Pharmaceutical Research, Vol. 12, No. 8, 1995

Synthesis and Pharmacological
Evaluation of Spiro-Analogues of
5-Benzyl-5-ethyl Barbituric Acid

S. Bruce King,'* Eugene S. Stratford,!*
Charles R. Craig,” and E. Kim Fifer,"*>

Received December 12, 1994; accepted March 17, 1995

KEY WORDS: anticonvulsant; barbiturate; spirobarbiturate; 5-ben-
zyl-S-ethylbarbituric acid.

INTRODUCTION

5,5-Disubstituted barbituric acid derivatives, such as
phenobarbital (1a), generally exhibit CNS depressant activ-
ity (1). However, slight structural modifications in many de-
pressant barbiturates produce compounds with excitatory or
convulsant activity, e.g., 5-benzyl-5-ethylbarbituric acid (1b)
(1-3) a homologue of phenobarbital.

The structure and conformation of the C-5 side chains of
the barbiturates have been suggested to be determinants of
the different biological activities (2-7). Many §,5-
disubstituted barbituric acid derivatives have been synthe-
sized in an effort to develop a structure-activity relationship
for these compounds (1-6). However, syntheses and phar-
macological evaluations of conformationally restricted ana-
logues utilizing the 5,5-spirobarbiturate ring system have not
been as common (8-10 and references therein). Thus, in
order to examine the relationship between the conformation
of the C-5 side chains of the barbiturates and their anticon-
vulsant activity, we designed a series of conformationally
restricted spiro-analogues (2 and 3a-b) of 1b. The spiro ring
effectively restricts the aromatic ring to different conforma-
tions without a large increase in carbon number or steric
bulk. Restriction of the aromatic rings to different areas rel-
ative to the barbiturate ring may produce compounds with
different pharmacological activity. This paper describes the
synthesis and preliminary pharmacological testing of 2 and
3a-b.
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Technical Note

MATERIALS AND METHODS

Synthesis

Melting points were taken on a Thomas-Hoover capil-
lary melting point apparatus and are uncorrected. Infrared
spectra were obtained with a Perkin-Elmer Model 1320 in-
frared spectrophotometer. Unless otherwise indicated, 'H
NMR spectra were recorded on Varian Model T-60 or
EM360 spectrometers. High field NMR spectra were ob-
tained on a JEOL Model INM-GX 270 FT NMR spectrom-
eter. Mass spectra were recorded at an electron energy of 70
eV on a Finnigan Model 4500MS/DS. Elemental analyses
were performed by Atlantic Microlab Inc., Atlanta, GA.

3,4-Dihydro-2,2(1H)-naphthalenedicarboxylic acid (6).
A solution of 3.65 g (0.016 mol) of 5 in 100 ml of EtOH was
reduced over 0.20 g of 10% Pd-C at 30 psi H,. Filtration and
concentration gave 2.3 g (67%) of 6 as a white solid which
was recrystallized from ethyl acetate/heptane (1:1): mp 175~
178° C [lit (13) mp 176°C].

Dimethyl 3,4-dihydro-2,2(1H)-naphthalenedicarboxy-
late (7a). A solution of 5.95 g (0.027 mol) of 6 and 1 ml of
concentrated sulfuric acid in 50 ml of MeOH was refluxed for
24 hours. The reaction volume was reduced by one-half.
Ether and water were added, and the aqueous layer was
extracted with Et,0. The combined Et,O layers were
washed with saturated NaHCO,, dried over MgSO,, and
concentrated to yield 4.2 g (64%) of 7a: IR (neat) 2960, 1735
cm~'; 'TH NMR (CDCL,) 8 2.3 (t, 2H, ArCH,CH,), 2.9 (t,
2H, ArCH,CH,), 3.3 (s, 2H, ArCH,), 3.8 (s, 6H, CO,CH,;),
7.1 (s, 4H, ArH); m/e 248.2 (m™), 129.2 (base); Anal. Calcd
for C,,H,40,: C, 67.73; H, 6.50. Found: C, 67.64; H, 6.53.

Benzyl 2-bromopropionate (9). Ethyl 2-bromopropio-
nate (50 g, 0.28 mol), 35.7 g (0.33 mol) of benzyl alcohol, and
1.7 g of p-toluenesulfonic acid were dissolved in 70 ml of
benzene and refluxed for 24 hours with the removal of eth-
anol via a Dean-Stark trap. The mixture was washed with
saturated NaHCOQ;, and the organic portion was dried over
Na,SO,, and concentrated. Elution through a silicic acid col-
umn (120 mm X 70 mm) with chloroform afforded 57.8 g
(86%) of 9 as a pale yellow liquid: IR 2980, 1740 cm~1; 'H
NMR (CDCl,) 8 1.7 (d, 3H, CH,), 4.3 (q, 1H, CH), 5.1 (s,
2H, CH,), 7.3 (s, SH, ArH).

3-Benzyl 2,2-dimethyl 1-phenyl-2,2,3-butanetricarboxy-
late (10). Sodium hydride (4.8 g, 0.10 mol) was stirred in 50
ml of dimethylformamide under nitrogen while 17.1 g (0.08
mol) of 8 in 20 mi of dimethylformamide was added at a rate
which kept the temperature at 40—50°C. After evolution of
gas ceased, 24.2 g (0.01 mol) of 9 in 20 ml of dimethylform-
amide was slowly added. The mixture was then heated at 60°
overnight. Water (100 ml), saturated NaHCO; (100 ml), and
Et,O (100 ml) were added. The ethereal layer was washed
with saturated NaCl, dried over MgSO,, and concentrated to
yield 26.4 g (88%) of 10 as an oil: IR (neat) 2960, 1730 cm ™ !;
'H NMR (CDCl;) 3 1.3 (d, 3H, CHs,), 3.2 (s, 2H, ArCH,), 3.4
(m, 1H, CH), 3.6 (d, 6H, CO,CH,), 5.1 (s, 2H, CO,CH,Ar),
7.1-7.6 (m, 10H, ArH); m/e 384 (m™), 91 (base); Anal. Calcd
for C,,H,,0¢: C, 68.74; H, 6.29. Found: C, 68.66; H, 6.32.

2,2-Dimethyl 1-phenyl-2,2,3-butanetricarboxylic acid
(11). A solution of 9.0 g (0.023 mol) of 10 in 100 ml of MeOH
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was reduced over 0.80 g of 10% Pd-C at 60 psi H,. Filtration
and concentration gave a residue which was dissolved in
Et,0 and extracted with saturated NaHCO,. The combined
aqueous layers were acidified, extracted with Et,O, dried
over Na,S0O,, and concentrated to give 3.47 g (51%). Recrys-
tallization from ethyl acetate/hexane afforded 1.40 g of 11:
mp 98-99°C; IR (KBr) 3400-2500, 1710 cm~'; '"H NMR
(acetone-dg) 8 1.2 (d, 3H, CH3), 3.0 (m, 1H, CH), 3.2 (s, 2H,
ArCH,), 3.6 (s, 6H, CO,CH,), 7.1 (s, SH, ArH), 7.9 (s, 1H,
CO,H); m/e 294 (m *), 189 (base); Anal. Calcd for C,sH,30:
C, 61.22; H, 6.16. Found: C, 61.28; H, 6.18.

Dimethyl 3,4-dihydro-3-methyl-4-0x0-2,2(1H)-
naphthalenedicarboxylate (12). A solution of 7.0 g (0.024
mol) of 11 in 25 ml of concentrated sulfuric acid was heated
at 45°C for 4 hours. The mixture was poured onto ice and the
precipitate was extracted into Et,0, dried over Na,SO,, and
concentrated to leave 4.9 g (75%) of a white solid. Recrys-
tallization from ethyl acetate/hexane afforded 3.8 g of 12: mp
111-113°C; IR (KBr) 2970, 1730 cm ™~ '; 'H NMR (CDCl,) 8
1.2 (d, 3H, CHj;), 3.1 (m, 1H, CH), 3.4 (s, 2H, ArCH,), 3.8
(d, 6H, CO,CH,), 7.1-7.9 (m, 4H, ArH); m/e 276 (m™*), 217
(base); Anal. Calcd for C,sH,05: C, 65.21; H, 5.83. Found:
C, 65.27; H, 5.86.

Dimethyl 3,4-dihydro-3-methyl-2,2(1H)-
naphthalenedicarboxylate (7b). A solution of 9.7 g (0.035
mol) of 12, 10 ml of perchloric acid and 400 ml of MeOH was
reduced over 0.70 g of 10% Pd-C at 60 psi H,. The mixture
was filtered and concentrated to about one-third volume.
Saturated NaCl was added, and the mixture was extracted
with Et,0, dried over MgSO,, and concentrated to leave a
yellow oil. This oil was dissolved in 250 ml of MeOH along
with 10 ml of concentrated H,SO,, then refluxed for 24
hours. Approximately three-fourths of the MeOH was re-
moved under reduced pressure. Water was added, and the
mixture was extracted with Et,O, dried over MgSO,, and
concentrated to give 7.7 g (84%) of 7b: IR (neat) 2970, 1740
cm~'; 'TH NMR (CDCL,) 8 1.1 (d, 3H, CH5), 2.8-3.0 (m, 3H,
ArCH,CH and CH), 3.2 (s, 2H, ArCH,), 3.8 (s, 6H,
CO,CH,), 7.1 (s, 4H, ArH); m/e 262 (m™*), 143 (base); Anal.
Calcd for C,sH,50,: C, 68.69; H, 6.92. Found: C, 68.58; H,
6.94.

7-Phenyl-2,4-diazospiro[5.5]undecane-1,3,5-trione (2).
Urea (1.17 g, 0.019 mol) in 6 ml of dimethyl sulfoxide was
slowly added to a suspension of 1.02 g (0.04 mol) of sodium
hydride in 9 ml of dimethyl sulfoxide under nitrogen. When
evolution of H, gas had ceased, 4.7 g (0.016 mol) of 4 in 6 ml
of dimethyl sulfoxide was slowly added. After stirring for 1
hour at room temperature and 2.5 hours at 80°C, the mixture
was cooled in an ice bath, acidified, and diluted with water.
The precipitate was stored overnight at 4°C, filtered, and
dried under reduced pressure to afford 2.46 g (58%) of 2
which was recrystallized from 95% EtOH (39% recovery):
mp 215-217°C; IR 3300, 2950, 1720 cm™'; 'H NMR (270
MHz, acetone-dy) & 1.54-1.69 (m, 4H, CCH,CH,CH,), 2.58
(ddd, 1H, CCH,, axial), 3.30 (dd, 1H, CH), 7.12-7.27 (m,
SH, ArH), 9.93 (s, 2H, NH); m/e 272 (m ™), 91 (base). Anal.
Calcd for C,sH, (N,O,: C, 66.16; H, 5.92; N, 10.29. Found:
C, 66.27; H, 5.95; N, 10.23.

3,4-Dihydrospiro[naphthalene-2(1H),5'(2'H)-
pyrimidine]-2',4',6'(1' H,3' H)-trione (3a). The synthetic pro-
cedure used to prepare 2 was used to convert 7a to 3a
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(95% vyield): mp 231~-233°C; IR (KBr) 3100-3000, 1740, 1450
cm™!; 'H NMR (270 MHz, acetone-dg) & 2.25 (t, 2H,
ArCH,CH,), 2.83 (t, 2H, ArCH,CH,), 3.31 (s, 2H,
ArCH,C), 7.09-7.13 (m, 4H, ArH), 10.11 (s, 2H, NH); m/e
244 (m*, base); Anal. Calcd for C,3H,,N,O; - 1/2H,0: C,
61.65; H, 5.17; N, 11.06. Found: C, 61.19; H, 5.12; N, 11.17.

3,4-Dihydro-3-methyl-spiro[naphthalene-2(1H),5'(2' H)-
pyrimidine]-2',4',6'(1' H,3' H)-trione (3b). The synthetic pro-
cedure used to prepare 2 was used to convert 7b to 3b (40%
yield): mp 207-208°C; IR (KBr) 3000, 1680, 1410 cm—!; 'H
NMR (270 MHz, acetone-d¢) 3 1.08 (d, 3H, CH,), 2.47 (m,
1H, CH), 2.86 (m, 2H, ArCH,CH), 3.38 (dd, 2H, ArCH,C),
7.09 (s, 4H, ArH), 10.11 (br s, 2H, NH); m/e 258 (m ™, base);
Anal. Calcd for C,,H,,N,O;: C, 65.12; H, 5.46; N, 10.85.
Found: C, 65.01; H, 5.48; N, 10.79.

Pharmacology

Target compounds were submitted to the Antiepileptic
Drug Development Program of the National Institute of Neu-
rological and Communicative Disorders and Stroke (14) to
be screened for anticonvulsant activity using the maximal
electroshock seizure (MES) test and the subcutaneous pen-
tylenetetrazol (scMet) test as originally established by Swin-
vard, et al. (15). The MES test evaluates the ability of a
compound to prevent the spread of a seizure through neural
tissue and is performed by administering, via corneal elec-
trodes, a 50 mA (mice) or 150 mA (rats), 60 Hz alternating
current for 0.2 sec duration. Protection is defined as the
ability of a compound to prevent the hind limb tonic exten-
sion component of the electrically induced seizure. The
scMet test evaluates the ability of a compound to raise sei-
zure threshold in excitable neural tissue and is performed by
administering pentylenetetrazole (85 mg/kg) subcutaneously.
Protection is defined as the ability of a compound to prevent
a single episode of clonic spasms of five second duration.
Toxicity to the central nervous system was evaluated in the
rotorod test. A positive toxic response is defined as the an-
imals failure to remain for one minute on a knurled plastic
rod rotating at six rpm. Compounds were suspended in a
0.5% aqueous suspension of methylcellulose and were ad-
ministered intraperitoneally in mice (male Carworth Farm
No. 1, 18-25 g) and orally in rats (male Sprague-Dawley,
100-150 g).

RESULTS AND DISCUSSION

Compounds (2, 3a-b) were synthesized by first prepar-
ing the properly substituted malonic esters followed by con-
densation with urea as illustrated in Scheme 1. Malonic ester
4, required for the synthesis of 2, was prepared by the
method of Zimmerman and Cutshall (11). This was con-
densed with urea to afford 2. Tetralone 5, prepared by the
method of Hathaway et al. (12), was catalytically reduced to
the tetralin dicarboxylic acid (6), then esterified to give mal-
onic ester 7a. Condensation of 7a with urea gave 3a. Benzyl
2-bromopropionate (9), prepared by transesterification of
ethyl 2-bromopropionate with benzyl alcohol, was alkylated
with 8 to give the triester (10). Catalytic hydrogenolysis of
the benzyl group of 10 to give 11, followed by cyclodehy-
dration afforded tetralone 12. The benzyl ketone of 12 was
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CO,CH, CO,CH, CO,CH,
@/\/tco ,Chs _a co Chy _e @;‘:ﬁcozcm
COZCHZCGHs H,C co H

1
1)‘:
d

COCH
02CH, HyCOs co CHy 769 » 3b

Reagents: (a) H2/Pd-C; (b) H*, CH30H; (c) NaH, (CH3)2NCHO;
(d) CH3CHBrCO2CH2C8HS5 (9); (6) H2804; (f) H2/Pd-C, H¥, CH30H;
(g) NaH, (CH3)2S0, H2NCONH2

Scheme I

catalytically reduced and esterified under Fisher conditions
to give 7b. Condensation with urea gave 3b.

Spirobarbiturates 2 and 3a-b were evaluated as anticon-
vulsants in mice and rats as described above. The results of
these screens are presented in Takles I (mice) and II (rats).

In mice at 30 minutes, compound 2 exhibited protection
against MES induced seizures only at 300 mg/kg. It also
exhibited neurotoxicity at this dose. Its activity in rats at 50
mg/kg was insignificant (1/4 protected against MES and sc-
Met).

Both 3a and 3b exhibited activity against MES and sc-
Met in mice with 3b showing the greatest activity. Similarly,
3b exhibited neurotoxicity at a lower dose than 3a. Both
compounds were active against MES in rats at 50 mg/kg,

King, Stratford, Craig, and Fifer

Table I1. Phase I Anticonvulsant Test Results of Spirobarbiturates 2
and 3a-b in Rats (50 mg/kg)

b

Compound Hour MES* scMet® Tox
2 0.25 0/4 0/4 0/4
0.5 0/4 0/4 0/4

1 0/4 0/4 0/4

2 1/4 0/4 0/4

4 0/4 1/4 0/4

3a 0.25 1/4 1/4 0/4
0.5 2/4 — 0/4

1 2/4 — 0/4

2 3/4 — 0/4

4 4/4 — 0/4

6 4/4 — —

24 2/4 — —

3b 0.25 2/4 1/4 0/4
0.50 3/4 2/4 0/4

1 0/4 1/4 0/4

2 2/4 0/4 0/4

4 4/4 2/4 0/4

6 4/4 — —

24 2/4 — —

2 Number of animals protected/number of animals tested.
5 Number of animals exhibiting toxicity/number of animals tested.

with the greatest activity being exhibited at 4 to 6 hours.
Both showed weak activity against scMet seizures in rats,
and neither exhibited neurotoxicity.

From models it can be seen that the phenyl ring of 2a is
restricted to a radically different area than for 3a and 3b. The
phenyl ring of 3a and 3b is oriented nearly perpendicular to
and above the barbiturate ring system, whereas the phenyl
ring of 2 is oriented much closer and perpendicular to the
barbiturate ring. These data suggest that better activity is
seen when the phenyl ring of the C5 side chain is oriented to
a position similar to that of 3a and 3b.
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Table I. Phase I Anticonvulsant Test Results of Spirobarbiturates 2 and 3a-b in Mice

MES* scMet? Tox?
Dose

Compd (mg/kg) 0.5 hr 4 hr 0.5 hr 4 hr 0.5 hr 4 hr
2 30 0/1 01 0/1 0/1 0/4 02
100 0/3 0/3 0/1 0/1 0/8 0/4

300 111 0/1 0/1 0/1 4/4 0/2

3a 30 0/1 01 3/5 0/1 0/8 0/2
100 1/3 0/3 SI5 2/5 0/12 0/8

300 1/1 1/1 5/5 4/5 5/8 4/6

3b 30 11 0/1 4/5 0/1 0/8 0/2
100 3/3 173 5/5 0/1 4/12 4/4

300 1/1 i SI5 5/5 8/8 6/6

4 Number of animals protected/number of animals tested.
5 Number of animals exhibiting toxicity/number of animals tested.
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