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Abstract

Novel fluorinated 4-oxo-4H-pyrido[3'.2":4,5]furo[3,2-d]-1,3-0xazines have been synthesised from 2-carbethoxy-3-amino-4-trifluoro-
methyl-6-aryl-substituted furo{2,3-b]pyridines via intermediates such as 2-carboxy-3-amino-4-trifluoromethyl-6-aryl-substituted furo[2,3-
b] pyridines and 2-carboxy-3-trifluoroacetylamino-4-trifluoromethyl-6-aryl-substituted furo [ 2,3-b ] pyridines. The CF; group induces changes
in the reactivity in the molecule and the consequent regioselective attack of nucleophiles on the oxazine ring have been studied and utilized

for mechanistic interpretation.
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1. Introduction

In continuation of our work on the synthesis of fluorinated
heterocycles [1—4] of biological interest, our attention has
been attracted towards the synthesis of pyrido-
[3',2":4,5]furo[3,2-d]-1,3-0xazines by utilizing furo-
[2,3-b]pyridines (1) [4] having two active functional
groups ortho to each other.

2. Experimental details
2.1. General

Melting points were determined in open glass capillaries
on a Mettler FP51 melting point apparatus and are uncor-
rected. 'H NMR spectra were recorded on a Varian Gemini
(200 MHz) spectrometer with TMS as internal standard. IR
spectra were recorded on a Pye—Unicam SP3-200 infrared
spectrometer. Mass spectra were recorded on a VG Micro-
mass 7070H instrument. Elemental analyses were carried out
on a Perkin-Elmer 240B apparatus.
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2.2. Starting materials

The 2-carbethoxy-3-amino-4-trifluoromethyl-6-aryl-sub-
stituted furo[ 2,3-b] pyridines were prepared according to the
reported procedure [4]. All other reagents were obtained
from commercial sources and employed as supplied.

2.3. Preparation of 2-carboxy-3-amino-4-trifluoromethyl-6-
aryl-substituted furo[2,3-b]pyridines (2a—d): general
procedure

The 2-carbethoxy-3-amino-4-trifluoromethyl-6-aryl-sub-
stituted furo[2,3-b]pyridines (0.001 mol) were suspended
in potassium hydroxide solution (10%, 10 ml) and heated to
reflux for 2 h at 100 °C with stirring. The reaction mixture
was cooled to room temperature, diluted with water and neu-
tralised with concentrated hydrochloric acid until acidic to
litmus paper. The separated solid product was filtered,
washed with cold water and dried. The dried product was
purified by washing three times with n-hexane.

2-Carboxy-3-amino-4-trifluoromethyl-6-phenyl furo[2,3-
blpyridine (2a): yield, 0.272 g (84.5%); m.p. 156.8 °C. 'H
NMR (DMSO-dq) 6: 5.8 (br., s, 2H, NH,); 7.20 (s, 1H, H-
C(5));7.25 (d, 2H, aromatic H); 7.55 (m, 3H, aromatic H) ;
10.9 (s, IH, <COOH) ppm. IR (KBr) (cm~'): 3300-3650;
1720, MS M™, m/zz 322 (M™", base peak); 304
(M —H,0); 278 (M"-CO,); 248 (278 —CH,0); 229
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(248 —F); 179 (248 —CF;); 77 (C¢Hs). Analysis: Found
for C,sHoF3N,05: C, 55.98; H, 2.94; N, 8.73%. Calculated:
C,5591;H,2.81; N, 8.69%.
2-Carboxy-3-amino-4-trifluoromethyl-6-p-tolyl furo{2,3-
b]pyridine (2b): yield, 0.305 g (90.8%); m.p. 178.2°C. 'H
NMR (DMSO-d;) 6: 2.45 (s, 3H, CH,); 5.37 (br,, s, 2H,
NH,);7.32 (d, 2H, aromatic H); 7.95 (s, IH,H-C(5)); 8.05
(d, 2H, aromatic H); 10.93 (s, 1H,-COOH) ppm. IR (KBr)
(ecm™"): 3250-3600; 1728. MS M*, m/z: 336 (M ™, base
peak); 318 (M" —H,0); 292 (M*"—-CO0O,); 262
(292 - CH,0); 243 (262 —F); 193 (262 — CF;). Analysis:
Found for C,¢(H,,F;N,05: C, 57.17; H, 3.32; N, 8.42%. Cal-
culated: C, 57.15; H, 3.29; N, 8.33%.
2-Carboxy-3-amino-4-trifluoromethyl-6-p-anisyl  furo-
[2.3-5]pyridine (2¢): yield, 0.301 g (85.6%); m.p. 163.1
°C. 'HNMR (DMSO-d;) 8: 3.84 (s, 3H, OCH;); 5.35 (br.,
s, 2H, NH,); 7.30 (d, 2H, aromatic H); 7.92 (s, 1H, H-
C(5)); 8.0 (d, 2H, aromatic H); 10.91 (s, 1H, -COOH)
ppm. IR (KBr) (cm™'): 3250-3600; 1728. MS M ™, m/z:
352 (M™, base peak); 334 (M —H,0); 308 (M" —CO,);
278 (308 —CH,0); 249 (278 — F); 209 (278 — CF,). Anal-
ysis: Found for C ¢H,,F;N,0,: C, 54.61; H, 3.18; N, 7.98%.
Calculated: C, 54.55; H, 3.14; N, 7.95%.
2-Carboxy-3-amino-4-trifluoromethyl-6-p-chlorophenyl
furo[2,3-b]pyridine (2d): yield, 0.310 g (87.3%); m.p.
157.7 °C. '"H NMR (DMSO0-dC,) &: 5.40 (br., s, 2H, NH,):
7.50 (d, 2H, aromatic H); 8.0 (s, |H, H-C(5)); 8.15 (d,
2H, aromatic H); 11.02 (s, 1H, -COOH) ppm. IR (KBr)
(em™"): 3200-3600; 1720. MS M ™, m/z: 356 (M ", base
peak); 338 (M*-H,0); 312 (M*™-CO0O,); 282
(312—-CH,0); 263 (282—F); 247 (282-Cl); 228
(247—F). Analysis: Found for C,sHiCIF;N,O;: C, 50.56;
H, 2.31; N, 7.88%. Calculated: 50.51; H, 2.26, N, 7.85%.

2.4. Preparation of 2-carboxy-3-trifluoroacetylamino-4-
trifluoromethyl-6-aryl-substituted furo[ 2,3-b [pyridines
(da—): general procedure

The 2-carboxy-3-amino-4-trifluoromethyl-6-aryl-substi-
tuted furo[2,3-b]pyridines (0.001 mol) were taken up in
trifluoroacetic anhydride (4 ml) when the reaction mixture
became homogeneous and solid then separated. The resultant
reaction mixture after refluxing for 2 h at 40 °C, i.e. at the
boiling point of trifluoroacetic anhydride, was cooled with
ice water and poured into crushed ice. The product was fil-
tered washed with water and dried.

2-Carboxy-3-trifluoroacetylamino-4-trifluoromethyl-6-
phenyl furo[2,3-b]pyridine (4a): yield, 0.353 g (84.6%);
m.p. 240.2 °C. 'H NMR (DMSO-d,) 6: 7.55 (m, 3H, aro-
matic H); 9.20 (s, 1H, NH); 8.15 (s, IH, H-C(5)); 8.17 (d,
2H, aromatic H); 10.95 (s, 1H, -COOH) ppm. IR (KBr)
(cm™'): 3250-3570; 1745. MS M ™, m/z: 418 (M*, base
peak); 374 (M*-CO,); 349 (M'-CF;); 331
(349 —H,0); 305 (349 —CO,): 69 (CF,). Analysis: Found
for C,;HgF¢N,O4: C, 48.86; H, 1.98; N, 6.73%. Calculated:
C, 48.80; H, 1.92; N, 6.69%.

2-Carboxy-3-trifluoroacetylamino-4-trifluoromethyl-6-p-
tolyl furo{2,3-b] pyridine (4b): yield, 0.397 g (92.1%) ; m.p.
244.7 °C. H NMR (DMSO-d,) & 2.45 (s, 3H, CH3); 7.36
(d,2H, aromaticH);9.17 (s, 1H,NH); 8.07 (d, 2H, aromatic
H); 8.10 (s, IH, H-C(5)); 10.95 (s, 1H,-COOH) ppm. IR
(KBr) (cm™');3200-3600; 1740. MSM™*,m/z: 432 (M ™),
414 (M* —H,0); 388 (M™ —CO,, base peak); 345
(M* = CF,); 319 (M* —CF; and CO,); 69 (CF;). Analy-
sis: Found for C,;4H,,FsN,O,: C, 50.13; H, 2.36; N, 6.51%.
Calculated: C, 50.00; H, 2.31; N, 6.48%.

2-Carboxy-3-trifluoroacetylamino-4-trifluoromethyl-6-p-
chlorophenyl furo[2,3-b]pyridine (4¢): yield, 0.373 ¢
(82.6%); m.p. 227.1 °C. '"H NMR (DMSO-d,) &: 7.61 (d,
2H, aromatic H); 9.22 (s, 1H, NH); 8.21 (s, 1H, H-C(5));
8.28 (d, 2H, aromatic H); 10.95 (s, 1H, -COOH) ppm. IR
(KBr) (cm™'): 3250-3510; 1745. MSM™*, m/z: 452 (M™,
base peak); 434 (M*—H,0); 408 (M* —CO;); 339
(M™* —=CF; and CO,); 311 (339—CO); 304 (339—Cl);
11 (CH,Cl; 69 (CF;). Analysis: Found for
C,-H,CIF¢N,0,: C, 45.16 H, 1.18; N, 6.22%. Calculated: C,
45.10; H, 1.55; N, 6.18%.

2.5. Preparation of 2,7-disubstituted-9-trifluoromethyl-4-
oxo-4H-pyrido[3',2':4,5 [furo{3,2-d]-1,3-oxazines (3a—
and 5a—): general procedure

The 2-carboxy-3-amino-4-trifluoromethyl-6-aryl-substi-
tuted furo[2,3-b]pyridines (0.001 mol) (for compounds
3a—¢) and 2-carboxy-3-trifluoroacetylamino-4-trifluoro-
methyl-6-aryl-substituted furo[ 2,3-b] pyridines (0.001 mol)
(in the case of compounds 5a—c¢) were taken up in acetic
anhydride (4 ml), heated to 110 °C and stored for 2 h with
stirring. The reaction mixture was cooled to room temperature
and poured into crushed ice. The separated solid product was
filtered, washed with cold water and dried.

2-Methyl-7-phenyl-9-trifluoromethyl-4-oxo-4H-pyrido-
[3',2":4,5]furo[ 3,2-d]-1,3-0xazine (3a): yield, 0.274 g
(79.4%); m.p. 198.0 °C. '"H NMR (CDCl,) &: 2.60 (s, 3H,
CH;~C(2)); 7.55 (m, 3H, aromatic H); 8.10 (d, 2H, aro-
matic H); 8.20 (s, 1H, H-C(8)) ppm. IR (CHCl;) (cm™'):
1770, 1590; 1370, 1120. MSM*, m/z: 346 (M *, base peak);
331 (M* —CHj;); 302 (M* =CQO,); 277 (M* —CF;); 69
(CF3). Analysis: Found for C;;H¢F3N,05:C, 58.93; H, 2.63;
N, 8.13%. Calculated: C, 58.90; H, 2.61; N, 8.09%.

2-Methyl-7-p-tolyl-9-trifluoromethyl-4-oxo-4H-pyrido-
[3',2":4,5]furo[ 3,2-d]-1,3-0xazine (3b): yield, 0.335 g
(93.3%); m.p. 238.0 °C. '"H NMR (CDCl;) &: 2.45 (s, 3H,
CH,); 2.62 (s, 3H, CH;—C(2)); 7.38 (d, 2H, aromatic H);
8.09 (s, 1H, H-C(8)); 8.15 (d, 2H, aromatic H) ppm. IR
(CHCIl;) (cm™"): 1765; 1590; 1370; 1125. MS M™*, m/z:
360 (M ™, base peak), 345 (M* —CH,); 316 (M* —CO,);
291 (M*—CF;); 69 (CF;). Analysis: Found for
C.3H, FsN,04: C, 60.11; H, 3.09; N, 7.81%. Calculated: C,
60.00; H, 3.06; N, 7.77%.

2-Methyl-7-p-clorophenyl-9-trifluoromethyl-4-oxo-4H-
pyndo[3',2":4,5]furo[ 3,2-d]-1,3-oxazine (3¢): yield, 0.329
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g (86.8%); m.p.231.0°C. '"HNMR (CDCl,) &: 2.62 (s, 3H,
CH,—C(2)); 7.53 (d, 2H, aromatic H); 8.15 (m, IH, H-
C(8); (2H, aromatic H) ppm. IR (CHCl;) (cm™ '): 1770;
1580; 1370; 1120. MS M+ m/z: 380 (M *, base peak); 365
(M* —=CH,); 336 (M*'—CO,); 311 (M'—CF;); 69
(CF3). Analysis: Found for C,;HiCIF;N,0O;: C, 53.68; H,
2.17; N, 7.39%. Calculated: C, 53.60; H, 2.11; N, 7.35%.

2,9-Bis(trifluoromethy!)-7-phenyl-4-oxo0-4H-pyrido-
[3,2":4,5]furo[ 3,2-d]-1,3-oxazine (5a): yield, 0.292 ¢
(73.2%); m.p. 215.0 °C. '"H NMR (CDCl,) &: 7.6 (m, 3H,
aromaticH); 8.2 (m, 2H, aromaticH); 8.29 (s, IH,H-C(8))
ppm. IR (CHCl;) (cm™"): 1800; 1610; 1360; 1170. MS
M*, m/z 400 (M™, base peak); 381 (M —F); 331
(M* —CF;); 323 (M* —C¢Hs); 77 (CH:); 69 (CF,).
Analysis: Found for C;H,FN,O;: C, 51.13; H, 1.56: N.
6.71%. Calculated: C, 51.00; H, 1.51: N, 6.99%..

2,9-Bis(trifluoromethyl)-7-p-tolyl-4-oxo-4H-pyrido-
[3',2":4,5]furo[3,2-d]-1,3-oxazine (5b): yield, 0.364 ¢
(88.0%); m.p. 222.0 °C. '"H NMR (CDCl;) 8: 2.51 (s, 3H,
CH,); 7.40 (d, 2H, aromatic H); 8.12 (d, 2H, aromatic H);
8.25 (s, 1H, H-C(8)) ppm. IR (CHCl;) (cm ™ '): 1810;
1605; 1360; 1170. MSM ¥, m/z: 414 (M ™, base peak); 399
(M*—=CH;); 395 (M* —=F); 345 (M™—CF,); 323
(M* —=C¢H,CH;); 69 (CF,). Analysis: Found for
C,sHgFsN,O5: C, 52.14; H, 1.98; N, 6.79%. Calculated: C.
52.10; H, 1.94; N, 6.76%.

2,9-Bis(trifluoromethyl)-7-p-chlorophenyl-4-oxo-4H-
pyrido[3’,2":4,5]furo[3,2-d]-1,3-0xazine (5¢): yield, 0.401
g (92.6%); m.p. 181.0 °C. '"H NMR (CDCl;) & 7.49 (d.
2H, aromatic H); 8.15 (d, 2H, aromatic H); 8.23 (s, 1H, H-
C(8)) ppm. IR (CHCl;) (¢cm™"): 1810; 1615; 1365; 1165.
MS M™, m/z: 434 (M™, base peak); 415 (M "' —F); 365
(M* —=CF;); 323 (M* —=CeH,Cl): 69 (CF;). Analysis:
Found for C,;HsCIF,N,O;: C, 46.94; H, 1.18; N, 6.49%.
Calculated: C, 46.90; H, 1.15; N, 6.44%.

2.6. Preparation of 2-piperidinoyl-3-acetylamino-4-tri-
Sfluoromethyl-6-aryl-substituted furo[2,3-b|pvridines (6a-
c): general procedure

Compounds 3a—c (0.003 mol) were dissolved in toluene
(8 ml) and piperidine (0.3 ml) was added. The reaction
mixture was refluxed for 4 h with stirring at 110 °C. The
toluene was removed under vacuum and the residue washed
repeatedly with n-hexane to remove excess piperidine. The
separated solid products (6a—¢) were dried.

2-Piperidinoyl-3-acetylamino-4-trifluoromethyl-6-phenyl
furo[2,3-b]pyridine (6a): yield, 0.953 g (73.9%); m.p.
204.5 °C. 'H NMR (CDCly) & 1.68 (s, 6H, -CH,—CH,—

CH>-
CHy): 2.2 (5. 3H, COCHy): 3437 (br.d. 4H. N | 2.

.
7.2 (d, 2H, aromatic H); 7.75 (m, 2H, aromatic H, I|H, H-
C(5)); 8.65 (s, 1H, NH) ppm. IR (KBr) (¢m~'): 3200;
1690; 1600; 1260. MS M*', m/z: 431 (M'); 278

(M* =N { ), CO): 84 (CsH (N, base peak): 77 (C.Hs);

69 (CF;). Analysis: Found for C,,H,gF3;N;035: C, 60.90; H,
4.08; N, 9.10%. Calculated: C, 61.25; H, 4.67; N, 9.74%.
2-Piperidinoyl-3-acetylamino-4-trifluoromethyl-6-p-tolyl
furo| 2,3-b]pyridine (6b): yield, 1.2 g (91.0%); m.p. 211.5
°C. '"H NMR (CDCl;) & 1.74 (s, 6H, -CH,~CH,-CH,);
2.25 (s, 3H, CH;); 2.45 (s, 3H, COCH,); 3.6-3.7 (br., d,

C -

4H, N~ 27).7.2 (d, 2H, aromatic H); 7.87 (m, 2H, aro-
“CHa-

matic Hand 1H, H-C(5)); 8.25 (s, 1H, NH) ppm. IR (KBr)

(cm™');3250; 1700; 1610; 1260. MS M ™, m/z: 445 (M*);
403 (M* —CH,CO); 320 (403 —N @) ;292 (320~ CO);

84 (CsH (N, base peak). Analysis: Found for C,3H,,F;N;05:
C, 61.92; H, 4.45; N, 9.09%. Calculated: C, 62.01; H, 4.97;
N, 9.43%.
2-Piperidinoyl-3-acetylamino-4-trifluoromethyl-6-p-
chlorophenyl furo{2,3-b]pyridine (6¢): yield, 1.20 g
(86.8%); m.p. 197.2 °C. '"H NMR (CDCl,) &: 1.63 (s, 6H,
-CH,~CH,—CH,); 2.16 (s, 3H, COCH,); 3.48-3.70 (br., d,

CHz- .
4H. N7 )5 7.37 (d, 2H, aromatic H); 7.88 (d, 2H,
CHz-

aromatic H); 7.90 (s, 1H, H-C(5)); 8.28 (s, 1H, NH) ppm.
IR (KBr) (cm™"): 3230; 1700; 1600; 1250. MS M™*, m/z:
465 (M"); 422 (M* —COCH;); 311 (422 —C¢H,C)); 84
(CsH (N, base peak). Analysis: Found for C,,H,¢CIF;N;0;:
C, 56.54; H, 4.04; N, 9.09%. Calculated: C, 56.72; H, 4.11;
N, 9.11%.

2.7. Preparation of 2-carbohydrazide-3-acetylamino-4-
trifluoromethyl-6-phenyl furo[2,3-b]pyridine (7)

Compound 3a (0.13 g, 0.00034 mol) was dissolved in
ethanol (12 ml) and hydrazine hydrate (5 ml) added. The
reaction mixture was refluxed for 6 h while stirring, cooled
and poured into crushed ice. The separated solid product was
filtered, washed with water and dried. Yield, 0.105 g
(82.3%); m.p. 153.8 °C. '"H NMR (CDCl,) &: 2.81 (s, 3H,
CH,); 4.3 (br., s, 2H, N-NH,); 5.09 (s, 1H, NHCOCH,;);
7.52 (m, 3H, aromatic H); 7.95 (s, 1H, H-C(5)); 8.1 (m,
2H, aromatic H) ppm. IR (KBr) (cm™'): 3320; 1710; 1600;
1270. MS M7, m/z 378 (M™); 336 (M* —CH,CO); 305
(336 - NHNH,); 277 (305 —CO, base peak); 77 (C¢Hs);
69 (CF;). Analysis: Found for C,;H,3F;N,0,: C, 53.65; H,
3.28; N, 14.62%. Calculated: C, 53.97; H, 3.46; N, 14.80%.

2.8. Preparation of 2-methyl-3-amino-7-phenyl-9-trifluoro-
methyl-4-oxo-4H-pyrido[3',2' :4,5 [furo[3,2-d]-1,3-
pyrimidine (8) [4]

Compound 13 (0.3 g, 0.0007 mol) was dissolved in eth-
anol (20 ml) and hydrazine hydrate (4 ml) added. The reac-
tion mixture was refluxed for 8 h with stirring, cooled and
poured into crushed ice. The separated solid product was
filtered, washed with water and dried. The product was char-
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acterised as compound 8. Yield, 0.126 g (50.1%), m.p.
243.0°C.

2.9. Preparation of 2-carboxy-3(2-trifluoromethyl
piperidinyl methyleneamino)-4-trifluoromethyl-6-aryl-
substituted furo{2,3-b]pyridines (9a—c): general procedure

Compounds 5a— (0.0017 mol) were dissolved in toluenc
(10 ml) and piperidine (0.3 ml) added. The reaction mixture
was refluxed for 4 h with stirring at 110 °C. The toluene was
removed under vacuum and the residue repeatedly washed
with n-hexane to remove excess piperidine. The separated
solid products 9a—c were dried and purified by passing
through a column of AL,O; in CHCI,.

2-Carboxy-3(2-trifluoromethyl piperidinyl methylene-
amino ) -4-trifluoromethyl-6-phenyl furo[2,3-b]pyridine
(9a): yield, 0.624 g (75.8%); m.p. 202.2 °C. '"H NMR
(CDCly) &: 1.73 (s, 6H, -CH,—CH.~CH,); 3.55-3.75 (br.,

2 ); 7.36 (d, 2H, aromatic H); 7.95 (m, 3H,
2-
aromatic H, 1H, H-C(5)); 10.9 (s, 1H, ~COOH) ppm. IR
(KBr) (ecm™'): 3530-3220; 1730, 1640; 1220. MSM ™", m/
7. 485 (M™); 416 (M" —CF;); 84 (CsH (N, base peak);
77 (C¢Hs); 69 (CF;). Analysis: Found for C,,H,;FN;0;:
C, 54.70; H, 3.80; N, 8.80%. Calculated: C, 54.43; H, 3.53;
N, 8.65%.

2-Carboxy-3(2-trifluoromethy!l piperidinyl methylene-
amino) -4-trifluoromethyl-6-p-tolyl furo[2,3-b]pyridine
(9b): yield, 0.620 g (73.2%); m.p. 1954 °C. 'H NMR
(CDCl,) & 1.74 (s, 6H, -CH,~CH,-CH,); 2.43, (s, 3H,

CH
CHy); 3.54-3.80 (br.. d, 4H, N _ ?

CH
d, 4H, N{
CH

7). 7.17 (d. 2H. aro-

”-
matic H); 7.83 (d, 2H, aromatic H); 7.98 (s, 1H, H-C(5));
10.92 (s, IH,—~COOH) ppm. IR (KBr) (cm ™~ '):3200; 1750;
1640; 1240. MS M*, m/z: 499 (M*); 430 (M* —CF;);
415 (430—CHj;); 84 (CsH (N, base peak); 69 (CF;). Anal-
ysis: Found for C,;H,sFsN;05: C, 55.80; H, 3.90; N, 8.62%.
Calculated: C, 55.30; H, 3.83; N, 8.41%.
2-Carboxy-3(2-trifluoromethyl piperidinyl methylene-
amino)-4-triffuoromethyl-6-p-chlorophenyl  furo(2,3-b]-
pyridine (9¢): yield, 0.677 g (76.8%); m.p. 192.7 °C. 'H
NMR (CDCl,) é: 1.71 (s, 6H, -CH,~CH,-CH,); 3.55-3.79
CH2
(br., d, 4H, N<
CH2
2H, aromatic H, 1H, H-C(5)); 10.88 (s, 1H,~COOH) ppm.
IR (KBr) (cm™'): 3300; 1740; 1630; 1250. MS M *, m/z:
519 (M*); 408 (M* —CH,Cl); 339 (408 —CF,); 311
(408 — COCF;); 84 (CsH (N, base peak); 69 (CF,). Anal-
ysis: Found for C,,H,(CIFN;0;: C, 50.96; H, 3.30; N,
8.12%. Calculated: C, 50.83; H, 3.10; N, 8.08%.

");7.42 (d, 2H, aromatic H); 7.95 (m,

2.10. Preparation of 2-carbohydrazide-3-amino-4-trifluoro-
methyl-6-phenylfuro[2,3-b]pyridine (10) [4]

Compound 11 (0.2 g, 0.004 mol) was dissolved in ethanol
(20 ml) and hydrazine hydrate (5 ml) added. The reaction

mixture was refluxed for 6 h with stirring, cooled and poured
into crushed ice. The separated solid product was filtered,
washed with water and dried. The product was characterised
as compound 10. Yield, 1.03 g (77.3%); m.p. 202.0 °C. The
same compound 10 was also obtained when compound 5§ was
refluxed with hydrazine hydrate in ethanol.

2.11. Preparation of 2-carbethoxy-3-trifluoroacetylamino-
4-trifluoromethyl-6-phenyl furo[2,3-b]pyridine (11)

Compound 1 (0.9 g, 0.0025 mol) was suspended in tri-
fluoroacetic anhydride (4 ml), refluxed for 2 h, the mixture
cooled and poured into crushed ice. The separated solid prod-
uct was filtered, washed with water and dried. Yield, 0.939 g
(84.3%); m.p. 160.7 °C. '"H NMR (CDCl,) &: 1.42 (t, 3H,
CH,); 4.48 (q, 2H, CH,); 7.52 (m, 3H, aromatic H); 8.3
(br.,, s, 1H, NH); 8.13 (m, 2H, aromatic H, 1H, H-C(5))
ppm. IR (KBr) (cm™'): 3375; 2950; 1750; 1700. MS M ™,
m/z: 446 (M™, base peak); 418 (M*—C,H,); 401
(M*—0C,Hy); 374 (M*—-CeH, and CO,); 305
(374 — CF,); 69 (CF,). Analysis: Found for C,oH,,F¢N,Oy:
C, 51.40; H, 2.83; N, 6.37%. Calculated: C, 51.13; H, 2.70;
N, 6.27%.

2.12. Preparation of 2-piperidinoyl-3-trifluoroacetylamino-
4-trifluoromethyl-6-phenyl furo{2,3-b]pyridine (12)

Piperidine (5 ml) was added to compound 11 (0.28 g,
0.00057 mol), the reaction mixture heated to 100 °C and
stored for 4 h with stirring. The ethanol formed and the excess
piperidine were removed under vacuum and the residue
washed with n-hexane. The separated solid product was dried
under vacuum. Yield, 0.166 g (60.2%); m.p. 123.4 °C. 'H
NMR (CDCl,) é: 1.87 (s, 6H, -CH,~CH,—CH,); 3.82-3.96

CHz- .
(br., d, 4H, N<CH2 }; 7.50 (d, 2H, aromatic H); 8.1 (m,
3H, aromatic H); 7.93 (s, 1H, H-C(5)); 9.25 (br,, s, 1H,
NH) ppm. IR (CHCl;) (cm™"): 3100; 1745; 1723; 1235.
MS M*, m/z 485 (M*); 401 (M*™ —CsH,(N); 373
(401 —CO); 304 (373 — CF;); 84 (CsH N, base peak); 77
(CeHs); 69 (CF;). Analysis: Found for C,,H;;F¢N;05: C,
54.66; H, 3.84; N, 8.87%. Calculated: C, 54.43; H, 3.53; N,
8.65%.

2.13. Preparation of 2-carbethoxy-3-acetylamino-4-tri-
fuoromethyl-6-phenyl furo[2,3-b Jpyridine (13)

Compound 1 (0.5 g, 0.0014 mol) was taken up in acetic
anhydride (4 ml) and refluxed for 2 h at 110 °C with stirring,
then cooled and poured into crushed ice. The separated solid
product was filtered, washed with water and dried. Yield,
0.473 g (86.3%); m.p. 153.6 °C. '"H NMR (CDCl,) &: 1.4
(t, 3H, CH;); 2.38 (s, 3H, COCH,;); 4.45 (q, 2H, CH,);
7.52 (m, 3H, aromatic H); 8.13 (m, 2H, aromatic H, 1H,
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H-C(5)) ppm. IR (KBr) (cm™"): 3375; 2950; 1750; 1700.
MSM™*, m/z:392 (M™); 350 (M™ — CH,CO, base peak),
277 (350— COOC,Hs). Analysis: Found for C,,H,sF;N-O,:
C, 58.23; H, 3.96; N, 7.21%. Calculated: C, 58.16; H, 3.85;
N, 7.14%.

3. Results and discussion

The 2-carbethoxy-3-amino-4-trifluoromethyl-6-aryl-sub-
stituted furo[2,3-b]pyridines (1) were chosen as starting
materials since they possess two functional groups ortho to
each other. Hydrolysis of 1 in 10% potassium hydroxide gave
compounds 2 which in turn gave a variety of products (3,3’,
4, 5 and 5') under different conditions (Scheme 1).

The mode of formation of the oxazines is through the initial
acylation of the 3-amino function at low temperature fol-
lowed by cyclisation to 1,3-oxazines at high temperature
[5,6], as exemplified by the exclusive formation of inter-
mediates 4 at 40 °C and cyclisation to 5 at 110 °C. Side-
products (3’ and 5') are formed in minor quantities by
decarboxylation.

The CF; group induced changes in reactivity which have
been realised in two respects: (1) regioselective attack of
nucleophiles at the 2-position of the oxazine ring carrying the
CF; group and (2) addition of hydrazine to COCF,; in sys-
tems such as RNHCOCEF; and subsequent fragmentation to
RNH, and CF;CONHNH,. These two aspects have been well
brought out in this work.

Compounds 3 and 5 were chosen to study the site of nucleo-
philic attack on the oxazine ring because they possess —CH,
and —CF; groups at the C-2 position. When compounds 3 and
S were reacted with piperidine in toluene, the products formed
were 6 and 9.

/ LN m“" pm(o(n3
0 + i
R N H

N _CFy N=C
Toluene
’d RS ’d
Ydubi O — = ™
HEAT !
N coon

o
;_x

Compound 6 was formed as a result of attack on the car-
bonyl of the oxazine ring and 9 was formed due to attack at
the 2-position. A compound with the alternate structure 12
for product 9 was prepared independently and shown to be
different from 9.

CFy CFy
NHCOCF
2 M ((R(0);0 m 3
e
< J ) HEAT X
RN (0L Mg RT N7 07N coog M

{1a) ty (n

o /ﬁj\_o:(nucocr,
HEAY (ON: >

(12)

tun +

The differences in melting point, 'H NMR spectra and mass
spectra are discussed in the Experimental section as well as
under the spectral discussion.

This established conclusively that the nucleophilic reagent
regioselectively attacks the 2-position if it carries the CF;
substituent, otherwise the seat of attack is the carbonyl of the
oxazine ring. If a stronger base such as hydrazine hydrate
was used, reaction with 5 led to the remarkable product 10 in

tFy CFy
MM 10% KON 2 My

) g —— )
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I |
R COOH RN Ny
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A Q, o 3 3
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s) ° 15"
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/ R \N Q «r
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\ NHCOCHy N CHy
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RT NS0T N (ONHNM R™ N7 o “NHp
(7) (8) ©
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R 07N {00G Mg R v )
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Scheme 1.
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which the CF; at the 2-position was removed, while reaction
with 3 followed a normal course producing 7 and 8. Since
product 10 could also be prepared from 1 [4], the structure
of product 10 is thoroughly established. The mode of for-
mation of 10 resolves the difference in reactivity of 5 and 3
towards hydrazine as depicted below:

CFy CFy n
- (73 ~ l‘\ EF’
N
i1 T ——— L ;Kmmu,
R R SN0 N
0 0
(5}

(14} NN)NN)
(Fy
NH.
= 2
U NHNH, +  (ROoNiNH,
R N 0
0

{10)

Since § carries a CF; group at the 2-position, the hydrazine
molecule attacks regioselectively at that position and the
intermediate formed is 14. Because the base is more reactive
than piperidine, a second molecule of hydrazine attacks the
carbonyl and liberates the CF; group at the 2-position as
CF;CONHNH,, producing 10 as the product. This is evi-
dently the consequence of CF;-induced regioselective attack
on the oxazine ring. This is the only plausible explanation for
the formation of 10 with the loss of CF; group from 5 during
the reaction, and for the absence of products similar to 7 and
8. Other secondary amines when used as nucleophiles
behaved similarly to piperidine.

The second aspect of the CF;-induced change of reactivity
concerns the addition of hydrazine to RNHCOCH; and
RNHCOCF;. Normally RNHCOCH; reacts with N,H, and
produces the intermediate RN=C(CH;)NHNH,, which is
responsible for further cyclisation reactions. In the case of
RNHCOCEF,;, the hydrazine adduct is incapable of dehydra-
tion because of the strong electron-withdrawing effect of the
CF; group, as seen below:

R~ NHCOCHy + NpH, ———— R—u=(((N,lNNnn,

on
|

—— " R—NH — (— NHNH,
|

RNH; + CF3CONHNH,

R—NHCOCFy 4 NpH¢

R-N=(— NHNH,
ey
or
R~ NH-C=N-NH,
iy

This differentiating mechanistic aspect has been exempli-
fied by the following reactions:

g2
N i @ BRI
—————
> N -
RN €00, M5 R R A
0
(13
CFy \
N CHy
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R™ N7 0 Sy
(8) ]
thy CFy QM
NHCOCF NH — C — NHNH
z I MpH Hpo 2 ) ?
~ | ——— - ~ | | (Hy
RT N7 07 (00 Mg R™ N7 0T T(ONMNHp
(an
CFy l
Niy CFy
rd
I i + |
R7 27N 07 N (ONHNN, CONHNH,
(10

The same mechanistic approach holds good for the for-
mation of 10 from 5, but, because of the well-established
regioselectivity in the reaction of piperidine, formation of 9
and not 12 occurs from 5. It is reasonable to visualize the
primary attack occurring at the 2-position followed by attack
of the second molecule of hydrazine at the carbonyl as dis-
cussed above. The postulated mechanism appears to be the
most appropriate.

3.1. Spectra

The IR spectra of compounds 2 showed a broad band in
the 3300-3650 cm ™' region corresponding to =OH and
—NH, stretching and one band at 1235 cm ™' corresponding
to C-F stretching arising from CF,. The disappearance of the
broad band in the 3300-3650 cm ™ ' region and the appearance
of a lactone carbonyl band at 1775 cm ~ ' in compounds 3 and
5, indicates the participation of -NH; and -COOH groups in
cyclisation. This is further confirmed by the "H NMR spectra
and mass spectra.

The '"H NMR spectra of compounds 2 showed a broad
signal at 8 10.9-10.95 ppm corresponding to the -COOH
proton and another broad signal at 5.8 ppm for the -NH,
protons, both being exchangeable with D,0O. In compounds
3, the signal at 6 2.65 ppm is specific for -CH; protons in the
oxazine ring. The disappearance of signals at 6 5.8 and 10.9
ppm for the -NH, and -COOH protons respectively in com-
pounds 3 and 5 confirms the cyclized structure. The '"H NMR
and mass spectra of compounds 9a and 12 showed different
patterns as described in the Experimental section.

The mass spectra of all the compounds exhibited a stable
molecular ion as the base peak.
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