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The reaction of 1-aminoethylidenchydrazones 9 with di-zers-butyl dicarbonate and 4-dimethylaminopyri-
dine led to the corresponding azinoisocyanates 10, which underwent thermal rearrangement under the reac-
tion conditions to give 4-(tert-butoxycarbonyl)-5-methyl-2H-1,2,4-triazol-3(4H)-ones 14. However,
amidrazone 17 gave 2-(2-tert-butoxycarbonyloxy-2-phenyl)ethyl-4-(tert-butoxycarbonyl)-5-methyl-2 H-
1,2,4-triazol-3(4H)-one 22 and N-aziridinyliminocarbamate 18 under the similar conditions.

J. Heterocyclic Chem., 36, 1235 (1999).

Isocyanates are an important class of compounds in
organic chemistry [1]. They are used in the synthesis of
heterocyclic derivatives and some isocyanates have
found applications in the synthesis of biologically active
compounds. Isocyanates have been mainly prepared by
the phosgenation of amines [2], thermolysis of carba-
mates [3], and 4-dimethylaminopyridine catalyzed reac-
tion of the amine with di-zers-butyl dicarbonate [4] in
recent progress.

We described a new route to 1,2,4-triazole-fused hete-
rocycles such as 5,10-dihydro-1,2,4-triazolo[5,1-b]-
quinazolines 3a [5], 7H-imidazo{1,2-b][1,2,4]-triazole
4a [6], and monocyclic N-a-styryl-5-(phenylamino)-
1,2,4-triazole 5a [7] involving electrocyclization of
azinocarbodiimides 2a obtained from the corresponding
ureas la using Appel’s dehydration method [8]. Also,
we reported [9] that azinoketimines 2b, which were
obtainable from the corresponding amides 1b in the
similar condition, gave pyrazole-fused heterocycles
such as 4,9-dihydropyrazolo[5,1-b]quinazoline 3b, 1H-
imidazo[1,2-b]pyrazole 4b, and monocyclic N-o-styryl-
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5-(phenylamino)-pyrazole Sb by thermal rearrangement
(Scheme I).

We now wish to report that azinoisocyanates 10, which
are obtainable from the 4-dimethylaminopyridine cat-
alyzed reaction of the l-aminoethylidenehydrazones 9
with di-tert-butyl dicarbonate [(Boc),0] [4], give 2H-
1,2,4-triazol-3(4H)-one derivatives 14 by thermal
rearrangement. The 1,2,4-triazolone nucleus is present in
a wide variety of compounds with biological activity.
They have been shown to exhibit antibacterial [10], anti-
fungal [11], antiinflammatory [12], anticonvulsant {13],
and herbicidal activity [14] and this justifies continuous
efforts in developing more general and versatile synthetic
methodologies to this class of compounds [15]. Some
modern triazolone syntheses involve amidrazone interme-
diates formed through rearrangements of cyanates [16]
and isocyanates generated in the Curtius rearrangement
[17] are reported.

The starting compounds, 1-aminoethylidenehydra-
zones 9 employed in this study, were prepared from
ketones 6 in two steps as depicted in Scheme II. Ketones
6 were reacted with excess hydrazine monohydrate at
reflux temperature to give hydrazones 7 in 81-96%
yields. Hydrazones 7 were treated with S-methylthioace-
timidate hydroiodide 8 [18] in refluxing methanol fol-
lowed by neutralization with aqueous sodium hydrogen
carbonate to give 1-aminoethylidenehydrazones 9 in 72-
90% yields. The reaction of 9 with di-tert-butyl dicar-
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bonate in the presence of 4-dimethylaminopyridine in
N,N-dimethylfomamide at room temperature led to
4-(tert-butoxycarbonyl)-2H-1,2,4-triazol-3(4H)-ones 14
within 30 minutes in 28-43% yields. In the case of 9f,
1-(tert-butoxycarbonyl)-2-pyrrolytriazolone 14f was
obtained. Neither compounds 15 nor 16 were obtained.
Determination of the structure of triazolinones 14 was
accomplished on the basis of microanalyses and spectral
data. The infrared spectrum of 14a showed strong broad
absorptions at 1760 cm-! due to the carbonyl group. The
1H nmr spectrum showed peaks at & = 1.63, 2.43, 5.49
and 5.63 as four singlets assignable to the terr-butyl, C5-
methyl and two exo methylene protons, respectively. In
the 13C nmr spectrum peaks at & = 149.1 (NCO,), 146.7
(C5), 142.4 (C3), 141.2 (PhC=), 109.5 ( =CHj), 86.1
(O-C-tert-butyl), 27.8 (tert-butyl) and 15.5 (C5-methyl)
in addition to the aromatic peaks characterized 4-(zert-
butoxycarbonyl)-5-methyl-2-(1-phenylethenyl)-2H-
1,2,4-triazol-3(4H)-one (14a).

The proposed mechanism for the formation of 14 is
shown in Scheme III. The presumed intermediate azi-
noisocyanates 10 were too unstable to isolate, so the ther-
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mal reaction of 10 would give the resonance-stabilized
zwitterionic intermediates 11a-d. Proton abstraction by
the exocyclic oxy anion in 11b would produce vinyl alco-
hols 12, which were converted to the 4-(tert-butoxycar-
bonyl)-2H-1,2,4-triazol-3(4H)-ones 14 by the reaction of
excess di-ters-butyl dicarbonate [19] directly or via the
keto form 13.

On the other hand, the thermal reaction of
N-aziridinyliminoisocyanate 19 derived from the reaction
of the known amidrazone 17 [20] under similar conditions
led to the formation of two products which were separated
by column chromatography. The first product was the sim-
ple N-aziridinyliminocarbamate 18 (7%) and the secord
one was isolated as a white solid and assigned as the 2-(2-
tert-butoxycarbonyloxy-2-phenyl)ethyl-4-(zert-butoxycar-
bonyl)-5-methyl-2H-1,2,4-triazol-3(4H)-one (22, 37%) on
the basis of the following spectral data. Compound 22
exhibited strong bands at 1795 (C=0), 1743 (C=0) and
1600 cm 1(C=N) in its infrared spectrum. In the 'H nmr
spectrum peaks at § = 1.42 and 1.61 ppm characterized two
tert-butyl protons. Also two rert-butoxycarbonyl groups
were indicated by peaks at 8 = 27.7 and 27.8 (tert-butyl),
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d = 82.4 and 85.8 (O-C-tert-butyl), 3 = 150.3 (NCO,) and
152.6 (OCO,) in the 13C nmr spectrum. There were also a
C5-methyl absorption at § = 15.4, as well as peaks at § =
146.9 (C5) and 142.2 (C3) for the 1,2,4-triazolinone ring.

Although the isolation of isocyanate 19 was unsuccess-
ful under the reaction conditions, we believe that the
mechanistic sequence may involve an electrocyclization
of the N-aziridinyliminoisocyanate 19 to give the zwitter-
ionic aziridinum ion 20 followed by aziridine ring open-
ing and reaction of di-tert butyl dicarbonate with the
resultant betaine 21 to give product 22.

In conclusion, the present method demonstrated that
thermal reaction of azinoisocyanate or N-aziridinylimino-
isocyanate, obtained from the reaction of 4-dimethyl-
aminopyridine catalyzed reaction of the corresponding
amidrazone with di-terz-butyl dicarbonate, provides a new
entry to the synthesis of 2H-1,2,4-triazol-3(4H)-one

22
derivatives.
Table 1
Hydrazones 7
Yield Mp Molecular Analysis (%)
(%) ©) Formula Calcd./Found
C H N
93 24-25 C8H10N2 [a]
(134.18)
91 55-57 CgH 5N, [b]
(148.21)
95 57-58 C10H12N2 [C]
(160.22)
81 48-50 CgHgN,O 58.05 6.50 22.57
(124.14) 58.22 6.66 22.77
96 76-78 CgHgN,S 51.39 5.75 19.98
(140.21) 51.45 5.63 20.27
95 85-87 CgHgN3 58.51 7.37 34.12
(123.16) 58.84 7.5 34.07
Table 2
1-Aminoethylidenehydrazones 9
Yield Mp Molecular Analysis (%)
(%) ©) Formula Calcd./Found
C H N
79 76-77 C10H13N3 [a]
(175.23)
72 88-90 CyHysN; 69.81 7.99 22.20
(189.26) 70.16 7.98 22.53
90 oil C12H|5N3 [b]
(201.27)
87 74-75 CgH; N30 58.16 6.71 25.44
(165.19) 58.02 6.35 25.65
78 76-78 CgHN3S 53.01 6.12 23.18
(181.26) 52.69 647 23.06
88 148-149 CgH 5Ny 58.52 7.37 34.12
(164.21) 58.18 775 34.19
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R R! R2 Yield Mp Molecular Analysis (%)
(%) ®) Formula Calcd./Found
C H N
Phenyl H H 34 71-73 C16H19N;05 63.77 6.36 13.94
(301.35) 64.29 6.81 14.10
Phenyl CH, H 30 180-181 C7HN;05 64.75 6.71 13.32
(315.37) 64.75 7.04 13.08
Phenyl -CH, - CHy- 28 il C1gH2N;05 65.84 6.75 12.80
(328.39) 65.61 6.41 12.82
2-Furyl H H 43 oil Cy4H;7N;0, 5772 5.88 14.43
(291.31) 58.04 5.68 14.07
2-Thienyl H H 40 oil Cy4H[7N;058 54.71 5.57 13.67
(307.37) 55.08 5.92 13.33
1-Boc- H H 35 il C19HogN,Os 58.45 6.71 14.35
2-Pyrrolyl (390.44) 58.17 7.02 13.98
Table 4

IH NMR Data [a] of Compounds 7, 9 and 14

2.13 (s, 3 H, CH3), 5.35 (br s, 2 H, NHj), 7.26-7.38 (m, 3 H, aromatic), 7.63-7.66 (m, 2 H, aromatic)

1.14 (t, 3 H, J = 7.6 Hz, CH3), 2.60 (q, 2 H, ] = 7.8 Hz, CH,), 5.42 (br s, 2 H, NH3), 7.26-7.39 (m, 3 H, aromatic), 7.62-7.65 (m, 2 H, aromatic)

0.58 (m, 2 H, cyclopropyl), 1.06 (m, 2 H, cyclopropyl), 1.54 (m, 1 H, cyclopropyl), 5.88 (brs, 2 H, NH,), 7.24-7.35 (m, 3 H, aromatic),
7.65-7.68 (m, 2 H, aromatic)

2.03 (s, 3 H, CH3), 5.38 (br s, 2 H, NH,), 6.39 (dd, 1 H, J = 3.3 and J = 0.9 Hz, aromatic), 6.48 (d, 1 H, J = 3.3 Hz, aromatic), 7.39 (d, 1 H,
J = 0.9 Hz, aromatic)

2.15 (s, 3 H, CHjy), 5.23 (br s, 2 H, NH;), 6.97-7.21 (m, 3 H, aromatic)

2.04 (s, 3 H, CH3), 5.08 (s, 2 H, NH;), 6.17 (m, 1 H, aromatic), 6.32 and 6.75 (s, 1 H each, aromatic), 9.45 (br s, 1 H, NH)

2.10 (s, 3 H, CH3), 2.40 (s, 3 H, CH3), 5.29 (br s, 2 H, NH3), 7.27-7.46 (m, 3 H, aromatic), 7.80-7.87 (m, 2 H, aromatic)

1.12(t, 3 H, J = 7.6 Hz, CHy), 2.09 (s, 3 H, CH3), 2.99 (g, 2 H, ] = 7.6 Hz, CHy), 5.22 (br 5, 2 H, NH,), 7.35-7.40 (m, 3 H, aromatic), 7.78
-7.82 (m, 2 H, aromatic)

0.69 (m, 2 H, cyclopropyl), 0.92 (m, 2 H, cyclopropyl), 2.07 (s, 3 H, CH3), 2.51 (m, 1 H, cyclopropyl), 5.15 (br s, 2 H, NH;), 7.32-7.40 (m,
5 H, aromatic)

2.10 (s, 3 H, CHy), 2.34 (s, 3 H, CH3), 5.42 (br s, 2 H, NHy), 6.45 (m, 1 H, aromatic), 6.74 (d, 1 H, aromatic), 7.47 (s, 1 H, aromatic)

2.06 (s, 3 H, CHy), 2.42 (s, 3 H, CHj), 5.34 (br s, 2 H, NH}), 6.97-7.29 (m, 3 H, aromatic)

2.02 (s, 3 H, CH3), 2.33 (s, 3 H, CH3), 5.28 (br s, 2 H, NH3), 6.20 (s, 1 H, aromatic), 6.51 (d, 1 H,J = 2.6 Hz, aromatic), 6.79 (s, 1 H,
aromatic), 9.78 (brs, 1 H, NH)

1.63 (s, 9 H, tert-butyl), 2.43 (s, 3 H, CH3), 5.49 (s, 1 H, vinyl), 5.63 (s, 1 H, vinyl), 7.35 (s, 5 H, aromatic)

1.61 (s, 9 H, rert-butyl), 1.85 (d, 3 H, J = 7.3 Hz, CHs), 2.39 (s, 3 H, CH3), 6.16 (q, 1 H, J = 7.3 Hz, vinyl), 7.27-7.37 (m, 5 H, aromatic)
1.45 (m, 2 H, cyclopropyl), 1.59 (m, 2 H, cyclopropyl), 1.64 (s, 9 H, tert-butyl), 2.47 (s, 3 H, CH3), 7.26-7.46 (m, 5 H, aromatic)

1.63 (s, 9 H, tert-butyl), 2.47 (s, 3 H, CH3), 5.53 (s, 1 H, vinyl), 5.76 (s, 1 H, vinyl), 6.41 (s, 2 H, aromatic), 7.41 (s, 1 H, aromatic)

1.63 (s, 9 H, tert-butyl), 2.46 (s, 3 H, CHj), 5.53 (s, 1 H, vinyl), 5.60 (s, 1 H, vinyl), 6.99, 7.09 and 7.26 (s, 1 H each, aromatic)

1.46 (s, 9 H, fert-butyl), 1.60 (s, 9 H, tert-butyl), 2.35 (s, 3 H, CH3), 5.09 (s, 1 H, vinyl), 5.85(s, 1 H, vinyl), 6.16, 6.35 and 7.28 (m, 1 H
each, aromatic)

{a] Deuteriochloroform.

14a

14b

14c

14d

Table 5
13C NMR [a] and IR [b] Data of 4-(tert-Butoxycarbonyl)-5-methyl-2H-1,2,4-triazol-3(4H)-ones 14

13C NMR (ppm) IR (cml)
15.5,27.8, 86.1, 109.5, 126.9, 128.2, 2988, 1760, 1638, 1459, 1375, 1312,
128.8,135.2, 141.2, 142.4, 146.7, 149.1 1159, 1069
13.9 (d), 15.4 (d), 27.8 (d), 85.8, 2988, 1791, 1759, 1601, 1364, 1312,

123.5 (d), 127.8, 128.4, 128.7, 129.2, 1153, 1074
134.1, 142.0, 146.9, 149.3

3.2,5.3,15.7 (d), 27.9 (d), 85.9, 124.4 (d),
125.9 (d), 127.6, 128.0, 128.5, 1311, 1159, 1070
135.3, 1425, 146.8, 149.3
15.4,27.8, 86.2, 108.3, 109.5, 111.3,
131.8, 142.6, 142.9, 146.7, 148.6, 1143, 1013
149.0

2977, 1749, 1717, 1607, 1438, 1370,

2986, 1795, 1750, 1603, 1463, 1303
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Table 5 (continued)
I3C NMR [a] and IR [b] Data of 4-(tert-Butoxycarbonyl)-5-methyl-2H- 1,2,4-triazol-3(4H)-ones 14

13C NMR (ppm)
14e 15.4,27.8, 86.2,109.3, 126.1, 126.6,
127.2,135.2, 138.2, 142.5, 146.7,
149.0
14f 15.2,27.7, 27.8, 83.5, 85.8, 104.3,

110.1, 116.6, 122.5, 128.6, 134.5,
1417, 146.8, 148.3, 148 4

IR (cmrl)

2985, 1795, 1754, 1620, 1365, 1146
1006

2975, 1794, 1745, 1635, 1475, 1375,
1149, 1087

[a} Deuteriochloroform. [b] Determined by using potassium bromide pellets or KRS-5 cells.

EXPERIMENTAL

All reagents and solvents were reagent grade or were purified
by standard methods before use and the reactions were routinely
carried out under an inert atmosphere. Silica gel 60 (70-230 mesh
ASTM) used for column chromatography was supplied by E.
Merck. Analytical thin layer chromatography (tlc) was performed
on silica gel with fluorescent indicator coated on aluminium
sheets. Melting points were taken using an Electrothermal melt-
ing point apparatus and are uncorrected. Microanalyses were
obtained using a Carlo Erba EA 1180 element analyzer. Infrared
spectra were recorded on a Nicolet Magna 550 FTIR spectrome-
ter. The 'H and !3C nmr spectra were measured on a Gemini 300
spectrometer. All chemical shifts are reported in parts per million
() relative to tetramethylsilane.

The S-methylthioacetimidate hydroiodide [18], acetophenone
hydrazone [21], propiophenone hydrazone {22], cyclopropyl
phenyl ketone hydrazone [7b] and amidrazone 17 [20] were pre-
pared following the literature procedures. Acetophenone, pro-
piophenone, cyclopropyl phenyl ketone, 2-acetylfuran,
2-acetylthiophene, 2-acetylpyrrole, di-rert-butyl dicarbonate,
and 4-dimethylaminopyridine were purchased from Aldrich
Chemical Company.

Hydrazones 7. General Procedure.

A solution of the appropriate ketone 6 (15 mmoles) and 30 ml
of excess 85% hydrazine monohydrate was stirred at reflux tem-
perature for 3 hours. After cooling to room temperature
dichloromethane (50 ml) was poured into the reaction mixture
and was partitioned between water and dichloromethane. The
dichloromethane layer was washed with water and the solvent
was removed after drying over magnesium sulfate, and the
residue was crystallized with petroleum ether—ethyl ether to give
7 as a white to yellowish solid.

The physical and spectral data of compounds 7 prepared by
this general method are listed in Table 1 and Table 4.

1-Aminoethylidene Hydrazones 9. General Procedure.

To a solution of hydrazones 7 (40 mmoles) in 100 ml of
methanol was added S-methylthioacetimidate hydroiodide (8,
9.55 g, 44 mmoles) and this solution was stirred at reflux tem-
perature for 3 hours. After cooling to room temperature the sol-
vent was removed on a rotavapor and the residue was partitioned
between aqueous sodium hydrogen carbonate solution and
dichloromethane. The dichloromethane layer was washed with

water and the solvent was removed after drying over magnesium
sulfate, and the residue was crystallized with petroleum ether-
ethyl ether to give 9 as a yellowish solid or an oil.

The physical and spectral data of 9 prepared by this general
method are listed in Table 2 and Table 4.

4-(tert-Butoxycarbonyl)-5-methyl-2H-1,2,4-triazol-3(4H)-ones
14.

General Procedure.

To a stirred solution of di-fers-butyl dicarbonate (1.96 g, 9
mmoles) and 4-dimethylaminopyridine (0.12 g, 1 mmole) in 10
ml of N,N-dimethylformamide was added the appropriate
1-aminoethylidenehydrazone 9 (3 mmoles). The solution was
stirred at room temperature for 30 minutes. The reaction mixture
was partitioned between water and ethyl ether (15 ml x 2), com-
bined and the solvent was removed after drying over magnesium
sulfate. The residue was chromatographed on a silica gel column
and eluted with hexane-ethyl acetate 4:1 to give product 14 as a
white solid or as an oil.

The physical and spectral data of compounds 14 prepared by
this general method are listed in Table 3, Table 4, and Table 5.

N-Aziridinyliminocarbamate 18 and 2-(2-zert-Butoxy-
carbonyloxy-2-phenyl)ethyl-4-(tert-butoxycarbonyl)-5-methyl-
2H-1,2,4-triazol-3(4H)-one 22.

To a stirred solution of di-ters-butyl dicarbonate (1.87 g, 8.56
mmoles) and 4-dimethylaminopyridine (0.21 g, 1.71 mmoles) in
15 ml of acetonitrile was added 5 ml of acetonitrile solution of
amidrazone 17 (0.60 g, 3.42 mmoles) and this solution was
stirred at room temperature for 6 hours. The solvent was
removed on a rotavapor and the residue was chromatographed
on silica gel column and eluted with hexane-ethyl acetate 8:1 to
give 0.07 g (7%) of 18 and 0.53 g (37%) of 22 in the order of
elution.

Compound 18 had mp 84-85°; !H nmr (deuteriochloroform):
8 1.44 (s, 9 H, rert-butyl), 2.26 (s, 3 H, CH3), 234 (d, 1 H, J =
49 Hz, CH),237(d, 1 H,J =76 Hz, CH), 293 (dd, 1 H, ] =
4.9 and J = 7.5 Hz, CH), 7.24-7.36 (m, 5 H, aromatic), 8.52
(br s, 1 H, NH); 13C nmr (deuteriochloroform): § 19.4, 28.1,
40.0,43.9, 81.3, 126.4, 127.3, 128.4, 138.4, 151.0, 154.6.

Anal. Calcd. for C 5Hy N3O, C, 65.43; H, 7.69; N, 15.31.
Found: C, 65.23; H, 7.46; N, 15.36.

Compound 22 had mp 82-83°; 1H nmr (deuteriochloroform):
8 1.42 (s, 9 H, tert-butyl), 1.61 (s, 9 H, tert-butyl), 2.40 (s, 3 H,
CH;), 3.98 (dd, 1 H, J = 14.5 and J = 9.0 Hz, CH), 5.94 (dd, ] =
9.0 and J = 4.0 Hz, CH), 7.29-7.44 (m, 5 H, aromatic); 13C nmr
(deuteriochloroform): 8 15.4, 27.6, 27.8, 49.9, 75.8, 82.4, 85.8,
126.5, 128.6, 128.7, 136.9, 142.2, 146.9, 150.3, 152.6; ir (potas-
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sium bromide): 2979, 1795, 1743, 1600, 1457, 1361, 1303,
1255, 1153, 1091, 846.

Anal. Caled. for C HygN3Oq4: C, 60.13; H, 6.97; N, 10.02.
Found: C, 60.21; H, 7.35; N, 9.89.

Acknowledgements.

The authors wish to acknowledge the financial support of the
Korea Research Foundation made in the program year of 1998,
project number 1998-15-DOO0O177.

REFERENCES AND NOTES

* Author to whom correspondence should be addressed.

[1a] S. Ozaki, Chem. Rev., 72, 457 (1972); [b] K. Findeisen, K.
Konig, and R. Sundermann, Methoden Organische Chemie (Houben-
Weyl), 4th Ed, 1952-Band E4, 1983, p 738.

[2] Y. lIwakuraand K. Uno, J. Org. Chem., 30, 1158 (1965).
[3] Farbenfabriken Bayer A. -G., German Patents 1,176,127,
1,171,421 (1964); Chem. Abstr., 61, 6919g (1964).

[4a] H.-J. Knolker, T. Braxmeier and G. Schlechtingen, Angew.
Chem., 107, 2746 (1995); Angew. Chem., Int. Ed. Engl., 34, 2497
(1995); [b] H.-J. Knolker and T. Braxmeier, Synlett, 925 (1997).

[5] K.-J. Lee, S. H. Kim, S. Kim, H. Park, Y. R. Cho, B. Y.
Chung and E. E. Schweizer, Synthesis, 1057 (1994).

(6] K.-J. Lee, D.-H. Song, D.-J. Kim and S.-W. Park, J.
Heterocyclic Chem., 33, 1877 (1996).

[7a] K.-J. Lee, Y.-S. Lee and D.-H. Song, Bull. Korean Chem.
Soc., 16, 1037 (1995); [b] K.-J. Lee and D.-W. Kim, J. Heterocyclic
Chem., 34, 1301 (1997); [c] K.-J. Lee, Y. Her and J.-G. Jun, Bull.
Korean Chem. Soc., 20, 341 (1999).

{8] R. Appel, R. Kleinstuck and K. D. Ziehn, Chem. Ber., 104,
1335 (1971).

K.-J. Lee,J. L. Kim, M. K. Hong and J. Y. Lee

Vol. 36

[91 K.-J. Lee, S. H. Kim and J. H. Kwon, Synthesis, 1461 (1997).

[10] H. Yuksek, A. Demirbas, A. Ikizler, C. B. Johansson, C.
Celik and A. A. Ikizler, Arzneim.-Forsch., 47, 405 (1997).

[11] A. A. Ikizler, F. Ucar, H. Yuksek, A. Aytin, I. Yasa and T.
Gezer, Acta Pol. Pharm., 54, 135 (1997); Chem. Abstr., 127, 231807a
(1997).

(12] J. M. Robert, O. Rideau, S. Robert-Piessard, M. Duflos, G.
Le Baut, N. Grimaud, M. Juge and J. Y. Petit, Arzneim.-Forsch., 47, 635
(1997).

[13] J. H. Kehne, J. M. Kane, S. F. Chaney, G. Hurst, T. C.
McCloskey, C, Timothy, M. A. Petty, Y. Senyah, H. H. Wolf and R.
Zobrist, Epilepsy Res., 27, 41 (1997); Chem. Abstr., 127, 75893t (1997).

[14] H. Nakagawa, M. Murakami, Y. Endo, D. Yanase and T.
Akasaka, Japan Patent 97 71, 583 (1997); Chem. Abstr., 127, 176839
(1997).

[15a] A. R. Katritzky and C. W. Rees, Comprehensive
Heterocyclic Chemistry, Vol 5, K. T. Potts, ed, Pergamon Press,
London, 1984, p 733; [b] J. S. Goudar, US Patent 5,449,784 (1995);
Chem. Abstr., 124, 87016k (1996); [c] G. D. Madding, D. W. Smith, R.
I. Sheldon and B. Lee, J. Heterocyclic Chem., 22, 1121 (1985).

[16] C. Derycke, V. Jaeger, M. van Meersche and H. G. Viehe,
Angew. Chem., 85, 447 (1973).

[17a] H. Neunhoeffer, M. Neunhoeffer and W. Litzius, Liebigs
Ann. Chem., 722, 29 (1969); {b] H. Neunhoeffer, Liebigs Ann. Chem.,
722, 38 (1969).

[18] H. Bredereck, R. Gompper and H. Seiz, Chem. Ber., 90, 1837
(1957).

[19] No reaction was occurred using one equivalent of di-tert-
butyl dicarbonate.

[20] K.-J. Lee and S.-U. Kang, Tetrahedron Letters, 36, 2815
(1995).

{211 G. Lock and K. Stach, Chem. Ber. 77B, 293 (1944).

{22] J. H. Biel, A. E. Drukker, T. F. Mitchell, E. P. Sprengeler, P.
A. Nuhfer, A. C. Conway and A. Horita, J. Am. Chem. Soc., 81, 2805
(1959).



