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THE CONFIGURATION OF AURONES!
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Abstract—The configurations of 6-methoxyaurone prepared by the condensation of 6-methoxy-
coumaran-3-one and benzaldehyde and of its photoisomer are assigned on the basis of chemical and

NMR evidence.

Aurones (2-arylidenecoumaran-3-ones) are usually
prepared® by acid or base catalysed condensation
of coumaran-3-ones with aromatic aldehydes.
They have also been prepared by treatment of
suitably substituted chalcones with alkaline
hydrogen peroxide,3 by reaction of certain chalcone
dibromides with ethanolic potassium hydroxide,?
by dehydration of 2-hydroxy-2-benzylcoumaran-3-
ones,* by treatment of 2-benzylcaumaran-3-ones
with N-bromosuccinimide followed by ethanolic
potassium hydroxide® and by base catalysed
cyclisation of o-hydroxybenzoylphenylacetylenes.®
In all cases only one of the two possible geometric
aurone isomers (1 and 2) was isolated even when
the same aurone was prepared by two or more
alternate syntheses. The naturally occurring aurone,
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leptosidin”  (3’,4',6-trihydroxy-7-methoxyaurone)
was found to have the same configuration as that
synthesised by acid catalysed condensation of
protocatechuic aldehyde and 6-hydroxy-7-me-
thoxycoumaran-3-one.?

From a consideration of the concept of overlap
control,® the expected products of condensation of
coumaran-3-ones and other methylene ketones
with aromatic aldehydes are the trans-arylidene
isomers.t The arylidene derivatives of aceto-
phenones,'? cyclohexanones,!! tetralones,'? flavan-
ones'? and indanones'? as usually prepared, have all
been shown to be trans-isomers except when a high
degree of steric overcrowding renders the trans-
isomers unstable. For example, the condensation
of 2,2-diphenylchormanone (3) with benzaldehyde
gave only the cis-chromindogenide (4); the trans-

* Address enquiries to this author.

+The terms cis and trans used in this paper refer to the
relative positions of the carbonyl and side chain aryl
groups.
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isomer is not known. The assignment of configura-
tion to the compounds mentioned above was made
on the basis of the chemical shifts of the 8-protons
which in the trans-isomers gave signals at con-
siderably lower fields than the signals of the
corresponding protons in the cis-isomers (Table 1).

With a view to applying this method of structure
determination to aurones, the second isomer of
6-methoxycoumaran-3-one was prepared by UV
irradiation of the product synthesised by base
catalysed condensation of 6-methoxycoumaran-3-
one with benzaldehyde. The isomerisation was
carried out in benzene solution by means of a
high-pressure mercury-vapour lamp using a pyrex
filter to give a ca. 1:1 equilibrium mixture of the
cis and trans-isomers which was separated on
alumina. The identity of the new compound as an
isomer of 6-methoxyaurone was inferred from
elemental analysis, IR, UV, NMR spectra; from
its almost quantitative isomerisation into the
original synthetic isomer on treatment with hot
ethanolic NaOH, and from the fact that both
isomers gave the same epoxide on treatment with
alkaline H,0,.!

The chemical shift of the S-proton of the syn-
thetic 6-methoxyaurone was 7 3-20 while that of
the product of irradiation was r 3-14. Because the
signals of these protons occurred in the same
region of the NMR spectra as those of the C-5 and
C-7 protons, their positions were verified by an
examination of the NMR spectra of the corre-
sponding pB-deuterated aurones which were pre-
pared respectively by condensation of 6-methoxy-
coumaran-3-one with benzaldehyde-d and by the
subsequent UV irradiation of the product obtained
to the geometric isomer. The absence of a peak
at 7 3-20 in the spectrum of condensation product
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Table 1. Chemical shifts for B-protons in exocyclic a,8-unsaturated

ketones
Isomer
trans cis Ref.
2-Benzylidene-1-indanone <2-7* 3-11 12
(2-98)1
2-Benzylidene-3,3-dimethyl- 1-indanone 2-35 320 12
2-Benzylidene-6,6-diphenylcyclohexanone 3.0 367 11
2-Benzylidene-4,4-dimethyi-1-tetralone 2-29 337 12
3-Benzylideneflavone 1-92 330 13

*Masked by aromatic protons.
tOur Reading.

and at 7 3-14 in the spectrum of the product of
irradiation showed that the chemical shift assign-
ments were correct.

The configuration of the two isomeric aurones
could not be assigned on the basis of the chemical
shifts of the 8-protons because of the small differ-
ence between them. However, the lower r-value
(7 1-85; deshielding by the carbony! group) of the
2',6'-protons in the photoisomer compared with a
value of r 2:10 for the corresponding protons in the
condensation product indicates that this product
is the cis-isomer and that the latter is the trans-
isomer.* This conclusion is in agreement with the
results obtained with other «o,8-unsaturated
ketones; namely, that the thermodynamically less
stable isomer obtained on UV irradiation of the
more stable isomer has the c¢is-configura-
tio“.m,u.n.la

The chemical shift of the S-proton in cis-6-
methoxyaurone (r 3-14) is close to that of the 8-
proton (v 2:98) in the homocyclic analog, cis-2-
benzylidene-1-indanone. However, the chemical
shift of the B-proton in trans-6-methoxyaurone
occurred at considerably higher field (7 3-20) than
that of the corresponding proton in trans-2-
benzylidene-1-indanone which occurred at less
than 7 2-7 (Table 1). Examination of Fieser models
of the two trans-compounds shows that the B-
protons are equidistant from the carbonyl groups
and consequently should be deshielded to the same
extent by these groups. The higher 7-value of the
B-proton in trans-6-methoxyaurone is attributed to
the shielding influence of the heterocyclic oxygen
atom in the aurone molecule. Evidence in support
of this view is obtained from the NMR spectra of
many vinyl ethers which have been examined
and found to have high chemical shifts for the
terminal ethylene protons when compared with

*The 2',6'-protons in 4'-methoxy-5-methylaurone and
in 4,6-dimethoxyaurone, prepared in the usual way, gave
signals in each case at 7 2:1; in the UV irradiated products
of these compounds the signals of 2',6'-protons shifted
down field to 7 1-7 and 7 1-84 respectively. M. Bennett,
this department, personal communication.

the shifts of terminal protons in olefins not having
alkoxyl substituents. The origin of the high shield-
ing of these protons is thought!* to lie in delocalisa-
tion effects involving the resonance forms;

H
Me6=CH—é/H

H H

It was found that the protons trans to the oxygen
atom were shielded to a greater extent than
protons cis to this atom. It was noted that the 2’,6'-
protons in trans-2-benzylidene-1-indanone had a
chemical shift of  2-13 while the corresponding
protons in the cis-isomer absorbed at 7 1-9. These
values are in line with those observed in the NMR
spectra of the aurones.

The assignment of configuration to the aurones
was supported by the chemical evidence described
below (Scheme). 6-methoxy-2’'-nitroaurone (5) on
treatment with SnCl, and HCIl at room tempera-
ture gave 2’-aminoaurone (6). The latter on irradia-
tion with UV light gave quinoline 8, presumably
via the cis-aminoaurone 7, which on formation
cyclised immediately. Isolation of quinoline 8
rather than the cis-aminoaurone 7 indicated that
the aminoaurone 6 and consequently the nitro-
aurone 5 were both trans-isomers.

2-(2-aminobenxylidene)-1-tetralones were also
found to cyclise to the corresponding quinoline
derivatives on UV irradiation.!® 2-Arylidenetetra-
lones as usually prepared were subsequently
shown to have the trans-configuration.'

Coumaranoquinoline 8 was obtained directly on
reduction of nitroaurone 5 with sodium dithionite
in boiling EtOH. That the trans-aminoaurone 6
was an intermediate in the reaction was supported
by the fact that this compound (6) on treatment
with sodium dithionite under the same conditions
gave the quinoline derivative 8. Since amino-
aurone 6 was recovered unchanged on treatment
with boiling EtOH and since the condensations
of ketones with amines are not normally base
catalysed,'® it is suggested that the dithionite
anion or some other basis species in the reaction

Me—0—CH=CZ_
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medium was responsible for the isomerisation of
the trans-aminoaurone to the less stable cis-
isomer which on formation cyclised to coumarano-
quinoline 8.

EXPERIMENTAL

M.ps are uncorrected. The NMR spectra were taken
at 60 MHz in the solvents stated containing TMS as
internal reference.

Preparation of trans-2-benzylidene-6-methoxycou-
maran-3-one.” NaOH aq (4-8 ml; 50%) was added slowly
to a soln of 6-methoxycoumaran-3-one (19g) and
benzaldehyde (15g) in EtOH (150ml) at 60°. The
product began to separate almost immediately as fine
needles. The mixture was kept at 60° for 1-Shr. The
product was collected and washed successively with
MeOH, dil H,SO, and water and crystallized (EtOH) to
yield colourless needles of trans-2-benzylidene-6-
methoxycoumaran-3-one (17:6g; 61%), m.p. 147-148°
Qit."" m.p. 1489, Apa (MeOH) 340 mu (e, 32,000);
Vmax (KBr) 1710, 1654 cm™; 7 (CDCly), 612 (s, 3H,
6-OMe), 3-28 (q, J 8-8 and 2-2 Hz, 5-H), 3-25(d, J 2:2 Hz,
7-H), 3-20 (s, S-H) 2-58 (m, 3’, 4', 5'-Hs), 2-31 d, J
8-8 Hz, 4-H)and 2-10 (m, 2’, 6'-Hs).

trans-2- (a- Deuterobenzylidene)-6- methoxycoumaran-
3-one. (12g; 56%) was prepared in the same way from
6-methoxycoumaran-3-one (14g) and benzaldehyde-d*®
(11-1g); m.p. 147-148° alone or when mixed with a non-
isotopic sample.

Photochemical isomerisation of trans-2-benzylidene-6-
methoxycoumaran-3-one. A soln of trans-2-benzylidene-
6-methoxycoumaran-3-one (10g) in dry benzene (2:51)
was irradiated for two weeks through a pyrex sleeve
using a Philips HPK 125 W. mercury vapour lamp. The
solid obtained on removal of solvent was chromato-
graphed on standard alumina (Merck, active grade II-11I;
benzene). Removal of benzene from the first band eluted
afforded a solid which on crystallisation (benzene/
petroleum; b.p. 80-100°) yielded green-yellow needles
of cis-2-benzylidene-6-methoxycoumaran-3-one (4-5g;

*Integration of the areas under the peaks due to the
hydrogens at the 3-position indicated a product ratio of
47-5% cis to 52-5% trans-isomers.
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45%), m.p. 136-137°. (Found: C, 75:77; H, 4-82. C;4H 1,0,
requires: C, 76-18; H, 4-80%); Apax (MeOH) 337 mpu
(e, 28,000); vma, (KBr) 1685, 1640 cm~!; 7 (CDCl)
6-14 (s, 3H, 6-OMe), 3-4 (d, J 2-2 Hz, 7-H), 3-14 (s, B-H),
3-30 (q, J 8-8 and 2-2Hz, 5-H), 2-33 (d, J 8-8 Hz, 4-H),
261 (m, 3', 4', 5'-Hs) and 1-85 (m, 2', 6’-Hs). The
trans-isomer was eluted from the column with ether. It
crystallised (EtOH) as colourless needles (5g) m.p.
and m.m.p. 147-148°,

cis-2-(a-Deuterobenzylidene)-6-methoxycoumaran-3-
one. (0-6 g; 30%) was obtained in the same way on irradia-
tion of trans-2-(a-deuterobenzylidene)-6-methoxycou-
maran-3-one (2g) for 10 days; m.p. 136-137° alone as
when mixed with a non-isotopic sample.

Base catalysed isomerization of cis-2-benzylidene-6-
methoxycoumaran-3-one. () A mixture of cis-2-benzyl-
idene-6-methoxycoumaran-3-one (20mg), NaOH aq
(0-1N; 1-5mi) and EtOH (3 ml) was heated under reflux
for 10 min, allowed to cool and added to ice and water.
The resulting precipitate was collected, washed with
water and crystallized (EtOH) as needles of trans-2-
benzylidene-6-methoxycoumaran-3-one (16 mg; 80%),
m.p. and m.m.p. 147-148°,

(b) cis-2-Benzylidene-6-methoxycoumaran-3-one (100
mg) was dissolved in pyridine (10 ml) at room temp and
aliquots examined by TLC (silica: benzene) at intervals
of 2 hr. The starting aurone was completely isomerized
into its frans-isomer (R, colour under a UV lamp at
254 and at 350 nm) within 48 hr.

When the trans-isomer was similarly treated it re-
mained unchanged.

trans-2-Benzylideneindan-1-one. The title compound
was prepared as previously described,'”® m.p. 108-110°
(lit."* m.p. 109-111°) v,y (KBr), 1709 cm~*; 7 (CDCly)

N
6-0(d,J2-0Hz,2H, CH,),2-13(m,2H,?2’,6'-Hs),2-23-
/7

2-76 (m, 8H, aromatic and S-proton).
cis-2-Benzylideneindan-1-one.'* trans-2-Benzylidene-
indan-1-one (10 g) in MeOH (31) was irradiated with a
Philips HPK 125w. mercury lamp for 7 days. Removal of
the solvent gave a solid* which was separated by PLC
(Merck silica gel; CH,Cl,). The upper band was CHCI,
extracted and yielded, on solvent removal and crystallisa-
tion of the oil obtained from dil MeOH, yellow needles
of cis-2-benzylideneindan-1-one (4:3g; 43%). m.p. 95
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N
(lit."* m.p. 95-96°); 7 (CDCly) 6:08 (d,J 1 Hz, 2H, /CH;),

297 (5, tH, g-H) 19 (m, 2H, 2’',6'-Hs), 2:14-2-7 (m, 7H,
aromatic).

The lower band yielded the trans-isomer (4-8 g; 48%),
m.p. 108-109°.

trans-2- (2- Nitrobenzylidene )-6-methoxycoumaran-3-
one (5). Dry HCl was passed intoa hot soln of 6-methoxy-
coumaran-3-one (8 g) and 2-nitrobenzaldehyde (11g) in
absolute EtOH until saturation. The product separated
immediately as a grey precipitate, which was collected,
washed with water and crystallized from acetone-EtOH
(charcoal) to give fluffy yellow needles of nitroaurone §,
m.p. 201-202°. (Found: C, 64-70; H, 3-77; N, 4-73,
C,eH,;;NO; requires: C, 64-64; H, 3-73; N, 4-71%);
7 (CDCL) 2:67 (s, 1H, 8-H). UV irradiation of nitro-
aurone 5 afforded decomposition products; the reaction
was not further pursued.

trans-2-(2-Aminobenzylidene)-6-methoxycoumaran-3-
one (6). A suspension of SnCl; (10g) in glacial AcOH
(140 ml) was brought into soln by saturating the mixture
with dry HCI and the resulting soln was cooled to below
10°. trans-2-(2-Nitrobenzylidene)-6-methoxycoumaran-3-
one (5 g) was added to the soln in small amounts and when
it was all dissolved, the mixture was kept, with occasional
shaking, at room temp for 16 hr. The yellow precipitate
which separated was collected, suspended in water and
neutralized with NaOH aq (10%). The copious red
precipitate which formed was collected, washed with
water and recrystallized from acetone to give fluffy
orange needles of amino-aurone 6 (3-8g; 85%), m.p.
215° (Found: C, 71-9; H,4-7; N, 5-4. C,4H 3N O, requires:
C, 71-9; H, 4'9; N, 5:2%); v (DMSO-dy), 6-02 (s, 3H,
6-OMe), 4-0 (s, borad, 2H, 2'-NH,), 2-85 (s, 8-H).

2,3-(6-Methoxycoumaran-3,2)quinoline (8). (a) A sat
soln of sodium dithionite was added to a suspension of
trans-2- (2-nitrobenzylidene)-6-methoxycoumaran-3-one
(1 g) in boiling EtOH (50 ml), giving the soln an orange-
red colouration. Sodium dithionite was added until the
orange colour disappeared, indicating complete reduc-
tion of the nitroaurone. The cooled mixture was filtered
and diluted with water. The precipitate obtained was
collected and crystallised from EtOH to give yellow
needles of quinoline 8, (0-3g; 36%), m.p. 171°. (Found:
C,77-11; H, 4:67; N, 5-90. C,,H,,NO, requires: C, 77-09;
H, 445, N, 5-62%); v (CDCly) 6-02, (OMe) 1-77-3-01
(aromatic protons).

(b) A sat soln of sodium dithionite (1-5ml) was added
gradually to a soln of aminoaurone 6 (50 mg) in EtOH
(5 ml) at reflux temperature. When the orange red colour
of the mixture disappeared (ca. 3 hr), the soln was
cooled and the solid which separated collected and dried,
m.p. 168-170°. A second crop, m.p. 166-168° (total
yield, 0-35mg) was obtained on dilution of the filterate.

B. A. BraDY, J. A. KENNEDY and W. 1. O'SULLIVAN

Mixture m.ps with samples of quinoline 8 in each case
showed no depression.

When a soln of aminoaurone 6 (50 mg) in EtOH (5 ml)
was heated under reflux for 2h, it was recovered un-
changed (m.p. and m.m.p. 215°) on work up.
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