,15.3 Hz, 111),4.41(dd,J =5.7,15.3 Hz, 1 }), 5.93(d,J = 9.8 Hz, 1
H), 7.22-7.25 (m, 5 H), 9.13({,J = 5.7 Hz, 1 H),9.17(d, J = 9.8 Hz, 1 H).

1I3C NMR (DMSO0-dg) 5.72,22.27, 42.63, 45.43, 69.14, 127.02, 127.28 (2 C), 128.33 (2 C),
1386.1G, 151.88, 168.83 ppm.

IR (IBr) 3300, 2940, 1660, 1520, 1310, 1230, 1120, 900 cm-1.

Mass spectrum (FFD) 288 (NM*).

Elemental analysis

Calculated for Ci3H 1gN204S 52.33% C; 6.08% H; 9.39% N.
Found 52.52% C; 6.06% H; 9.53% N.



10

20

W
un

WO 92/21648 ~130~- PCT/US92/04687

EXAMPLE 74
Synthesis of 2-Acctamida-N-benzyl-2-(N.N N-trimethylammoniymlacctamide

Tetraugroborate.

A solution of 2-acetamido-N-benzyl-2-(N,N-dimethylamino)acelamide
(1.93 g, 7.76 munol) in nitromethane (7 mL) was added slowly toran ice cold
solution of trimethyloxonium tetralluoroborate (1.26 g, 8.54 mmol) in nitro-
methane (6 mL). The reaction mixture was stirred at this temperature (15 min)
and then at room temperature (2 h). Anhydrous EtzO (~50 mL) was added to the
reaction mixture and the white solid that separated was filtered, washed with
Et20, and dried in vacuo.
Yield: 1.95 g (72%).
mp 171-173 °C (dec.).
1H NMR (CD3NO2) §2.14 (s, 3 H), 3.18 (s, 9 H), 4.50 (4, J = 5.8 Hz, 2 H), 5.70(d, J =
9.3 Hz, 1 H), 7.30-7.41 (m, 5 H), 7.57(d, J = 9.3 Hz, 1 H), 7.70 (br s, 1 H).
IR (KBr) 3300, 1680 (br), 1530, 1490, 710 em-L.
Mass spectrum (I'D) 264 (M +).
Elcment;ﬂ analysis
Cacdamd for C14Ho21N3028B 47.89% C; 6.31% H; 11.97% N.
Found 47.80% C; 6.33% H; 12.00% N.
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Example 75_

Synthesis of 2-Acetamido-N-benzyl-2-(1-pyrrole)acetamide. A solution of 2
acetamido-N-benzyl-2-bromoacetamide (prepared from 2-acetamide-N-benzyl-2-
ethoxyacetamide (2.00 g, 8.0 mmol) and BBr3 (1 M CH,Cls solution, 8.8 mL, 8.8
mmol)) was prepared in THF (225 mL) and caooled to -78 °C. It was then added
under N2 gas atmosphere to a cooled (-78 °C) suspension of potassium pyrrole
(2.71 g, 25.8 mmel) in THF (25 mL). The reaction mixture was stirred at -78 °C (1
h) and then at room temperature (1 h). It was then treated with water (10 mL}

and acidified with 5% citric acid to pH 4.0 after which it was made basic with

aqucous saturated Npop,COj3 solution. The agueous mixture was exiracted with

EtOAc (2 x 250 mL) and the organic layers were dried (NagSOy4). The volatile
materials were removed in vacuo and the residue was purified by flash column
chromatography on silica gel using 3% MeOH/CHCI3 as the eluant to give 0.4 g
(18%) of the desired product. It was purified by recrystallization from EtOll: mp
182-184 °C; Ry 0.44 (4% MeOH/CHCI3); 'H NMR (DMSO-dg) 8 1.91 (s, COCH3), 4.30
(d, J = 5.5 Hz, Cliy), 6.01 (s, 2 x C3H), 6.38 (d, J = 8.7 Hz, CH), 6.85 (s, 2 x C211), 7.11-
7.35 (m, 5PhH), 8.96 (t, J = 5.5 Hz, NI), 9.14 (d, J = 8.7 Hz, NH); 13C NMR (DMSO-
dg) 22.22 (COCH:;). 42.15 (CHy), 62.86 (CH), 107.78 (2C3), 112.13 (2C3), 126.76 (Cy9),
127.01 (2Cgr or 2C3'), 128.11 (2Cg or 2Cyg), 138.34 (Cy), 166.37 (CONH), 169.41
(COCHE3) ppm; mass spectrum, m/e (relative intensity) 272 (M++1, 22), 271 (M*,
100).

Anal. Calcd for Cy5119N302-0.2 H2O: C, 63.53; H, 6.37; N, 15.28. Found: C,
65.80; H, 6.22; N, 15.13.
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Example 76

Synthesis of 2-Acetamido-N-benzyl-2-(1-imidazole)acctamide. Making use
of the experimental procedure described in the above experiment, 2-acetamido-N-
benzyl-2-ethoxyacetamide (2.00 g, 8.0 mmol), BBrg (1 M CH2Cl2 golution, 8.8 mL,
8.8 mmol), EtzN (1.62 g, 1.60 mmaol), and imidazale (0.60 g, 8.8 mmol) gave 0.60 g
(30%) of the desired product. It was recrystallized from ethyl acetate/hexane as a
beige colored solid: mp 146-148 °C; R 0. (7% MeOH/CHCl3); 1H NMR (DMSO-dg) 8
1.85 (s, COCH3), 4.30 (br 8, CIH3), 6.53 (4, J = 8.0 Hz, CH), 6.89 (s, Cs11), 7.12-7.33
(m, C4H, 5PhH), 7.69 (8, CoH), 9.06(br s, NII), 9.29 (d, J = 8.0 Hz, NH); 13C NMR
(DMSO0-dg) 22.28 (COCHa3y), 42.36 (CHj), 61.18 (CH), 117.56 (C3), 126.92 (C4"), 127.16
(2Cg' or 2Cg), 128.19 (Cy), 128.26 (2Cq' or 2C3'), 136.21 (Cg2), 138.27 (Cy*), 165.72
(CONH), 169.77 (COCH3) ppm; mass spectrum, FD (relative intensity) 274 (M*+2,
12), 273 (M*+1, 77), 272 (100), 205 (34), 274 (18).

Anal. Czled for C14H 1gN40O2: C, 61.75; H, 5.92; N, 20.57. Found: C, 61.95;
H, 6.09; N, 20.32.
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Example 77

Synthesis of 2-Acetamido-N-benzyl-2-(1-pyrazole)acctamide. A solution of 2.
acetamido-N-benzyl-2-bromoacetamide (prepared from 2-acetamido-N-benzyl-2-
ethoxyacetamide (3.60 g, 14.4 mmol) and BBr3 (1 M CH;Cl; solution, 15.8 mL, 15.8
mmol)) was prepared in THF (250 m.L)’ and cooled to -78 °C. A solution of
triethylamine (2.91 g, 28.8 mmol) in THF (20 mL) was then added to the above
solution. This was followed by the addition of THF (30 mL) solution of pyrazole
(1.17 g, 17.28 mmol) and the mixture thus obtained was stirred at -78 °C (30 min)

and room temperature (1 h). The insoluble matecrials were filtered and the

solvents removed from the filtrate in vacuo. The residue was then purified by
flash column chromatography on silica gel using 4% MeOH/C1ICl3 as the eluant
to give 0.80 g (229%) of the desired product. It was then recrystallized from ELOAc
as a white solid: mp 158-160 °C; Ry 0.51 (6% McOH/CHCI3); 111 NMR (DMSO-dg) &
1.93 (s, COCHgy), 4.29 (d, J = 5.8 Hz, NII), 6.26 (s, C41l), 6.57 (d, J = 8.8 iz, CH),
7.15-7.33 (m, 5PhI), 7.48 (br s, Csli), 7.76 (br s, C3H), 8.96 (L, J = 5.8 Hz, NH), 9.23
(d. J = 8.8 Hz, NII); 13C NMR (DMS0O-dg) 22.41 (COCH3), 42.40 (CHyg), 65.51 (CH),
105.37 (Cyq), 126.87 (C44), 127.14 (2C2o' or 2C3'), 128.25 (2Cg' or 2Cgy), 129.00 (Cp),
1358.59(Cj3), 139.17 (C;), 165.68 (CONH), 169.81 (COCH3) ppm; mass spectrum, m/e
(relative intensity) 273 (M*+1, 11), 272 (M\*, 2), 133 (€3), 138 (100Q), 9 (37).

Anal. Caled for Cy4H 15N40O2: C, 61.75; H, 5.92; N, 20.57. Found: C, 61.985;
H, 5.96; N, 20.28.
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Synthesis of 2-Acetamido-N-benzyl-2-(1-(1,2,4-triazole))acctamide. Using 2.
acetamido-N-benzyl-2-cthoxyacetamide (4.00 g, 16.0 mmol), BBr3 (1 M CiI2Cl,
solution, 17.6 ml, 17.6 mmol), Et3N (4.85 g, 48.0 mmol), and 1,2,4-triazole (1,43 g,
20.8 mmol), 1.20 g (28%) of the desired product was obtained. It was recrystallized
from EtOAc as an amorphous white solid: mp 146-148 °C; Ry 0.48 (6% MeOH/
CHCly), 11 NMR (DMSO-dg) 5 1.85 (s, COCH3y), 4.32 (br s, Cllg), 6.70 (4, J = 7.8 Hz,
CH), 7.21-7.29 (m, 5Ph1), 8.01 (s, C3H).l8.57 (s, C5H), 9.04 (brs, NI}, 9.39(d,J = 7.8
Hz, NII); 13C NMR (DMSO0-dg) 22.39 (COCH3), 42.59 (CH2), 65.02 (CH), 126.97 (Cy4),
127.25 (2Cg or 2Cg'), 128.32 (2Cg or 2C3+), 138.47 (Cy4), 143.83 (C3), 151.50 (Cyg),
164.77 (CONH), 170.23 (COCH3) ppm; mass spectrum, FD (relative intensity) 275
M++2, 12), 274 (M+*+1, 100), 273 (11), 205 (19), 204 (13), 140 (67}, 139 (31).

Anal. Caled for Cy3H15N502: C, 57.13; H, 5.53; N, 25.63. Found: C, 57.37,
H, 5.66; N, 25.38.
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Example 7?___

Synthesis of 2-Acetamido-N-benzyl-2-(1-tetrazole))acelamide. Making use of
2-acetamido-N-benzyl-2-ethoxyacetamide (3.00 g, 12.0 rr;mol), BBr3 (1 M CH2Cl,y
solution, 13.2 ml, 13.2 mmol), Et3N (2.42 g, 24.0 mmol), and tetrazole (1.10 g, 15.6
mmol), 0.90 g (27%) of the desired product was obtained as a white solid. It was
recrystallized from EtOH: mp 169-171 °C; Rr 0.22 (4% MeOH/CHCIl3);, 1H NMR
(DMSO-dg) 8 1.97 (s, COCI13), 4.25-4.40 (m, CHy), 7.05 (d, J = 8.4 Hz, CII), 7.21-7.38
(m, SPhH), 9.23 (t, J = 5.5 Hz, NI, 9.44 (s, CsH), 9.69 (d, J = 8.4 Hz, NH); 13C NMR
(DMSO-dg) 22.38 (COCH3), 42.78 (CHy), 63.62 (CH), 127.10 (C4), 127.39 (2Cg or
2Cg1, 128.38 (2Cgr or 2Cg1), 138.26 (C1?) 143.67 (Cjy), 163.88 (CONH), 170.62 (COCHg3)
pPpm; mass spectrum, FD (relative intensity) 275 (M+ 79}, 273 (14), 206 (100), 205
(50).

Anal. Caled for C1oH141Ng049: C, 52.55; H, 5.15; N, 30.64. Found: C, 52.75;
H, 5.33; N, 30.64.,
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Examrle 80

Preparation of a-acetamido-N-benzyl-2-pyridylacetamide and 2-acetamido-N-
benzyl-2-(2-pyridone)acctamide.

Preparation of 2-acetamide-2-bromo-N-bienzvlacetamide.

‘A solution of 2-acctamido-2-cthoxy-N-benzylacetamide (2.00 g, 8 mumol) in dry
CH2Clg (200 ruL) was stirred at room temperature as a solution of BBr3 (8.8 mL,
8.6 mmol, 1.0 M in CH2Clg) was introduced by means of a syringe under a
nitrogen atmosphere. A white mist formed and after it disappeared, the Ny line
was removed and the rcaction sealed. The resulting yellow solution was stirred
(3.5 h} and then concentrated in yacuo to give yellow crystals of

a-acetamido-2-bromo-N-benzyl acetamido which was storcd under vacuum

overnight.

Prepzrati £ 2-pyridullithivm.

The generation of 2-pyridyilithium in gitu was run under nitrogen. A
solution of p-butyllithium (7.2 mL, 2.5 M solution in hexane, 18 mmol) was added
to dry ether (60 mL), cooled to -20 °C, and stirred as 2-bromopyridine (1.6 mL, 17
mmol) in dry ether (15 mL) was added dropwise (15 min). The resulting blood red
solution was stirred at -20 °C for an =dditional 5 minutes and then transferred
through a doubled-ended necdie under a stream of nitrogen to an addiion funnel

where it was cooled to -78 °C.

The cooled 2-pyridyllithium solution was added dropwise (approximately 2

drops per second) Lo the solulion of 2Z-acetamido-2-bromo-N-benzylacetamide in dry
THT (200 mL) and maintained at -78 °C. The reaction mixture was stirred for an
additional 30-45 minutes at -78 °C. The reaction was quenched with saturated

aqueous solution of N1[4Cl (40 mL) at -78 °C producing a heterogenous mixture
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NagCOg was andded dropwise until the precipitate dissolved. The organic layer

was separated and then the aqueous layer was extracted with ether (2 x 50 mL).
Tlie combined organic layers were dried (NapSOy), concentrated under vacuum

and separated using flash chromatography on silica gel with ethyl acetate as the

cluent. The fractions containing the products were concentrated under vacuum,

separated and then further purified by column chromatography on alumina

(80-200 mesh, Grade 1, Fisher) employing ethyl acetate as the solvent. Fractions

containing a-acetamido-N-benzyl-2-pyridylacetamide was concentrated to dryness

and gave & white amorphous solid (250 mg, 11% yield); Ry = 0.39 (5%
CH3OH/CHCI3): mp 146-147 °C; IR (KXBr) 3290, 3180, 3020, 1620 br, 1580, 1520 br,
1480, 1420, 1370, 1310, 1260 cm-1; 13 NMR (300 MHz, DMSO-dg) § 1.96 (s, 3H), 4.28
(d,J = 5.8 Hz, 2H), 5.58 (d, J = 8.0 Kz, 1H), 7.18 -7.30 (m, 5H), 7.32(d4d,J = 7.7, 5.2
Hz, 1H), 7.47(d,J = 7.7 Hz, 1H), 7.80(dt,J = 7.7, 1.5 Hz, 1H), 8.55 (m, 2H), 8.78 (br
t,J = 5.8 Hz, 1H); 13C NMR (75 M1z, DMSO-dg) 22.5, 42.1, 58.3, 121.7, 122.8, 126.6,
126.9 (2C), 128.1 (20C), 136.8, 139.1, 148.6, 157.2, 169.0, 163.2 ppm; FD (Lilly) mass
spectrum, m/e (relative intensity) 284 (M*+1, 6), 283 (M, 0.8), 151 (8), 150 (100),
141(4). C1gH17N3092

Anal. Calcd for C 67.83, H, 6.05, N, 14.83

Found: C, 63.11. H, 6.00, N, 14.‘89.

Fractions containing 2-aceLamido-N-b-en‘zyl~2-(2'-pyrid'o:ne)acetamide were
combined, concentrated in yvacug and yielded a white armorphous solid: (150 mg,
6% yiecld). Rp 0.34 (5% CH3zOMH/ CHCI3); mp 226 decomposed (recrystallized in
ethanol) 1H NMR (300 MHx, DMSO0-dg) § 1.84 5, 4.26 (dd, J = 15.2, 5.7 Hz, 1H), 4.33
(dd, J = 15.2, 6.1 Hz, 111),6.2G(br t,J = 6.8 Hz, 1H), 6.37 (br d, J =9.1 Hz, 1H), 6.68 (d,
J = 8.7 Hz, 111}, 7.22-7.33 (m, 6H), 7.42 (ddd, J = 8.1, 6.8, 1.6 H=z, 1H), 7.58(dd, J = 6.8,
¢-1.6 Hz, 1H), 8.93 (br t, J = 5.8 Hz, 1H), 9.20 (¢, J = 8.7 Hz, 1H); 13C NMR (75 MHz,
DMNSO-dg) 22.5, 42.5, 62.5, 105.1, 119.4, 126.80, 127.10.(2C), 128.2 (2C), 135.6, 138.8,
140.2, 161.2,.166.0, 174.2 ppm. Hydrogen and carbon assignments were verified
with 1H-1II COSY, 1H-13C-COSY, zero quantum MR  experiments. The
structure was confirmed by X-rav crystallogravhv.
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cparation of authentic ‘?.-nr-nrnmido-N-h_nnrvl-?-(?'mw-;dﬁnn)acemmide.

The generation of 2-hydrox;,'pyr.idylsodiLLrn in situ was done under anhydrous
conditions. A solution of 2-hydroxypyrdine (1.57 g, 16 mmol, vacuum dried, 97%
Aldrich) in dry THF (200 mL) was stirred and cooled to 0°C am’i then NaH (0.77 ¢,
60% in mineral oil, 19.2 mmol) was added in one portion leading to the evolution of
H 9 and the generation of a heterogeneous mixture.

A solution of
2-acetamido-2-hromo-N-benzylacetamide (8

mmol based on
2-ac.etamido.2-e'tho'xy-N-benzylacetamid@) in dry THF (160 mL) was then
transferred through a double-ended needle by means of a stream of nitrogen. The
resulting rﬁjxture was quenched with saturated aqucous solution of NH4Cl (50
ml) at 0°C producing a white precipitate. A saturated aqueous solution MagCOg3
was added dropwise while stirring at 0°C until all of the white precipitate

dissolved. The two layers were scparated while cold and then the aqueous

fraction was extracted with THF (2 x 100 mL). The combined organic layers were
dried (Na9S04), and concentrated to drymess. The crude reaction mixture residue
was dissolved in a minimum of CHClzaxwadlash chromatographed on a silica gel
column using cthyl acetate as e eluer< and gave & white amorphous solid (1.10
g, 46% yield) which was identical to properties previously observed for
2-acetamido-N-benzyl-2-(2'-pyridonejacetamide: Ry €.34 (6% ¢ [30H/CHCIg); mp
162-163.5 °C (recrystallized in ethyl acetate), IR (IXBr) 3300, 3280, 3260, 3080, 1630,
1650, 1650 br, 1580, 1570, 1520, 1490, 1140 cm-1; 1H NMR (300 Miz, DMSO-dg) § 1.96
(s, 3H), 4.27(dd, J = 15.3, 5.8 1z, 1H), 4.36(dd, J = 15.3, 6.2 Hz, 1H), 6.27 (dt, J = 6.8,
1.1 Hz, 1H), 6.39 (bd,J = 8.9 Hz, 1H), 6.71(d, d = 8.7 Hz, 1H), 7.22-7.34 (m, §H), 7.43
£ddd, J = 8.9, 6.8, 1.9 Hz, 1H), 7.59(dd, J = 6.8, 1.9 Hz, 1H), 8.83 (br t, J = 5.9 Hz,
1H), 9.20(d, J = 8.7 Bz, 1H); 13C NMR (75 MHz, DMSO-dg) 22.4, 42.5, 62.5, 105.1,
119.4, 126.8, 127.1(2C), 128.2 (2C), 135.6, 138.8, 140.1, 161.1, 166.0, 168.9 ppm: FD
(Lilly) mass spectrum, m/e (relative intensity) 598 (2M, 2), 300 (M*+1, 17), 299
(M*+, 100), 96 (2), 95 (26). C3gH17N303.
Anal. Caled for C, 64.20, H 5.73, N 14.04.
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1 CYXAMPLE 81

n-acctamido-li-benzyl-2-pvridvl acectamide N-oxide

To a cooled solution of 2-a-acctamido-N-benzyl-
2-pyridylacctamide dissolved in dry THF is added
5 m-perchloroperbenzoic acid to give the resulting product.
Similarly, using the procedure described hereinabove,
the following examples are prcpared.

2-acetamido-N-benzyl-2-(3-pyridyl)acetamide
and the N-oxide thereof,

10 2-acetamido-N-benzyl-2-{4-pyridyl)acetamide
and the N-oxide thereof,

2-acetamido=-N-benzyl-2-(2-pyrimidinyl)acetamide and
the N-oxide therecf

2-acetamido~-N-benzyl-2-{4-pyrimidinyl)acetamide and
15 the N-oxide thereof,

2-acetamido~N-benzyl-2-{5-pyrimidinyl)acetamide and
the N-oxide thereof,

2-acetamido-N-benzyl-2-{3-pyridazinyl)acetamide and
the N-oxide thereof,

20 2-acetamido~-N-benzyl-2-{4~-pyridazinyl)acetamide and
the N~oxide thereof,

2—acctamido-ﬂ—bcnzyl-2-{4-pyrazinyl).acetamide and
the NR-oxide thereof,
2-acetamido-N-benzyl-2-(2-thiazolyl)acetamide,

25 2-acetamido-N-benzyl-2-{2-oxazolyl)acetamide,
2~acetamido-N-benzyl~-2-{3~isoxazolyl)acetamide,
2-acetamido-N-benzyl-2-(5-isoxatolyl)acetamide,
2-acetamido~N-benzyl-2-{3-iscthiazolyl)acetamide, and
2-acetamido-N-benzyl-2~{5-isothiazolyl)acetamide.
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EXAMPLE 87?2

- —— e .

a—Acctamido—N—benzyl-Z-(S:EEIBphcnoxy)-acctamide
The rcaction mixture was trecated wtih an agqueous

saturated NanCO3 solution and the white insoluble solid was
filtered and then washed successively with H

(II).

20 and hexanes.
The desired product was purified by recrystallizafion from
chloroform hexanes to give II in 94% yield: R£O.43 {97:3

chloroform/methanol): m.p. 165-167°: i.r. (KBr) 3280, 1630

(br), 1520 (br), 1430, 1365, 1280, 1245, 1180cm *; 'K n.m.r.

{DHsO-dg) B1.83 (s, CH,CO). 4.22-4.36 (m. CH,), 5.90 (4, J =

9.0 Hz, NH), 8,84 (t, J = 5.4 Hz, NH); 13¢ n.m.r. (DMSO-dG)

22.34 (CH,CO), 42.25 (CH,), 57.65 (CH). 126.86 (C,), 127.20

(2¢;), 123.73 (0. 128.28 (2¢ or 2Cy), 128.88 (2C,’or 2C4),
132.36 (2¢f), 132.51 (¢, 138.76 (C,7, 167.09 (CONH), 168.97
(CH3CO)ppm; mass spectrum, mfe (relative intensity) 315 (M +

-1,1), 205 (17), 163 (40), 138 (8), 110 (90), 109 (29), 106
{(96), 93 (35), 91 (100).

Anal. calc. for C17H18N2025: C 64.94, H 5.77. Found: C 65.27, H
5.5%4.
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Eyample B3l

Synthesis of a-Acetamido-N-benzyl-2-(tetrahydrofuran)acetamide (3). A
methanolic solution (70 mL) of a-aceta.mido-N-benzyl-2-furanacetamide (3.50 g,
12.85 mmol) was hydrogenated (35-40 psi) in the presence of Pd/C (10%, 0.44 g) (44
h). The catalyst was filtered through celite, washed with MeOH (10 mL) and the
filtrate concentrated to dryness in vacuo to give 3a and 3b (3.50 g) as a white solid.
The products were fractionally recrystallized from EtOAc to give 1.30 g (37%) of 3a:
mp 159-161 °C; R, 0.38 (6% MeOH/CHCI3); IR (KBr) 3340 (br), 3000, 1600, 1550 (br),
1420, 1350, 720, 680 cml; 1H NMR (DMSO-dg) 8 1.66-1.90 (m, C3Hz, C4H2), 1.85
(C(OXCH3), 3.62-3.68 (m, C5HIH'), 3.75-3.80 (m, C5HH'), 3.98-4.00 (m, CoH), 4.264.38
(m, CH, CHpy), 7.18-7.32 (m, § PhIl), 8.11 (d, J = 8.8 Hz, NH), 8.52 (t, J = 5.8 Hz,
NTH); 13C NMR (DMSO0-dg) 22.52 (C(O)CH3), 24.78 (Cg), 27.82 (Cy4), 41.96 (CHy), 55.67
(CH), 67.54 (Cs), 78.48 (Cy), 126.58 (C4'), 127.87 (2C2' or 2C3'), 128.12 (2Co' or 2C3"),
139.27 (Cy"), 169.09 (C(O)NH), 170.09 (C(O)CH3) ppm; mass spectrum m/e (relative

intensity) 277 (M++1, 4), 206 (52), 142 (13), 106 (38), 91 (100), 71 (97). Anal.
(C15H20oN203) C, H, N.
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The remaining ELOAc molher liquor after recrystallization was
concentrated to half its volume and heiane was added dropwise while heating
until the solution became turbid. A white solid (0.65 g, 18%) separated on cooling
and was collected by filtration to give diastereoisomer 3l mp 130-132 °C; Ry 0.38
(6% MeOH/CHCIl3); 1H NMR (DMSO-ds) & 1.55-1.86 (m, C3Hg, C4Ii9), 1.89 (s,
C(O)CHg), 3.55-3.64 (m, C5I1IH"), 3.70-3.78 (m, CsHIT'), 4.084.11 (m, C2oH), 4.27(d, J
= 5.8 Hz, CII2), 4.36 (dd, J = 4.7, 8.6 11z, CII), 7.21-7.32 (m, 5 PhIl), 7.94 (d, J = 8.6
Hz, NH), 8.39 (t, J = 5.8 Hz, NII); 13C NMR (DMSO0-de) 22.45 (C(O)CH3), 25.16 (Cy),
27.53 (Cg), 42.04 (CHy), 55.48 (CH), 67.53 (Cp), 78.26 (C2), 126.59 (C4"), 127.04 (2C2' or
2C3'), 128.10 (2C2' or 2C3'), 139.21 (Cy"), 169.55 (C(O)NH), 169.79 (C(O)CH3z) ppm;
Ir ass spectrum /e (relative intensity) 277 (M++1, 4), 206 (§0), 142 (23), 106 (39), 91
(100), 71 (96). Anal. (C15H20N203) C, 11, N. .
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rrxample 94

Synthesis of Mcthyl a-Acetamido-2-methyl 2-furanacetate (17). HIBr was
bubbled (2.5 min) through a CDClj3 solution (25 mL) of 15 (5.80 g, 26.6 mmol). The
excess HBr and CDClz were removed by evaporaling the solution with a
continuous stream of Ar (20-30 min). The light yellow oily residue that remained
containing 106 was dissolved in TIIF (iOO mL), and then furan (32.76 g, 482.0
mmol) and ZnCls (1 M in ether, 53.0 mL, 53.0 mmol) were added. The reaction
was stirred at room temperature (3.5 h) and then treated with H;0 (50 mL). The
aqueous mixiure was extracted with EtOAc (3 x 100 L), and the combined
extractjs were dried (NasSOy4). The volatile malerials were removed by distillation
tn vacuo to give 5.00 g (89%) of 17: Ry 0.35 (50%, ELOAJCHCl3); 111 NMRR (CDCla) 6
1.94 (s, CIIg), 1.98 (s, C(O)CII3), 3.74 (s, C(O)OCIIg), 6.36 (br s, C3H, C4II), 6.83 (s,
NII), 7.35 (s, Cgll); 13C NMR (CDCl3) 21.43 (CHg), 23.26 (C(O)C1llgz), 53.03

(C(0)YOCH3), 58.36 (C(CH3)), 107.39 (Cy), 110.52 (C3), 142.10 (Cp), 152.03 (C2), 169.21
(C(O)CH3a), 171.34 (C(OYOCIi3) ppm.

o) o o Br o
I ' u |
CH3CNH —%—‘COCH3 CHaCNH '——C‘_COCH3
CH> CHa
15 16
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Example 8%

Synthesis of a-Acetamido-2-methyl-2-furanacetic Acid (18). A 95% ELOH
solulion (150 mL) of 17 (5.00 g, 23.6 mmol) and KXOI (3.00 g, 53.5 mmol) was stirred

at room temperature (48 h). The solvent was removed and the residue was

dissolved in 1120 (50 ruL). The aqueous solution was washed with El20 (3 x 50 mL)
and then acidified to pH 1.5 with 10% H3P04. The acidified solution was extracted
with EtOAc (3 x 200 mL) and the combined extracts were dried (Na2S0y), and
cancentrated in vacuo to give 2.90 g (62%) of 18: mp 178-180 °C (d) (recrystallized
from CH3CN); IR (KBr) 3400 (br), 1700 (br) cm-!; 1H NMR (DMSO-dg) 6 1.67 (s,
CHzg), 1.83 (s, C(O)CH3), 6.39 (m, Call, C411), 7.59 (s, CsI1), 8.34 (8, NII), 12.63 (s,
C(O)OH); 13C NMR (DMSO-dg) 22.20 (C(OYCH3), 22.59 (CH3), 57.65 (C(CH3)), 107.09
(C4), 110.49 (Cg), 142.33 (Cp), 153.36 (C32), 168.86 (C(O)NH), 171.78 (C(O)OH) ppm;
mass spectrum, m/e (relative intensity) 198 (M*+1, 4), 143 (97), 152 (63), 140 (23),
111(73), 110 (100), 94 (24). Anal. (CH;;NOQ) C, H,N..
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Examplc 86
Synthesis of a-Acetamido-N-benzyl-2-methyl-2-furanacetamide (4).

Employing the mixed carbonic anhydride coupling procedure®¥with 18 (2.40 g, —
12.2 mmol), 4-methylmorpholine (1.23 g, 12.2 mmol), isobutylchloroformate (1.83
g. 13.4 mmol), and benzylamine (1.43 g, 12.7 mmol) gave 4 (1.50 g, 43%) as a thick
oil: Ty 0.29 (2% MeOH/CHCI3); H NMR (CDCl3) 6 1.94 (s, CII3), 1.98 (s, C(O)CII3),
4.40(d, J = 5.6 Hz, CHy), 6.20 (br s, NI1), 6.34-6.37 (m, CzH, C4H), 7.05-7.36 (m, NH,
CsH, 5 PhH); 13C NMR (CDCl3) 22.31 (C(O)CH3), 23.81 (CH3), 43.77 (CHy), 58.50
(C(CH3)}, 107.94 (Cy), 110.67 (C3), 126.99 (2C2' or 2Cg"), 127.41 (C4"), 128.60 (2C2' or
2C3g"), 137.52 (Cy"), 142.38 (Cs), 152.94 (C3), 169.03 (C(O)NH), 171.16 (COCH3) ppm;
mass spectrum, m/e (relative intensity) 287 (M++1, 4), 228 (4), 153 (99), 152 (96), 138
(15), 111 (63), 110 (100), 91 (75); M, (EI) 286.13074 (caled for C16H18N203, 286.13174).
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Synthesis of a-Thioacetamido-N-benzyl-2-furanacetamide (5). A THT
solution (80 mL) of 2 (1.00 g, 3.68 mmol) and Lawesson's reagent (0.73 g, 1.84
mmel) was stirred at room temperature (4 h). The THT was removed in vacuo

and the residue was purified by flash column chromatography on SiOg gel using
1% MeOH/CHClg to give 0.75 g (71%) of §: mp 78-80 °C; Ry 0.51 (1% MeOH/CHCIy);
IR (IXBr) 3200 (br), 1630, 1500, 1440, 1350, 790, 710, 680 cm-i; 171 NMR (DMSO0-dg) §
246 (s, C(S)CIIg), 4.27-4.35 (m, CIlp), 6.22 (d, J = 7.7 Hz, CH), 6.32 (d, J = 3.3 Hz,
CgH), 6.41-6.44 (m, C4H), 7.15-7.33 (m, § PhH), 7.64 (s, C5H), 8.81 (t, J = 5.9 Hz,
NII), 10.54 (d, J = 7.7 Hz, NII); 13C NMR (DMSO-dg) 32.70 (s, C(S)CH3), 42.39 (CH2),
56.82 (CH), 108.76 (Cg), 110.67 (C4), 126.81 (C4"), 127.12 (2C2' or 2C3'), 128.23 (2C2' or
2C3'"), 139.98 (C+"), 143.06 (Cp), 149.53 (Cg), 166.55 (C(O)NH), 200.68 (C(S)CH3) ppm;
mass spectrum (FD) 288 (M+). Anal. (C35H16N202S) C, H, N.
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Example 88

Synthesis of a-Thioacetamido-N-benzyl-2-furanthiocacetamide (§). A THT
solution (30 mL) of 2 (2.00 g, 7.35 romol) and Lawesson's reagent (3.27 g, 8.09
mmol) was heated to reflux (4 h). The THI was removed in vacuo and the residue
was purified by two successive flash column chromatographies on SiO; gel using
0.56% MeOH/CHCIl3 as the eluant in the first chromatography and CHCIl3 in the
second chromatography. Compound 6 (0.50 g, 22%) was then further purified by
preparative TLC (CHCl3): mp 99-101 °C; Rr 0.74 (1% MeOH/CHCI3); IR (KBr) 3100,
1580, 1500 (br) cm-1; I1H NMR (DMSO-dg) 8 2.58 (s, C(8)CH3), 4.86 (dd, J = 5.4, 15.0
Hz, CHH), 4.96 (dd, J = 5.4, 15.0 Hz, CHH), 6.49-6.55 (m, C3I1, C4H), 6.65(d,J = 7.5
Hz, CH), 7.31-7.43 (m, 5 Phll), 7.75 (s, C511) 10.64 (d, J = 7.5 Hz, NII), 10.95 (t, J =
5.4 Hz, NH); 13C NMR (DMSO-dg) 32.79 (s, C(8)CHj), 48.30 (CHy), 61.88 (CH),
108.50 (Cg), 110.53 (Cyq), 127.05 (C4"), 127.48 (2C2" or 2C3'"), 128.19 (2C3’ or 2C3"),
136.67 (C1"), 142.91 (Cg), 150.15 (Cg), 197.45 (C(S)NH), 200.56 (C(S)CH3) ppm,; mass
spectrum (F'D) 304 (M*). Anal. (C15H;N20S2) C, H, N.
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Example 89
Synthesis of a-Acetamido-N-(3-pyridinylmethyl)-2-furanacetamide (7).

Using racemic 19 (3.00 g, 16.39 mmol), ﬁ-methylmorpholine (1.66 g, 16.39 mmol),
isobutylchloroformate (2.24 g, 16.39 mmol), and 3-aminomethylpyridine (1.77 g.
16.39 mmol) in the mixed carbonic anhydride protocol  gave 3.35 g (75%) of 7: mp
172-174 °C (recrystallized from EtOAc); Ry 0.27 (8% MeOH/CHCI3); IR (KBr) 3400,
3300, 1640, 1540, 1420, 1360, 820, 740 cm-L; JH NMR (DMSO-dg) § 1.89 (s, C(O)XCH3),
4.32(d, J = 5.8 Hz, CHyg), 5.55(d, J = 7.9 Hz, CH), 6.28-6.29 (m, C3H), 6.41-6.43 (m,
C41), 7.32 (dd, J = 4.8, 7.7 Hz, C5'H), 7.58-7.62 (m, C4'H, CsH), 8.44 (br 5, C2'H,
Cg'H), 8.62 (d, J = 7.9 Hz, NII), 8.81 (t, J = 5.8 Hz, NH); 12C NMR (DMS0-dg) 22.31
(C(O)CH3), 39.98 (CHy), 50.94 (CH), 107.67 (C4), 110.54 (Cg), 123.38 (Cy'), 134.57
(C3'), 134.83 (Cy4"), 142.64 (Cp), 148.06 (Cg'), 148.55 (C2'), 150.94 (C3), 168.18
(C(O)NH), 169.26 (C(O)CHg3) ppm; mass spectrum (FD) 274 (M++1). Anal.
(C14H15N303) C, H, N,
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Example 90

Synthesis of a-Acetamido-N-(4-pyridinylmethyl)-2-furanacetamide (8).
Making use of racemic 19 (3.00 g, 16.39 mmol), 4-methylmorpholine (1.66 g, 16.39
mmol), isobutylchloroformate (2.24 g, 16.39 mmol), and 4-aminomethylpyridine
(1.77 g, 16.39 mmol) in the mixed carbonic anhydride method: gave 3.40 g (76%)
of 8: mp 168-170 °C (recrystallized from' EtOAc); Ry 0.31 (8% MeOH/CHCly); IR
(KBr) 3180, 1650 (br), 1480, 1400, 1340, 780, 740 cm-1; 1H NMR (DMS0-dg) § 1.90 (s,
C(O)CH3), 4.32 (4, J = 5.7 Hz, CH32), 6.587 (d, J = 7.8 Hz, CH), 6.32-6.34 (m, C3gH),
6.42-6.43 (m, C4I1), 7.19(d, J = 4.9 Hz, C3'H, C5'H), 7.64 (s, CsH), 8.46 (d, J = 4.9 Hz,
Co'H, Cg'H), 8.64 (d, J = 7.8 Hz, NI), 8.84 (t, J = 5.7 Hz, NH); 13C NMR (DMSO-dg)
22.27 (C(OXCH3), 41.26 (CHy), 50.99 (CH), 107.74 (C4), 110.54 (C3), 121.87 (C3', Cs"),
142.63 (Cs), 148.17 (Cy4'), 149.35 (Cg2', Cg"), 150.82 (C3), 168.35 (C(O)NH), 169.29
(C(O)CH3) ppm; mass spectrum (FD) 274 (M*+1). Anal. (C34H;5N303) C, H, N.
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Example 91

Synthesis of a-Acetamido-N-( 1-oxo‘S-pyridinylnwthyl)-2-furanacgtamide
(9). A solution of 7 (1.50 g, 5.49 mmol). and m-chloroperoxybenzoic acid (1.90 g,
6.04 mumol) in THF (175 mL) was heated to reflux (3 h) and then cooled to room
temperature. The THF solution was concentrated to ap})roximately half its
volume, and then cooled to give 1.00 g (63%) of 9: mp 159-161 °C (recrystallized
from EtOH); Ry 0.30 (20% MeOH/CHCI3); IR (KBr) 3400 (br), 1620, 1500 (br), 1420,
1350, 750 cm-1; TH NMR (DMSO-dg) & 1.89 (s, C(O)CH3), 4.27 (4, J = 5.0 Hz, CH9),
5.53 (d, J = 7.6 Hz, CII), 6.31 (br s, C3II), 6.42 (br 8, C4II), 7.14-7.18 (m, 1 ArH), 7.31-
7.37 (m, 1 Ari), 7.61 (br s, CsH), 8.07 (5, 2 ArH), 8.63 (br s, NH), 8.80 (br s, NH);
13C NMR (DMSO-dg) 22.28 (C(O)CH3), 39.36 (CHy), 60.99 (CII), 107.79 (Cy), 110.56
(Cg), 124.03 (C4"), 126.10 (Cs"), 137.16 (C3"), 137.31 (Cg"), 138.70 (C2"), 142.69 (Cg),
150.72 (C37), 168.40 (C(O)NH), 169.32 (C(O)CH3) ppm; mass spectrum (FD) 289 (M*);
M, (EI) 289.10554 (caled for Cy4H15N304, 289.10626).

Anal. Calcd for C14H15N304.2.0 Ho0O: C, 51.69; H, 5.89; N, 12.92. Found: C,
52.03; H, 56.56; N, 13.36.
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Example 92

Synthesis of a-Acetamido-N-(1-oxo-4-pyridinylmmethyl)-2-furanacetamide
(10). Following the preceding procedure and using 8 (1.50 g, 5.49 mmol) and m-
chloroperoxybenzoic acid (1.90 g, 6.04 mmol) gave a light yellow solid (0.96 g, 60%)
directly upon cooling the THPF solution. The precipitate was filtered and
recrystallized from ELOH to give 10: rﬁp ﬁ10-2 12 °C (d); Ry 0.25 (20% MeOH/CHCI3);
IR (KBr) 3300, 1620, 1500, 1410, 1350, 740 cm-}; 1H NMR (DMSO-dg) & 1.89 (s,
C(O)CI1g), 4.26 (d, J = 5.8 Hz, CHly), 5.52 (4, J = 7.7 Hz, CH), 6.30 (br 8, C3H), 6.41-
6.42 (m, C4H), 7.21 (d, J = 6.8 Hz, Cz'H, C5'H), 7.63 (s, C511), 8.14 (d, J = 6.8 Hz,
Co'H, C¢'H), 8.62 (d, J = 7.7 Hz, NH), 8.82 (L, J = 5.8 Hz, NII); 13C NMR (DMSO-dg)
22.35 (C(O)CHg3y), 40.68 (CHy), 51.14 (CH), 107.87 (C4), 110.62 (C3), 124.83 (Cg’, Cs"),
137.43 (C4"), 138.39 (Cg', CgY, 142.72 (Cs), 150.77 (C3), 168.48 (C(O)NH), 169.45
(C(O)CH3) ppm; mass spectrum (D) 289 (M*). Anal. (C14H;15N304) C, 11, N.
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Example 93

Synthesis of a-Acetamido-2-furanacetic-2'-pyridinehydrazide (11).

Following the mixed carbonic anhydride procedure and using racemic 19 (2.00

g, 10.39 mmol), 4-methylmorpholine (1.10 g, 10.93 mmol), isobutylchloroformate
(1.49 g, 10.93 mmol), and 2-hydrazinopyridine (1.20 g, 1.1.00 mmol) gave an.
insoluble material upon workup coﬁtaining 1ll and 4-methylmorpholine
hydrochloride, The reaction producls were suspended in EtOH (25 mL), and 11
(1.00 g) was collected by filtration. Concentration of the THFI filtrate and
trituration of the residue with ELOAc gave an additional 0.70 g of 11 to give a
combined yield of 1.70 g (64%): mp 226-228 °C (recrystallized from ELOI); Ry 0.30
(10% MeOII/CHCIy); TR (KXBr) 3400, 1650, 1580, 1440, 1360, 1320, 770, 730 ecm-1; 1H
NMR (DMSO-dg) 6 1.83 (5, C(O)CIHjy), 5.64 (d, J = 8.0 Hz, CII), 6.41-6.50 (in, C3H,
C4H1, C5'ID), 6.67 (dd, J = 5.4, 6.7 Hz, C3'I1), 7.44-7.52 (m, C4'H), 7.66 (s, Cs0), 8.02
(d, J == 4.0 Hz, Cg'H), 8.40 (s, C(O)NIHNII), 8.66 (d, J = 8.0 Iz, NII), 10.20 (s,
C(OINIINH); 13C NMR (DMSO0-dg) 22.26 (C(O)CH3y), 49.56 (CH), 105.93 (C3"), 107.87
(C3), 110.57 (Cy4), 114.50 (Cg"), 137.48 (C4"), 142.76 (Cs), 147.45 (Cg"), 150.60 (C2),
159.59 (C2"), 167.88 (C(O)NII), 169.28 (C(O)CHj3) ppm; mass spectrum (FD) 274
(M+); M, (E1) 274.10649 (caled for C3H14N4O3, 274.10659).
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Example 94

Synthesis of R(-)a-Acetamido-N-(4-fluorobenzyl)-2-furanacetamide ((R)-12).
Using (R)-19 (0.94 g, 5.1 mmol), 4-methylmorpholine (0.52 g, 5.1 mmol),
isobutylchloroformate (0.70 g, 5.1 mmol), and 4-fluorobenzylamine (0.65 g, 5.16
mmol) in the mixed carbonic anhydride method gave 1.00 g (68%) of (R)-12: mp
205-207 °C (recrystallized from EtOAc); Ry 0.30 (4% MeOR/CHCIg); (0)26p = -77.42
(c=1, MeOH); IR (KBr) 3400 (br), 1620, 1580, 1500 (br), 1350, 770, 720 em'l; 1H NMR
(DMSO-dg) & 1.89 (s, C(O)CHS3), 4.27 (d, J = 5.9 Hz, CHp), 5.54 (d, J = 8.0 Hz, CH),
6.27(d, J = 3.0 Hz, C3H), 6.41 (44, J = 1.9, 3.0 Hz, C4H), 7.08-7.15 (m, 2 ArH), 7.20-
7.26 (m, 2 ArH), 7.61(d, J = 1.9 Hz, CsH), 8.58 (d, J = 8.0 Hz, NH), 8.74 (t, J = 5.9
Hz, NH) ppm; addition of R(-) mandelic acid to a CDClIj solution of (R)-12 gave only
one signél for the acetamide methyl protons. Mass spectrum (IFD) 290 (M+).

Anal. (C15H15FN203) C, H, N.

Synthesis of R(-)ecAcetamido-N-(d-methylbenzyl)-2-furanacetamide (1V)-12).

Employing the mixed carbonic anhydride procedurer and making use of(R)-l_&/
(1.50 g, 8.20 mmol), 4-methylmorpholine (0.83 g, 8.20 mmol), isobutylchlorofor-
mate (1.12 g, 8.20 mmol), and 4-methylbenzylamine (0.99 g, 8.20 mmol) gave 1.80 g
(77%) of (I*)-13: mp 210-212 °C (recrystallized from EtOAc); Ry 0.54 (4%

MeOH/CHCI3); [a)26p = -74.43 (c=1, MeOH); IR (KBr) 3400 (br), 1610 (br), 1500 (br),

1350, 1320, 780, 720 cm-1; 1H NMR (DMSO-dg) 5 1.89 (s, C(O)CII3), 2.25 (s, CIig),
4.24(d, J = 5.5 Hz, CHy), 5.56 (d, J = 8.1 Hz, CH), 6.28 (br 5, C3H), 6.41 (br s, C4H),
7.09 (br s, 4ArH), 7.61 (br s, C5H), 8.58 (d, J = 8.1 Hz, NII), 8.72 (t, J = 5.5 Hz, NH);
addition of (RX-)mandelic acid to a CDCI3 solution of (2)-13 gave only one signal
for the acetamide methyl protons. 13C NMR (DMSO-dg) 20.64 (CH3), 22.32
(C(O)CH3y), 42.00 (CHy), 50.88 (CH), 107.52 (Cy4), 110.50 (Cg), 127.06 (2Cq' or 2C3"),
128.77 (2C2' or 2Cy'), 135.82 (Cy' or C4"), 135.98 (Cy' or Cy4"), 142.51 (Cs), 151.21 (C),

167.87 (C(OINT), 169.17 (C(O)CHj3) ppm; mass spectrum (FD) 287 (M++1). Anal.
(C1gH318N203) C, H, N.
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Example 95

1 Synthesis of R(-)a-Acetamido-N-(4-trifluoromethylbenzyl)-2-furanaceta-
mide ((R)-14). Using (RR)-19 (1.00 g, 5.4é mmol), 4-methylmorpholine (0.55 g, 5.46
mmol), isobutylchloroformate (0.75 g, 5.46 mmol), and 4-trifluoromethylbenzyl-

5 amine (0.96 g, 5.46 mmol) in the mixed carbonic anhydride p‘rotocoT - gave 1.15 g
(569%) of (R)-14: mp 193-195 °C (recrystallized from EtOAc/hexane); ()26 = -69.27
(c=1, MeOH); IR (KBr) 3220, 1610, 1520, 1400, 1350, 800, 720 cm-!; IH NMR (DMSO-
de) 3 1.89 (s, C(O)CH3), 4.37 (d, J = 5.8 Hz, Clly), 5.56 (d, J = 7.9 Hz, CII), 6.30-6.31

10 (m, C3H), 6.41-6.43 (m, C4H), 7.40-7.43 (m, 2ArH), 7.63-7.68 (m, 2ArH, C;H), 8.61
(d, J = 7.9 Hz, NII), 8.44 (¢, J = 5.8 Hz, N1I); addition of (R)(-)-mandelic acid to a
CDCl3 solution of (R)-14 gave only one signal for the acetamide methyl protons.

Mass spectrum (FD) 340 (M+). Anal. (C16H15F3N203) C, H, N.
15

GENERAL SYNTHESIS
Gereral Synthesis - Several preparative routes were utilized for the construction of

the targetted compounds. In most cases, 2-acetamido-N-benzyl-2-aminocaceta-

20 mide’ (2r) served as the starting material. Treatment of 2r with the appropriate
chloroformate, isocyanate, isothiocyanate, anhydride, or use of the inixed
anhydride protocol advanced for peplide synthesis led to the preparation of the N-

5 acyl substituted adducts 2¢-2] auu 2n. Correspondingly, the preformed a-bromo

2

derivative 23 was employed as the immediate precursor for 2m and 2p, while 2-
acetamido-N-benzyl-2-(trimmethylammonio)acetamide tetrafluoroborate (21) was
utilized for the synthesis of 29. Finally, alkaline hydrolysis of 2p, followed by
30 neutralization of the dipeptide by passage through an ion exchange resin yiclded

2q.

In Examples 96-108, reference is made to the
following compounds

35




WO 927210648 =136~ PCT/US92/04687

10

15

20

25

30

35

P TR
CH3CNH — CH — CNHCH,Ph

2a R? = NHCH,CH, 0 R?= NHC(O)CH,NHC(O)OCH,Ph
b R?=NHNHCO,CH,Ph g R%=NHCH,C(O)OCH,CH,
¢ R%=NH(OCH,) p R?=NHCH,C(O)OCH,Ph
d A% =N(CH)OCH, g R2=NH,CH,CO,
e R%=NHC(O)OCH; [ RP=NH,
f R%=NHC(O)OPh s R°= Br
g R?%=NHC(O)NHCH, t R%=N(CHg)s BF
h R?%=NHC(O)NHPh u R?=NHC(O)CH;4
i R%=NHC(OINHS(O,)Ph y R?=NHC(O)CF,
j R2= NHC(S)NHCH,
K R® = NHC(S)NHPh
| R?=NHC(O)Ph(2’CO,H)
0
m RZ = Nb
o]
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Example 96

Chermnistry - Synthesis of Methyl{acetamido(benzylcarbamoylimethyljcarba-
mate (2e). Methyl chloroformate (0.33 g, 3.35 mmo!) was added to a solution of 2r
(0.70 g, 3.16 mmol) and EtzN (0.39 g, 3.80 mmol) in THF (7{') mL), and then the
reaction mixture was stirred at §5-60 °C (2 h). The Ez3N-HCI that precipitated was
filtered ond the filtrate was concentrated o dryness in vacuo. The residue was
triturated with ELOAc (20 mL), and the remaining white solid (0.55 g, 62%) was
filtered and recrystallized from EtOH: mp 202-204 °C (d); Ry 0.53 (10%
MeOH/CHCIl3); IR (IXBr) 3260, 1650, 1500, 1440, 1360, 780, 690 cm-}; 1H NMR
(DMSO0-de) 3 1.86 (s, C(0)CH3), 3.54 (s, OCHjy), 4.27 (d, J = 5.6 Hz, CHy), 5.56 (t, J =
7.8 Hz, CH), 7.18-7.32 (m, 5PhH), 7.70 {(br s, NHC(O)OCH3), 8.40 (d, J = 7.8 Hz,
NH), 8.51 (t, J = 5.6 Hz, NH); 13C NMR (DMSO-dg) 22.38 (C(O)YCH3), 42.29 (CHy),
51.46 (OCH3y), 58.57 (CH), 126.52 (Cy4'), 126.98 (2Cg' or 2Cg), 127.99 (2Cq' or 2C3g),
139.03 (Cy+), 167.83 (C(O)NH), 169.33 (C(O)CHj3) ppm, the carbamate carbonyl
signal was not delected. Mass spectrum (I’'D) 279 (M+).

Anal. Caled for C13H17N304: C, 55.91; H, 6.14; N, 15.05. Found: C, 56.16;
H, 6.10; N, 14.89.
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Example 97
Synthesis of Phenyl{acetamido(Uenzylcarbamoyl)methyl]carbamate (2f).

Compound 2r (0.80 g, 3.62 mmol) was dissolved in warm THF (75 mL), and then
EtsN (0.44 g, 4.35 mmol), and phenyl chloroformate (0.62 g, 3.98 mmol) were
added. The reaction mixture was stirred at 45-50 °C (2'h), and the volatile
materials were removed in vacuo. The residue was triturated with ELOAc (20 mL)
and the remaining white solid material (0.80 g, 65%) was [filtered, washed with
H20 (10 mL), and then recrystallized from MeOIl: mp 201-203 °C; £ 0.38 (5%
MeQOH/CIHCl3); IR (IXBr) 3400 (br), 3240, 1700, 1630, 1500, 1460, 1320, 1200, 740, 670
cem-1l; 1H NMR (DMSO-dg) & 1.89 (s, C(O)CH3g), 4.29-4.35 (m, Cl3), 5.66 (t, J = 7.6
Hz, CII), 7.08-7.42 (1n, 10ArI), 8.43 (d, J = 7.6 Hz, NH), 8.68 (d, J = 7.6 Hz, NH),
B.67 (t, J = 5.0 Tz, NII); 13C NMR (DMSO-dg) 22.58 (C(O)CH3), 42.51 (CHy), 58.69
(CH), 121.70 (2C3), 125.18 (Cy), 126.76 (Cy4'), 127.19 (2C2' or 2Cg), 128.21 (2Cy2' or

2C34, 129.30 (2C3y), 139.14 (Cy1), 150.91 (Cy), 167.73 (C(O)NH), 169.75 (C(O)CH3)

ppm, the signal for the carbamate carbonyl was not detected. Mass spectrum
(FD) 341 (M*).

Anal. Caled for C18H19N304: C, 63.33; H, 5.61; N, 12.31. Found: C, 63.06;
H,564; N, 12.12.
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Synthesie of 1-[Acetamido(benzy{carbamoyl)methyl]-.?-methylurea 2g).
Methyl isocyanate (0.20 g, 3.48 mmol) was added to a eolution of 2r (0.70 g, 3.16
mmol) in THF (75 mL), and then the reaction was stirred at 45-50 °C (2 h), The
white solid (0.80 g, 91%) that separated out was filtered ané recrystallized from
MeOH to give 2g: mp 229-230 °C (d); Rf 0.25 (10% MeOH/CHCI3); IR (KBr) 3200,
3060, 1630, 1500 (br), 1350, 1300, 740, 680 cm-1; 1H NMR (DMSO0-dg)  1.82 (s,
C(O)CH3), 2.54 (d, J = 4.5 Hz, NHCHg3), 4.26 (d, J = 5.8 Hz, CH2), §.59 (t, J = 7.8 Hz,
CH), 6.19 (d, J = 4.5 Hz, NHCH3y), 6.52 (d, J = 7.8 Hz, NHC(O)NHCH3), 7.20-7.31 (m,
SPhH), 8.38 (t, J = 5.8 Hz, NH), 8.46 (d, J = 7.8 Hz, NH); 13C NMR (DMSO0-d¢) 22.36
(C(OYCH3), 26.03 (NHCHjg), 42.19 (CHyp), 57.92 (CH), 126.54 (C4"), 126.93 (2Ca: or
2Cg'), 128.06 (2C2r or 2Cg'), 139.16 (Cy1), 157.30 (NHC(O)NID), 168.89 (C(O)NH),
169.37 (C(O)CHg3) ppm; mass spectrum (FD) 279 (M*+1).

Anal. Caled for C13H18N403: C, 56.10; H, 6.52; N, 20.13. Found: C, 56.31;
H, 6.41; N, 20.12.
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Example 99

Synthesis of 1-[Acetamido(benzylcarbamoyl)methyl]-8-phenylurea (2h).
Phenyl isocyanate (0.42 g, 3.5 inmol) was added to a solution of 2r (0.70 g, 3.16
mmol) in THF (75 ruL), and then the reaction was stirred at 45-50 °C (2 h). The
white solid (0.95 g, 89%) that precipitated.  was filtered ar‘ld dried: mp 242-244
°C (d); Rr0.30 (5% MeOQH/CIHICly); IR (KBr) 3200 (br), 1600 (br), 1430 (br), 1300, 880,
700 con-}; TH NMR (DMSO-dg) 5 1.86 (s, C(O)CIHg), 4.30 (4, J = 5.9 Hz, CHp), 5.67 (t,
J = 7.6 Hz, CII), 6.86-6.93 (m, 2ArH), 7.20-7.32 (m, NH, 5PhH, 1ArH), 7.37-7.40 (m,
2ArII), 8.56 (t, J = 5.9 Hz, NH), 8.68 (4, J = 7.6 Hz, NH), 8.89 (s, NH); 13C NMR
(DMSO0-dg) 22.38 (C(O)CHg3), 42.29 (CHp), 57.59 (CH), 117.61 (2C»), 121.37 (Cy), 126.57
(C4'), 126.95 (2Cg or 2C31), 128.07 (2Co' or 2C3'), 128.62 (2C3), 139.12 (C; or Cy9),
139.98 (Cy or Cyp1), 153.98 (NHC(O)NH), 168.55 (C(O)NH), 169.58 (C(O)CH3) ppm;
mass spectrum (D) 340 (M*). .

Anal. Caled for C1gH20N40O3: C, 63.52; H, 5.92; N, 16.46. Found: C, 63.22;
H, 5.92; N, 16.20.
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Example 100

1 Synthesis of 1-[Acetamido(benzylearbamoylmethyl]3-benzenesulfonylurea
(21). Benzenesulfonyl isocyanate (0.64 g, 3.48 mmol) was added to a solution of 21
(0.70 g, 3.16 mmol) in THF (75 mL), and then the reaction was stirred at 50-55 °C

5 (22 h). The white solid (0.84 g, 66%) that separated on cooling waas filtered and

dried: mp 188-191 °C (d); Rr0.11 (10% MeOH/CHICl3); IR (KBr) 3250, 1630 (br), 15600

(br), 1460, 1330, 870, 700 cw}; 1T NMR (DMSO-dg) & 1.80 (s, C(O)CH3), 4.24 (d, J =

5.7 Hz, CHy), 6.47 (t, J = 7.7 Hz, CII), 7.18-7.30 (o, 5PhI, NIY), 7.57-7.71 (m, 3ArH),

7.89-7.92 (d, J = 7.5 Hz, 2ArIl), 8.54 (t, J = 5.7 iz, NI), 8.70 (d, J = 7.7 Hz, NII),

10.80 (s, NH); 13C NMR (DMSO0-dg) 22.29 (C(O)CH3), 42.30 (CH2), 57.14 (CH), 126.58

(Cq), 126.89 (2C3), 127.12 (2Cg or 2Cy'), 128.05 (2Cz2 or 2Cg'), 128.96 (2C3), 133.25

(C4), 138.88 (Cy or Cyv), 139.87 (Cy or Cyv), 150.36 (NHC(O)NH), 167.55 (C(OINH),
169.55 (C(O)CH3) ppm; mass spectrum (IFD) 405 (M++1).

10

15

Anal. Calcd for C1gHogN4OgS: C, 53.46; H, 4.98; N, 13.85. Found: C, 53.23;
H, 5.04; N, 13.62.
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Example 101

Synthesis of I-[Acetamido(benzylcarbamoyl)methyl]-3-inethylthiourea (2j).
A solution of 2r (0.50 g, 2.26 mmol) and methyl isothiocyanate (0.20 g, 2.27 mmol)
in THF (75 mL) was heated to reflux (4 h), and then the volgtile materials were
removed in vacuo. The residue was recrystallized from absolute EtOH to give 2j as
a white solid (0.22 g, 33%): mp 162-163 °C (d); Re0.45 (10% MeOH/CHCl3); IR (KBr)
3400 (br), 3220 (br), 1620, 1500, 1430, 1340, 740 cm-1; 1H NMR (DMSO-dg) § 1.83 (s,
C(O)CHjy), 2.85 (br s, NHCH3), 4.27 (d, J = 5.8 Hz, CHg), 6.10 (br s, CH), 7.17-7.30
(m, 5PhH), 7.80 (br 8, NH), 7.96 (br 5, N}), 8.44 (br s, NH), 8.72 (s, NI); 13C NMR
(DMS&O0-dg) 22.39 (C(O)CH3), 30.92 (NHCH3), 42.45 (CHyg), 61.33 (CH), 126.68 (Cyv),

127.06 (2C2: or 2Cg31), 128.16 (2C2 or 2Cg'), 139.15 (Cy1), 168.17 (C(O)NIH), 170.03
(C(O)CH3) ppm, the signal for the thiocarbonyl carbon group was not detected.
Mass spectrum (IFD) 294 (M+).

Anal. Calced for C33H1gN402S: C, 53.04; H, 6.16; N, 19.03. Found: C, §3.16;
H, 6.31; N, 18.89.
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Example 102

Synthesis of 1 -[Acctamido(benzquarbwnoyl)mcthyl ]-3-phenylthiourea (2)).
A solution of 2r (0.70 g, 3.16 mmol) and phenyl isothiocyanate (0.47 g, 3.48 mmol)
in THTF (75 mL) was heated to reflux (3 h), and then the volatile materials were
remnoved in vacuo. The residue was triturated with EtOH (1'5 mL), and the white
solid material (0.70 g, 62%) that remained was filtered and recrystallized from
absolute EtOH: mp 196-197 °C (d); Ry 0.65 (10% MeOH/CHCl3); IR (KBr) 3400 (br),
3240 (br), 1620, 1470 (br), 1330, 750, 670 cm-}; 1H NMR (DMSO-dg) § 1.89 (s,
C(0)CH3), 4.32 (d, J = 5.8 Hz, CHy), 5.24 (t, J = 6.9 Hz, CH), 7.09-7.43 (m, 3ArH,
5PhH), 7.52-7.55 (m, 2ArH), 8.13 {(d, J = 6.9 Hz, NH), 8.55 (br s, N}), 8.85 (br s,
NH), 10.11 (s, NII); 13C NMR (DMSO0-dg) 22.22 (C(O)CH3), 42.36 (CHp2), 61.18 (CH),
122.76 (éCz), 124.29 (Cy), 126.53 (C4"), 126.90 (2Cqo' or 2Cg'), 128.00 (2Cq or 2C3),
128.40 (2C3), 138.94 (C; or Cp4), 139.01 (Cy or Cyv), 167.82 (C(O)NH), 169.98
(C(O)CH3g), 180.02 (C(S)) ppm; mass spectrum (FD) 356 (M+).

Anal. Caled for C3gH9gN(O5S: C, 60.65; H, 5.66; N, 15.72. Found: C, 60.43;
H, 5.70; N, 15.62.
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Example 103

Synthesis of N-[Acetamnido(benzylcarbarmoylymethyl]phthalamic acid (21).
To a warm pyridine solution (7.0 mL) containing 2r (0.63 g, 2.83 mmol), phthalic
anhydride (0.43 g, 2.87 mmol) was added, and the reaction w‘a‘s stirred at 50-55 °C
(5 h). Pyridine was removed by dislillation in vacuo and the residue was treated
with HoO (20 mL). The aqueous mixtur;: was extracted with TTLOAc {2 x 20 mL)
and then acidified with aqueous 1 N HCIl solutlion. The white solid (0.70 g, 70%)
that precipitated  was filtered, washed with H20 (10 mL), and dried: mp
186-188 °C; 'H NMR (DMSO0-dg) 8 1.90 (s, C(O)CIIg), 4.36 (d, J = 6.0 Hz, Cl3), 5.92
(t,J =7.2 Hz, CII), 7.20-7.31 (m, 5PhI), 743 (d, J = 7.3 Hz, CgllI), 7.50-7.63 (m, C4I1,
CsII), 7.82 (d, J = 7.3 Iz, C3H), 8.41-8.48 (m, 2NII), 9.01 (d, J = 7.2 Hz, NII), 13.30
(br s, CO2II); 13C NMR (DMSO-dg) 22.46 (C(O)CH3j), 42.3% (CHJy), 57.44 (CH), 126.57,
126.92, 127.81, 128.09, 128.72, 129.36, 129.85, 131.49, 137.78, 138.99 (ArC, PhC),
167.85, 167.93, 168.48, 169.47 (C(O)) ppm; mass spectrum (FD) 370 (M+*+1).

Anal. Caled for C19H9N305: C, 61.78; H, 5.18; N, 11.38. Found: C, 61.63;
H, 5.05; N, 11.16.
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Example 104

Synthesis of 2-Acetamido-N-benzyl-2-(N-succinimidyl)acetamide (2nm). A
cooled (-78 °C) THF solution (150 mL) of 252 (prepared from 2-acetamido-N-benzyl-
2-ethoxyacetamide4.5 (2.00 g, 8.0 mmol) and BBr3 (2.51 g, 10.05 mmol)) was added
slowly into a cooled (-78 °C) THF suspension (50 mL) of sodium succinimide (3.06
g, 25.25 mmol). The reaction mixture Qas stirred at -78 °C (30 min) and at
room temperature (30 min), and then treated with a 10% aqueous citric acid

solution (50 mL). The resulting solution was neutralized with a saturated

aqueous NaHCO3 solution, and the reaction mixture extracted with EtOAc (3 x 100
mL). The combined extracts were dried (Na3S0Qy), and the volatile materials were
removed by distillation in vacuo. The residue was purified by {lash column
chromatography on SiOg gel (6% MeOH/CHCI3) to give 1.10 g (45%) of 2m: mp 181-
183 °C (recrystallized from ELOH); R 0.26 (6% MeOH/CHCl3); IR (IXBr) 3340 (br),
1620 (br), 1480 (br), 1340, 780, 670 cm'1; 1H NMR (DMSO-dg) 8 1.80 (s, C(O)CHy),
2.67 (s, CHoCHy), 4.23-4.36 (m, CHg), 6.31 (d, J = 9.0 Hz, CH), 7.17-7.35 (m, 5 PhH),
8.63 (t, J = 5.9 Hz, NH), 8.72 (d, J = 9.0 Hz, NH), 13C NMR (DMSO-dg) 22.36
(C(O)CHaz), 27.99 (s, CHaCHy), 42.59 (CHj3), 55.19 (CH), 126.63 (Cy4"), 126.96 (2Cs' or
2Cg'), 128.08 (2Cy2' or 2C3'), 138.91 (Cy"), 165.41 (C(O)NH), 169.86 (C(O)CH3), 176.33
(C(O)CH2CH2C(O)) pr ; mass spectrum (FAB) 304 (M*+1, 17), 163 (12), 155 (48),
152 (51), 135 (68), 119 (100).

Anal. Calcd for C15H17N304: C, 59.40; H, 5.65; N, 13.85. Found: C, 59.63;
H, 5.70; N, 13.66.
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Example 105

Synthesis of Benzyl M-{Acctami(lo(I:cnzylcarbamoyl)nzcthylimalonamalc
(2n). 4-Methylmorpholine (0.35 g, 3.56 mmol) was added to a solution of N-CBZ-
glycine (0.74 g, 3.55 mmol) in TIIF (76 mL) at -10 to -15 °C.. The solulion was
stirred (5 min), and then isobutylchloroformate (0.49 g, 3.55 mmol) was added and
the mixture was stirred for an additional 20 min. A cooled (-10 °C) solution of 2r
(0.79 g, 3.55 mmol) in THF (125 mL) was then added slowly (30 min). The reaction
mixture was slirred at this temperature (2 h) and Lthen at room temperature (2 h).
The insoluble materials were filtered and the filtrate was concentrated in vacuo.
The residue wasg triturated with E1OAc (20 mL) and the white solid (0.60 g) that
remained was fillered, washed wilth H20 and dried to give 25. The initial
insoluble material on trituration with H20 gave an additional 0.40 g of 20 to give &
combined yield of 1.00 g (68%);, mp 177-179 °C (recrystallized from EtOH); Ry 0.46
(10% MeOH/CHCIl3); IR (XBr) 3400 (br), 3260, 1640 (br), 1540 (br), 1480, 1450, 1370,
7G0, 690 cm-1; 111 NMR (DMSO-dg) 6 1.86 (s, C(O)CIlI3), 3.60-3.77 (m, C(O)CII2NIJ),
4.28 (d, J = 5.8 Hz, CIIp), 5.01 (s, OCH2Ph), 6.79 (t, J = 7.7 Hz, CII), 7.18-7.34 (m, 6
PhH, & ArH), 7.49 (t, J = 5.8 Hz, NII), 8.43-8.55 (m, 3 x NII); 13C NMR (DMSO-dg)
22.36 (C(Q)CH;;), 42.28 (CHg), 43.39 (C(O)CH2NH), 66.77 (CH), 65.42 (OCH2Ph),
126.55 (2C), 126.94 (2C), 127.54, 127.66, 128.04 (2C), 128.22 (2C), 136.89, 138.96 (ArC,
PhC), 166.40 (NHC(O)OCH2Ph), 167.86 (NHC(O)CHp), 168.96 (C(O)NII), 169.30
(C(O)CH3) ppm; mass spectrum (D) 413 (M++1, 100), 278 (75).

Anal. Caled for Co1Ho¢N4Os: C, 61.16; H, 65.87; N, 13.68. Found: C, 60.90;
H, 5.77; N, 13.35.
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Example 106

Synthesis of Ethyl N-[Aceta:nido@emykmbmrml)meth yllglycinate (20). A
methanolic solution (70 mL) containing 24 (1.50 g, 4.28 mmol) and ethyl glycinate
(prepared from ethyl glycinate hydrochloride (3.10 g, 22.2 mmol), NaOMe (1.17 g,
21.74 mmol)) was heated to reflux (2h). The reaction was concentrated in vacuo to
give an oily residue that' was purified by flash column chromatography on SiOg
gel (6% MeOH/CHCI3) to give 0.60 g (46%) of 29: mp 125-127 °C (recrystallized from
EtOAc);, Rf 0.43 (6% MeOH/CHCig); IR (IXBr) 3400 (br), 3200, 1710, 1600, 1500, 1430,
1350, 740, 680 cm-1; 1H NMR (DMSO-dg) 8 1.17 (¢, J = 7.1 Hz, OCH,CH3), 1.86 (s,
C(0)ClI3), 2.65-2.74 (m, NIICH2C(0)), 3.26-3.33 (m, NHCII;C(O)), 4.07 (q, J = 7.1
Hz, OCH2CHj), 4.28 (d, J = 5.8 Hz, ClIg), 5.01 (t, J = 8.2 Hz, CII), 7.19-7.35 (m, 5
PhH), 8.25 (d, J = 8.2 Hz, NH), 8.58 (t, J = 5.8 Hz, NII); 13C NMR (DMSO-dg) 13.98
(OCH2CH3), 22.46 (C(O)CH3), 42.13 (CH3y), 46.22 (NHCH2C(0)), 60.07 (OCH2CHj3),
63.96 (CH), 126.67 (Cy4'), 127.09 (2C2' or 2C3'}, 128.13 (2C2' or 2Cj3"), 139.07 (Cy"),
169.07 (C(O)NH), 170.09 (C(O)CHj), 171.56 (C(O)OCH2CHj3) ppm; mass spectrum
(FD) 342 (M+).

Anal. Caled for C15H21N304: C, 58.62; H, 6.89; N, 13.67. Found: C, 58.83:
H, 7.00: N, 13.73.
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Example 107

Synthesis of Benzyl N-[Acetamido(benzylcarbamoyl)methyllglycinate (2p).
A suspension of benzyl glycinate hydrochloride (5.00 g, 24.8 mmol) in THF (400
mL) containing Et3N (4.90 g, 48.5 mmol) was stirred (4 b) at room temperature.
The reaction mixture was cooled (-78 °C) and then a cooled (-78 °C) THF solution
(150 mL) of 25 (prepared from 2—acetlamihdo-N-benzyl-2-ethoxyacetamide (4.00 g,
16.0 mmol) and BBr3 (1 M in CH3Clj, 20.0 ml, 20.0 mmol)) was added (30 min).
The reaction mixture was stirred at -78 °C (30 min) and then at room temperature
(16 h). The insoluble materials were filtered, the filtrate concentrated in vacuo,
and the residue was purified by flash column chromatography on SiOg gel (3%
MeOH/CHCIl3) to give 1.66 g (26%) of 2p as a white solid: mp 133-135 °C
(recrystallized from EtOH); Ry 0.36 (3% MeOH/CHCl3); IR (KBr) 3400, 3220, 1710,
1620, 1510, 1440, 1350, 740, 680 cm-1; 1H NMR (DMSO0-dg) 3 1.85 (s, C(O)XCH3), 2.71-
2.82 (m, NHCH2C(O)), 3.39 (d, J = 6.1 Hz, NHCHHC(0O)), 3.40 (d, J = 6.1 Hz,
NHCHHC(O)), 4.27 (d, J = 6.1 Hz, CHjy), 5.02 (¢, J = 8.2 Hz, CH), 5.11 (s, OCH2Ph),
7.19-7.36 (m, 5 PhH, 5 ArHD), 8.24 (d, J = 8.2 Hz, NTI), 8.57 (t, J = 6.1 Hz, NH); 13C
NMR (DMSO-dg) 22.42 (C(O)CH3y), 42.11 (CH3), 46.22 (NHCH2C(0)), 63.94 (CH),

65.53 (OCH2Ph), 126.62, 127.05 (2C), 127.80 (2C), 127.91, 128.08 (2C), 128.29 (2C),

135.87, 139.02 (ArC, PhC), 169.01 (C(O)NH), 170.r (C(0O)CHg), 171.45
(C(0)YOCH2Ph) ppm; mass spectrum (FD) 370 (M*+1).

Anal. Caled for CogH23N304: C, 65.03; H, 6.28; N, 11.37. Found: C, 65.15;
H, 653: N, 11.31.



~-169~

WQ 92/21648 PCT/US92/04687

10

15

20

25

30

Example 108

Synthesis of N-[Acetamido(benzylcarbamoyl)methyllglycine (2q). A solution
of methyl N-[acetamido(benzylcarbamoyl)methyllglycinate (0.60 g, 2.05 mimol) and
KOH (0.30 g, 5.36 mmol) in 90% aqueous ELOH (50 mL) was stirred at room
temperature (48 h). The volatile materials were then removed in vacuo, and the
residue dissolved in HgO (10 mL). The aqueous solution was extracted with EtOAc
(2 x 20 mL), and the aqueous layer was acidified to pIl ~2.0 with agueous 1 N HCI.
A column containing ion exchange resin Dowex §0X W4 was prepared using 10%
aqueous pyridine. The column was thoroughly washed with H30. The acidic
aqueous reaction solution was added to the top of the column, and the column was
eluted with H20 (300 mL) or until the eluate was neutral. The column was then
eluted with 10% aqueous pyridine (400 mL). The aqueous pyridine fraction was
concentrated in vacuo to give a white solid, dried in vacuo, and then triturated
with absolute ELOH (7 mL). The insoluble materials that remained were filtered
and dried to give 0.29 g (50%) of 2q: mp 124-126 °C (d); IR (KDBr) 3400, 3200, 1630,
1500, 1370, 690 cm-); YH NMR (DMSO0-dg) 8 1.84 (s, C(O)CH3), 3.26 (s, CH2C(0)),
4.29(d,J =5.7Hz, CHg), 4.98 (d, J = 8.2 Hz, CH), 7.21-7.33 (m, NH, 5 PhH), 8.39 (4,
J = 8.2 Hz, NH), 8.47 (t, J = 5.7 Hz, NII); 13C NMR (DMSO-dg) 22.41 (C(O)CH3),
41.98 (CHy2), 47.48 (CH2C(0)), 64.08 (CH), 126.75 (C4"), 127.21 (2C2' or 2C3'"), 128.24
(2C2' or 2Cyg'), 139.23 (Cy"), 169.91 (C(O)NH), 170.02 (C(O)CHj), 170.20 (CH2C(Q))
ppm.

Anal. Calcd for C13H19N304: C, 55.91; H, 6.13; N, 15.04. Tound: C, 55.68;
H, 6.06; N, 14.74.
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Example 109

Synthesis of 2-Acetamido-N-benzyl-2-(1-pyrrole)acetamide. A cooled (-78 °C)
THE solution (225 mL) of 2-acet.amido-N:benzyl~2-bromoacetamide (prepared from
2-acetamicdo-N-henzyl-2-ethoxyacetainide (2.00 g, 8.0 mmol) and BDr3 (1 M CI:izClp
solution, 8.8 mL, 8.8 mmol)) was added under Nj 1o a cooled {-78 °C) suspension of
potassium pyrrole (2.71 g, 25.8 mmol) in TIITF (25 L), The reacltion mixture was
stirred at -78 °C (1 h) and then at room temperature (1 h), and then treated with
HoO (10 mL) and acidified ("pH" 4.0) with 5% citric acid. The reaction was made
basic with aqueous saturated NapsCOj3 solution, and the aqueous mixture was
extracted with EtOAc (2 x 250 mL) and the combined organic layers were dried
(NagS0Oy4). The volatile materials were removed in vacuo and the residue was
purified by flash column chromatography on SiOg gel using 3% MeQH/CHClj3 as
the eluant to give 0.40 g (18%) of the desired product. The compound X was
purified by recrystallization from EtOH: mp 182-184 °C; Ry 0.44 (4%
MeOH/CHCI3); IR (KBr) 3400, 3280, 1630, 1520, 1370, 740, 720 cm-1; 1H NMR
(DMSO-dg) 6 1.91 (s, C(O)CIHg), 4.30 (d, J = 5.5 Hz, CH2), 6.01 (s, 2 x C3H), 6.38 (d, J
= 8.7 Hz, CII), 6.85 (s, 2 x C5I1), 7.11-7.35 (m, 5PhH), 8.96 (t, J = §.5 Hz, NII), 9.14 (d,
J = 8.7 Hz, NII); 13C NMR (DMSO-dg) 22.22 (C(O)CHaj), 42.15 (CHjy), 62.86 (CH),
107.79 (2Cy), 119.19 (2Cy), 12R 76 (Cy), 127.01 (2Cg or 2C3’), 128.11(2Cq 0r 2C3),
138.34 (Cyv), 166.37 (C(O)NII), 169.41 (C(O)ClI3) ppm; mass spectrum, m/e (relative
intensity) 272 (M++1, 22), 271 (M+, 100).

Anal. Caled for Cy5t17N302:0.2 HoO: C, 65.53; H, 6.37; N, 156.28. TIFound: C,
65.80; 1, 6.22; N, 15.13.
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Example 110

Synthesis of 2-Acetamido-N-benzyl-2-(1-pyrazole)acetamnide. 1o a cooled (-78
°C) solution (250 mL) of 2-acetamido-N-benzyl-2-bromoacetamide (prepared from
2-acetamido-N-benzyl-2-ethoxyacetamide (3.60 g, 14.4 nm;xol) and BBrj .(1 M
CH2Cl2 solution, 15.8 mL, 15.8 mmaol)), 2a THF solution (20 mL) of E{3N (2.91 g, 28.8
mmel) was added, followed by the addiiion of THF solution (30 mL) of pyrazole
(1.17 g, 17.28 mmol). The mixture was stirred at -78 °C (30 min) and room
temperature (1 h). The insoluble materials were filtered and the solvents removed
in vacuo. The residue was purified by flash column chromatography on SiO4 gel
using 4% MeQH/CHCIl3 as the eluant to give 0.80 g (22%) of the desired product.
The compound X was recrystallized from EtOAc as a white solid: mp 158-160 °C;
R¢0.51 (6% MeOH/CHCly); IR (KBr) 3400, 3180, 1650, 1530, 1470, 1370, 1350, 740, 700
cm-1; 1H NMR (DMSO-dg) & 1.93 (s, C(O)CHg), 4.29 (4, J = 5.8 Hz, CH2), 6.26 (s,
C4H), 6.57 (4, J = 8.8 Hz, CH), 7.15-7.33 (m, 5§PhH), 7.48 (br s, CsH), 7.76 (br s, C3H),
8.96 (t, J = 5.8 Hz, NH), 9.23 (4, J = 8.8 Hz, NH); 13C NMR (DMSC-dg) 22.41
(C(O)CHa3), 42.40 (CHy), 65.51 (CH), 105.37 (C4), 126.87 (Cq'), 127.14 (2C4 or 2Cg),
128.25 (2Cg: or 2C3'), 129.00 (Cs), 138.59 (Cg), 139.17 (Cy), 165.68 (C(O)NH), 169.81
(C(O)CHj3) ppm; mass spectrum, m/e (relative intensity) 273 (M*++1, 11), 272 (M+,
2), 139 (83), 138 (100), 92 (37).

Anal. Caled for C14H6N409: C, 61.75; H, 5.92; N, 20.57. Found: C, 61.95;
H, 5.96; N, 20.28.
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Example 111

Synthesis of 2-Acetamido-N-benzyl-2-(1-imidazole)acetamide, Using the
preceeding procedure, 2-acetamido-N-benzyl-2-cthoxyacetamide (2.00 g, 8.0
mmol), BBrg (1 M CH3,Cl; selution, 8.8 mL, 8.8 mmol), EtgN (1.62 g, 1.60 mmol),
and imidazole (0.60 g, 8.8 mmol) gave 0.60 g (30%) of the desired product.
Compound X was recrystallized {rom ethyl acetate/hexane as a beige colored
solid: mp 146-148 °C; R; 0. (7% MeOH/CHCl3); IR (XBr) 3400 (br), 1640, 1560, 1480,
1360, 720, 670 cm-1; 11 NMR (DMSO-dg) 8 1.85 (s, C(O)CHy), 4.30 (br s, CIIg), 6.53
(d, J = 8.0 Hz, CH), 6.89 (s, CsII), 7.12-7.33 (1in, C4II, 5PhH), 7.69 (s, CoII), 9.06 (br s,
NII), 9.29 (d, J = 8.0 Hz, NH); 13C NMR (DMSO-dg) 22.28 (C(O)CHjy), 42.36 (CH2),
61.1é (CH), 117.56 (Cp), 126.92 (Cy4), 127.16 (2C2 or 2C3), 128.19 (Cy), 128.26 (2Cy or
2Cg4), 136.21 (Cg), 138.27 (Cyv), 165.72 (C(O)NH), 169.77 (C(O)CH3) ppm; mass
spectrum, I'D (relative intensity) 274 (M++2, 12), 273 M*+1, 77), 272 (100), 205 (34),
274 (18).

Anal. Caled for C14H16N4O2: C, 61.75; H, 5.92; N, 20.67. Found: C, 61.95;
H, 6.09; N, 20.32.
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Example 112

Synthesis of 2-Acetamido-N-benzyl-’2-( 1-(1,2,4-triazole))acetamide. Using 2
acetamido-N-benzyl-2-ethoxyacetamide (4.00 g, 16.0 mmol), BBr3 (1 M CH;Cl,
solution, 17.6 mL, 17.6 mmol), Et3N (4.85 g, 48.0 mmol), and 1,2,4-triazole (1..43 g,
20.8 mmol), 1.20 g (28%) of the desired product was obtained. Compound X was
recrystallized from EtOAc as an amorphous white solid: mp 146-148 °C; Ry 0.48
(6% MeOH/CHCI3); IR (KBr) 3400, 1660, 1470, 1370, 830 cm-1; 1H NMR (DMSO-dg) &
1.85 (s, C(O)CHy3g), 4.32 (br 8, CHy), 6.70 (d, J = 7.8 Hz, CH), 7.21-7.29 (m, 5PhH),
8.01 (s, C3H), 8.57 (s, CsH), 9.04 (br s, NH), 9.39 (d, J = 7.8 Hz, NH); 13C NMR
(DMSO0-dg) 22.39 (C(O)CH3y), 42.59 (CH3), 65.02 (CH), 126.97 (C4'), 127.25 (2C2 or
2C3), 128.32 (2Cq or 2C3'), 138.47 (Cy+), 143.93 (Cs), 151.50 (Cg), 164.77 (C(O)NH),
170.23 (C(O)CH3) ppm; mass spectrum, FD (relative intensity) 274 (M++1, 100), 273
(11), 205 (19), 204 (13), 140 (67), 139 (31).

Anal. Calced for Cy13H15N509: C, 5§7.13; H, 5.53; N, 25.63. Found: C, 57.37,
H, 5.66; N, 25.38.
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Example 113
Synthesis of 2-Acetamidao-N-benzyl-2-(1-tetrazole))acetamide. Making use of

2-acetamido-N-benzyl-2-ethoxyacetamide (3.00 g, 12.0 mmol), BBrg (1 M CH3Cly
solution, 13.2 mL, 13.2 mmol), EtzN (2.42 g, 24.0 mmol), and tetrazole (1.10 g; 15.6
mmol), 0.90 g (27%) of the desired product was obtained ;as a white solid. The
compound X was recrystallized from ELOH: mp 169-171 °C; Ry 0.22 (4%
MeOH/CHCI3); IR (KBr) 3300 (br), 1660, 1510, 1360, 870, 740 cm-1; YH NMR (DMSO-
dg) 8 1.97 (s, C(O)CH3), 4.25-4.40 (m, CHy), 7.05 (d, J = 8.4 Hz, CH), 7.21-7.38 (m,
5PhH), 9.23 (t, J = 5.5 Hz, NII), 9.44 (s, CsH1), 9.69 (d, J = 8.4 Hz, NII); 13C NMR
(DMSO-dg) 22.38 (C(O)CH3j), 42.78 (CHa), 63.62 (CH), 127.10 (C4v, 127.39 (2Cq or
2Cg'), 128.38 (2Cyo or 2Cg), 138.26 (Cy'), 143.67 (Cs), 163.88 (C(O)NIH), 170.62
(C(O)CH3a) ppm; mass spectrum, F'D (relative intensity) 275 (M*, 79), 273 (14), 206
(100), 205 (50).

Anal. Caled for C19H14NgOgq: C, 52.55; H, 5.15; N, 30.64. Tound: C, 52.75;
H, 5.33; N, 30.64.
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Example 114

Synthesis of a-Acetamido-N-benzyl-1-(dimethylsulfamoyl)imidazole-4-
acetamide, To a caoled (-78 °C) THF sofution (150 mL) of 2-acetamido-N-benzyl-2-
bromoacetamide (prepared from 2-acetamido-N-benzyl-2-ethoxyacetamide (2.00 g,
8.0 mmol} and BBr3 (1 M solution in CH2Clg, 9.0 mL, 9.0 mimol)) was added EtgN
(1.62 g, 16.0 mmol), and then a THF solution of the 2-lithio salt of N,N-
dimethylimidazole-1-sulfonamide (generated by the addition of n-Buli (2.5 M in
hexane, 3.9 mL, 9.68 mmol) into a cooled (-78 °C) THF solution (25 mL) of N,N-
dimethylimidazole-1-sulfonamide (1.54 g, 8.8 mmol)) was added during a 15 min
interval. The reaction mixture was stirred at this temperature (30 min) and then
at room temperature (45 min). A saturated aqueous NH4CI solution (50 mL) and
Ho0 (50 mL) were then sucessively added to the reaction, and the aqueous mixture
was extracted with EtOAc¢ (3 x 50 mL). The combined extracts were dried
(NasS0y), and the volatile materials were removed by distillation in vacuo. The
residue was purified by flash column chromatography on SiOg gel (4%
MeOH/CHCIl3) to give 2.50 g (17%) of the desired product: mp 145-147 °C
(recrystallized from EtOAc/hexane); Ry 0.35 (4% MeOH/CHCly); IR (KBr) 3400,
1640, 1530, 1380, 720 cm-1; 1H NMR (DMSO-dg) 8 1.96 (s, C(O)CHy), 2.77 (s,
N(CHg)e), 4.25 (dd, J = 6.0, 15.5 Hz, CHH), 4.34 (dd, J = 6.0, 15.5 Hz, CHH), 5.43 (d,
J = 8.0, Hz, CH), 7.19-7.30 (m, u £hI), 7.40 (s, CsH), 8.17 (s, CoH), 8.42 (d, J = 8.0
Hz, NH), 8.67 (t, J = 6.0 Hz, NH); 13C NMR (DMSO-dg) 22.42 (C(O)CH3), 37.80
(N(CHz)g), 42.11 (CHy), 51.40 (CH), 115.50 (Cp), 126.64 (C4'), 126.94 (2Co' or 2Cyg"),
128.12 (2C2' or 2C3"), 136.70 (C2), 139.17 (C1"), 140.26 (C4), 168.93 (C(O)NH), 169.09
(C(O)YCHj3) ppm; mass spectrum (FD) 380 (M+*+1, 34), 248 (13), 247 (100), 108 (64).

Anal. Caled for C1gH91N504S: C, 50.65; H, 5.58; N, 17.87. Found: C, 51.92;
H, 5.65; N, 18.09.
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Example 115

Synthesis of a-Acetamido-N-benzyl-<-imidazole acetamide. A 75% aqueous
EtOH (16 mL) solution of a-acetamido-l;l-benzyl-l-(N,N-dimethylsulfamido)imida-
zole-4-acetamide (0.85 g, 3.05 mmol) was acidified ("pH" ~1.5) with ethanolic HCI,
and the solution was heated to reflux (8 h). The reaclion was neutralized with a
saturated aqueous NaHCOj3 solution and the ELOH-H2O azeotrope removed by

distillation in vacuo. The remaining aqueous layer was made basic ("pH" 10)

with aqueous NaOH. The aqueous mixture was extracted with ELOAc¢ (3 x 50 L)
and the combined extracts were dried (Na3SO4). The reaction was concentrated in
vacuo to give 0.35 g (57%) of the desired product: mp 189-191 °C (d) (recrystallized
from acetone); R¢ 0.19 (10% MeOH/CHCl3); IR (IXBr) 3400, 3260, 1650, 1600, 1500,
1430, 1360, 1330, 730, 710 cm-1; 11 NMR (IMSO-dg) & 1.88 (5, C(O)CH3), 4.28(d, J =
5.9 Hg, ClIg), 5.38 (d, J = 6.8 Hz, CH), 5.38 (br s, CsH), 7.15-7.30 (m, 5 Phli), 7.60 (s,

CoH), 8.26 (br s, NII), 8.63 (br s, NH), 12.01 (br s, NH) ppm; mass spéctrum (FD)
273 (M++1).

Anal. Calcd for C14H1gN4Og: C, 61.75; H, 5§.92; N, 20.58. TFound: C, 61.59;
H, 5.98; N, 20.37.
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Example 116

Synthesis of ewrAcetamido-N-benzyl-2-imidazole acetamide.

Preparation of ]-diet}mxvmetﬁvl-Q-Jiﬁlﬁoimidazole. n-Buli (2.5 M in

hexane, 6.8 mL, 17.0 mmol) was added to a cooled (-46 °C) solution -of 1-
diethoxymethylimidazole (2.90 g, 17.06 mmol) in THF (45 mL) under N9 atm. The
solution was stirred at -46 °C (15 min) to-give the desired product.

P ion_of i yl-2-imidaz ide. The 2-lithio

salt solution of 1-diethoxymethylimidazole was added dropwise (15 min) into a

cooled (-78 °C) THT solution (130 mL) of 2-acetamido-N-benzyl-2-bromoacetamide
(prepared from 2-acetamido-N-benzyl-2-ethoxyacetamide (2.00 g, 8.0 mmol) and
BBr3 (1 M in CH5Clg, 10 mL, 10.0 mmol)). The reaction was stirred at -78 °C (1 h)
and then quenched with a saturated aqueous NH4C! (50 mL) solution. The
mixture was stirred at room temperature (30 min), and made basic ("pH" 9.2) by
adding aqueous K9COj3. The aqueous mixture was extracted with EtOAc (3 x 100
mL), and the combined extracts were dried (NaS0O4). The solvents were removed
in vacuo and the residue was purified by flash column chromatography on SiOg
gel (2.5% MeQH/CHCI3) to give 0.14 g (7T%) of the desired product: mp 228-230 °C
(recrystallized from ELOH); Rr 0.46 (10% MeOH/CHCIl3); IR (XBr) 3200 (br), 1610,
1500 (br), 1430, 1350, 740, 680 cm-1; 1TH NMR (DMSO-dg) 6 1.91 (s, C(O)CHg3), 4.29 (d,
J = 5.6 Hz, CHp), 5.51(d, J = 7.7 Hz, CII), 6.85 (br s, C4H), 7.05 (br s, CsH), 7.18-7.30
(m, 5 PhH), 8.42 (d, J = 7.7 Hz, NH), 8.65 (t, J = 5.6 Hz, NH), 11.91 (br s, NH), 13C
NMR (DMSO-dg) 22.49 (C(O)CHaj), 42.21 (CHg), 51.62 (CH), 126.6¢: (C4"), 126.98 (2C¢'
or 2C3"), 127.21 (Cy), 128.09 (2C2' or 2Cg"), 128.32 (Cg), 139.05 (C1"), 143.74 (C2),
168.12 (C(O)NH), 169.30 (C(O)CH3g) ppm; mass spectrum (FD) 273 (M++1, 65), 272
(M+, 100).

Anal. Caled for C14H16N409: C, 61.75; H, 5.92; N, 20.58. Found: C, 61.56;
H, 5,92; N, 20.37.
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Synthesis of a-Acetamido-N-bcnz_yl-S-(tetrazole)acctamide. A mixture of 2-
acelamido-N-benzyl-2-cyanoacetamide (1.00 g, 4.33 mmol), potassium azide (1.70
g, 20.96 mmol) and EtzN.-HCl (1.78 g, 13.0 mmol) in 1-methyl-2-pyrrolidinone (125
L) was stlirred at 110 °C (7 h). After cooling, aqueous cont.:entrat,ed HCI (1 mL)

was added, and the reaction mixture was filtered. The solvent was removed in

vacuo. The residue was dissolved in aqueous 1 N NaOH (20 mlL), and then

aqueous 1 N ICl (20 mL) was added. The precipitate was filtered to give 0.77 g
(65%) of the desired product. The compound X was recrystallized from EtOH: mp
236-238 °C; Ry 0.20 (30% MeOH/CHCI3); 1H NMR (DMSO-dg) 6 1.94 (s, C(O)CHyg),
4.33 (d, J = 5.7 Hz, CHlp), 5.89 (d, J = 7.8 Hz, CII), 7.18-7.33 (m, 5§ PhH), 8.86 (d, J =
7.8 Hz, NII), 8.92 (t, J = 5.7 Hz, NII), 16.54 (br s, NH); 13C NMR (DMSO0-dg) 22.21
(C(O)CH3), 42.37 (CHy), 48.13 (CI1), 126.67 (C4"), 127.00 (2C2' or 2C3'), 128.05 (2C2' or

2C3"), 138.52 (C1"), 166.18 (C(O)NH), 169.58 {(C(O)CH3) ppmn; mass spectrum, FFD
(relative intensity) 275 (M++1, 73), 274 (100).
C1oH14NgOe: 274.117824,

M, (+CI) 274.119201 (calcd for
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Example 118

Synthesis of a-Acetamido-N-b.enzyl-3-(1,2,4-triazole)acetamide. An
ethanolic solution (250 mL) of 2-acetamido-N-benzyl-2-cyanoacetamide (3.00 g, 13.0
mmol), formic hydrazide (1.60 g, 26.0 mmol) and K2COj3 (6.00 g, 2.90 mmol)- was
heated at reflux (zon). The reaction mixture was allowed to cool, filtered, and
the solvent was removed in vacuo. The residue was purified by flash column

chromatography on SiOp gel using 13% MeOH/CHCIl3 as the eluant to give 1.40 g

(40%) of the desired product. The compound X was purified by recrystallization

from EtOH: mp 205-207 °C; Rf 0.35 (16% MeOH/CHCI3); 1H NMR (DMSO0-dg) § 1.92
(s, C(O)CH3y), 4.30 (d, J = 5.7 Hz, CHp), §.62 (d, J = 7.8 Hz, CH), 7.18-7.32 (m, §
PhH), 8.53 (s, C5H), 8.56 (d, J = 7.8 Hz, NH), 8.71 (t, J = §.7 Hz, NH), 13.98 (s, NH);
13C NMR (DMSO0-dg) 22.48 (C(O)CH3), 42.41 (CHp), 51.30 (CH), 126.63 (C4"), 127.08
(2Cq' or 2C3'}, 128.11 (2C¢' or 2Cg'"), 139.05 (Cy1"), 167.92 (C(O)NH), 169.32 (C(O)CHj)
ppm; mass spectrum, I'D (relative intensity) 274 (M++1, 100), 273 (66).

Anal. Calcd for C13H15N509: C, 57.13; H, 5.53; N, 25.63. Found: C, 57.32;
H, 5,57, N, 25.53.
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Example 119

Synthesis of a-Acetamido-N-benzyl-2-(carboxamide oxime)acetamide. A
suspension of NHoOH-HCI (1.80 g, 25.9 mmol), KoCO3 (4.85 g, 35.0 mmol), 2-
acetamido-N-benzyl-2-cyanoacetamide (2.00 g, 8.65 mmol) in absolute ELOH (150

mL) was heated at reflux (16 h). The reaclion mixture waé cooled, filtered, and

concentrated under vacuum. The residue was purified by flash column

chromatography on SiOg gel using 8% MeOH/CHCI3 as the eluant to give 1.24 g

(54%) of the desired product. The compound X was further purified by

recrystallization {from ethyl acetate/hexane: mp 172-173 °C; Rr 0.40 (10%
MeOH/CHCl3); 1H NMR (DMSO-dg) & 1.87 (s, C(O)CHg), 4.27 (d, J = 6.0 Hz, CHjy),
488(d,J =8.4 Hz, CIH), 5.37 (8, NH2), 7.21-7.30 (m, 5 PhXl), 8.21 (d, J = 8.4 Hz, NH),

'8.48 (t, J = 6.0 Hz, NII), 9.28 (5, OH); 13C NMR (DMSO-dg) 22.46 (C(O)CH3), 42.15

(CHjy), 53.65 (CH), 126.60 (C4", 126.99 (2C2' or 2C3"), 128.108 (2C32" or 2C3'"), 139.02
(C1Y), 149.63 (CNHy), 167.88 (C(O)NH), 169.07 (C(O)CH3) ppm; mass spectrum, I'D
(relative intensity) 265 (M++1, 36), 264 (100).

Anal. Caled for C19H6N40O3: C, 54.54; H, 6.10; N, 21.20. Found: C, 54.81;
H,6.01; N, 21 41.
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Example 120

Synthesis of a~Acetamido-N-benzyl-2-(carboxamide oxime-(O-acetate))-
acetamide. To a stirred solution of a-acetamido-N-benzyl-2-(carboxamide
oxime)acetamide (0.72 g, 7.25 mmol) in pyridine (8 mL), acetyl chloride (0.25 ml,
X mmol) was added dropwise. Upon addition of the acety! chloride a small
exotherm was detected (25 °C to 37 °C). The reaction mixture was stirred at room
temperature (1 h). The solvent was then removed in vacuo, and the residue was
dissolved in CH5Cly (100 ml). The solution was washed with an aqueous 0.5 N
HCI solution (20 mL). The organic phase was dried (NasSQy4), and the solvent was
removed in vacuo to give 0.60 g (72%) of the desired product. The compound X was
recrystallized from chleroform/hexane: mp 131-133 °C; Rf 0.35 (4%
MeQOH/CHCl3); 1H NMR (DMSOQ-dg) 8 1.90 (s, C(O)YCHg), 2.06 (s, OC(O)CH3g), 4.29 (t,
J =53 Hz, CHy), 5.00 (d, J = 8.4 Hz, CH), 6.48 (br s, NHj), 7.19-7.33 (m, 5 PhH), 8.29
(d, J = 8.4 Hz, NH), 8.66 (t, J = 5.3 Hz, NH); 13C NMR (DMSO-ds) 19.86 (OC(O)CH3y),
22.77 (C(O)CH3g), 42.50 (CHy), 53.45 (CH), 126.89 (C4'), 127.28 (2C2' or 2Cg'), 128.38
(2C2' or 2C3"), 139.00 (Cy"), 156.13 (CNH?), 167.19 (C(O)NH), 168.49 (OC(O)CH3y),
169.55 (C(O)CH3) ppm; mass spectrum, FD (relative intensity) 307 (Mt+1, 100), 306
(43).

Anal. Calcd for C14H 8N404: C, 54.89; H, 5.92; N, 18.29. Found: 7, 54.86;
H, 5.84; N, 18.19.
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Example 121

Synthesis of a-Acetamido-N-benzyl-3-(1,2,4-oxadiazole)acetamide. a-
Acetamido-N-benzyl-2-(carboxamide oxime)acetamide (0.90 g, 3.4 mmol) was
dissolved in trimethylorthoformate (10 mL) containing BF3-Et20 (G drops). The
solution was warmed to 55 °C (20 min), and then evaporated under reduced
pressure to give a white-blue solid.- Tile material was dissolved in MeOH and
treated with norit, filtered, and evaporated under reduced pressure to furnish
crude product (0.79 g, 85%). The compound was purilied by recrystallization from
chloroform/hexane: mp 164-166 °C; R¢ 0.37 (6% MeOQON/CHCl3); 1H NMR (DMSO-
dg) 6 1.92 (8, C(O)CH ), 4.31 (d, J = 6.0 Hz, CII2), 5.82 (d, J = 8.4 Hz, CII), 7.15-7.34
(m, 5 PhII), 8.88 (d, J = 8.4 Hz, NII), 8.96 (1, J = 6.0 Hz, NII), 9.62 (s, C5H); 13C NMR
(DMSO-dg) 22.22 (C(O)CHy), 42.35 (CIg), 49.44 (CH), 126.77 (C4"), 127.06 (2Cy' or
2Cg"), 128.18 (2C2' or 2C3"), 138.70 (C1"), 166.25 (C(O)NH), 166.74 (C3), 167.24
(C(O)CHg), 169.52 (C5, CH) ppm; mass spectrum, D (relative inlensity) 275
(M+*+1, 28), 274 (100).

Anal, Calcd for C13H14N403: C, 56.93; H, 5.14; N, 20.43. Found: C, 56.65;
H, 5.01; N, 20.28. |
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Example 122

Synthesis of a-Acetamido-N-benzyl-2-(thioamide)acetamide. 2-Acetamido-
N-benzyl-2-cyanoacetamide (4.00 g, 34.64 mmol) and O,0-diethyldithiophosphoric
acid (6.45 g, 34.64 mmol) were dissolved in a binary MeOH (80 mL)-EtOH (80 mL)
solution containing 1190 (0.3< ml) ax-md heated at 70 °C (6 h).land then allowed to
remain at room temperature (13 h). The reaction mixture was filtered, and the
solvent was removed in vacuo. The residue was triturated with EtOAc o give 2.00
g (44%) of the desired compound. The thicamide was recrystallized from ethyl
acetate/hexane: mp.170-171 °C; R¢ 0.51 (8% MeOII/CHCl3); TH NMR (DMSO0-dg) §
1.93 (s, C(O)CHg), 4.29 (d, J = 5.0 Hz, CIIy), 5.21 (d, J = 8.0 Hz, CII), 7.15-7.31 (m, 5
PhH), 8.03 (d, J = 8.0 Hz, NH), 8.69 (t, J = 5.0 Hz, NII), 9.27 (s, NHH"), 9.91 (s,
NHI"); 13C NMR (DMSO0-dg) 22.68 (C(O)CH3), 42.24 (CHjy), 62.95 (CH), 126.63 (C4"),
126.96 (2C2' or 2C3'), 128.087 (2C2' or 2Cg'), 138.83 (Cy'), 166.42 (C(O)NH), 169.10
(C(O)CH3), 200.28 (C(S)NHj9) ppm; mass spectrum, FD (relative intensity) 266
(M++1, 42), 265 (100).

Anal. Caled for C1o0H15N305S: C, 54.32; H, 5.70; N, 15.84. Found: C, 54.44;
H, 5.74; N, 15.54.
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Example 123

Synthesis of Lthyl 2-Acetamido-2-vinylacetate. Vinyl magnesium bromide
(10.9 mL, 1 N, 10.9 mmol) was slowly added to a cooled (-78 °C) solution of ethyl 2-
acctamido-2-bromoacetate (1.10 g, 4.91 mmol) in THF (60 mL). The reaction was
stirred at -78 °C (2 h), and was then quenched with a 1 N cit;'ic acid solution (7.0
mL). The mixture was allowed to warm to room temperature, and then the THF
was removed in vacuo. The aqueous mixture was extracted with CHCl3 (3 x 100
mL), and the combined CHClj3 extracts were dried (Na3S04) and concentrated to
dryness. The residue was purified by flash chromatography using SiO gel and
2% MeOH/CHCI3 as the eluant to give 0.50 g (60%) of the desired product as a light
yellow colored oil: R¢ 0.51 (4% MeOH/CHCl3); 1H NMR (DMS0-dg) § 1.17 (t,J=17.1
Hz, OCH2CH3y), 1.88 (s, C(O)CHg), 4.09 (d, J = 7.1 Hz, OCH2CHj3), 4.80-4.86 (m, a-
CH), 5.22-5.35 (m, CH=CH3), 5.82-5.92 (m, CH=CHy), 8.47 (d, J = 7.4 Hz, NH); 13C
NMR (DMSO-dg) 13.96 (OCH2CH3), 22.12 (C(O)CHy), 54.65 («-CH), 60.71

(OCH2CHj3), 117.89 (CH=CHy), 132.48 (CH=CHy), 169.16 (C(O)CH3), 170.26
(C(O)NH) ppm.
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Example 124

Synthesis of Vinyl QGlycine. A mi_xture of ethyl 2-acetamido-2-vinyl acelate
(5.20 g, 30.40 nmunol) and aqueous 6 N IIC] (200 mL) was heated to refllux (2 hh). The
mixture was cooled to room temperature, and then extracted with CHCl3 (3 ;c 100
mL). The aqueous solution which was dark brown in color was decolorized with
norit (15 min) at 60 °C, and then the mixture was filtered, and the filtrate was
concentrated to dryness to give z:ude vinyl glycine hydrochloride. The salt was
dissolved in a minimum amount of HoO and acidified to pH 2.0 with aqueous 1 N
HCl. The solution was applied to an ion exchange resin (Dowex 50XW4,
ammonium form) and eluted with HoO until the eluate was neutral. The ion
exchange column was then eluted with an aqueous 1 N NH4OH solution (~500
mlL). Removal of volatile materials from the NI{4OH eulate gave 1.80 g (60%) of
vinyl glycine: mp 218-220 °C (d); 111 NMR (D20) § 4.09 (d, J = 7.2 Hz, «-CI1), 5.28-
5.35 (m, CH=C}y) 5.80-5.87 (m, CH=CHjy).
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Example 125

Synthesis of 2-Acetamido-2-vinylacetic acid. Acetic anhydride (2.50 g, 24.50
mmol) was added slowly into a cooled (-16 °C) solution of vinyl glycine (2.20 g, 21.78
mmol) in AcOH (100 mL). The mixture was stirred at this temperature (30 min)
and then at room temperature (3 h). The solution was concentrated repeatedly
from H9O. The residue was dissolved in abscolute EtOH (200 mL) and then
decolorized (norit, 60 °C), and filtered. The filtrate was concentrated in vacuo,
and the residue was triturated with Et20 to give 1.70 g (558%) of the desired product
as a low melting yellow solid: 1H NMR (DMSO-dg) 5 1.87 (s, C(OYCHg), 4.75 (dd, J =

6.2,7.5 HZ, CI'CH), 5.13-5.27 (m, CH:CI’Iz). R.84-5.98 (m' CH=CH2)’ 8.24 (d, J=175
dz, NH).
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Example 126

Synthesis of 2-Acetamido-N-benzyl-2.vinylucetamide. 4-Mcethyl morphioline
(0.71 g, 6.99 mmol) was added to a susﬁension of 2-acetamido-2-vinylacetic acid
(1.00 g, 6.99 mmol) in TIF (325 mL), and the wmixture was stirred at room

temperature (30 min). The reaction was cooled to -10 fo -15 °C and then

isobutylchloroformate (1.24 g, 9.08 mmol) was then added dropwise. After
gtirring (10 min), a solution of benzylamine (0.75 g, 6.99 mmol) in THF (25 mL)
was added (15 min). The reaction mixture was allowed to warm to 0 °C. The
insoluble material was filtered. The filtrate was concentrated in vacuo, and the
residue was purified by flash column chromatography on SiOj gel using 3%
MeOH/CHCI3 as the eluant to give 1.00 g (62%) of the desired product: mp 136-138
°C (recrystallized from EtOAc); B¢ 0.24 (3% MeOH/CHCI3); 1H NMR (DMSO-dg) &
1.88 (s, C(O)CII3), 4.27 (d, J = 5.6 Hz, ClIg), 1.89-4.94 (dd, J = 6.4, 7.8 Hz, «-CH),
5.13-5.30 (m, -CH=CIIy), 5.81-5.93 (m, -CII=CHy), 7.20-7.33 (m, 5 PhIl), 8.27(d, J =
7.8 Hz, NII), 8.68 (L, J = 5.6 Iz, NII); 13C NMR (DMSO-dg) 22.47 (C(O)CH3), 42.05
(CHa), 55.24 (a-CH), 116.44 (CH=CHaj), 126.74 (C4"), 127.05 (2C3' or 2C3"), 128.24

(2Cq' or 2C3'"), 134.76 (CH=CHy), 139.25 (C1"), 168.78 (C(O)CHj3), 168.99 (C(O)NH)
PPIO.
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Example 127

Synthesis of 2-Acetamido-N-benzyl-2-epoxyacetamide. A solution of 2-
acetamido-N-benzyl-2-vinylacetamide (1.00 g, 4.31 mmol) and m-chloroperoxy-
benzoic acid (1.76 g, 55%, 5.60 mmol) in dichloromethane (100 mL) was stirred at

room temperature (24 h), and then heated at reflux (3 h). The reaction solution
was treated with a saturated aquedus'NaQSO;; solution (20 mL) and then the
organic layer was extracted with a saturated aqueous NaHCO3 solution (3 x 50
mL). The organic layer was washed with a saturated aqueous NaCl solution and
dried (NagSQ4). The CH9Cly was removed in vacuo, and the residue was then
purified by flash column chromatography on SiO3 gel using 4% MeOH/EtOAc as
the eluant to give 0.35 g (33%) of the desired product: mp °C (recrystallized from
EtOAc), Ry 0.48 (5% MeOH/CHCIl3); *H NMR (DMSO-dg) 6 1.87 (s, C(O)CH3), 2.66
(dd, J = 2.5, 5.0 Hz, CH(O)CHH), 2.75 (dd, J = 4.3, 5.0 Hz, CH(O)CHH), 3.20 (m,
CH(O)CHH), 4.25-4.32 (m, o-CH, CHp), 7.21-7.34 (m, 5 PhH), 8.30 (d, J = 8.1 Hz,
NH), 8.59 (t, J = 5.8 Hz, NH); 13C NMR (DMSO-dg) 22.18 (C(O)CH3), 41.99 (CHy),
43.91 (CH(O)CHy), 51.30 (CH(O)CH3y), 53.80 (a-CH), 126.49 (C4'"), 126.83 (2C2' or
2C3'), 127.98 (2C2' or 2C3'), 138.86 (Cy"), 168.52 (C(O)NH), 169.24 (C(O)XCH3) ppm. -
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Example 128

Synthesis of Potassium 2-Acctamida-N-benzylacetamide-2-sulfonate. A
solution of 2-acetamido-N-benzyl-2-(trimethylammonium)acetamide tetrafluoro-
borate (0.30 g, 0.85 mmol) and KK2S03 (0.68 g, 4.26 mmol)‘in H,0 (7.0 mL) was
heated at 50-55 °C (4 h). The solution was evaporated Lo dryness, and the residue
wags extracted with hot MeOH (3 x 10 xﬁL). The MeOH was removed in vacuo to
give a white solid (~30 mg): 1H NMR (D20) & 1.97 (s, C(O)CI1Ig), 4.33 (CH3), 5.45
(CII), 7.19-7.28 (m, 5 PhlII); 13C NMR (D20) 22.00 (C(O)CH3), 43.41 (CH3s), 67.77

(CH), 127.18 (2C2' or 2Cg'"), 127.53 (C4'), 128.83 (2C2' or 2C3g'), 137.58 (Cy"), 166.02
(C(O)NH), 173.65 (C(O)CHa) ppm.
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Example 129

Synthesis of Lthyl Z»Acetamido-f!-penteuoic acid ester. Allyltrimethyl-
silane (4.09 g, 31.40 mmol) was added to a stirred solution of ethyl 2-acetamido-2-
bromoacetate (1.76 g, '7.86 mmol) in dry THTF (©0 mL). After stirring (5§ min), an
ethereal solution of ZnCls (1 N, 12.2 mlL, 12.2 mmol) was ad‘ded and the stirnng
was continued (70 h). The THF was rémoved by distillation in vacuo and the
residue that remained was treated with HoO (560 mL). The aqueous mixture was
extracted with CH,Cls (3 x 75 mL), the combined extract was dried (Na2SO4) and
concentrated to give 1.40 g (97%) of the desired product. The ester was purified by
distillation in vacuo (65-70 °C, 0.3-0.8 torr) to give the desired product as a colorless
oil: R¢0.35 (3% MeOH/CHCI3); 1H NMR (CDCl3) & 1.25 (t, J = 6.8 Hz, OCH2CHjy),
1.99 (s, C(O)CH3), 2.44-2.60 (m, CIIoCH=CH3), 4.17 (g, J = 6.8 Hz, OCH2CHjy), 4.60-
4.66 (m, CH), 5.07-5.11 (m, CH,CH=CH3), 5.59-5.70 (m, CHCH=CH3), 6.15 (br s,
NH); 13C NMR (CDCl3) 14.09 (OCH2CHy3), 23.00 (C(O)CHz), 36.46 (CH2CH=CH3),
51.58 (CH), 61.39 (OCH2CHa), 118.95 (CH,CH=CHy>), 132.15 (CH2CH=CHy), 169.84
(C(O)CH3), 171.74 (C(O)OCHCH3) ppm: mass spectrum, m/e {relative intensity)
186 (M+*+1, 2), 144 (19), 126 (7), 112 (31), 102 (73), 87 (18), 71 (100), 7G (89). °



-191~

WO 92/21648 PCT/US92/04687

10

15

20

25

30

35

Example 130

Synthesis of 2-Acetamido-4-pentenoic acid. Ethyl 2-acetamido-4-pentenoic
acid ester (1.20 g, 6.50 mmol) was dissoivcd in 90:5 EtOH:H20 (40 mL), and- then
KOIH (1.50 g, 26.80 mmol) was added and the resulting solution stirred at room
temperature (48 h). The reaction was concentrated in vacuo and the residue
diluted with ¥20 (15 mL) and then washed with Ets0 (2 x 30 mL). The aqueous
layer was then made acidic with 8.5% H3PO4 and extracted with ELOAc (3 x 75
mlL). The combined organic layers were dried (Na2SO4), and evaporated in vacuo
to give 0.56 g (55%) of the desired product: mp 113-115 °C (recrystallized from
EtOAc); 1H NMR (DMSO-dg) 8 2.00 (C(O)C11g), 2.43-2.65 (mn, CII2CH=CHy), 4.36-
4.43 (m, CH), 5.19-5.30 (m, CH,CH=CHy), 5.84-5.98 (m, CH,CH=CH3), 8.29(d, J =
7.7 Hz, NII), 12.78 (br 5, OH); 13C NMR (DMSO0-dg) 22.35 (C(O)CH3), 35.44
(CH2CH=CHy), 51.68 (CH), 117.70 (CHaCH=CHy), 134.07 (CH2CH=CHy), 169.27
(C(O)CIi3), 173.11 (CO3sH) ppm; mass spectrum, m/e (relative intensity) 158 (M++1,
2), 139 (6), 116 (20), 112 (8), 74 (73), 70 (47), 42 (100).

Anal. Caled for C7H;1NO3: C, 53.50; H, 7.06; N, 8.91. Found: C, 53.64; H,
7.15; N, 8.82.
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Example 131

Synthesis of 2-Acetamido-4-pentenoic acid-N-benzylamicde. 4-Methylmor-
pholine (0.55 g, 5.40 mmol) was added t.o a cooled (-10 to -15 °C) THF solution (&0
ml) of 2-acetamido-4-pentenoic acid (0.81 g, 5.18 mmol), and then isobutylcl.xloro-
formate (0.75 g. 5.70 mmol) was added leading to the precipitation of a white solid.
After 2 min, a solution of benzylamine (0.61 g, 5.70 mmol) in THI (10 mL) was
slowly added at -10 to -15 °C. The reaction was allowed to warm (5 min) at room
temperature and the insoluble salts were removed by filteration, and the filtrate
was evaporated to dryness. The residue was triturated with EtOAc (10 mL), and
the remaining white solid was filtered to give 0.81 g (64%) of the desired product:
mp 118-120 °C (recrystallized from ethyl acetate/cyclohexane); R 0.36 (4%
MeOH/CHCI3); IR (IBr) 3200 (br), 3040, 2900, 1650 (br), 1540 (br), 1350, 750, 700
cm-1; I1H NMR (DMSO-dg) & 1.83 (s, C(O)CH3), 2.22-2.49 (xa, CH2CH=CHy), 4.26 (d,
J = 5.3 Hz, CH2Ph), 4.25-4.33 (m, CH), 4.99-5.09 (m, CH2CH=CHy), 5.65-5.77 (m,
CH2CH=CHy), 7.21-7.29 (m, 5 PhH), 8.05 (d, J = 7.6 Hz, NH), 8.46 (br s, NH); 13C
NMR (DMSO-dg) 22.41 (C(O)CH3y), 36.24 (CHo,CH=CHy»), 41.91 (CH2Ph), 52.20 (CH),
117.15 (CH2CH=CHy), 126.54 (C4"), 126.99 (2C2' or 2C3"), 128.04 (2C2' or 2C3"), 139.22
(C1"), 134.25 (CHoCH=CHgj, 169.02 (C(O)CHj), 170.96 (C(O)NH) ppm; mass
spectrum, m/e (relative intensity) 246 (M+, 4), 205 (4), 163 (15), 140 (8), 106 (33), 91
(77), 70 (100).

Anal. Caled for C;4H1gN20s: C, 68.27; H, 7.37; N, 11.37. Found: C, 68.55;
H,7.31;N, 1148, |



WO 92/21648 -193- PCT/US92/04687

Example 132

1 Using the procedures described herein, the
following compounds can also be synthesized:
a~acetamido-N-benzyl-2-(2-oxazole)~acetamide
a-acetamido-N-benzyl-2-(2-thiazole)-acetamide.
5
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X Pharmacology. Using male Carworth Farms #1 mice,

compounds of the present invention were tested for anti-

convulsant activity according to the following procedure:
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In the rotorod test, the animal was placed on a
one-inch diameter knurled plastic rod rotating

at & rpm after the administration of the drug. Normal

mice can remain on a rod rotating at this speed indefinitely.
Neuroloegic toxicity was defined as the failure of the

animal to remain on the rod for one minute. 1In the
horizontal screen test, previously trained mice were

dosed with the compound and placed individually on

top of a square (13 cm ¥ 13 cm) wire screen {(no. 4

mesh) which was mounted on a metal rod. The rod was

rotated 180°, and the number of mice that returned

to the top of the screen was determined. Inability
to climb to the top within one minute was defined as

"'neurological impairment". This procedure .is described

in Pharmacol. Biochem. Behav. 6, 351-353 (1977) and

is incorporated herein by reference with the same force
and effect as if fully set forth herein.

The dose effect behavior of the compounds was evaluated using

the above-described procedures by the administration
of varving dose levels,
at each dose.

treating normally eight mice

Table I includes an evaluation of the

Median Effective Dose (EDS0) and the lMedian Toxic Dose

(TDS0) of representative compounds. Mice were tested

with varying doses © the anticonvulsant to define
the limits of complete protection (or toxicity) and

no protection (or no toxicity}, as well as three points

The Hedian Effective Dose
(ED50) was defined as the dose which produced the desired
endpoint in 50% of the animals.

in between these limits.

The Median Toxicity
Dosc (TD50F was the dose which elicited evidence of
minimal neuré&logical toxicity in 50% of the animals.
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More specifically, data tabulated in Table 1 were
generated as follows:

The compound was given in various dose levels (i.e.,
10, 30, 100, 300 mg) and subseqguently compared with phenytoin,

‘phenobarbital, mephenytoin and phecnacemide (See Table I).

ﬂ~Acetyl-D,L~alaninc-N‘—benzylamide was tested at 600 mg/mL as
well. Seizures were then artifically induced by either
electroschock or pentylenetetrazole. Maximal electroshock
seizures {MES) were elicited with a 60 cycle alternating
current of 50mA intenstiy (5-7 times that necessary to elicit

minimal electroshock seizures) delivered for 0.2 sec via

corneal electrodes. A drop of 0.9% saline was instilled in the

eye prior to application of the electrodes so as to prevent the

death of the animal. Protection in this test was defined as

the abolition of the hind limb tonic extension component of the
seizure. The Subcutaneous Pentylenetetrazole (MetrazolR)
Seizure Threshold Test (sc Met}) entailed the administration of
85 mg/kyg of pentylenetetrazole as a 0.5% solution

subc 1tanecusly in the posterior midline. This amount of

pentylenetetrazole was expected to produce seizures in greater

than 95% of mice. The animal was observed for 30 minutes.

Protection was defined as a failure to observe even a threshold
seizure (& single episode of cleonic spasms of at least 5 sec

duration). The results of these tests are tabuiated in Table
I.
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TABLE I
re—————————

Comparative HMedian El{fective Dosacé

Tox% MES

sc Met

Compound TDS50 ma/kg EDSO ma/)kg EDSO ma/kg

'N-dcetyl—D,L-alanine-

N'-benzylamide 454 77 #
{417-501) * {67-89)*

N-acetyl-D~-alanine-

R'-benzylamide 214 55 55
{148~262) % {50-60)* (43~67)*

N-acetyl-L-alanine-

N'-=benzylamide 841 548 #
(691~594)* (463-741)*

N-acetyl-D, I~

phenylglycine-N'"-

‘benzylamide >> 40 32.1 #

N-acetyl-D-phenyl~

glycine-N'-benzyl-

amide >»>80 26.4 #

N-acetyl~L-phenyl-

glycine-tl'-benzyl-

amide ' 100-300 > 300 #

D,L- s.—acetamido-N-

benzyl-3-thiophene-

‘acetamide - >100 87.80 #

D,L- &-acetamido=-N-

benzyl-2-thiophene-

acetamide 30-100 44.80 #

D,L-cd-acetamido-N~-

benzyl-2-£furan-

acetamide 40 10.33 #

D,L~- dt-acetamido-li-

benzyl-2-pyrrole-

acctamide < 100 16.10 #
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TADBLE T - cont'd.

Comnarative Median Effective Dosaage

Tox IMES sc lMet
Compound TDS50 ma/kg

ED50 ma/kg EDS0O ma/kg

D.L-2-acetamido—g—
benzyl—Z-cthoxy—

acetamide >112 62.01 #

D,L-2-2ecetamido~N-

benzyl-2-methony=

.acetamide £300 8g.30 #

(D.L)-;x../\—&ctamido-N-

benzyl-2-(5-methylfuran) - #
: 75.45%X 19.2

acetamide (16.4-23.8)°

{(D.L)-a-Acetamido-N-

gcéggéfélécnzofuram - 100<200°X 5100<300 #

(D.L)fbl\cctamido-}N—

henzyl-2-benzo{bl-thio- =

1')>hcnbézaccuunjdc:L >100<200%% >100<300

(D,L)-a-Acetamido-N-
benzyl-2-(5-methyipyrrole) 365 #
acctamide—. ‘ X (30.G-57.1)*

(D.L)-a-Acetamido-1N-(2-
fluorebenzyl)-2-furan- 40.0 2
acctamide X .

(D.LYa-Acetamido-N-(3
fivorobenzyl)-2- - 135.6 :
a?:zfaom?g;mzmmn {114.9-161.8)¥X 133 *

(11.5-15.3)*
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2-acetamido-N-benzyl-2-
amingacetamide

2-acetamido-N-benzyl=-2-
{l1-Pyrrolyl) acetamide

2-acetamido-~N-benzyl-2-
{(l-imidazo yl) acetamide

2-acetamido-N-benzyl-2-

(N.N-dimethylamino)aceiamide

2-acetamido-N-benzyl-2-
{4-morpholine)acetamide

2-acetamido-N-benzyl-2-
(N.N.N-trimethylammaonium)
acetamide tetrafiuoroborate

2-azeiamido-N-benzyl-2-
(N-anilino)acetamide

2-acetamido-N-benzyl-2-
(N-(3-pyrazolylamino))
acetamide

2.2-diacetamido-N-benzyl-
acetamide

2-acetamido-N-henzyl-2-
tritfluoroacetamidoacetamide

2-acetamido-N-benzyl-2-
(N-hydroxyamino)acetamide

2-acetamido-N-benzyl-2-
(N-methoxyamino)acetamide

2-acetamido-N-benzyl-2-
{N-(N-methylhydroxyamino))
acetamide

2-acetamido-N-benzyl-2-
{N-(N,O-dimethylhydroxy-
aminojacetamide

2-acetamido-N-benzyl-2-
(N-isoxazolidino)acetamide

PCT/US92/04687

-199=-
Tox MES scMet
TD 50 mg/kg ED 50 mg/kg ED 50 mg/kg
T 65.1 3
(56.2-75.3)

¥ 80.2 L4

% >100 $

T 45.3 ¥

% >30, <100 ¥

¥ >100 %

¥ >300 ¥

T ~100 F

) $ >100, <300 $

* >300 ¥

ki ~100 %
46.0%x 6.2 %
(38.0-56.0) (5.4-7.2)

T ~30 %
50.5%x 6.7 +
(40.4-59.9) (5.7-7.7)

¥ 31.4 $

(26.7-37.8)
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Other results from tne pharmacological protocols
are summarized in Tables II, TIII and IV.
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[-3

5 HE00800

o]

=
ob
—

CHj

H

furanacelamide (2)-Derivalives.d

i
CHRCNH — C —
CHjyCglis o
CHaCgHs 0
CHaCgHsg 0
CH2CgHs S
CHaCgHs S
N
O
N/

Mice lor a-Acetamido-N-benzyl-2-

158161

130132

~h

7880

99101

172174

168-170

3161

210212

517
{44.4-59.9)

13:2):]
{78.4-103.4)
>300
184
(15920
>100

~30

>100

~30

>100
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Table Il continued

1 .
11 7\ H NHNH—@ 0 0 8 100 £ -
T A :
2 7\ H CHf~<:>~F 0 O 18190 127 144 13
_[:) (10.4-15.1) »  {123.171)
5 (Ar12 7\ H CH:—@-F O O 205207 35 14.4 41
—[;) : (2.9-4.¢} (7.3-28.9)
(H)-il —@ H CHz"@"CHJ ¢ O 21p22 <10 £ -
o)
()14 [/ \) H cu,—-@-ca 4] O 193195 >10,<30 £ -
o)
10 phenytoin ! 95 5.5 89

(8.1-10.2) (525-72.1)
phenobarbual t

218 £9.04 32
(15.0-22.5) (62.8-72.9)
valproaie £ 2R 426 1. 16
(247-338) (369-450)
15
aThe compounds were administered intraperitoneally. EDsp and TDsgg values are in milligrams per kjibgra.n. Numbets
in parentheses are 95%. confidence intervais, Time of peak effects in hours as delermined in the Experimental Section is
denoted in brackats. bMéning poinis (°C) .are uncorrected. ©MES = maximal electroshock seizure test. Compound was
suspended in 30% PEG. dT0x = neurplogic Yoxicity determined from horizontal screen ynless otherwise noled. BPl e
protective index (TO50/EDs5p). £ Not determined. NThick oil.
20
25
30
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1 Table 111 Selected Physical and Pharmacological Data in Mice tor N-Substituted a.a-Diamino Acid
Derivatives.d ‘
e
CH,CNH — CH — CNHCH,Ph .
5 MESC toxd
no R? . mpb EDsp TOs¢
& NHC{O}CH, 202-204 >30,<100 ]
2f NHC{0D)OPh 201-203 >100 e
10
.o} NHC((HNHCH; 2289-230 >100 ]
a NHC({OINHPh 242.244 >100 e
a NHC{O}NHS(0,)Ph 188-194 100 e
15
a NHC({S)NKCH3 162-183 >100 @
2k NHC{S)NHPh 196-197 >100 )
2 NHC(0)Ph{2'-CO2H) 186-188 >100 e
20 o
an N));' 181-183 >100 8
o]
21 NHC{O)CHaNHC(O)OCHPh- 177173 >10,<30 &
25 s} NHCH,C(O)OCH,CH; 125127 >100 e
20 NHCHC{O)yOCH,Ph 133-135 72 74
30

)
(o]
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phenytoin

phenobarbital

valproate

-206-

Table II1 continued

+ .
NH2CH,CO; 124-126

95
{8.1-10.4)

218
(15.0225)

n
(247-338)

PCT/US92/04687

65.5¢
(525.72.1)

69.0¢
(628-729)

426t
(369-450)

3The compounds wera administered Inraperiloneally. EDs5g and TDs5q values are In milligrams per kilogram. Numbers
In parentheses are 95% conlicence intarvals. Time ol peak eflecls In hours as delermined in the Experimental Seclion is
denoted In brackets. bMelling points (°C) are uncorrectad. CMES « maximal electroshock selzure test. Compound was

suspended In 30% PEG unless otharwise noted.

otherwise noted. ®Not determined. £ Neurologic loxicity datarmined using the rotorod test.

OTox naurologlc loxicity determined irom hotizontal screen unless
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Table IV Pharmacological Data in Mice for a-Acetamido-N-

Benzyl-2~Heterocyclic Derivatives
[¢] H
i
CHy -~ C - N - CH - C - NHCH,

) .

Ra
MES™ tox*
Ra__ —EDao__ —TDao__

éﬁ:§ ‘ 80.2
:é~§, 16.5 66.9

T (55.6-81.1)

>100 --
]
-
\N
SNe 30, <100 --
)
f
J‘W”502NM22
uja> 5100 --
N -
L 5100 >100
r=\
N\(N“
: >100 --
=N
N\'\R}m

>100 --

® MES = maximal electroshock seizure test. Compound
was suspended in 10% PEG.

® TOX = neurologic toxicity determined from
horizontal screen unless otherwise noted.
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1 wHAT IS CLAIMED IS:
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1. A compound of the formula
Fz
R-NH(C-CNH),, C-R, (1)
I | |
Q Ry A .

or the N-oxide thereof or pharmaceutically
acceptable salts thereof wherein

R is aryl, aryl lower alkyl, heterocyclic or
heterocyclic lower alkyl, cyclcocalkyl, lower cycloalkyl,
lower alkyl, wherein R is unsubstituted or is substituted
with at least one electron withdrawing group or an electron
donating group;

R, 1is hydrogen or lower alkyl, lower alkenyl,
lower alkynyl, aryl lower alkyl, aryl, heterocyclic lower
alkyl, heterocyclic lower cycleoalkyl, lower cylcoalkyl,
lower alkyl, and R, is unsubstituted or substituted with at
least one electron withdrawing substituent or at least one
electron donating substituent;

R. and R, are independently hydrogen, lower
alkenyl, lower alkynyl, heterocyclic, heterocyclic lower
alkyl, lower alkyl heterocyclic, lower cycloalkyl, lower
cycloalkyl lower alkyl, SO~ or 2-Y wherein R; and R, may
be unsubstituted or substituted with at least one electron
withdrawing group or electron donating group;

2 is 0, S(0Oy., NR,, PR,, mercaptoalkyl,
alkylthio; or a chemical bond;

¥ is hydrogen, lower alkyl, aryl, aryl lower
alkyl, lower alkenyl, lower alkynyl, halo, heterocyclic or
heterocyclic lower alkyl, c¢ycloalkyl, cycloalkyl lower
alkyl and Y may be unsubstituted or substituted with an
electron donating group or an electron withdrawing group
provided that Z is a chemical bond only when Y is halo; or
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ZY taken together is NR,NRsR,, NR,ORs, ONRLR-,
OPR,Rs, PR,L,ORs, SNR,LR,, NR,SR-,, SPR,Rs, PR,SR,, NR,PR:Re¢,
PRqNRsRv, NR4C - Rg, sSC - R5r NR.oC —ORs, SC - ORs,
I 0
0 Q

I
ol e}

NR4C - NRSRG, NR4C - NRSS(O),RG, NRQC - NRsRs,

I | I

) 0 S

NR,CMNR,CORg Or C-NHy;
| S I
Q A S
Ra, Rs and Rg are independently hydrogen, lower
alkyl, arvl, aryl lower alkyl, lower alkenyl, or lower
alkynyl, wherein R.,, Rs and Rs may be unsubstituted or
substituted with an electron withdrawing group or an
electron donating group;
R, is Rg, COORg Or CORg:
Rs is hydrogen or lower alkyl or aryl lower
alkyl;
n is 1-4 and
a is 1-3
M is & lower alkylene chain, and A and ¢ are
independently O or S with the provisio that at least one of
A or Q is S.

-

2. The co.nwound according to Claim 1 wherein A
is S.

3. The compound according to Claim 1 wherein A
and Q are S.

4. The compound according to Claim 1 wherein
one of R, and R, is H.

5. The compound according to Claim 4 wherein
one of R, and Ry is H and the other is heterocyclic.

6. The compound according to Claim 5 wherein
heterccyclic is furyl, pyrreolyl, pyrazoyl, epoxy, oxazoclyl,
imidazolyl, tetraxolyl, triazolyl, or oxadiaxoyl.
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7. The compound according teo Claim 6 wherein
heterocyclic is furyl, pyrrolyl, pyrozolyl, or pyridyl.

8. The compound according to Claim 1 wherein
one of R and R, is H and the other is Z-Y. ,

9. The compound according to Claim 8 wherein 2-
Y is N,O0-dimethylhydroxyamino, N-methylhydroxyamino N-
methyoxyaming, ethylamino or methylamino or hydrazino.

10. A compound of the formula

Fz
R-NH(E-FNH)n C-R, (1)
Q Ra A

or the N-Oxide thereof or pharmaceutically acceptable salts
thereof wherein

R is aryl, aryl lower alkyl, heterocyclic or
heterocyclic lower alkyl, cycleoalkyl, lower cycloalkyl,
lower alkyl, wherein R is unsubstituted or is substituted
with at least one electron withdrawihg group or an electron
donating group;

R, 1s hydrogen or lower alkyl and R, is
unsubstituted or substituted with at least one electron
withdrawing substituent or at least one electron donating
substituent;

one of R, and R, is hydrogen, and the other is
SO, .

11. The compound acceording to Claim 10 wherein Q
and A are both 0.

12. A compound of formula

Rs
R—NH(E-FNH)n C-Ry (I)
Q Ry A

or the N-Oxide thereof or pharmaceutically acceptable salts
thereof wherein
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R is aryl, aryl lower alkyl, heterocyclic or
heterocyclic lower alkyl, cycloalkyl, lower cycloalkyl,
lower alkyl, wherein R is unsubstituted or is substituted
with at least one electron withdrawing group or an electron
donating group;

R, is hydrogen or lower alkyl and R, is
unsubstituted or substituted with at least one electron
withdrawing substituent or at least one electron donating
substituent;

R. and R, are independently hydrogen, alkyl, or
Z-Y wherein R, and R; may be unsubstituted or substituted
with at least one electron withdrawing group or electron
donating group;

2 is S(0)., mercaptoalkyl, or alkylthio

Y is hydrogen, lower alkyl, aryl, aryl lower
alkyl, lower alkenyl, lower alkynyl, heterocyclic or
heterocyclic lower alkyl, cycloalkyl, cycloalkyl lower
alkyl and Y may be unsubstituted or substituted with an
electron donating group or an electron withdrawing group
provided that when Y is halo, Z is a chemical bond; or

2Y taken together is NR, C -~ NRg, NR, C - NRs,

I l
0 o!

SC s, NRy C-ORs, NR, C - NRsRe, NR.CMNRs-C ~ ORsg
i i | | |
o 0 S Q A

C - NH, or NR, CNRs-S{0).Re

} |
) o

Rs, Rs and Rg are independently hydrogen, lower
alkyl, aryl, aryl lower alkyl, lower alkenyl, or lower
alkynyl, wherein R,, Rs and R may be unsubstituted or
substituted with an electron withdrawing group or an
electron donating group;
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n is 1-4 and

a is 1-3

M is lower alkylene, and A and Q are
independently O or S with the provisio that at least one of
R, and R, is 2-Y. '

13. The compound of Claim 12 wherein A and Q are
both oxygen.

14, 2 compound of the formula

Fz
R-NH{C-CNH),, C-R. (1)
I )
QRs A

or the N-Oxide thereof or pharmaceutically acceptable salts
thereof wherein

R is aryl, aryl lower alkyl, heterocyclic or
heterocyclic lower alkyl, cycloalkyl, lower cycloalkyl,
lower alkyl, wherein R is unsubstituted or is substituted
with at least one electron withdrawing group or an electron
donating group;

R, is nhydrogen or lower alkyl and R, is
unsubstituted or substituted with at least one electron
withdrawing substituent or at least one electron donating
substituent;

R, and R; are independently hydrogen, imino,
pyrrolyl, N, N-dimethylamino, morpholinyl, pyrazinyl,

-NH OCH,, methylhydroxyamino, (N,O0-)dimethylhydroxyaminoc
-NH C -~ CH.NH - C OCH, Ph, or

g g é;ik Or epoxy,

and n is 1-4, provided that at least one of R, and R; is
other than hydrogen

15. The compound according to Claim 14 wherein Q
and A are both O.
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16. The compound according to any one of Claims
1-15 wherein n is 1.

17. The compound according to any one cof Claims
1-16 wherein R is lower arylalkyl which is unsubstituted or
substituted with an electron donating group or electron
withdrawing group. -

18. The compound according to Claim 17 wherein R
is benzyl which is unsubstituted or substituted with an
electron withdrawing group or electron donating group.

18. The compound according to Claim 18 wherein R

F
is unsubstituted benzyl or CH .

20. The compound according to any of Claims 1-19
wherein R; is lower alkyl.

21. The compound according to Claim 20 wherein
R, is methyl.

22. A compound selected from the group
consisting of ethyl 2-acetamido-2-aminocacetate, ethyl 2-
acetamido-2-(methylamino)acetate, ethyl 2-acetamido=-2-(N,N-
dimethylamino)acetate, ethyl 2-acetamido-2-(4-morpholine)-
acetate, ethyl 2-acetamido-2-(N-anilino)acetate, ethyl 2-
acetamido-2-(N-{3-pyrazolylamino))acetate, ethyl 2-
acetamido-2-(N-hydroxyaminc)acetate, ethyl 2-acetamido-2-
(N-(N-methylhydroxyamino) )acetate, ethyl 2-acetamido-2-(N-
(N,O0-dimethylhydroxyamino) Jacetate, Z-acetamido~N-benzyl-2-
aminoacetamide, 2-acetamido-N-benzyl-2-
(methylamino)acetamide, 2-acetamido-N-benzyl-2-
(ethylamino)acetamide, 2-acetamido-N-benzyl-2-(N-
anilino)acetamide, 2-acetamido-N-benzyl-2(N-{(3~
pvrazelylamine) Jacetamide, 2-acetamido-N-benzyl-2-(N,6N-
dimethvlamino)acetamide, 2-acetamido-N-Henzyl-2-(N-
hydrox; imino)acetamide, 2-acetamido-N-benzyl-2-(N-
hydroxyamino)acetamide, 2-acetamido-N-benzyl-2-(NZ-
phenylhydrazino)acetamide, 2-~acetamido-N-benzyl-2-{(N*-
benzyloxycarbenylhydrazino)acetamide, 2-acetamido-N-benzyl- -
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2-phenoxyacetamide, 2-acetamido-N-benzyl-2-
(methylmercapto)acetamide, 2-acetamido-N-benzyl-2-
(ethylmercapto)acetamide, 2-acetamido~N-benzyl-2-(N-
methoxyamino)acetamide, 2-acetamido-N-benzyl=-2-(N-~{N-
methylhydroxyamino) )acetamide, 2-acetamido-N-benzyl-2-(N-
(N,O~dimethylhydroxyamino))acetémide, 2-acetamido-N~benzyl-
2-{N~-isoxazolidino)acetamide, 2-acetamido-N-benzyl-2-
hydroxyacetamide, 2-acetamido-N-benzyl-2-
(ethylmercapto)acetamide, 2,2-diacetamido-N-
benzylacetamide, 2-acetamido-N-benzyl-2-
trifluoracetamidoacetamide, 2~acetamido~-N-benzyl-2-(N,N,N-
trimethylammonium)acetamide tetrafluoroborate, 2-acetamido-
N-benzyl-2-(ethylmercapto)acetamide~-S-oxide, 2-acetamido~-N-
benzyl-2-(S-ethylmercapto)acetamide~S~oxide, 2-acetamido-N-
benzyl-2~(ethanesulfonyl)acetamide, 2-acetamido-N-benzyl-2-
(N,N,N~trimethylammonium)acetamide tetrafluorcborate, 2-
acetamido-N-benzyl-2-(l-pyrrole)acetamide, 2-acetamido~-N-
benzyl-2-(l-imidazcle)acetamide, 2-acetamido-N-benzyl-2-(1-
pyrazole)acetamide, 2-acetamido-N-benzyl-2(1-(1,2,4-~
triazole))acetamide, 2-acetamido-N-benzyl-2(1-

tetrazole) )acetamide, a-acetamido-N-benzyl-2-
pyridylacetamide, a-acetamido-N-benzyl-2-pyridyl acetamide
N-oxide, a-acetamido-N-benzyl-2-(S-thiophenoxy)-~acetamide,
a-acetamido-N-benzyl-2-(tetranydrofuran)acetamide, methyl
a-acetamido-2-methyl-2-furanacetate, a-acetamido-2-methyl-
2-furanacetic acid, a-acetamido-N-benzyl-2-methyl-2-
furanacetamide, a-thicacetamido-N-benzyl-2-furanacetamide,
a-thicacetamido-N-benzyl~2-furanthioacetamide, a-acetamido-
N-{3-pyridinylmethyl)-2-furanacetamide, a-acetamido-N-(4-
pyridinylmethyl)-2~-furanacetamide, a-acetamido-N-(l-oxo-3-
pyridinylmethyl)-2~furanacetamide, a-acetamido-N-{l-oxo-4-
pyridinylmethyl)-2-furanacetamide, R{-)a-acetamido-N-(4-
fluorobenzyl)-2-furanacetamide, R(-)a-acetamido-N-(4-
triflucromethylbenzyl)-2-furanacetatmide,
methyl[acetamido(benzylcarbamoyl)methyljcarbomate,
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phenyl[acetamido(benzylcarbamoyl)methyl)carbomate, 1-
[acetamido(benzylcarbamoyl)methyl]}-3-methylureal, 1-
[acetamido(benzylcarbamoyl)methyl]l-3-phenylurea), 1l-
[acetamido(benzylcarbamoyl)methyl]~3-benzenesulfonylureal,
l1-{acetamido(benzylcarbamoyl)methyl}-3-methylthioureal, 1-
[acetamido(benzylcarbamoyl)methyl]-3-phenylthioureal, N-
[acetamido(benzylcarbamoyl)methyl)phthalamic acid), 2-
acetamido-N-benzyl-2-(N~succinimidyl)acetamide), benzyl N-
{acetamido(benzylcarbamoyl)methyl)malonamate, ethyl N-
[acetamido(benzylcarbamoyl)methyllglycinate, benzyl N-
[acetamido(benzylcarbamoyl)methyllglycinate, N-
[acetamido(benzylcarbomoyl)methyllglycine, 2-acetamide-N~-
benzyl-2-(l-pyrrole)acetamide, 2-acetamido-N-benzyl-2-(1-
pyrazole)acetamide, 2-acetamido-N-benzyl-2-(1-
imidazole)acetamide, 2-acetamido~N-benzyl-2-(1-(1,2,4-
triazole))acetamide, 2-acetamido-N-benzyl-2-(1-

tetrazole) )acetamide, a-acetamido~N-benzyl-1-~
(dimethylsulfamoyl)imidazole~4-acetamide, a-acetamido-N-
benzyl-4-imidazole acetamide, a-acetamido-N-benzyl-2-
imidazole acetamide, a~-acetamido-N~benzyl-5-
(tetrazole)acetamide, a-acetamido~-N-benzyl-3-(1,2,4-
triazole)acetamide, a-acetamido-N-benzyl-2-{carboxamide
oxime)acetamide, a-acetamido-N-benzyl-2-{carboxamide oxime-
(O-acetate))-acetamide, a-acetamido-N-benzyl-3-(1,2,4-
oxadiazole)acetamide, a-acetamido-N-benzyl-2-
(thiocamide)acetamide), 2-acetamido-N-benzyl-2-
vinylacetamide, 2-acetamido-N-benzyl-2-epoxyacetamide,
potassium 2-acetamido-N-benzylacetamide-2-sulfonate, 2-
acetamido-4-pentenic acid-N-benzylamide, a-acetamido-N-
benzyl-2-(2-oxazole)-acetamide, and a-acetamido-N-benzyl-2-
(2-thiazole)-acetamide.

23. An anti-convulsant composition comprising an
anti-convulsant effective amount of a compound from any one
of Claims 1-15% and 22 and a pharmaceutical carrier
therefor.
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24, An anti-convulsant .composition comprising an
anti-convulsant effective amount of a compound from Claim
16 and a pharmaceutical carrier therefor,.

25. An anti-convulsant composition comprising an
anti-convulsant effective amount of a compound from Claim
17 and a pharmaceutical carrier therefor.

26. An anti~-convulsant composition comprising an
anti-convulsant effective amount of a compound from Claim
18 and a pharmaceutical carrier therefor.

27. An anti-convulsant composition comprising an
anti-convulsant effective amount of a compound cof Claim 19
and a pharmaceutical carrier therefor.

28. An anti-convulsant composition comprising an
anti-convulsant effective amount of a compound of Claim 20
and a pharmaceutical carrier therefor.

29. An anti-convulsant composition comprising an
anti-convulsant effective amount of a compound of Claim 21
and a pharmaceutical carrier therefor.

30. A method of treating CNS disorders in an
animal comprising administering to said animal an anti-
convulsant effective amount of a compound according to any
one of Claims 1-~15 and 22.

31. A method of treating CNS disorders in an
animal compraising administering to saild animal an anti-
convulsant effective amount of a compound of Claim 16.

32. A method of treating CNS disorders in an
animal comprising administering to said animal an anti-
convulsant effective amount of a compound of Claim 17.

33. A method of treating CNS disorders in an
animal comprising administering to said animal an anti-
convulsant effective amount of a compound of Claim 18.

34. A method of treating CNS disorders in an
animal comprising administering to said animal an anti-
convulsant effective amount of a compound of Claim 19.
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35. A method of treating CNS disorders in an
animal comprising administering to said animal an anti-
convulsant effective amount of a compound of Claim 20.

36. A method of treating CNS disorders .in an

animal comprising administering to said animal an anti-

convulsant effective amount of a compound of Claim 21.
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