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Abstract

2-Acetoxychakcone dibromedes and dichlondes having a substituent 1n the 6 -poution

were found to form flavones as theirr majpr product on cychization i basxc medum  Aurones, the
munor products from these reacthons, were oblained 10 ugificant yelkds only whena substuituents were
present in both the 3 - and 6 -poutions o Halogenochakone. a previously proposed intermediate n
the formation of auroncs, has been prepared and found to form the same products m approximately the
same proportions as the comresponding chakcone dihalwde

2"-Hydroxy (or acetoxy) chakone dihalides (1)
may be divided into two classes by considenng the
products they form in the Emilewicz-von Kostan-
ecki reaction:? (1) those that yield only flavones
on cychzation with aqueous alcoholic alkali and
(2) those that yickd aurones under these conditions.
Class 2 may be subdivided into three groups as
follows (2A) those with a 6'-(OMe substituent in
the A.nng. (2B) those having a 2- or 4-alkoxyl
group in the B-nng. and (2C) those with a 2- or 4-
aitro group in the B-nng.

Members of class | are believed® to be mechanis-
ucally orthodox in their mode of cychization; the
phenoxide anion displacing halide ron from the 8-
position to form a -halogenoflavanone (2) which
then chiminates hydrogen halide to form the flavone.
The cychzations of chalcone dihahdes of class 2
are of consxderable importance as many naturally
occurnng flavones and auroncs are substituted in
a manner charactenstc of this group. Obviously,
however, they are mechamstically more involved
as can be seen from the fact that the clectronically
dissimilar substituents, methoxyl® * and mitro.' *in
the 4-position of nng-B. both cause aurone forma.
tton In this paper, the cychzation of chakcone di-
halides of group 2A.: ¢ those whose A-nngs have
a 6"-OMe substituent, will be considered.

Previously known* * members of this group arc
chalcone dibromade denvatives of phloraceto
phenone (c.g 4. X Br) and have been found to
yieckd aurones (e.g 7). exclusively. The parent
chalcone, without a nuckear bronune atom, 2°-
hydroxy-4°.6"-dimethoxychakone, also  yiekls
auronc when treated with alkaline hydrogen per-
oxide* (the Algar-Flynn-Oyamada (AFQO) re-
action®) Geissman and Fukushima® have ad-
vanced two possible causes for this; firstly, the
stenc effect of the 6°-(OMe substituent reduces con-
wugaton between the A-nng and the CO group

making the a-H considerably more acidic and
secondly, this substituent offers more stenc hind-
rance (o the formation of an adjacent 6-membered
nng than 1t does to the formation of a S-membered
nng. These workers noted the similanty between
the AFO and the Emilewicz-von Kostaneck:
reactions

The latter explanation, when applied to the
cyclization of chakone dihalides, was consider-
ably strengthened by the later discovery’® that the
nuclear halogen atom. always present in these
chalcone dihalides, is not in the $5'-posiion as
supposed.® but s, in fact, in the 3 -position. 1.€. 1n
the other position ortho (o the future heterocyclx
nng.

We have examined the cyclization products of
a senes of chakone dihalides (bromides and
chlondes). the 3. and 6'-substituents of which
offer increasing hindrance to heterocyclx nng-
formation The dihahdes are: 2'-acctoxy-37.§-
dibromochalcone dihahde (3. X Hal), 2’ -acetoxy-
6’ -methoxychalcone dihalide (4. X Hal), 2-
acetoxy-3' -bromo-6"-methoxychalkcone  dihalide
(5. X — Hal). and the previously studied’® 2'-
acetoxy -3 -bromo-4',6 -dimethoxychakone di-
halide (6, X — Hal). 2°-Acetoxy-, rather than the
simpler  2°-hydroxy-, chakone dihalides were
employed in the senes because the acctoxyl
group of 2 -acetoxy-6"-methoxychalcone was vital
for the prevention of nuclear halogenation duning
the conversion of the chalcone to its dihalide (4,
X — Hal). It would have been desirable to examine
2"-acetoxy-4',6"-dimethoxychalkcone dihalide but,
even with the acetoxyl group present. nuclear
substitution occurred dunng the halogenation of
the comresponding chakone. The use of the nuclcar
dibrominated chakone dihalide (3, X — Hal) rather
than the more suitable nuclear monobrominated
compound, 2’ -acetoxy-3 -bromochalcone dihalide.
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was necessitated by the unavailability, at the ume,
of the latter’s precursor, 3 -bromo-2-hydroxy-
acetophenone '

The cychzation reactions were carmed out by the
addition of 0-2 M KOH to an ethanoli solution or
suspension of the chalcone dihalide. The mixture
was mantained at 30° for 6 hr and the product
composiion of the ncutral fraction® was cstab-
hished by UV spectroscopy.’” The results are
givenin Table )

Surpnungly, 27 -acetoxy- 3 -bromo-47.6"-dimeth.
oxychakonc dihalide (6. X  Hal), previously
considered’ to give aurone only, not alonc gave
flavone (8) but gave it as the major product. The
falure* © of previous workers to isolate the lavone

-

*For the prehmunany note'' this was established uing
column chromatography which, as then meationed. was
not watisfactory

Table | Cychzation of chakone dihalides and a-halogenochak ones
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(8) was undoubtedly due to the fact that it is con-
sderably more soluble than the aurone (7) in the
solvents commonly used for crystallisation

Despite its effectiveness in altenng the course of
the AFO reaction® '* the 6 -OMc group alone was
highly ineffective in altenng the normal course of
the present reaction  2°-Acctoxy-6-methoxy-
chalcone dihalide (4, X - Hal) gave only a 1-37%
yield of 4-methoxyauronc (11). The other subsu-
tucnt ortho to the potential heterocyclic nng. the
3.bromo substituent, was also ineflfective — no
aurone (9) being formed by the nng closure of
2 -acetoxy-3 .8 -dibromochakone  dihalide (3,
X Hal). However, when both “ortho™ subst-
tuents were present, they proved to be reasonably
effective 1n bnnging about aurone formation. 2'-
Acctoxy- ¥ -bromo-6 -methoxychakone dibromide
(5. X Br) gave a 12% yrek of 7-bromo-4-
methoxyaurone (13) whik the corresponding

Products Subatrate

$.7- Ihdbromaoaurone (9)

IX - 8Br
6.% Ihbromoflavone (18)
4 Mcthoxyaurone (11)

4.X - Br
S Mcthoxyflavonc (12)
7-Bromo 4-methoxyaurone (17)

$.X — Br
B-Bromo- $-methoxyflavoae (14)
7-Bromo-4.6-dimethoxyaurone (7)

6. X — Br
8. Bromo-¢.7-dimethox yflay onc (8)
T Bromo-4.6-dimethos yaurone (T

18. X — Br

8 Bromo- ¢.7.-dimethoxyflavonc (B)

*Ratwo of auronc to flavone

OH
2 4
QX
e (‘()(I'HQI‘H

Br Br
1

Br
OAc

Br (‘()(I"H("HPh

X X

Yield Yield
(%) AF® Substrate (%) Ab*

00 00
000 3 X-(CI 000

<K < 3¢ 4

14 )
00] 4. X -l oo

98 2 9¢ ¢

123 179
029 S$.Xx-Cl 043
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21 e
04 6 X-CI 046

424 e
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01 18 X-(Cl 04l
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MeO X X
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chalcone dichlonide (8, X -~ (1) gave the relatively
high aurone yield of 18% ¢

It would appear from thesc results that the
ortho stenc effect plays a large part in the formation
of aurones from group 2A chalkcone dihalides. It
may not, however. be the sole cause as the 8%
increase in the yield of aurone on introducing a
4 OMe group into 2 -acctoxy-3 -bromo-6'-

This could be related to an anomaly of the chakone
dxchlonde — ity NMR spectrum showed it to be a mixture
(63 17, approx) of erythro and threo nomen, the other
dihahdes were ungle 1vomers
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Be

OAc

("()j:iil'l Ph

MeO)

McO

methoxychalkcone dibromide (5. X+ Br) appears
too large 1o be due simply to a buttressing effect
by this group on the 3 -bromo substituent of 2°-
acetoxy- 3’ -bromo-4.6"-dimethoxychakone dibro-
mide (6, X = Br).

While the details of the reaction mechanismds)
for the cyclization of this class of chakone di-
halides must awat the synthesis and study of the
corresponding senes of 2'-hydroxychakone di-
halides, with and without a 3'-bromo substituent,
a study of a proposed intermediale was camed
out.

von Kostanecki and Tambor.’ on brominating 2°-
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acetoxy-4',6'-dimethoxy- 3.4-methylkenedioxychal-
cone (16), oblained not the chakone dibromide
but the a-bromochalcone (17). This, when cyclized
with aqueous cthanolic potassium hydroxide, gave
the corresponding auronc (18). As a consequence,
a-bromochakones have often been proposed® ¢ 7 '*
as intermediates in the formation of aurones from
chakone dibromides of group 2A. Although the
analogy between von Kostanecki and Tambor's
compound and typical group 2A chakone di-
halides 1s false.® it is still as likely that aurone
formation from these dihalides occurs through an
a-halogenochakone as through the alernative
aurone hydrobromude' (19) because the stenc
inhibition of resonance between the aromatic
nucleus and the CO group. caused by the ortho
substituents, enhances the acidity of the a-H and
facilitates the climination of hydrogen halide from
the side-chain. It would not be expected, however,
that in the cyclization step the intramolecular
Michacl-type addition of the phenoxsde ion would
occur at the a-carbon of the double bond

We have found that the a-bromo (15, X = Br)
and a-chloro (18, X = Cl) denvaives of 2
acetoxy-3 -bromo-4° .6 -dimethoxychakone  can
readily be prepared by treating the corresponding

*It has unce been found® that a methylenedsoxy oe
umular group on the B-nng greatly increascs the leaving
group effectiveness of the f-bromune Thin chakone &
brommude system of voa Kostaneck: and Tambore belongs
as much to group 2B and to group 2 A
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chakcone dihalide with ethanolic potassium acetate.
The NMR spectra of these a-halogeno-chalcones
show that they are mixtures of cis and frans
isomers'® in approximately equal amounts. They
could not be scparated. however, either by pre-
parative layer chromatography or by fractional
crystallisation. When cyclized with aqueous
ethanolic potassium hydroxide they yiclded (Table
1) aurone in amounts comparable to those obtained
from the comresponding chakone dihaldes —so
supporting their intermediacy in the cyclization
of the latter.

The LUV spectroscopic data for the flavone and
aurone products are given in Table 2. The standard
samples were obtained as follows Treatment of
a suspension of 3 -bromo-2'-hydroxy-4'.6"-
dimethoxychakone dibromsde in ethanol with
aqueous potassium hydroxsde gave a muxture of
8-bromo-$5.7-dimethoxyflavone (8) and 7-bromo-
4.6-dimethoxyaurone (7) which was separated
by column chromatography. Similarty, &-bromo-
S-methoxyflavone (14) and 7-bromo-4-methoxy-
aurone (1)) were prepared from 2 -acetoxy-3'-
bromo-6"-methoxychalcone dibromide (5. X = Br).
S-Mecthoxyflavone (12) was obtained by the
alkaline cyclization of 2 .acetoxy-6-methoxy-
chakone dibromide (4. X = Br). Treatment of
2 -hydroxy-6 -methoxychakone with  alkahne
hydrogen peroxxde gave 4-methoxyaurone'* (12).
Pyrolysis  of 2 -acetoxy-3'.$5 -dibromochalcone
dibromide (3. X = Br) under reduced pressure
gave 6 B-dibromoflavone (10) together with 6.8.
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Table 2 UV and visible spectra of flavones and aurones

LYo

8-Bromo- $.7-dimethox yflavone (5)
6.8-Dhbromoflavoone (19)

S -Methoxyflavone (12)

8- Bromo- $-methox yflavone (14)

7. Bromo 4.6-dimethoxyaurone (7)
4-Methoxyaurone'' (11)
7-Bromo-4-methoxyaurone (13)

(log ¢)

267 (4-46),28%1 (4 20),32) (409

261 (4:24). 304 (4 21), 329 (4 14)

263 (4 41).2903(4 12).120(407)

267 (4 35).295 + (4 08), 327 (4 04)

2463 (4 18), 314(4 26), 38} (4 29)

108 (4 22). 189 (4 W)

267 (3 &R), 27% ¢ (3 94), 106 (4 1R), 194 (4 3%)

dibromoflavanone (28) and 3.5 -dibromo-2'-
hydroxychakone. The dibromoflavone (10) was
more casily obtained by the cychzation of the
dibromochakcone dibromide (3. X = Br) with
potassium hydroxide.

EXPERIMENTAL

UV spectrs were taken 1n CHCL, uung a Uncam
SPSO0 spectrometer NMR spectra were oblmuned at
60 MH:z with a Perkun Fimer R12 spectrometer. in
deuteno-CDCL, with TMS as internal reference M.ps
were taken with a Kofler bot- stage apparstus.

The standard conditions for the cychzation of chal-
cone dihahdes and a-halogeno-chalkcones were as follows.
EtOH (10 ml) was added to the halsde (6 $ x 10 * mol) and
the resulung solution of suspensson was stured in a closed
tube at 30° for 30 qun 0.2 M KOH (] ml) was added and
stuming coatinued for 6 hr Then, 4 man after the addition
of water (20 ml). the mixture was extracted with five 10 ml
poruons of CHCl, The combined CHC'l, extracts were
washed once wath water (10 ml) before being diluted
for the obvervation of thewr UV spectra

2" Acetorv-V . bromo 4.6 -dimethassc halcone dr
halides (6. X — Hal) Acetylatbon of 3 '-bromo-2'-
hydroxy-4'.6" -dimethoxychakone* (8:2g) with Ac,()
and AcONa gave 2 .acetoty:-V.-bromo 4.6 - dimethoxy:
chalcone (45g). mp. 187-188° (acctone). (Found C.
$6-7. H. 44, Br, 191 C,,H,.BrO; requires. (', %63, H,
42.Br. 19 7%)

Addition of heomune (2g) n CCl, (20 mb) to a soln of
the acetoxychakone (Sg) m CCL (150 ml) gave 6 (X —
Br.S8g). mp. 184-186° (bt "mp 185°) Sumilar additron
of chlonine (1g) to the acctoxychalcone (S g) gave
2. acetory ¥ bromo- 2.3 -dichkwo -4 .6 -dimethoxy -3 -
phemvipropiophenone (6, X —Ch (3 7g). mp 192-193°
(henzene-light  petroteum bp  40-60°) (Found C,
47V M3 6 CLHL-BrOLO, requires €, 47 9, H, 3 65%),

A muxture of 6 (X - Br 2g). and AcOK (29 n
FIOH (60 mD) was refluzed for 30 nun 2 - dcetony a ¥’
dibromo 4 6 -dimethoivchalcone (18, X — Br) precpr
tated on covling and crystalined from aqueous F1OH
m posms (1 6g). mp 168-170° (Found C, 473, M,
34, Br, 329 C,,H_Br,O, requires C, 471, H. 3 Br,
L 0R) Its NMR spectrum showed 1t to be an approx)
mately %0 SO muxture of ¢ and truns somens (OAc
T 7T and 767 OMe 6 18, r6 I8, v6 10, and r6 04,
CHsIYNand Y Yy

Sumularly, (X — C1 0 ¢ g), gave 27 acetosy 3 dromo
a chloro 4 .6 -dimethotschalcone (18, X ~ (1), whxch
crysallised 10 pnams (0 1¢ g) from aqueous EIOH,. m p
168-169° (Found €, $18 H. 37 Hal. 261 C,H.Br
C10, requires €. ST 9. H, 37 Hal 26 270) Its NMR

spectrum showed it to be an approzimately 30 . SO muxture
of cis and trans 1somers. OAc 177 and 7 68; OMe
76 18, v6 18, r6 |8, 6 1), and 1603, S"H 19 and
138}

40% KOH aq (Sml) was added 10 a suspennon of
2.1.) -tnbromo- 2 - hydroxy - 47,6 -dimethoxy - 3 - phenyl
peoprophenone (S 2 g) 1n FIOH (50 ml) After | hr. water
was added and the ppt was chromatographed on a
column of alumuna o pve 7. whch crystallised from
acetone i needles () Sg). mp. 298-239° (t.*™ mp
251°). and 8. mp 256-257" (acetone). (M. mp 2%0-
282,

Y dcetosy V -bromo 6 methorvehalcone dikalides (8
X -~ Hal) Acetylatson of 3 -bromo-2 -hydroxy-6-
methoxychalkcone™ (12 1g) gave s acetate (139g),
mp. 119-120° (F1OH) (Found. ¢, $80. H, 39, Br,
210 .C,H,,BrO, requires: (C, 37 7, H. 40, Br, 21 ¥%).

Addition of bromune (2 1 g) 1n CCL, (40 ml) to a win
of the acetate (S g) n CCL (SO ml) gave 2 -acetonn-2.2.3°
tribromo 6 methosy-Y-phenviproprophenone (8. X — Br.,
S4gp. mp 172° (benzene-hght petroleum b.p 60-80°)
(Found C, 804 H, 30 Br, 445 C,,H,,Br,), requires
C.40-4, H.2 8, Br, 44-8%). Semalarly. additson of chonne
(1 3g) to the acetate (6 g) gave 2 -acetoxy-3 bromo 2.}
dichioro-4 -methorsy-3-phenylpropwophenone (8, X —
Cl, 4g). mp 145-147° (hgrown) (Found C, 486, H,
34, Hal. 3 4 C,H,BrCLO, requires . 48 S, H, 14,
Hal, 13-8%) 1ts NMR spectrum showed 1t 1o be a muxture
(6337, approx) of erythwo and threo 1somens: erythro,
H,r4 W, H, 1462, ),67 Hz, threo 1isomer, H, and H,,
rd 63

20% KOH aq (S ¢ ml) was added 10 a suspensson of
$(X — Br 2 $g).mnEtOH (63 ml) After | hr. the muxture
was diluted with water and the ppt was chromatographed
on alumuna to pve T bromo 4-methosvaurone (13), whch
crystalbsed from -PrOH 1n yellow needles (0 S4g).

mp 202-203 (Found C, 81, H, V3V C H, RO,
requires (, 80 H, 314%). and 14 (0 2g). mp :92-
19 0-PrOH), (it *m p 190-192°)

Y dcetory & methorschalcone  dihalides (8, X —

Hal) Acctylaon of 2" hydroxy 6 -methoxychalcone't
(770 gave the acetate (6 3g) as a glass (Found (',
T26.H,87 C. H,0O,requres C.730 H. ¢ %)
Bromune (2 9g) 1n CCl, (60 ml) was added slowly to
a soin of the acctoxychakone ($0g) in CCl, (300 ml)
Evaporatron of the wolvent gave 2 acetory 2.3 dibromo-
6 methosv V. phemviproprophenone 14, X — Br) which
crystalised from benzenc-hght petroleum (bp 60-80°)
n prsms (S3g). mp 142-143° (Found (', 474 H.
16, Br. 381 C,H,Br,O, requires ¢, 47 4, H, V6,
Br. 38 4%) Addition of Cl, (1 1 g) to the acetoxychakone
(42g) gave 2 -acetoxy 2V -dichkdoro 6 -methosy. 3.
phemvipropiophenone (4. X - Ch, pnsms (3 $g) from
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benzene-ight petroleum (bp. 60-80%, mp 121-122°
(Found C. %93 H. 46, Cl 203 C HLLO, requires.
C.S89 H. 44, CL19%)

Addion of 20% KOH aq (7 mi) to & soin of 41X — Br
24 g in EtOH (100 ml), followed, 1 hr later, by ditutson
with waier gave 5S-methoxyflavone which crysialised in
needies (088 g) from »PrOH. mp 130" (" mp 131-
13

Y Acetoav 3.8 dibromochalcone dihalides 13, X —
Hal) Br, (2 8% 0 1n CHCL, (20 ml) was added o a soin of
2. acetoxy- 3.8 dibromochakone™ (7% m CHCL,
{100 m) The product, 2 -acelfony-2.3.3 8 tetrabromeo 3.
pheariproprophenone (3, X — Br. % 1 g). crystallised from
hgromn, mp 146° (Found 330 . H.20, Br, S48 O, H,,
Br, O, requires: C, 3184, H, 2 1. Br. 4 4%) Sumular
addition of Cl, (053 g) to the acetoxychakone (30g)
gave 2 -acetory- 3.8 dibromo- 2.3 - dichioro - Y - phenyl-
propiophenone (3. X — Ch which crystallised from hgroamn
i pnams (19g), mp 112-113 (Found C. 408 H.2 4,
Hal, 47 C,.H,Br,C1,0), requires C, 412 H, 24,
Hal, 46 6%)

Compound } (X — Br 300 mg) was heated at 180°20
mm for 3 hr The product was separsted by preparative
layer chromatography on skca gel into three components
1.5 -dibromo- 2" -hydroxychakone (18 mg). mp 143-
144° (U™ mp 1457, 68.dibromoflavanone (43 mg).
mp 138-139' (t™ mp 1407 and 18, (38 mg). mp
174-178° (M ™ mp 1667 Compound 18, (90 mg). was
also prepared by the addition of 15% KoHaq(I mhitoa
suspensson of 3 (X — Br Y00 mg), in F1OH (Smh It
crystalhsed from hght petroleum (b p 80-100°) 1n needles,
mp 174-17¢
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