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Nucleophilic reaction of 5-amino- and 6-amino-2-substituted benzoxaZotesl 2 with 3-ethoxy-
methylene-2,4-pentanedion8) (gave compound$ and 6. Compoundsl and 2 reacted with ethyl
ethoxymethylene-3-oxobutanoat4) under formation of compoundsand 8. The substitution prod-
ucts 7 and 8 underwent thermal cyclization at high temperature (boiling mixture of diphenyl e
and biphenyl) to give angularly and linearly annelated derivatives of 5-acetyl-4-oxo-oxazéo[/
quinoline 9 and 7-acetyl-8-oxo-oxazolo[5dlguinoline 10 (from 7), and derivatives of 8-acetyl-9-
oxo-oxazolo[5,4fquinoline 11 and 6-acetyl-5-oxo-oxazolo[4 &quinoline 12 (from 8). The
structure of the substitution products is discussed on the basis of their spectral charactetiatics
BC NMR, IR, UV, MS).

Key words: Gould—Jacobs reaction; Oxazoloquinolones.

The Gould-Jacobs reactigrin which a 4-pyridone ring is annelated to a benzoxaz
skeletoR, represents one of the synthetical approaches to the oxazoloquinolone s
Much more common is the formation of oxazole skeleton on a substituted quir
derivativeé>. With isoelectric azoles, the former method leads exclusively to angu
annelated derivatives, with nonisoelectric ones it enables the preparation of bo
linearly and angularly annelated products, the choice of the substitution deriv:
being, however, more difficult.

The present study represents an extension of our preceding® pageribing the
reaction of 5- and 6-amino-2-substituted benzoxazoles (with hydrogen, methyl or phe
position 2) with diethyl ethoxymethylenemalonate leading t§-[% or 6-(2-sub-
stituted benzoxazolyl)Jaminomethylenemalonates which under conditions of Gc
Jacobs reaction were cyclized to give a mixture of angularly and linearly anne
oxazoloquinolones.
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The present communication describes the nucleophilic substitution reacti
5-amino- () and 6-amino-2-substitute@)(benzoxazoles with 3-ethoxymethylene-2,
pentanedione3), leading to products and 6, and with ethyl 2-ethoxymethylene-3-oxc
butanoate 4), affording products and 8 (Scheme 1). This nucleophilic substitutio
proceeds under mild conditions, in refluxing ethanol. Generally, the 6-amino-
stituted benzoxazolearequired longer reaction time, the substituent in position 2 ha
no marked influence on the reaction course.

The physicochemical properties of the prod&et8 are given in Table | and their IF
and UV spectra in Table Il. In all cases, the substitution derivatives showed tra
arrangement of the -NH—CH= groupiny< 12—14 Hz). Comparison éH NMR sig-
nals of compoundS-8 is given in Table Ill. The position of the NH proton signal w
approximately constant (12.57-12.75 ppm) and the signal of the neighbouring
group was at 8.30-8.31 ppm. The acetyl signal appeared at 2.10-2.40 ppm and t
the ethyl ester group at 1.24-1.29 and 4.10-4.13 ppm.

The13C NMR spectra of produc&-8 (Table IV) show that in the case of unsymm
trically substituted ethylenic bond both geometric isomers are formedE}isoMmer
invariably predominating (more than 90%). The shift of the acetyl carbons C-1C
C-12 is enormously high, being 199.50-199.38 and 195.63-195.20 ppm, respec
in compounds5 and 6. In the spectra of derivativeésand 8 the signal of the C-12
carbon atom, bearing the ester group, appears mostly at 166.00-166.17 ppm. The
atom C-2 in derivativeSa-8aresonates at 151.13-155.49 ppm, in the other derivat
at 162.60-166.22 ppm.

6 77ao
H-C,O X
(0] 5724 HSQ%R
H,N )R+ — Ty 2N
N H Y oF 8N ¢
y H
5-8

1,2 3,4

In formulae 1,5, 7 : 5-NH,
2,6,8:6-NH,
3,5,6: X=Y=COCH,
4,7,8: X=COCHjs, Y = COOC,Hg
1,2,5-8: a R=H
b, R=CH,
¢, R=CgzH;
ScHemE 1
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TaBLE |

Physicochemical properties of substitution prodiet8

Solvent of Calculated/Found
Compound crystallization M.p., °C Formula
p Reaction time,  Yield, % M.w.
min % C % H % N
5a toluene 142-143 3H12N203 63.91 4.95 11.47
15 70 244.1 63.55 4.78 11.25
5b toluene 132-135 GH14N203 65.09 5.47 10.85
15 73 258.1 65.07 5.48 10.76
5¢c toluene 170-171 {gH16N203 71.22 5.04 8.75
30 75 320.1 70.93 5.03 8.74
6a toluene 170-171 (BGH12N203 61.29 5.15 10.22
30 67 244.1 61.09 5.31 10.28
6b toluene 132-134  (GH14N203 62.48 5.60 9.72
30 65 258.1 62.33 5.54 9.81
6¢c toluene 197-199 {sH16N203 68.55 5.18 8.00
60 65 320.1 68.72 5.19 7.97
7a CHClz—hexane 114-117 1GH14N204 61.29 5.15 10.22
15 80 274.1 61.30 5.09 10.19
7b toluene 103-106  GH16N204 62.48 5.60 9.72
30 78 288.1 62.35 5.69 9.80
7c toluene 134-135 £6H18N204 68.55 5.18 8.00
60 82 350.1 68.31 5.15 8.08
8a CHCls-hexane 70-71 aH14N204 61.29 5.15 10.22
30 65 274.1 61.18 5.20 10.29
8b toluene 208-211  {sH1eN204 62.48 5.60 9.72
60 60 288.1 62.40 5.54 9.66
8c toluene 173-175 £6H18N204 68.55 5.18 8.00
60 62 350.1 68.60 5.12 8.12
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TasLE Il

Infrared and UV spectra of substitution produst8

IR spectra
Compound UV spectra
v(C=0y" v(C=C)

5a 1618 1585 206.6 (3.24), 239.9 (3.12), 335.1 (3.34)
5b 1630 1574 207.0 (3.72), 241.3 (3.23), 336.0 (3.41)
5c 1618 1591 206.3 (3.70), 266.5 (3.42), 341.5 (3.53)
6a 1637 1591 203.9 (3.22), 245.1 (3.02), 341.5 (3.40)
6b 1630 1574 207.0 (3.72), 241.3 (3.21), 336.9 (3.39)
6¢C 1614 1583 204.9 (3.74), 337.1 (3.60)
7a 1684, 1610 1583 206.3 (3.21), 235.8 (3.33), 334.2 (3.36)
7b 1711, 1639 1581 207.0 (3.22), 236.7 (3.36), 335.1 (3.36)
7c 1691, 1633 1583 201.6 (3.50), 241.3 (3.31), 270.6 (3.33), 339.7 (3.t
8a 1695, 1618 1581 202.9 (3.17), 232.3 (3.11), 341.5 (3.26)
8b 1691, 1631 1574 204.9 (3.32), 241.3 (3.18), 348.2 (3.40)
8c 1709, 1637 1581 200.0 (3.56), 232.8 (3.30), 379.0 (3.66)

2The long-wavenumber absorption corresponds to the ester carbonyl vibration.

TasLE Il

Proton NMR spectra of substitution produéts3

Compound H-4 H-5 H6 H-7 H8 NH COCHCOCH; CH, CH; R
5a 7.74 - 752 770 844 1264 238 2.38 - - 8.76
5b 7.70 - 7.38 7.62 840 1275 241 2.37 - - 2.61
5¢c 7.79 - 750 7.79 845 1262 2.40 241 - - & -
6a 7.80 7.50 - 8.10 846 1264 243 2.40 - - 8.73
6b 7.65 742 - 7.79 842 1263 2.39 2.38 - - 2.60
6C 7.79 749 - 8.09 846 1264 2.10 2.10 - - b
7a 7.86 - 746 7.76 846 1261 237 - 410 129 8.7:
7b 7.72 - 738 7.66 845 1260 2.37 - 418 128 2.6(
7c 7.90 - 746 782 849 1262 238 - 417 129 ¢ -
8a 7.75 7.34 - 785 835 1261 2.38 - 415 1.27 8.6¢
8b 7.85 6.97 - 789 830 1257 212 - 414 124 2.6(
8c 782 7.73 - 7.98 851 1090 2.30 - 410 1.24 ¢ —

Chemical shifts ob- and @, p-)protons, respectively:8.19, 7.62°8.15, 7.61°8.19, 7.6298.15, 7.60.
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Mass spectra of all the substituted derivatives exhibit the molecular ion. The
stitution products$ and 6 display a peakn/z112 (100%), corresponding to loss of tt
diacetylethylene fragment. In the case of derivati¥aad8 we observed two fragmen
tation paths. The main fragmentation of compoundsensisted in loss of ethyl format
(M — 74), derivativesS lost preferentially the acetyl group (M — 43) with subsequ
fragmentation. The mass spectral data for derivatw8sare given in Table V.

The cyclization of substitution productsand 8 takes place at high temperatul
(250-260°C) in a mixture of diphenyl ether and biphenyl (Scheme 2). The reac
time was 30—60 min. In most cases the reaction afforded a mixture of angularl
linearly annelated oxazoloquinolones, only the cyclization of comp8armghve exclu-
sively the angularly annelated derivatit@¢a The cyclization was also greatly in

TaBLE V
Mass spectra of substitution produéts3

Compound m/z (relative abundance, %)

5a 244 (M, 92), 229 (9), 228 (44), 212 (8), 211 (41), 201 (11), 188 (12), 187 (94),
159 (20), 158 (10), 145 (13), 134 (11), 118 (10), 112 (100), 104 (11), 91 (9), 77 (8),
63 (16), 51 (12), 43 (98), 39 (19), 28 (17)

50 258 (M", 58), 243 (23), 225 (38), 215 (11), 202 (10), 201 (38), 197 (9), 160 (13),
147 (32), 132 (20), 112 (100), 104 (11), 91 (11), 63 (8), 43 (57), 32 (12), 28 (28)

5c 320 (M", 49), 305 (59), 287 (30), 277 (12), 263 (22), 235 (15), 209 (50), 160 (20),
132 (26), 112 (100), 104 (24), 91 (16), 77 (22), 63 (20), 43 (85), 39 (9)

6a 244 (M, 42), 229 (20), 202 (5), 201 (39), 188 (6), 187 (52), 159 (17), 132 (11),
112 (100), 104 (8), 90 (13), 63 (17), 43 (71), 39 (9), 32 (9), 28 (25)

6b 258 (M", 60), 243 (25), 225 (38), 215 (10), 201 (41), 173 (18), 160 (13), 147 (33),
132 (27), 112 (100), 104 (14), 91 (14), 76 (10), 52 (10), 43 (87), 39 (9), 28 (29)

6c 320 (M", 58), 305 (20), 287 (27), 263 (18), 210 (20), 209 (65), 166 (10), 132 (22),
112 (100), 104 (19), 103 (12), 91 (10), 77 (19), 63 (20), 43 (56), 39 (9), 28 (19)

7a 274 (M", 72), 259 (9), 229 (13), 228 (16), 213 (20), 201 (17), 200 (100), 187 (12),
185 (56), 158 (13), 142 (32), 103 (7), 76 (8), 52 (10), 43 (57), 29 (19), 28 (19)

7b 288 (M", 81), 243 (12), 242 (13), 227 (15), 214 (100), 213 (15), 201 (6), 199 (41),
172 (10), 142 (18), 132 (10), 104 (10), 91 (7), 63 (10), 43 (49), 29 (13), 28 (10)

7c 350 (M", 56), 289 (10), 282 (7), 277 (18), 276 (87), 274 (51), 261 (51), 200 (100),
185 (49), 158 (18), 142 (49), 104 (12), 91 (14), 51 (19), 43 (80), 29 (15), 28 (30)

8a 274 (M, 15), 157 (11), 142 (10), 104 (7), 103 (9), 90 (10), 77 (9), 63 (13), 51 (10),
43 (100), 29 (46)

8b 288 (M", 38), 243 (10), 242 (17), 227 (13), 215 (16), 214 (100), 200 (7), 199 (53),
173 (7), 172 (17), 142 (28), 104 (28), 103 (10), 77 (10), 63 (7), 43 (30), 28 (12)

8c 350 (M", 10), 104 (13), 103 (23), 91 (5), 77 (8), 63 (33), 51 (19), 43 (100), 29 (17)
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fluenced by dilution of the starting solution. The concentration of choice was 1 g ¢
compound in 50 g of the solvent. Greater concentrations resulted in darkening
mixture, with lower concentrations the isolation of the products was very difficult.
purity and yields of the cyclocondensation reaction depended also on the purity
starting substitution products, good yields being achieved only with recrystallized
pounds. The obtained cyclic oxazoloquinolones were extraordinarily insoluble
melted above 250C. The low solubility made the NMR spectral measurements d

cult and, more importantly, made impossible the separation of the angularly a
nearly annelated products.

(@)
1 10 H @iN%R
CHgoc\T4i\N

CH,CH,00c H
14 13 12 7’ 8

N

/
o COCH,
H\N N/>7R = /O
N
NN H %>7R
N

COCH,
9 11
o ° H*
CH,0C o) N o)
)—R | )—R
N N CHZ0C™ N
H
10 12b, 12¢

In formulae 7-12 :a,R=H
b, R = CH,
¢, R=C4Hg

ScHEME 2
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The analytical data, yields and IR spectra of the cyclocondensation prédlzisre
given in Table VI. Except the derivatidda all the products are mixtures of angular
and linearly annelated compounds; the data are given only to characterize the ol
mixtures and not the individual compounds. ThReNMR spectra (Table VII) of these
mixtures of angularly and linearly annelated products show some doubled signal
those of acetyl group, the proton or methyl group in position 2 of the oxazole nut
and in some cases also of the CH-NH protons. The spectra further exhibited c
teristic doublets for angularly annelated derivati9étr H-8 and H-9) and 1 (for H-4
and H-5) and singlets, attributable to the H-4 and H-9 protons of the linearly ann
derivativesl0a-10cand12b, 12¢. The ratio of the angular to linear isomers was det
mined by the!H NMR spectra. Mass spectra of the cyclic products (Table VIII) sk
the molecular ions. In most cases, the molecules lose preferentially the methyl g

EXPERIMENTAL

The melting points are uncorrected. Proton 8NMR spectra were measured on a Varian VXR-3
instrument (300 MHz fotH, 75 MHz for13C) in hexadeuteriodimethyl sulfoxide with tetramethyls
lane as internal standard. IR spectra were taken on an M-80 (Zeiss, Jena) spectrometer using

TasLE VI
Physicochemical properties of cyclocondensation prod®et?

Compound Calculated/Found IR spectra
. Formula
or Yield, % MW
mixture % C % H % N J(Co)  v(C=C)
9a 22 C12HsN203 63.16 3.53 12.28 1581,1664 1543
10a 228.2 63.00 3.50 12.24
9b 25 Ci3H10N203 64.46 4.16 11.56 1581,1666 1539
10b 242.2 64.41 4.11 11.51
9c 38 Ci8H12N203 71.05 3.97 9.21 1624,1662 1541
10c 304.3 71.15 4.02 9.11
1lla 20 C12HsN203 63.16 3.35 12.28 1628,1666 1543
228.2 63.51 3.40 12.32
11b 20 Ci3H10N203 64.46 4.16 11.56 1635, 1662 1541
12b 242.2 64.39 4.09 11.49
11ic 33 Ci8H12N203 71.05 3.97 9.21 1587,1622 1539
12¢ 304.3 69.87 3.90 9.18
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TasLE VII

Proton NMR spectra of cyclocondensation prod®sts2

Compound  H-4 H-5 H-6 H-7 H-8 H-9 NH Cig€O R
94" - - 12.18 - 11.66 11.43 1233 594 f_
10a  11.12 - 12.25 - - 1184 1262 6.02 f_
9P - - 10.08 - 9.15 10.17 1017  3.57 3.48
10b 9.48 - 10.08 - - 1017 1017 3.77 3.52
9c¢ - - 840 - 823 859 859 252 8.28-8.22
10c 7.85 - 840 - - 859 859 262 7.64-7.58
11a 809  7.65 - 8.48 - - 881  2.50 8.92
116 8.10 7.98 - 8.29 - 8.26 848 275 2.49
12b 9.30 - - 8.29 - - 848  2.75 2.49
11¢ 817 7.70 - 8.55 - & 862 285 8.28-8.22
12c 9.97 - - 8.55 - - 862  2.88 7.68-7.55

Population of isomers in the mixtur23 : 1.°3: 2.1 :1.92: 1.3 : 2.7 Signal not obvious.

TasLE VIII

Mass spectra of cyclocondensation prodigets2

Compound

m/z (relative abundance, %)

9a
10a
9b
10b
9c
10c

1la

11b
12b
11c
12c

228 (M™, 77), 214 (13), 213 (100), 185 (8), 157 (5), 145 (34), 130 (21), 129 (5)
103 (5), 102 (9), 75 (15), 63 (7), 62 (8), 53 (15), 52 (8), 43 (30), 28 (10)

242 (M™, 60), 228 (14), 227 (100), 199 (10), 171 (5), 159 (22), 158 (7), 144 (7)
130 (5), 120 (5), 102 (5), 75 (7), 53 (5), 43 (27), 28 (5)

304 (M™, 68), 290 (20), 289 (100), 278 (5), 277 (10), 270 (49), 263 (7)

261 (27), 234 (8), 210 (7), 170 (12), 142 (11), 130 (7), 104 (14), 103 (14), 91 (7),
77 (27), 76 (12), 63 (14), 53 (12), 52 (10), 51 (22), 43 (35), 39 (11)

228 (M", 32), 214 (5), 213 (47), 171 (13), 170 (100), 169 (13), 154 (59), 153 (18),
152 (13), 145 (12), 142 (34), 140 (49), 115 (18), 77 (35), 76 (12), 63 (12), 51 (42),
50 (14), 43 (10), 39 (19), 28 (7)

242 (M™, 62), 228 (14), 227 (100), 199 (8), 171 (5), 170 (15), 159 (25), 158 (5)
154 (11), 77 (11), 76 (11), 43 (20), 39 (7), 28 (13)
304 (M™, 100), 290 (17), 289 (78), 286 (7), 261 (9), 223 (7), 221 (13), 206 (7)

170 (26), 154 (17), 141 (14), 130 (12), 104 (10), 103 (12), 102 (15), 77 (22), 76 (9),
75 (11), 63 (7), 51 (15), 43 (12), 39 (7)
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technique (1 mg in 300 mg KBr). Electronic absorption spectra were recorded on a UV-VIS
spectrophotometer (Zeiss, Jena) in methanol, concentration~t mdlodnT3. Mass spectra were obtaine
with an MS 902S (AEI Kratos) instrument. The nitrobenzoxazoles were prepared according’td're

Preparation of Aminobenzoxazolésand?2

A mixture of the nitro compound (0.01 mol), Raney nickel (10% of weight of the nitro deriva
and ethanol (100 ml) was hydrogenated for 24—-120 h, the reaction being monitored by TLC a
drogen consumption. After filtration, the obtained alcoholic solution of the amine was immeds
used in the further reaction.

Preparation of Substitution DerivativBs8

The alcoholic solution of the amine, obtained in the above experiment, was mixed with 3-et
methylene-2,4-pentanedion8) (or ethyl 2-ethoxymethylene-3-oxobutanoa#® (0.01 mol-equivalent).
The mixture was refluxed for 15-60 min and the reaction was monitored by TLC. The reactior
ture was concentrated in vacuo on a rotatory evaporator and the product was crystallized fi
appropriate solvent. The yields, reaction times, melting points and crystallization solvents are
in Table I, their IR and UV spectra in Table 1H NMR spectra in Table I1I}3C NMR spectra in
Table IV and mass spectra in Table V.

Preparation of Cyclocondensation Prodigt$2

A mixture of the substitution produdtor 8 (1 g) and Dowtherm (50 g) was heated at 250-Z60
for 30-60 min. In most cases, cooling of the mixture afforded a gelatinous mass which was v
with hexane and ether to remove the residual solvent. The physicochemical data for corBpbnc
and their IR spectra are given in Table VI, th#r NMR spectra in Table VIl and mass spectra
Table VIII.

The authors are indebted to Dr J. Lesko for measurement of the mass spectra and to Mrs S.
sova for the IR and UV spectral measurements.
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