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ABSTRACT

Select functionalized amino acid derivatives of the potent anti-
convulsant agent a-acetamido-u-benzylphenylacetamide (68b) and
2-acetamido-N-benzylpropionamide (68a) have been prepared and
evaluated.  Attention has been focused on the replacement of the
a-pheny!l and a-methyl groups in 683 and 68b by five-membered ring
hetereoaromatic  moieties, benzo-fused heteroaromatic groups, and
simple polar substituents.

The synthetic and pharmacological studies revealed several
notable findings. First, the use of amidoalkylation procedures using
boron trifluoride etherate provided a straightforward and reliable
method to introduce an electron-rich heteroaromatic substituent at
the a-carbon in the amino acid derivatives. This technology
permitted the incorporation of acid sensitive, unsubstituted
heteroaromatic compounds (i.e., pyrrole (Z4), indole (72) and
benzofuran (Z8)) within the molecule. Second, all the five-membered
rnng heteroaromatic analogues of a-acetamido-N-benzyiphenylaceta-
mide proved highly active in the MES seizure test. In paricular,
a-acetamido-N-benzyl-2-furanacetamide {§9a) and «-aceta-
mido-N-benzyl-2-pyrroleacetamide (§9b) exhibited activities similar to
phenytoin and diazepam. Third, the a-alkoxy derivatives, 2-aceta-
mido-N-benzyl-2-methoxyacetamide (86a) and 2-acetamido-N-benzyl-2-
ethoxyacetamide, exhibited significant activity in the MES seizure test.

v
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Fourth, neither the benzo-fused heteroaromatic derivatives nor the
6’0mpounds bearing an electron-withdrawing substituent at the
a-carbon had significant activity.  Fifth, the composite pharmacolog-
ical data suggested that small éubstituents are required at the
a-carbon of the 2-acetamido—ﬂ-ben2ylglyci‘ne derivative for maximal
activity in the MES test and that this activity is enhanced by the

presence of electron-donating groups at this site.
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INTRODUCTION

Epilepsy is a major neurological disorder. it affects at least 0.5
percent of the world population‘-e and its symptoms generally appear
early in life.1:3 If the origin of the disease is unknown, it is termed
idiopathic. Correspondingly, when the epilepsy is of a known origin, the
disease is referred to as symptomatic.3 In the latter situation, prenatal
and postnatal trauma, brain tumor, and vascular disorders are ihe major
etiologies associated with the disease.13  The occurrence of seizures
is the manisfestation of epilepsy. Seizures may be of different types
and may have sensory, motor and autonomic components.

Historically, epilepsy has been referred to as the “dread
disease”, the "Sacred Disease”, the "falling sickness™ or "St. John's
disease”. It was mentioned in the babylonian civil code of
Hammurabi (2080 B.C.) and early akkadian and hebrew texts.
Hippocrates (ca. 400 B.C.) wrote the first monograph on the affliction and
first anticipated its brain origin.a'4

Despite the early recognition of this disease, significant activity

- directed towards the treatment and the understanding of epilepsies
began in earnest in the mid-nineteenth century.1v3'5 in 1870, H.J.
Jackson described epilepsy as "an occasional and abnormally intense
disorderly discharge of nervous tissue” of which the seizures are the
symptom.3 This statement is still accepted today. Our knowledge of
the brain malfunction has not permitted a more detailed definition. It is

generally accepted that epilepsy is reserved for those diseases
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Jable Sb. Benzofused Heteroaromatic Analogues 69 of 2-Ace:amido—
N-benzylphenylacetamide {(68bh).

i i iy Ph
_ H »
69

No

gat
o

63
b

69h
] : ‘_ .

— e i St A e 2 e —
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Table n'
amidoalkylating agent condition  yield Ref.
?h\ 0
€ N BF3 - OEt, - 134
o NH
OCH,
Y
f [ j\ SnCly 70 135
N OCH,
COCH,
OH
N~ b
g | PTSAZ 90 - 94 136
> - |
-éEToluenesuiphonic Acid. D PTSA was used as a catalyst and water
was removed by azeotropic distillation.
3 =
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Jable 12. Amidoalkylation Reactions Involving Other Heterocycies.

- S

Bl
L .

R
o

heterocycle amidoalkylating agent conditions yield{%*) Ref.
a Ri _ CH3COOH 1542 -~ 18
o, NH,CONH
71 % R >—R3
N,
N NH,CONH
b N o | P 29-59 142
RSN oH
L »
X o
HSO 41 118
) ©\/NJ | Ph/“\u/\OH 2
O OH
A\
Se H ﬁ COOH CH3COOH
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Scheme 1. Synthesis of 2-Subslituted~2~aoetamido-_&-benzylacexam’ides'
(69a.0.Lh) by Method A.
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61

Jable 13. Selected Physical and Spectral Data for  Alkyl
2-Acetamido-2-alkoxyacetates {80).

o OFR
)l\ OR’
80
No. R yield®  mpb IRC M*/ed
80a CHg 32 44 - 46 1735,1080 162 (1)®
80b CHoCHy 55 35-36 1735,1085(br) 190 (5)€

8purified yield (%) from 2-acetamido-2-hydroxyacetic acid (79). bMelting
points (°C) are uncorrected. © Infrared peak positions are recorded in
reciprocal centimeters (cm'!) vs. the 1601 cm™1 band in polystyrene
and were taken in KBr disks. 9 The molecutar ion peak in the
mass spectrum was obtained at an ionizing voltage of 70 eV. The
number in parentheses indicates the intensity of this ion relative to
the base peak in the spectrum. © Protonated 80.
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Table 14. Selected Physical and Spectral Data for o-Substituted Alkyl
2-Acetamidoacetates (81).

R
I
H
8
No. R R Yield®  mp® IRC M+ /ed
81a  2-Furyl CHy 62  80-81 1740,1 530(br),896 197 (14)€
81b  2-Furyl CHoCH3 51  69-70 1750,1530,900 211 (8)€
8ic  2-Pyryl CHaCH3 a1 104-106 1715,1515 (br) 210 (22)¢
81d  3-Pymyl  CHoCH; 12 92-93 1720,1640 (br) 210 (12)€

Apyrified yields (%) from the alkyl 2-acetamido-2-alkoxyacetates (80).
Melting points (°C) are uncorrected. € Infrared peak positions are re-
corded in reciprocal centimeters (cm“) vs. the 1601 cm™1 band in
polystyrene and were taken in KBr disks. d The molecular ion peak in

r the mass spectrum was obtained at an lionizing voltage of 70 eV.
The number in parentheses indicates the intensity of this ion
3 relative to the base peak in the spectrum. € The M+ 1 ion peak was

also observed.
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Table 16, Selected Physical and Spectral Data for a-Substituted
2-Acetamido-N-benzylacetamides (69).

o R .
)\NJ\“/n \_/Ph
H o

69
No. R yieldd  mpP IRC  Mt/ed
69a 2-Furyl 58 (13)¢ 178-179 16251525 273 (1)
69b  2-Pymyl 35 174175 1570 (br) 271 (12)f
89cd  2-Thienyl 37 167 - 169 i 289 (2)
69t  2-Benzofuryl 33 (13)® 195-196 1625-1520 322 (5)f
69g  3-Indolyl 28 213-214 1610- 1515 321 (5)f

69h  2-Benzo[bjthienyl 4 (16) 226-227 1610-1510 338 (8)

Apyrified yields (%) from the 2-acetamido-N-benzyl-2-ethoxyacetamide

(86b) unless otherwise indicated. b Melting (°C) points are
uncorrected. Cinfrared peak positions are recorded in reciprocal
centimeters (cm™!) vs. the 1601 cm™! band in polystyrene and were
taken in KBr disks. ¢ The molecular ion peak in the mass spectrum
was obtained at an ionizing voltage of 70 eV. The number in
parentheses indicates the relative intensity of this ion relative 1o
the base peak in the spectrum. © From the corresponding

’ a-substituted-2-acetamidoacetic acid 82 (mixed anhydride route, Method
A). | The M+1 ion peak was observed. 9 Ref. 104.
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4. Acid Catalyzed Trimerization of Indole (26).149

1]

A ——
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Table 20. Selected Infrared Spectral Data for Alkyl 2-Substituted-
2-acetamidoacetates (81)2. ‘

o .
A R
H
81
No. R R NH CO(COOR) CO(NHCO) NH R Rb
stretching stretching  stretching  bending
Bla 2Fuyl CHg 3200 1740 1620 1530 1205,1020° 8909
B1b 2Furyl CHxCHy 3200 1750 . 1635 1530 1205,1020¢ 8909
Blg  2Pymyl CHyCHy 3200 1715 1635 1515 1220,1010¢  3310€
Bid 3-Pyrryl CHoCHy 3240 1720 1640 1510 1210,1010¢  3320°

9 Infrared peak ’positions are recorded in reciprocal centimeters (cm ')
vs. the 1601 cm! band in polystrene. b Characteristic bands for
R and R. © CO stretches. 9 Furan ring deformation. ©NH stretch.
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acetates B1, the corresponding acids B2 and the 2-substituted-
2-acetamido-N-benzylacetamides £7 and 93 are listed in Tables 23 -
26, respectively. The chemical shifts observed for the various protons
present in these adducts_ were consistent with previously reported
values for similar compounds.68 '

The proton on the a-carbon ranged‘ from & 5.05 - 5.86.
This signal appeared consistently upfield (0.16 - 0.61 ppm) in ‘the
pyrrole derivatives versus all the other heteroaromatic substituted

adducts. Several of the methylene protons in compounds 81 and

|5 86 were disastereotopic due to the presence of the asymmetric
center within the molecule. These were readily distinguished in
the TH NMR spectra of these adducts and are indicated in
Tables 24 and 25. This effect was most notable in the
2-acetamido-N-benzyl-2-alkoxyacetamides B€ and the pyrrole and
furan derivatives 81b-d. In ethyl 2-acetamido-N-benzyl-2-ethoxy-
acetamide (86b) both the ethyl ether and the benzylamide
methylene protons were diastereotopic.

Characteristic signals were observed for the heteroaromatic
moieties in derivatives 69,81, 82 and 86.157  Strong support for
the proposed site of heteroaromatic substitution in compounds €8, 81,
82 and 86 was secured from the analysis of the proton chemical
shift data in the aromatic region. In each case, the chemical shift
values were in excellent agreement with previously reported com-

pounds of comparable substitution patterns.’57  For example, in
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12671
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110,90 (7
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122.90 (Cs)
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1.8y (o)
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(Ca or Cg}
119.24

(Ca: ¢ Cg}
121.37 (G
123.94 (C39
128.58 {C3y}
136.38 (C7+a)
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The chemical shifts values observed | for the heteroéyclic_ carbon
atoms provided strong support for the proposed substitution site in
this portion of the moleéule. In all cases, the chemical shift value
for the substituted aromatic carbons was downfield (6.0-20.0 ppm)
versus the odrresponding signal in the unsubstituted heterocycle.

This trend was consistent with previous observations.158

3. Pharmacological Evaluation.

The 2-substituted-z-acetamido-ﬁ~benzyla¢etamides €9 and 86
prepared in this study were submitted to the Eli Lilly Corporation,
indianapolis, Indiana, for evaluation of their anticonvulsant activity.

The previous results obtained by Kohn and co-workers®8.102 o

related compounds suggested that these substances wouid be most
active in the MES seizure test. Accordingly, only this anticonvul-
sant screening procedure was conducted. Each of the substances
were administered intraperitoneally at three doses (300, 100 and 30
mg/kg) to groups of four mice (male albino, CF-1 strain). Those
compounds which were found to be eﬂedive in the protection of

seizures induced by electrical stimulation were further tested with

better monitoring of dosages in groups of twelve mice. This pro-

cedure permitted the determination of the Effective Dose (ED) 50

value for the drug candidate. This value is the dose which is effec-
tive in protecting 50 % of the animals tested against seizures. In

addition to this test, the neurologic toxicity (TOX) of some of the

biologically active compounds was evaluated by means of the

DEF_0000192






























































































































144

b) | Mass ISpec:raI Data.

~ The functionalized amino acid derivatives 107a-d as well as
the oxazole derivatives j_}_o_ and 112 exhibited a discemible
molecular ion peak" and a M+ 1 ion peak - in their mass spectra
(electron impact) (Tables 36 and 37). The M + 1 lon peak Is
attributed once again to the tendency of amides to undergo
protonation in the mass spectrometer at moderately high sample
pressures.152  Compounds 107a-d exhibited fragmentation patterns
similar to that detected for the structurally related derivatives 69 and
86 (Scheme 6). Accordingly, the loss of the N-benzyicarbamyi
(PRCHoNHCO) and the acetyl (CHRCO) moieties were noted in the
mass spectra for 107a-d. In this series of compounds, however,
the relative intensities of the peaks corresponding to fragment ions
96 and 238 versus the base peak in the spectra were smaller than
in the a-substituted hetercaromatic  derivatives §9. The
fragmentation pattern observed in the mass spectra of oxazole
derivative was relatively  simple. The loss of both the

N-benzylcarbamyl (PhCH,NHCO) and the carbon-5 substituent were

noted.

c¢. TH NMR Spectral Data

The 'H NMR spectral data for the functionalized amino
acid derivatives 107a-¢ are listed in Table 40. The chemical
shifts observed for the wvarious protons present in these adducts

were consistent with previously reported values88.102 and support

Les,

A

o L
W

s

T L A T LR
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Table 40. 'H NMR Spectral

Properties for the Polar Analogues 107a.¢ of 2Acetamido-N-

benzylpropionamide  (683).3
o R
H
/KN N\/Ph
"o
107
No. Ty NHCH CH NHACH2 ]
107a $.54(s) 9.09(d, 8.1) 559{d. B.1) 6.86 (t, 6.0) s
: —
1070 1.921s) 8.10(d.72.8)  492{d.7.8) BSO(L 5. 7,36 (s, NHH)) H
7.50 {3, NHH} o
101¢h 202(s) 701(d,72) 5.38(d72) o 1.2 (1, 7.2, CMy)
421 {q, 7.2, CHy)
1074 1,86 (s) 794(d,B1)  419-435¢m) B8 (5.7 sy
: {dd,5.7,5.7,CHz)
492 (1, 5.7, OH)
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the assigned structures. An interesting‘ difference existed in the
TH NMR spectra of 3107d and its methylated derivative 107e. In
the latter case the methylene protohs of the a-substituent were
diastersotopic. @ This was not the case for 107d.

in the two oxazole derivatives 111 and 114, the resonances
for the N-benzylamide methylene protons appeared at values similar
to those detected for §9a-h and 86a.b. (Table 41) The most
diagnostic signal in the NMR spectra for these adducts was the
resonance observed for the carbon-2 methyl protons.  This
resonance appeared downfield (0.3-0.4 ppm) from the corresponding
acetyl methyl signal. Comparable chemical shift values ( ~ §2.38)
were noted for the acetyl methyl group in 112171 and 119a.176

d. 13C NMR Spectral Data.

The 13C NMR spectral data for the functionalized amino
acids 107a-e are reported in Table 42 and were as expected.
The considerable variation (44.22- 57.28 ppm) observed for the
a-carbon chemical shift values agreed with the predicted values
based 'on empirical  substituent effects previously observed in
branched alkanes.161

A characteristic set of signais were detected for the ring
carbon atoms of oxazole derivatives 111 and 114. Comparison of
these values with those previously reported for oxazole (119b)

(Table 43) revealed an interesting trend.  Substitution of the hydro-

SN F TR

s mae
O IR

gl

VB, e A

rink iR

i
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Table 41. 'H NMR Spectral Properties for the Oxazole Derivatives
111 and m.a .

R
Ia
HC R*
No. R* RS CH3 Ré RS
1192 H H 237(s) 6.82(s) 7.41 (s)

112 COOCH,CH4 OCH,CH3 238 (s) 1.47 (8, 6.9, CHs) 137 (1, 6.9, CH3)
4.47 (q. 6.9, CHp) 435 (q, 6.9, CHy)

111 CONHCH,Ph OCHpCHy  233(s)  4.50(d, 6.9, CHy) 1.33 (¢, 8.3, CHg)
7.45-7.35 (m, Ph)¢ 425 (q, 8.3, CHy)

114 CONHCH,Ph NH 228(s) 4.54(d,5.0,CHy)  520-5.35 (brs, NHp)

6.60 - 6.80 {br 5, NH)
7.20-7.50 (m, Ph)

@ The 'H_ NMR spectra were taken in CDCly, unless otherwise

indicated. The number in each entry is the chemical shift value (5) ob-

served in paris per million relative to TMS. The information in paren-
theses is the muttiplicity of the signal, followed by the coupling con-
Btant (J) in hertﬁ, and in select cases the proposed assignment

Ref. 175. The 'H NMR spectrum was tgken in CCls.  The 'H
NMR spectrum was taken in DMSO-dg. The NH signal was not
observed and may overap with the signhal for the phenyl protons.

LT gy
P R S

b
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Table 42, 13C NMR Spectral Properties for the Polar Analogues 107a-¢ of 2-Acctamido-
N-benzylpropionamide (68a).4

R
9 H
/)J\N vah
Hoo

1M

No. R CHy  COCHy CH  COCH CHy Cyn €y Ce [

68¢° H 2250 169.00¢ 4250  169,60° 42,00 13930 120,109 128.50 -
128.109.¢

68a° CHy 2250 1695 4200 1742 210 13970 127.109.® 128.70 15.80
128.309.¢

10720 N 2207 ez 422 16969 £2.64 138.38 126.909.¢ 128.23 116.45
127.119¢

107 CONMp 2248 168.53¢ 5728 16941 222 138,99 127.02¢.¢ 128.73 186,87
128.199.*

34}
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107c  COOCHCHy 2250 167.41 5881 17042 267 13745 1273959

120509
1074 CHOM 2215 160.88° 5407 160.08¢ 4150 120.90 1288799
122.119.0
10728 CHZOCH; 2218 169.96¢ 5240  169.95° 458 h 1274498
120.700.¢

127.399

12618

127.49

13.01 (CHy)
62.29 (CH7)
185.19 (C0)

8130

£9.08 {CH3}
74.85 [CHy)

*The 19C NMR spectra wars taken in DMSOdg unless ciherwise ladiceled. The number in esch oniry Jo the chemical shit value cbretved in pens per
milion colgive Yo TMS, The lalormation Jn parenthases I ssisct cases is the groposed ssaignment. PRed. 102. € This aet of resonances may be in-

® This peak had approximaiely twice the:
Intansity of neasby peaks. ! The 13¢ NMR spectum wes Iskan I COCH. 9 This peak had epproximately hres limes the inlenshy of nesrby peaks, B A

torchangeatis. 9 The close proximy of these Iwo paaks did not permit the assl of these

discrete signal for this carbon rasonance was nol observed,

oSt
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Table 43, 13C¢ NMR Spectral  Properties for Oxazole Derivatives 111 and ]1[4.2

No. Rz A fig C2 Ca Cs Az Rs Rs
T | R " 160,60 125.40 {880 - .
-t
(5]
N k.
112 CHy  COOCHZCH3 OCHzCH3 161,530 197.30 15101 13.90 14.48 (CHy} 15.00(CH3)
€0.38 (CHiz} 09.41{C1 3}
~a 181,48% (CO)
1115 CHa h\/©:~ OCHCHy 156.42> 164,55 141,74 1394 41,89 {CHp) 14.83(CH3)
Y T 128.88 {Cy) 84.44{CH3)
o > 126.94
{Ca" o C3%
128.209,

(C2" or C3)
139.96 {C4+)
154.500(00)
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« .
114 O ﬁ L N 162.40% 106.37 149.40 1329 42,51 {CHp} "
T ™ ) 187,10 (Cq)

127.449.9 (€3¢ or €9}
120.454.¢ [Ca» of €34
138,50 (Cy»)
156.65P (CO)

1Tha’5C NMR spectra ware laken la COCly unloss otherwise indicatod. The numbar in oach entry s the chemical shit vakse in pans per mdlion rels.
Gve o TMS. D This set of resonances mey be Interchangoobla, € The 13C NMAR spacka was 1akon in OMSO-dp. 9 This sol of resonsnces may be
imorchangeabls, ® This pesk had spproximately twice the inlensity of nontby pasks.

IS TR - L T

-
2]
N
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~gen atoms at carbons -4 and -5 by an electron - withdrawing and a
electron-donating groups, respectively, led to a pronounced shift in
the resonances of the corresponding carbon atoms. The carbon-4
signal moved upfield (19.03 - 20.85 ppm) from 119b, while the
resonance for the carbon-5 atom was shifted downfield (11.30 - 13.64
ppm) from that observed in 119b. This perturbation in the 13C NMR
spectra for 111, 112 and 114 is attributed to thé push-pull resonance
effects exerted by the carbon-5 and carbon-4 substituents.

3. Pharmacological Evaluation.

The 2-substituted-2-acetamido-N-benzylacetamides 107a-d and
the oxazole derivative 111 prepared in this study were submitted to
the Eii Lilly Corporation, Indianapoiis, Indiana, for evaluation of their
anticonvulsant activity. They were tested using the same protocols
described in Chapter I. Pharmacological data for these functiona-
lized amino acids are listed in Table 44.

Compounds 10Q7a-¢ did not exhibit significant activity in the
MES seizure test. The lack of anticonvulsant properties of these
adducts was interesting in light of the pronounced activity of the
methyl analogue 68a. A tentative explanation for this dichotomy
of results can be offered. In a first approximation compounds €8a
and 107a-¢ all contain relatively small substituents. The primary
difference between the two sets of compounds is the presence of
an electron-donating (68a) or an electron-withdrawing (107a-c)

moiety at the a-carbon. Our previous studies have indicated that
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Iable 44  Pharmacological Evaluation of the Polar Analogues of
2-Acetamido-N-benzylpropionamide (683).2

o N u
/“\g/‘\(u ~Ph
107

No. R MES,ED50P | TOX, TD50¢
682¢ CHj 51 (46.6 - 58.6) . 1008
iozg CN > 300 > 300

107b CONH, > 300 > 300

107¢ COOEt > 300 <300

107d CHoOH > 100, < 300 < 300

8The compounds were administered intraperitoneally. EDS0 and TD50
values are in mgrkg. The number in parentheses is the 95 %
confidence interval. P Maximal electroshock seizure test. CHorizontal
screen test (neurotoxicity), unless otherwise indicated. d Ref. 104.
€Rotarod ataxia test.
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the activity of the drug candidate in the MES seizure test is en-
hanced by the presence of electron-donating groups at the
a-carbon. The negligible activity of 107ab and ¢ is in agreement
with this trendf

The serine derivative 107d exhibited only slight
anticonvulsant activity in the MES seizure test. The activity of
this compound was 'considerably diminished from the
corresponding isomeric methoxy ether 8§6a (Table 33). This result
rriay reflect the inabilty of 107d to readily pass through the
blood-brain barrier. The more lipophilic methoxy ether 107e has not
been evaluated yet. The close structural analogy of this compound
with 86b suggest that this adduct may have good anticonvulsant
activity.

No ai:tivity in the MES seizure test was observed for
the oxazole derivative 111. The absence of other pharmacological
data in this series prohibits any definitive statement concerning the

significance of this observation.

Experimental Section .GeneralMethods.Syntheses. Melting
points were determined with a Thomas Hoover melting point apparatus and
are uncorrected. Infrared spectra (IR) were run on a Perkin-Elmer 1330
spectrophotometer and are calibrated against the 1605 cm™! band of
polystyrene. Absorption values are expressed in wavenumbers (cm").
Proton nuclear magnetic resonances (1H NMR) and carbon nuclear magnetic

resonances (13C NMR) spectra were taken on a Nicolet NT-300 instrument or

e —
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a General Electric QE-300 instrument. Chemical shift are in parts per million
(b values) relative to tetramethylsilane (TMS) and coupling constant (J
Values) are in hertz. Mass spectra were performed at the Eli Lilly
Corporation, Indianapolis, Indiana, or by Dr. John Chinn at the Department of
Chemistry, University of Texas at Austin. Elemental analysis was conducted

at the Eli Lilly Corporation, Indianapolis, Indiana. p-Toluenesulfonic acid,
diethyl 2-acetamidomalonate and diisobutylaluminum hydride were
purchased from Aldrich Chemical Company, Milwaukee, Wisconsin;
phosphorus pentokide and lithium chloride v((ere obtained from Fishér
Scientific, Pittsburg, Pennsylvania. Tetrahydrofuran was distilled from

Na/benzophenone. All other chemicals were of the highest grade available

and were used without further purification. The reaction with

diisobutylaluminum hydride was run under anhydrous conditions. In this
case all glassware was flame dried under No, the ~so‘lid starting material was
dried in yacuo immediately prior to use, and the reaction was conducted
under positive pressure of No. Preparative flash column chromatographies
were run using Merck silica gel, grade 60, 230-240 mesh, 60A from Aldrich
Chemical Company, Milwaukee, Wisconsin.

Preparation of 2-Acetamido-N-benzyl-2-cyanoacetamide
(107a). Benzylamine (83) (4.72 g, 4.78 mL, 44.0 mmol) was added in one
portion to a suspension of ethy! acetamidocyanoacetate (108) (4.90 g, 28.8
mmol) in ethanol (75 mL). The mixture was stirred at room temperature (18 h)
and the resulting suspension was evaporated in vacuo. The residue was
recrystallized (tetrahydrofuran/petroleum ether (35-60 °C)) to give 4.26 g
(64%) of the desired product as white crystals: Ry 0.25 (95:5
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chioroform/methanol); mp: 179-180 °C: TH NMR (300 MHz, DMSO-dg) &
1.94 (s, CHg), 4.33 (d, J = 6.0 Hz, CHy), 5.59 (d, J = 8.1 Hz, CH), 7.20-7.36
(m, Ph), 8.86 (t, J = 6.0 Hz, NH), 8.09 (d, J = 8.1 Hz, NH); 13C NMR (75 MHz,
DMSO-dg) 22.07 (CHg), 42.64 (CHy), 44.22 (CH), 116.45 (CN), 126.90
(2Cg or 2Cg+), 127.11 (2Cpw or 2Cgew), 128.23 (C4qw), 138.38 (Cqw),
162.81 (CH3CO), 169.69 (NHCO) ppm; IR (KBr) 3200, 3040, 1620 (br), 1565
(br), 1505 (br), 1360, 1280, 1210, 1030, 890 (br). 890, 725, 690, 580 cm'1‘;
mass spectrum, m/e (relative intensity) 231 (4), 215 (1), 204 (2), 190 (4), 172
(17), 148 (1), 129 (6), 106 (20), 98 (42), 91 (100), 77 (19), 65 (29).

Anal. Caicd for C1oHq13N305: C,62.33; H 5. 67; N, 18.17. Found: C,
62.60; H, 5.65; N, 17.99.

Preparation of 2-Acetamido-N-benzylmalonamide (107b).
2-Acetamido-N-benzyl-2-cyanoacetamide (107a) (2.00 g, 8.65 mmol) and
concentrated aqueous HCI (4.20 g, 4 mL, 34.6 n‘:mof)-were combined and
stirred at 40 °C (15 min). The resulting suspension was fittered and the white
solid was triturated with chloroform (20 mL, 5 min), filtered, and then
~ dissolved in 4:1 n-butanol/H»>O (150 mlL). The organic phase was
" concentrated to a small volume in vacug, and then hexanes were added and
the resulting solution was refrigerated (-16 °C) overnight to yield after filtration
1.20 g {55%) of the desired compound as a white solid: R; 0.18 (95:5
chioroform/methanol); mp 191-192 °C; TH NMR (300 MHz, DMSO-dg) & 1.92
(s, CHg), 4.31 (d, J= 5.7 Hz, CH,), 4.92 (d, J = 7.8 Hz, CH), 7.20-7.34 (m,
Ph), 7.36 (s, NHH'), 7.50 (s, NHH'), 8.10 (d, J = 7.8 Hz, NH), 8.60 (t, J=5.7
Hz, NH); 13C (75 MHz, DMSO-dg) 22.48 (CHg), 42.22 (CHy), 57.28 (CH),
126.73 (C4v), 127.02 (2Co~ or 2Cgw), 128.19 (2Cow or 2C3»), 138.99
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(C4»), 166.87 (CONHy), 168.53 (COCHg), 169.41 (CONH) ppm; IR (KBr)
3376. 3300, 3160, 2905, 1665 (br), 1635 (br), 1520, 1480, 1390, 1260, 1050,
730, 690, 665, 600 cm1; mass‘Spectrum. m/e {relative intensity) 249 (6), 232
(3), 206 (5), 190 (13), 163 (6), 146 (8), 116 (70), 99 (92), 91 (100), 73 (95), 66
(46); high resolution mass spectrum, calcd for C4oHq5N30o 249.11134,
found 248.11101.

Preparation of Ethyl 2-Acetamido-N-benzyimalonamate
(107¢). To an ethanolic suspension(400mL) of 2-acetamido-N-benzy!-
2-benzyl-2-cyanoacetamide (107a) (4.00 g, 17.2 mmol), was added
p-toluenesulfonic acid (3.26 g, 17.2 mmol). The mixture was heated to reflux

(9 h) and then stirred at room temperature (12 h). The resulting suspension

was concentrated jn yacuo and the residue dissolved in a 2:1 mixture of ethyl -

acetate and HyO (300 mL), the organic layer was separated and the aqueous
layer extracted with ethyl acetate (200 mL). The organic layers were
combined, washed with aqueous 10% NaHCOg (100 mL), dried (NagSO 4)
and evaporated jn vacuo. The white residue was recrystallized (75:25
ethanol/H»0) to yield 1.34 g (45%) of the desired product as slightly beige
crystals: Ry 0.43 (95:5 chloroform/methanol); mp 142-143 °C; 1H NMR (300
MHz, CDCl3} §1.22 (1, J = 7.2 Hz, CH3CHy), 2.02 (s, CHg), 4.21 (q, /= 7.2

Hz, CHaCHy), 4.35 (dd, J = 5.4 Hz, J=14.7 Hz, NHCHH'), 4.50 (dd, J = 6.3
Hz, J= 14.7 Hz, NHCHH'), 5.18 (d, /= 7.2 Hz, CH), 7.01 (d, J= 7.2 Hz, NH),

7.20-7.33 (m, Ph, NH); 13C NMR (75 MHz, CDClg) 13.81 (CH3CHy), 22.50
(CHZCO), 43.67 (CH,NH), 56.81 (CH), 62.29 (CH3CHy), 127.39 (2Co+ or
2Cg3+, Cyn), 128.50 {(2Cgn or 2Cge), 137.45 (C4«), 165.19 (COCH3y),
167.41 (COOCH3), 170.42 (CONH) ppm; IR (KBr) 3250, 1750, 1625 (br),

vt
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1525 (br), 1365, 1300, 1230, 1180, 1140, 1080, 1010, 895, 730, 680, 600

em™1; mass spectrum, m/e (relative intensity) 278 (6), 259 (8), 219 (5), 163 -

(12), 145 (93), 117 (5), 104 (77), 99 (100), 74 (53), 66 (44).

Anal. Caled for Cq 4H1gNoO4: C, 60.42; H, 6.52; N, 10.07. Found: C,
60.64; H, 6.48; N, 10.19.

Preparation of 2-acetamido-N-benzylhydracryiamide
(107d). Ethy! 2-acetamido-N-benzylmalonamate (107¢) (2 17 g, 7.8 mL)
was dissolved in anhydrous tetrahydrofuran (50 mL). To this solution dry
LiCl (0.66 g, .1 5.6 mmol), NaBH4 (0.59 g, 15.6 mmol) and ethyl alcohol (30
mL) were successively added. The mixture was siirred at room temperature
(15 h), cooled (0 °C) and then made acidic (pH 4) by the addition of a 5%
aqueous solution of citric acid (ca. 14 mL). The suspension was oondentrated
in yaguo, and then HoO (20 mL) was added, and the resulting solution was
extracted with ethyl acetate (3 x 25 mL). The organic layers were combined,
dried {(NaSQy), and evaporated in yacuo to give a colorless ol (1.52 g) which
was crystallized with hexanes. The desired product was further purified by
recrystallization from acetonitrile to yield 1.21 g (66%) of 107d as white
crytals: Rf 0.20 (95:5 chloroform/ethanol); mp 201-203 °C; TH NMR (300
MHz, DMSO-dg) & 1.88 (s, CH3), 3.59 (dd, J =5.7 Hz, J = 5.7 Hz, CH20),
4.18-4.35 (m, CHaNH, CH), 4.92 (t, J= 5.7 Hz, OH), 7.10-7.40 (m, Ph), 7.94
(d, J = 5.7 Hz, NHCH), 8.38 (1, J = 5.7 Hz, NHCH,); 13C NMR (75 MHz,
DMSO-dg) 22.19 (CHg), 41.58 (CHoNH), 54.87 (CH), 61.30 (CHoOH),
126.15 (C4qn), 126.53 (2 Cow or 2 C3w), 127.71 (2 Co- 01 2 Cge), 138.90
(Cq»), 169.08 (CH3CO), 169.86 (CHCO) ppm; IR (KBr) 3220 (br), 1605 (sh),
1530 (br), 1375, 1280, 1230, 1045, 895, 725, 690, 570 cm™1; mass spectrum,
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m/e (relative intensity) 237 (48), 219 (4), 206 (10), 193 (5), 177 (37), 163
(21), 146 (11), 130 (76), 106 (100), 91 (100). |

Anal. Caicd for C45HgN>03: C, 61.26; H, 6.43; N, 11.91. Found: C,
61.06; H,6.72; N, 11.78.

 Preparation of 2-Acetamido-N-benzyl-3-methoxypropion-

amide (107e). To a tetrahydrofuran (ca. 20 mL} suspension of
2-acetamido- N-benzylhydracrylamide (107d) (150 mg, 0.63 mmol) was
added 3-methyl-p-tolyltriazene (110) (210 mg, 1.41 mmol), and the resulting
mixture was stirred at refiux (4 d). The suspension was then fittered and the
filtrate evaporated jp yacuo. The residue was purified by column
chromatography {(100% chloroform, then 87:3 chioroform/methanol) to give 7
mg (4%) of the desired product as a light yellow solid: Rf 0.30 (97:3
chloroform/methanol); mp 109-112 °C; INMR (300 MHz, CDCly) § 2.02
(s.CHg), 3.31 (s, CH30), 3.30-3.45 (m, CHH'0),3.70-3.85 (m, CHH'O),
4.39-4.42 (m, CHaNH), 4.48 (dt, J=4.2 Hz, J =7.2 Hz, CH), 6.46-6.56 (brd, J
=4.2 Hz, NHCH), 6.80-6.90 {br 5, NHCH,), 7.20-7.36 (m, Ph); '3C NMR (75
MHz, CDCl3) 23.19 (CH3CO), 43.55 (CHpNH), 52.40 (CH), 59.06 (CH30),
71.65 (CH,0), 127.44 (2 Cpn or 2 Cgn), 127.49 (Cgw), 128.70 (2 Com oF 2
C3+), 169.96 (COCHg, CONH) ppm. [The C1" was not detected]. IR (KBr)
3240, 1610, 1525, 1150, 1085, 720, 690 cm-1.

Preparation of 5-Ethoxy-2-methyloxazole-4-carboxylic
Acid N-benzylamide (111). To a solution of 2-acetamido-
N-benzylmalonamate (107¢) (1.35 g, 4.85 mmol) in chloroform (15 mL) was
added P»Og (6.88 g, 48.5 mmol) and the resulting suspension was heated to

reflux (8 h). The reaction mixture was carefully neutralized (10% aqueous

DEF_0000250



161

KOH) and then extracted with dichloromethane (4 x 100 mL). The org#nic
fractions were combined, dried (NapSO,) and concentrated in yacug 10 yield
a beige residue which was recrystallized (4:2 tetrahydrofuran/hexanes) to
give 1.22 g (97%) of the desired product as white crystals: R;0.85 (95 : 5
chloroform/methanol); mp 111 - 113 °C; 1H NMR (300 MHz, DMSO-dg) &
1.33 (1, J = 8.3 Hz, CH3CHy), 2.33 (s, CHg), 4.25 (g, J = 8.3 Hz, CHaCHg),
4.50 (d, J = 6.9 H, CHoPh), 7.15-7.35 (m, Ph, 2NH); 13C NMR (75 MHz,
DMSO-dg) 13.94 (CH3), 14.83 (CH3CHyp), 41.69 (CHoPh), 64.44 (CHoCHg),
104.55 (Cy), 126.68 (C4v), 126.94 (2Cg~ or 2 Cgv), 128.28 (2Con or 2Cgv),
139.96 ( Cqn ), 141.74 (Cg), 154.50 (Cp or CONH), 159.42 (C5 or CONH)
ppm; IR (KBr) 3300, 2900, 1620 (br), 1585, 1570, 1540, 1430 (br), 1380,
1350, 1300, 1175, 1085, 900, 720 cm™'; mass spectrum, m/e (relative
intensity) 260 (48), 215 (12), 173 (7), 126 (6), 106 (6), 91 (100).

Anal. Calcd for C44H1gN2O3: C, 64.11; H, 6.92; N, 10.68. Found: C,
64.36; H, 6.74; N, 10.76.

Preparation of $-Amino-2-methyloxazole-4-carboxylic
Acid N-benzylamide (114).To a chilled solution (-5 °C) of
2-acetamido-N- benzyl-2-cyanoacetamide {107g) (0.50 g, 2.16 mmol) in
anhydrous tetrahydrofuran (40 mL) was slowly added {7 min) a 25% solution
of diisobutylaluminum hydride {0.92 g, 6.48 mmol) in toluene . The solution
was stirred at -5to 0 °C for 15 min, and then at room temperature (50 h), and
finally at reflux (36 h). A saturated aqueous solution of NH,4Cl (50 mL) was
then added 1o the reaction, followed by a 5% aqueous solution of HySO4 (20
mL). The mixture was then extracted with ethyl acetate (3 x 60 mL). The

organic layers were combined, dried (NapSOy4) and evaporated to dryness in
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time of peak effect (TPE). Compounds demonstrating significant
- anticonvulsant activity were then retested at the estimated TPE using at least
four doses, with twelve mice at a dose, and the ED §0 was calculated. The
neurologic toxicity was evaluated by the horizontal screen (HS) test.
Previously trained mice were dosed with the compounds and placed
individually on top of a square (13 x13 cm) wire screen (No. 4 maesh) which
- was mounted on a metal rod. The rod was rotated 180°, and the number of
~ mice that retumed to the top of the screen within one minute was determined.
This measurement was performed at the estimated TPE, using at least four

doses, with twelve mice at a dose, and the TD 50 was calculated.

e —————— AR
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GENERAL CONCLUSIONS

The sy-nihesis and pharmacological properties of the new
functionalized amino acids analogues of oi-acetamido-ﬂ-benzylphenyl-
acetamide (68b) and 2-acetamido-N-benzylpropionamide (68a) revealed
several notable findings. First, the use of amidoalkylation
procedures provided a straightforward and reliable method to intro-
duce an electron rich heteroaromatic substituent at the a-carbon
in the amino acid derivatives. In panicular, the employed condi-
tions (boron ftrifluoride etherate, ether) permitted the synthesis of
both  2-acetamido-N-benzyl-2-pyrroleacetamide (69b), 2-acetamido-N-
benzyl-3-indoleacetamide (63g) and 2-acetamido- N-benzyl-2-benzofurana-
cetamide (69{). We are unaware of any previous results in
which the acid sensitive unsubstituted heterocycles, pyrrole (74),
benzofuran (78) and Indole (72), have been successfully employed
in amidoalkylation {ransformations. We suspect that optimization of
the general reaction conditions will not only provide higher yields
but permit the use of less reactive heteroaromatic compounds in this
procedure. Second, ali ﬁ?e~membered ring  heterocaromatic
analogues of &Bb proved highly active in the MES seizure test.
Significantly, the furan-(69a) and pyrrole-(63p) adducts exhibited
activities similar to those of phenytoin (133) and diazepam (24¢)
under comparable conditions. The recent finding that the
D-enantiomers of | 68a and €68b were more active and less toxic

than the corresponding racemates®8 suggests that the D-enantiomer.
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of each of these compounds (693 and €9b) may display even
improved pharmacological  properties. Third, the composite
biological data suggests that stringent electronic and steric
requirements exist for maximal activities. Moregver this study supports
the notion that the «a-carbon substituent interacts with an
electrophilic site on the receptor. This scenario for biological
activity can be lésted. We suggest that replacement of the ring
hydrogen atoms in the furan (68a) and pyrrole (69b) adducts by
small electron-donating groups may be accompanied by an increase
in anticonvuisant activity in the MES seizure test. Furthermore,
we speculate that the O-vinyl and O-ethynyl adducts (12Qa-d) may
be active in this biological screen. Fourth, the importance of
the location of the heteroatom on the «a-substituent in the
monocyclic derivatives §9a and QQQV has not bee-n adequately
addressed. This information should be accessible by co‘mpa,n'ng the
biological data of 120e-gq with those already obtained for the furan
derivative 69a, the pyrrole adduct §3b and the two thieny!
compounds §9c¢ and €9d.
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