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General Rearrangement of 3-Substituted Chromones.
Rearrangement to 1-Benzoxepins and 4-Chromanones

Sylvester KLuTcHKO, Maximillian von STRANDTMANN

Department of Organic Chemistry, Warner-Lambert Rescarch
Institute, Morris Plains, New Jersey 07950, US.A.

We wish to report that base treatment of 3-haloacylchro-
mones and 3-pyridiniummethylchromones results in a rear-
rangement to give derivatives of 4-formyl-1-benzoxepin and
3-thydroxymethylene)-4-chromanone, respectively. We sug-
gest that these conversions are examples of a general reaction
of chromones. Chromones 1 containing a leaving group
X at C-3, linked directly or indirectly (via A) to the pyrone
ring, undergo base rearrangement resulting in ring expansion,
ring contraction or retention of ring size, depending on
the presence and size of the group A.
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The reaction is initiated by a nucleophilic displacement at
C-2 of the phenolate anion through hydroxide (or amine)
with concomitant ring cleavage' to give 2. This is followed
by an intramolecular nucleophilic displacement of the lcaving
group X by the phenolate anion resulting in recyclization
to the new ring 3. The net effect is a replacement of C-2
by the carbon atom (in A) originally bonded to the leaving
group X. The C-2 moiety now becomes an exocyclic carbonyl
function of the new ring.

Our first reported example of this rearrangement was the
base catalyzed conversion of 3-alkoxycarbonylchromones
o 3-acyl-4-hydroxycoumarins®. The literature reveals
examples of reactions which apparently fall into the general
scheme. For example, 3-chloroflavone undergoes ring con-
traction to 2-benzoyl-3-benzofuranone®. Concurrent with
our work, rearrangements of 3-ethoxycarbonylchromone
and of a dihydro-;-pyrone were observed as tsolated parts
of studies on different subjects®°.

Warming of 3-(bromoacetyl)-chromone (4) with | normal
sodium hydroxide gave. on acidification, 2.3-dihydro-3.5-
dioxo-1-benzoxepin-4-carboxaldehyde (6) in 45%, yield. This
tricarbonyl structure probably exists in the enol form 6a as
suggested by its acidic nature (i.e. solubility in 1%, sodium
hydrogen carbonate), and exchangeable OH proton in the
N.M.R.: NM.R. (CDCl;) 0=4.6 (2H singlet. CH,), 9.85
(1 H singlet, CHO) and 17.4 ppm (I H broad, OH).

Tautomers of 6a in which either the 4-aldchyde or the
C-3 ketone are enolized were ruled out on the basis of
N.M.R. evidence. The aldehyde shows a typical formyl pro-
ton at 0 =9.85 ppm whereas the proton of the corresponding
enol form (=CH—OH) would be expected to appear more
upfield as exemplified by the spectrum of the (hydroxymethy-
lene)-4-chromanone 13 in which this proton appears at
0=17.69 ppm. The ketone at C-3 is apparently not enolized
because the signal for the adjacent C-2 protons (d=4.6 ppm)
is approximately the same as that for the similar carbonylad-
Jacent C-2 protons (d=4.5 ppm) in compound 7.

Additional proof for the 1-benzoxepin skeleton was obtained
through acid hydrolysis and ring cleavage which yielded
the degradation products 1-benzoxepin-3,5-dione (7) and
o-acetylphenoxyacetic acid (8). The N.M.R. of structure 7
in deuterated chloroform indicated that it exists in the diketo
form as is reported for some related benzoxepin-3.5-
diones® 7. The C-2 protons appear as a singlet at ¢ =4.50 ppm
and the C-4 protons as a singlet at 6=4.28 ppm.

The rearrangement of 4 using concentrated ammonium hy-
droxide as the base gave 9 in 869, yield. Treatment of 9
at 40° for 10 minutes with 1 normal sodium hydroxide
gave rise to the aldehyde 6a in 97% yield. This sequence
was the preferred method of preparation of 6a in high overall
yields.

Another example of a rearrangement following the general
scheme (1-3) was the preparation of 3-(hydroxymethylene)-
8-methoxy-4-chromanone (13) by base rearrangement of 8-
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methoxy-3-(chromonylmethyl)-pyridinium chloride (11). The
procedure consisted of treating an aqueous solution of the
pyridine quaternary saft 11, prepared from the 3-(chloro-
methyl)-chromone 10, with | normal socium hydroxide at
room temperature.
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H3CO H3CO
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The odor of pyridine indicated that the rearrangement proba-
bly occurred on the basic side. Acidification gave 13 in
81% yield. The unsplit signal of the methylene protons
at C-2 in the N.M.R. suggested the hydroxymethylene rather
than the formyl tautomer. The chloromethyl derivative 10
also underwent base rearrangement; however, T.L.C. indi-
cated a complex reaction mixture.

3-iBromoacetyl)-4 H-1-benzopyran-4-one (4):

A solution of bromine (1.6 g, 0.01 mol) in chloroform (10 mly was
added over a period of S min to a stirred solution of 3-acetylchro-
mone® (1.88 ¢, 0.01 mol) in chloroform (10ral). After 0.5h, the
solvent was removed: crude yield: 1.9g (70%): m.p. 140 145°,
Recrystallization from ethyl acetate gave pure 4; yield: 14 ¢
(52%}; m.p. 151-153°.

Cy H-BrO; cale. 4947 H264 Br29y2

(267.1) found 49.57 288 30.20

LR, (NUjol): vgax = 1710 (acyl C=0), 1650cm ™! {pyrone (=0).
U V. {ethanol): Zgax= 207 sh (2= 17000), 227 (17000), 286 sh (& 200),
296 nm (9000).

'H-N.MR.(CDCly): 6=28.67 (s, 1H, H-2), 828 (q. 1H, H-5),
7.9-7.25 (m, 3H, H-6,7.8), 4.75 ppm (s, 2H. CH:Br).

5-Hydroxy-3-0x0-2,3-dihydro-1-benzoxepin-4-carboxaldehyde (6a)
from 4:

A mixture 04 (12.0 g, 0.045 mol) and 1 norme | sodium hydroxide
(400 ml) was heated with stirring on the steam bath. The resulting
dark solution was kept at 65 707 for S min. Ice (500 g) was added
and the solution was acidified with concentrated hydrochloric
acid to precipitate the product: yield: 4.1 g (45%): m.p. 110 112°
(from isopropyl ether).

Ci HgOy cale. € 6470 H 395

(204.2) found 64 .88 4.08

LR, (Nujol): ymax=1660cm ! (C=0).
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ULV, (ethanol): /max =207 (¢ = 13700), 246 (8100), 306 nm (11700).
Mass spectrum: m/e=204 (M®, 100%), 189 (50%,), 176 (67%),
162 (40%), 161 (6074), 147 (31 %), 134 (27 %), 121 (100%).

1-Benzoxepin-3,5(2H ,4H)-dione (7):

A mixture of 6a (14.28 g, 0.07 mol), methanol (250 ml), and concen-
trated hydrochloric acid (120 ml) was maintained at reflux for
9.5 h. The resulting solution was concentrated to ca. one-half
volume and 1ce (200 g) was added. The semi-solid material which
separated was extracted into dichlororethane (200 ml) to give
10 g of crude solid. Purification was effected by dissolution in
cther and removal, by extraction, of the more acidic component
8 with 3% sodium hydrogen carbonate solution. The ether phase
was concentrated to give crude dione 7; yield: 7.2 g (58%): m.p.
75-78°. Recrystallization from ether gave the pure {-benzoxepin-
3,5-dione; yield: 3.0 g (24%,); m.p. 81-83°.

CyoHgO5 cale.  C68.18 H4.58

(176.2) found 63.14 4.71

LR. (Nujol): vmae= 1730 (C==0 at C-3), 1680cm ' (C=C at
C-5).

U.V. (ethanol): /g, = 248 (o= 5800}, 294 (7900), 310 nm, sh (7100).
Mass spectrum: mie=176 (M®, 99%), 134 (83%,), 118 (28 %),
105 (100 %), 90 (16 %), 76 (70%%), 63 (26 %0).

2-Acetylphenoxyacetic acid (8):
This compound was isolated as a by-product in low yield from
the above preparation of compound 7. It was obtained by acidifica-
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tion of the sodium hydrogen carbonate wash. Purification was
effected by use of silica gel column chromatography using ethyl
acetate as eluent; m.p. 110-112° (Lit.° m.p. 119-120°°).

C](»H)()O4 calc. C61.85 HS19

(194.2) found 61.74 5.35

LR. (Nujol): v =3100-2500 (OH), 1740 (carboxy C=O0)},
1665cm ™! (acetyl C=0).

5-Hydroxy-3-0x0-2,3-dihydro-1-benzoxepin-4-carboxaldehyde (6a)
from 9:

A quantity of 9 (70.0 g, 0.35 mol) was added to 1 normal sodium
hydroxide (1400 ml) with stirring. The mixture was warmed to
40°. The solid gradually dissolved as ammonia was liberated.
The dark, reddish-brown solution was kept at 40° for 10 min
and filtered to remove traces of solid. Ice (500 g) was added
and the solution was acidified with concentrated hydrochloric
acid to precipitate product: crude yicld: 68 g (97%): m.p. 108-110°,
Recrystallization from isopropyl ether gave pure 6a; yield: 54.4 g
(76%); m.p. 110--112°,

4-(Aminomethylene)-1-benzoxepin-3,5(2H 4 H )-dione (9):
Concentrated ammonium hydroxide (1300 ml) was added to a
stirred mixture of 4 (108 g, 0.41 mol) and methanol (500 ml). All
solid went into solution. There was a mildly exothermic reaction.
After several minutes the product which separated was filtered.
washed with water and dried: crude yield: 70 g (86 %); m.p. 149
151°, Recrystallization from ethyl acetate gave pure orange-colored
crystals; yield: 59.5 g (73%); m.p. 151-153°.

C HeNO;3 cale. C6502 H446 No689

(203.2) found 65.03 4.56 6.88

LR. (Nujol): vmay= 3420 (NH,;), 1660 (C=0), 1610 cm "' (C=C).
U.V. (ethanol): /max=210 sh (¢c=16100), 252 sh (11300), 271
{12200), 309 nm (15700).
1-[(8-Methoxy-4-0x0-4H-1-benzopyran-3-yl)methyl ]pyridinium
Chloride Monohydrate (11):

A solution of 3-(chloromethyl)-8-methoxychromone'® (22.4 ¢,
0.1 mol) in pyridine (200 ml) was heated with stirring to the boiling
point. After 5min the mixture was cooled and the separated
solid was filtered, washed with pyridine and then with ether:
yield: 30.3 g (94%): m.p. 225-230°. Recrystallization from 2-pro-
panol/ether gave pure quaternary salt 11 as a monohydrate: yield:
25.8 g (80%); m.p. 233-235°.

(321.7) found 5950 505 448

LR. (NUjol): vimax = 3400 (H,0), 1640 cm ™" (C=0).

U.V. (ethanol): Zpmax=220 (£=20300), 252 (13500), 300 nm, sh
(3200).

2,3-Dihydro-3-(hydroxymethylene)-8-methoxy-4 H-1-benzopyran-
4-one (13):

A solution of 11 hydrate {(15.5 g, 0.048 mol) in water (50 ml) was
treated with 1 normal sodium hydroxide (200 ml). Pyridine was
liberated as indicated by odor. After 5min, conc. hydrochloric
acid was added to pH 1 to precipitate a yellow solid; yield: 8.5 g
(86%); m.p. 75-77°. Recrystallization from isopropyl ether gave
pure 13; yield: 5.0 g (51%); m.p. 76-78".

C11H1904 cale.  C64.08 H 4.89

(206.2) found 64.31 510

LR. (Nujol): vgax=2870 (OH), 1645 (C=0), 1615cm ™! (C=C).
U.V. (cthanol): /max = 216 (= 17600), 256 sh (7000), 318 nm (6400).
'H-N.M.R. (CDCl;): 6=123 (broad, 1H, C=CHOH), 7.69
(s, tH, C=CHOH), 7.48 (q, 1H, H-5), 7.1-69 (m, 2H, H-67).
4.92 (s, 2H, CH,) and 3.87 ppm (s, 3H, OCH3).
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U Usually the g-dicarbonyl system resulting from base ring open-

ing of chromones undergoes further cleavage to salicyclic acids

or o-hydroxyacetophenones: S. Wawzonek in Heterocyclic

Compounds, Vol. 2, R. C. Elderfied, Ed., John Wiley & Sons
New York, 1951, p. 258.
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This compound, m.p. 144--146°, was prepared from 3-thydroxy-
methyl)-8-methoxychromone, U.S. Patent 3,887,584, by a pro-
cedure similar to that described for making 3-(chloromethyl)-
chromone: S. Klutchko, M. P. Cohen, J. Shavel, Ir., M. von
Strandtmann, J. Heterocyel. Chem. 11, 183 (1974),
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