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Vilsmeier—Haack reaction, using a specific combination of phospho-
rus oxychloride and dimethylformamide, on 3-arylisoxazol-5(4H)-
ones 1 resulted in 2,4-dichloroquinoline-3-carbaldehydes 6 as the
major products along with other minor products, through a novel
rearrangement. Oxidation of 6 with alkaline potassium perman-
ganate gave 2,4-dichloroquinoline-3-carboxylic acids 7. Decarbon-
ylation of 6 and decarboxylation of 7 using aqueous sodium
hydroxide yielded 2,4-dichloroquinolines 8. All the compounds were
characterised by elemental and spectral analysis.

The Vilsmeier—-Haack reaction on heterocyclic com-
pounds as well as their synthesis using this reaction has
been widely studied.’ ™ Reinvestigation of the Vils-
meier-Haack reaction on 3-phenylisoxazol-5(4H )-one*
(1a) by Anderson revealed some discrepancies such as the
absence of formation of the reported® trichloroisoxazole
2, bisisoxazole 3 and the azirine 5 in the reaction (Scheme
1). This prompted us to repeat the reaction in order to
throw light on these structures and surprisingly we
observed the formation of the hitherto unreported
2,4-dichloroquinoline-3-carbaldehydes 6 which serve as
useful reactive intermediates for the preparation of
angular and linear quinoline-fused heterocycles such as
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furano- and pyranoquinoline alkaloids. Considering that
incorporation of a formyl group at C-3 position of the
quinoline ring by electrophilic substitution reaction is
difficult, the present method provides a synthetically
useful route for the preparation of 6 and analogues, under
easily accessible conditions.

When 3-phenylisoxazol-5(4H)-one® (1a) suspended in
dimethylformamide was allowed to react with an excess
of phosphorus oxychloride at 0 °C, followed by raising the
temperature of the reaction mixture slowly up to 80°C on
a water bath, two compounds were obtained with mp
119°C (A) and mp 275°C (B). Compound A was insoluble
in alkali and did not give any ferric chloride colouration
for 5-OH of 1a. IR (KBr) spectrum of this compound
demonstrated a carbonyl absorption at v = 1700 cm ™!
(CHO) and this was confirmed by usual chemical tests.
Inspection of 'H NMR (CDCl; DMSO-d;) revealed a
singlet at 6 = 10.50 for an aldehydic proton and a
multiplet at 6 = 7.55-8.35 integrating for four aromatic
protons which clearly tells that one carbon atom of
phenyl group of the original isoxazole ring system 1a has
been attacked leading to the formation of benzo-fused
system. In the mass spectrum, the peak at highest mass
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was observed at m/z = 225 and revealed a two chlorine
pattern (p:p+2:p+4=9:6:1). The high resolution
mass spectrum determined the molecular composition as
C,0HsCI,NO. This data coupled with analytical infor-
mation suggested the product A to be 2,4-dichloroquino-
line-3-carbaldehyde (6 a) (Scheme 2). The structure of 6a
was further confirmed by '*C NMR spectrum analysis
and the following chemical reactions.

Treatment of 6a with 40% sodium hydroxide gave a
compound which showed lack of carbonyl absorption in
the IR (KBr) spectrum. Its "H NMR recorded a multiplet
at 6 = 7.30-8.10 for aromatic protons. Molecular ion
was recorded at m/z = 197 in its mass spectrum. This
compound has been assigned the 2,4-dichloroquinoline
(8a) structure based on the spectral data and confirmed
by independent synthesis of authentic sample from me-
thyl anthranilate.” Though the reaction conditions are
those of a Cannizzaro reaction, only decarbonylation of
6a occurred, without the formation of the corresponding
alcohol and acid, possibly due to the presence of the
electron withdrawing chlorines at C-2 and C-4 of 6a as
observed in the case of 2,6-dichlorobenzaldehyde.®

Oxidation of 6a with alkaline potassium permanganate
gave hitherto unreported 2,4-dichloroquinoline-3-carbo-
xylic acid (7 a) and subsequent treatment of this acid with
40% sodium hydroxide in turn yielded the dichloro
compound 8a. It may be noted that ethyl 2,4-dihydroxy-
quinoline-3-carboxylate on treatment with 40 % sodium
hydroxide is reported to yield 2,4-dihydroxyquinoline
directly.”

The decarbonylation product from 6a and decarboxyla-
tion product from 7a were identical in all respects
(superimposable IR spectrum). These reactions proved
the structure of 6a beyond any doubt. Since the com-
pounds 7a and 8a of this paper (Scheme 2) and the
product “4a” and ““Sa” obtained from “2a” (Scheme 1)
areidentical by spectral means, the chloro acid, “4a”, and
azirine “Sa” reported in the original article’ must be
2,4-dichloroquinoline-3-carboxylic acid (7a) and
2,4-dichloroquinoline (8 a), respectively. The earlier erro-
neous structural assignments may be ascribed to impro-
per examination and interpretation of the observed
spectral data.

The transformation of isoxazolone 1a to quinoline 6a is
envisaged to involve the initial formation of 4-(dimethyl-
iminomethyl)-3-phenylisoxazol-5(4H)-one chloride (9)
which then undergoes heterolytic ring fission of N—O
bond of isoxazole ring and simultaneous phenyl group
migration to electron deficient nitrogen (Beckmann type)
and attack of chloride ion on the carbocation of 10 to
form 11. Subsequent nucleophilic attack of phenyl ring of
11 on carboxylic carbon leads to the formation of 12
which gives 2,4-dichloro-3-(dimethyliminomethyl)quino-
line chloride (13) and this 13 ultimately forms 6 on
aqueous workup. The mechanism was proposed on the
basis of the following observations (Scheme 3).

1. Involvement of intermediacy of S5-chloro-3-phenyl-
isoxazole-4-carbaldehyde* (14a) or 5-chloro-3-phenyl-
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isoxazole®®® (15a) was ruled out as their treatment with
phosphorus oxychloride/dimethylformamide under the
same conditions failed to furnish 6a.

2. Vilsmeier-Haack reaction on quinoline-2,4-(1H,3H)-
dione’ (16) did not give 6 ruling out the participation of
16 as a possible intermediate from 1.

The above reactions also reveal that the Beckmann type
migration must have taken place after formylation of the
isoxazole ring of 1a leading to the formation of 6a.

Except for the carbonyl absorption, not reported in the
IR spectrum of “2a”,° the spectral data and melting
points of all the products, derived from “2a’® have been
reproduced by us as reported in the original article.® At
this stage we have thus been able to correct the reported®
structures, (i) the trichloro compound “2a”, corrected to
2,4-dichloroquinoline-3-carbaldehyde (6a) (ii) 5-chloro-
3-phenylisoxazole-4-carboxylic acid, ““4a”, corrected to
2,4-dichloroquinoline-3-carboxylic acid (7a) and (iii) the
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dichloroazirine, “5a”, corrected to 2,4-dichloroquinoline
(8a). Characterisation of compound B is in progress.

In conclusion it may be said that the reaction of
3-arylisoxazol-5(4H)-ones 1 with phosphorus oxychlo-
ride/dimethylformamide is extremely sensitive to experi-
mental conditions and if the prescribed conditions are
strictly followed, it serves as a useful synthetic method for
the preparation of hitherto unknown 6-(un)substituted
2,4-dichloroquinoline-3-carbaldehydes 6. The reason for
the inability to reproduce* the reported® results by
Anderson may be due to the difference in the experimen-
tal conditions. The present reaction thus represents a
novel interesting rearrangement of an isoxazole to a
quinoline carbaldehyde under Vilsmeier-Haack reaction
conditions.

Melting points were determined in open glass capillaries on a tempo
melting point apparatus and are uncorrected. IR spectra in KBr
(Vmax in cm ~ ') were recorded on a Shimadzu-435 IR spectrophoto-
meter and 'H NMR and **C NMR spectra on Jeol FX-90 Q MHz
NMR spectrometer (with TMS as internal standard). Mass spectra
were recorded on a VG micromass 7070H at 70 eV. The compounds
were checked for their homogeneity by TLC on silica gel-G.
Satisfactory microanalysis obtained for 6a—¢, 7a—c, 8a: C +0.18,
H +0.06, N +0.29.

Synthesis of 6-(Un)substituted 2,4-Dichloroquinoline-3-carbalde-
hydes 6; General Procedure:

3-Arylisoxazol-5(4H)-one 1 (0.012 mol) was mixed with DMF
(2 mL, 0.026 mol) and kept at 0 °C. To this, POCl; (5 mL, 0.053 mol)
was added dropwise with constant stirring during 0.5 h. After the
addition was over, the mixture was kept at r.t. for 0.5h and then
heated on water-bath for 2 h. After allowing it to stand for2 hatr.t.
the mixture was poured over crushed ice with vigorous stirring and
the product separated was filtered and washed with aq NaHCO,
(2%). The crude product was subjected to chromatographic purifi-
cation over a column of silica gel, eluting with petroleum ether/
benzene (1:1) mixture to give pure 6.

Note: All these compounds are strong skin irritants.

6a: Yield: 59% (1.33 g from 1.93 g of 1a) mp 119°C.

IR (KBr): v = 2950 (CH), 1700 (C=0), 1600 cm™* (C=N).

'H NMR (CDCl,/DMSO-d): 6 = 7.50-8.00 (m, 3H, 5-H, 6-H,
7-H), 8.40 (d, 1 H, 8-H), 10.50 (s, 1 H, CHO).

13C NMR (DMSO0-di): 6 = 188.70 (CHO), 148.80 (C-2), 121.10
(C-3), 134.30 (C-4), 126.10 (C-5), 128.60 (C-6), 129.60 (C-7, C-8)
125.18 (C-4a), 145.20 (C-8a)

MS: mjz (%) = 229 (P + 4, 10), 227 (P + 2, 64), 226 (61), 225 M *,
100), 224 (72), 196 (24), 189 (34), 161 (36), 154 (34), 126 (12), 76 (16).

6b: Yield: 59% (1.41 g from 2.1 g of 1b) mp 120°C.

IR (KBr): v = 2960 (CH), 1700 (C=0),1600 cm ™! (C=N).

'H NMR (CDCl,): 6 = 2.40 (s, 3H, CH,), 7.50-7.90 (m, 2 H, 5-H,
7-H), 8.00 (d, 1 H, 8-H); 10.48 (s, 1 H, CHO)

13C NMR (DMSO-d,): § = 20.756 (CH,), 187.938 (CHO), 145.465
(C-2), 123.037 (C-3), 135.497 (C-4), 124.228 (C-5, C-7), 124.012
(C-6), 127.696 (C-8), 127.696 (C-4a), 139.072 (C-8a).

MS: m/z (%) = 243 (P + 4, 10), 241 (P + 2, 69), 240 (68), 239 (M *,
100), 238 (70), 210 (20), 203 (28), 175 (28), 168 (48), 140 (40), 114 (15),
113 (14).

6¢: Yield: 60% (1.53 g from 2.29 g of 1¢) mp 152°C.

IR (KBr): v = 2950 (CH), 1695 (C=0), 1620cm ™! (C=N).

'H NMR (CDCl;/DMSO-dg): 6 = 4.00 (s, 3 H, OCH,), 7.50-7.70
(m, 2H, 5-H, 7-H), 7.98 (d, 1 H, 8-H), 10.50 (s, 1 H, CHO).

»C NMR (DMSO-dg): § = 55.535 (OCH,), 188.046 (CHO),
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142,973 (C-2), 120.018 (C-3), 129.754 (C-4), 102.667 (C-5, C-7),
159.008 (C-6), 125.420 (C-8, C-4a), 112.310 (C-8a).

MS: m/z (%) = 259 (P + 4, 11), 257 (P + 2, 68), 256 (68), 255 (M,
100), 254 (80), 226 (18), 219 (25), 191 (25), 184 (40), 156 (42), 130 (20).

6-(Un)substituted 2-4-Dichloroquinoline-3-carboxylic Acids (7); Ge-
neral Procedure:

To 6 (0.01 mol) in cold aq Na,CO, (10 %, 5 mL), ag KMnO, (10 %)
was added dropwise at r.t., until the colour persists with constant
stirring. The mixture was filtered and the filtrate was acidified by
adding dil. HCI carefully. The precipitated acid 7 was filtered and
recrystallised from H,O.

7a: Yield: 70% (1.69 g from 2.26 g of 6a) mp 168°C (dec).

IR (KBr): v = 2700-3300 (OH), 1700 cm ™' (C=0).

'H NMR (DMSO-d,): = 7.46-8.26 (m, 4H,,,), 12.30 (s, 1 H,
CO,H).

MS: m/z(%) = 245 (P + 4, 12), 243 (P + 2, 72), 242 (P + 1, 12), 241
(M*, 100), 224 (60), 206 (6), 197 (6), 196 (16), 161 (25), 126 (11).
7hb: Yield: 73% (1.87 g from 2.4 g of 6b) mp 202°C (dec).

IR (KBr): v = 2710-3300 (OH), 1700 cm ™! (C=0).

'H NMR (DMSO-d,): & = 2.65 (s, 3H, CH;), 7.50-8.00 (m,
3H,,,)> 12.28 (s, 1 H, CO,H).

MS: m/z (%) = 259 (P +4,12),257 (P + 2,71),256 (P + 1, 14), 255
(M™, 100), 238 (55), 210 (20), 175 (22), 140 (15).

7¢: Yield: 75% (2.04 g from 2.56 g of 6¢) mp 228 °C (dec).

IR (KBr): v = 2720-3320 (OH), 1700 cm ™! (C=0).

'H NMR (DMSO-d,): § = 3.98 (s, 3H, OCH3), 7.51 (m, 2H, 5-H,
7-H), 7.90 (d, 1 H, 8-H), 12.30 (s, 1 H, CO,H).

MS: m/z (%) = 275 (P +4,13),273 (P + 2,78),272 (P + 1, 14), 271
(M™; 100), 254 (50), 226 (22), 191 (25).

6-(Un)substituted 2,4-Dichloroquinolines 8; General Procedure:
Method A. Decarbonylation of 6: Compound 6 (0.01 mol) in aq
NaOH (40 %), 10 mL) was stirred for an hour atr.t. and the mixture
diluted with H,0O and neutralised with dil. HCI. The solid that
separated was filtered and extracted with petroleum ether, and
purified over a column of silica gel, eluting with petroleum
ether/benzene (4:1) to give pure 8.

Method B. Decarboxylation of T: 2,4-Dichloroquinoline-3-carb-
oxylic acid 7 (0.01 mol) in aqg NaOH (40 %, 10 mL) was stirred for
1h at r.t. and was neutralised with dil. HCIL. The product that
separated was purified according to the procedure given for Method
A.

8a: Yield: 70% (1.38 g from 2.26 g of 6a) mp 68°C (Lit.”, 68°C):
IR (KBr): v = 1605cm ™! (C=N).

'H NMR (CDCl,): 6 = 7.40-8.10 (m, H,,.).

MS: m/z (%) = 201 (P + 4, 10), 199 (P + 2, 65), 198 (9), 197 (M ¥,
90), 162 (100), 127 (58), 101 (28), 100 (36), 76 (50).

8b: Yield: 72 % (1.52 g from 2.4 g of 6b) mp 95°C (Lit.*?, 94-95°C).
IR (KBr): v = 1605cm ™! (C=N).

'H NMR (CDCl,): § = 2.60 (s, 3H, CH,), 7.42-8.20 (m, 4 H,,.)-
8c: Yield: 72% (1.64 g from 2.56 g of 6¢) mp 174°C (Lit.!°, 175°C).
IR (KBr): v =1605cm ™! (C=N).

'H NMR (CDCL,): § = 3.97 (s, 3H, OCH,), 7.33-7.52 (m, 3 H,
3-H, 5-H, 7-H), 7.95 (d, 1 H, 8-H).
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