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Abstract-Irradiation of flavanones la-c,e using TPT as
photosensitizer leads to the corresponding flavones 2a-c,e in
yields ranging between 50 and 69%. 4-Nitroflavancne (1d)
remains unchanged under the same conditions. These results are
consistent with a single electron—-transfer (SET) occurring from
the flavanone B ring to the excited pyrylium salt to give the

radical cation intermediate 3.

There is an increasing activity in the field of photosensitized electron-transfer

reactions of organic compounds, including their exploitation in the design of new

synthetic methodologies. & The preparation of d4H-benzopyrones from their

corresponding dihydre derivatives i1s an important process in natural products

6,7

chemistry, which has attracted our attention in the course of recent studies on

the synthesis of flavoneid compounds.a_lo The fact that similar dehydrogenation

processes can be achieved by ceric ammonium nitratell or

2,3-dichloro~5,6-dicyano-1,4-benzoquinone (DDQ),J‘Z’13

via electron-transier processes,lq'l5 led us to try the triphenylpyrylium

tetraflucroborate (TPT) photcsensitized reacti0n16 as a conceptually different

which are thought to operate

approach to achieve the transfcrmation of fiavanones inte flavenes.
The reguired substrates la-e were prepared by a Claisen-Schmidt condensation of
suitable o+~hydroxyacetophenones with aromatic aldehydes and subseguent basic

cyclization of the resulting chalcones following standard procedures.7

—115—




Irradiations of the flavanones 1 were carried out in CH2C12 solutions with

catalytic amounts of TPT, using a Pyrex immersion well photoreactor provided with
a 125 W medium pressure mercury lamp. The reaction time was always 4 h.

In this way, la-c,e afforded the corresponding flavones 2a-c,e in preparative
yields ranging between 50 and 69%, while 4-nitroflavancne (1ld) was recovered
unchanged. Additionally in the case of le a 13% of 6-formyl-8-methylflavanone

{1f) was isolated from the photolysis mixture.

Ph
et/ V5 BFT
_ 4
Ph
hv
vield
! 2 & r' of 2w Ref
a H H H 59 17
b H OCH, B H 68 17
[ H H CCH3 69 17
da H H NGz 4] 18
*
e CH3 H CH3 H 52 8,9

1f (13%) was also obtained (R*=CHO, R%=R%=H, R3=CH3).

These results could be rationalized in terms of an initial single
electren-transfer process occurring from the arcmatic B ring of the flavancne 1 to
the excited pyrylium salt to give the radical cation 3 which would lose a proton
to form the benzylic radical 4 from which the <flavene would be finally formed
after disproportionation.l9 The effects of the substitution on this ring strongly
support our mechanistic proposals. Thus the electren withdrawing nitre group
prevents the reaction, while the electron donating methoxy substituent enhances
the flavone yields.

Finally, the formation of 1f 1is in agreement with the general behaviour of
methylarenes which undergo an oxidation to aromatic aldehydes under

electron-transfer conditions.B'5

In this case, the dimethyl substitution in the A
ring compensates the deactivating effect of the carbonyl group, and therefore
electron-transfer to excited TPT from this ring competes with that occurring from

the 2-phenyl group.
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2a-e{+la-g)

1f

In conclusion, our results are relevant 1in the finding and development of
synthetic applications cf photosensitized electron-transfer processes. They show
that dehydrogenaticon of flavanones wsing TPT as photosensitizer constitutes a
facile method for the preparation of flavones in moderate to good yields. The
scope of this transformaticn appears to be limited to substrates where no electron

withdrawing substituents are present on the flavanone B ring.

EXPERIMENTAL
Melting points are uncorrected. Combustion analysis of 1f was performed at
Instituto de Quimica Bio-Orgadnica of the CSIC (Barcelona). Ir spectra were

determined in CC14, with a Perkin-Elmer 781 spectrophotometer; absorptions (3,
_ l . N
cm ) are given only for the carbonyl bands. lH—Nmr spectra were recorded with a

Varian 360 EM instrument, using CCl, as solvent; chemical shifts are reported in

4
ppm downfield () from TMS. The flavanone uv spectrum was determined in ethanol
with a Varian 634 spectrophotometer; abscerbed radiation 1is defined by its
wavelength (Amax' nm) and log e (in brackets). Mass spectrum of 1f was measured
with a GC/Ms Hewlett-Packard 5988 A spectrometer; m/z ratio and their relative

abundances in percentages (in brackets) are given only for the main bands.

Preparation of 2,4,6-triphenylpyrylium tetrafluorcborate (TPT)

A solution of chalcone (208 g, 1 mol} and acetophenone (60 g, 0.5 mol) in
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1,2-dichloroethane (350 ml) was warmed at 70%¢. Then, a 50% ethereal sclution of

fluorchoric acid (160 ml) was slowly added under continous stirring during 30 min.
After the addition was completed, the mixture was heated at reflux temperature for
1 h. Then, the suspension was cooled at 9°¢ and the resulting crystalline solid
was collected and washed with ether. More product could be obtained from the
mother liquer by addition of ethyl ether (250 ml). The TPT was recrystallized
from 1,2-dichloroethane (700 ml) before 1ts use as photosensitizer. The total

yield was 68%,

Preparation of flavanones la-e

To an ethanclic (10 ml) solution of the corresponding o-hydroxyacetophenone (5
mmol)  and the aromatic aldehyde (5 mmeol) was added lithium hydroxide (70 mg, 15
mmol) and the mixture was warmed at 50°C under magnetic stirring. The progress of
the reacticn was pericdically followed by GC wuntil no changes were observed.
Then, the sclution was neutralized with agqueous hydrochloric acid and the
resulting suspension filtered, the solid washed with cold water and recrystallized
from ethancl.

Cyclization of o-hydroxychalcones to flavancones was accomplished Dby treating a
solution o¢f the chalcone {1 mmol) in benzene (50 ml) with an agueous soluticn of
20% of tetraethylammonium hydroxide (20 ml) under continous magnetic stirring for
5 h. After this time, the organic layer was separated, washed with water, dried
over anhydrous sodium sulfate and finally concentrated in vacuo. The residue was

submitted te purification affording the expected flavanone.

Irradiations

A solution of flavanone {200 mg) and TPT (40 mg) in methylene chloride (450 ml}
was irradiated for 4 h at room temperature with a 125 W medium pressure mercury
lamp inside a pyrex immersion well, using a potassium chromate solution {100
mg/ml) as filter. After removal of the solvent, the photolysis mixture was
submitted to purification by flash column chromatography on silica gel Merck 60,

70~230 mesh, using hexane as eluent.
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Products

o] .. 20 o] . 1
Flavanone {(la), mp 74-76° {lit. 75-76"), ir 1695, "H-nmr 8.20-6.80 (m, 9H, ArHj],
5.50 {(dd, JCiS:6Hz, JtranS:lZHz' 14, #H at C-2), 3.21-2.72 (m, 2H, ng), uv 320
(3.53).

- o] ., 20 s} . 1
7-Methoxyflavanone (1lb), mp B86-88 {1lit,. 40-917y, ir 1695, “He-nmr 7.79 (4,
J=9Hz, 1H, H at C-8), 7.41 (s, 5H, Cﬁﬂ b, 6.57 (d4d, JOrthongZ' Jmetalez’ 1H, H
at C-6), 6.40 (d, J=1Hz, lH, H at C-8}, $5.30 (dd, J_; =5Hz, J, __  =11Hz, 1H, E at

Cc-2), 3.80, (s, 3H, OCH 3.00-2.65 {(m, 2H, CH

17

2)J uv 310 (3.69)

87-88%), ir 1695, lH-nmr 8.00-6.60 {(m,

3
1" -Methoxyflavanone {lc), mp 86-88° (1it.

8H, ArH), 5.25 (dd, J, _=4.5Hz, J =128z, 1H, H at C-2), 3.78 (s, 3H, OCH),

ci trans

3.00-2.60 {m, 2H, ng], uv 320 (3.32).

4" -Nitroflavanone'® (1d), mp 161-163°, ir 1690, ‘H-nmr 8.55-6.80 (m, 8K, ArH),

5.50 (dd, Jci5=8Hz' Jtran5=12Hz, 1H, H at €-2), 3.10-2.80 (m, 2H, Cﬁz), uv 306

(3.52}).

8

6,8-Dimethylflavanone (le), mp 69-71° {lit. 69—710), ir 1710, lH—nmr 7.52-6.82

(m, 7H, ArH), 5.23 (dd, J =6Hz, =10Hz, 1H, H at C-2), 2.94-2.69 (m, ZH,

cis Jtrans
CHE), 2.23 (s, 3H, CEB), 2.1% (s, 3H, ng), uv 337 (3.41).

6-Formyl-8-methylflavanone (1f), Anal. Calcd for C17H1403: C, 76.58; #, 5.30;

Found: C, 76.35; H, 5.17 , 1r 1695, lH—nmr $.94 (s, 1H, CHO), 8.28 (d, J=1Hz, 1H,

H at C-5), 7.97 (d, J=1Hz, lH, H at C-7), 7.50 (s, 5H, C_H

(He)r 5.52 (dd, J_,; =6Hz,

5 cl
J =8Hz, 1H, H at C-2), 3.1%-2.90 (m, 2H, CH }, ms 266

trans 2.40 (s, 3H, CH

2
(100), 265 (40}, 189 (35), 182 (100), 134 (85), 104 (80), 77 (55).
21

3

Flavone (2a), mp 95-97° (1it.2) 96-97°), ir 1650, ‘H-nmr 8.20-7.18 (m, 9%, Ary),

6.79 {s, 1H, H at C-3}.

21

I-Methoxyflavone (2b), mp 110-113° (lie, 110—1120), ir 1676, 1'H--nmr 8.23-6.96

(m, 8H, ArH), 6.8B5 (s, 1H, H at C-3), 3.80 (s, 3H, ocE
21

3.

4" -Methoxyflavone (2c}, mp 155-158° (lie.2t 157-158°), ir 1677, ‘E-nmr 8.50-6.98

(m, 8H, ArH), 6.89 (s, 1H, H at C-3), 3.%0 (s, 3H, 0C§3).

8

6,8-Dimethylflavone (2e), mp 163-164° (1it.% 163-164%), ir 1650, ‘H-nmr 8.50-7.24

(m, 7H, ArH), 6.70 (s, 1H, H at C-3), 2.55 (s, 34, Cﬁg), 2.40 (s, 3H, CEB).
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Obviously, the radical formed from the pyrylium cation as a censegquence of the
electron transfer process must be able to lose an electron if one has to
explain the requirement of only catalytic amounts of TPT. In this context,
the generation of active oxygen species such as superoxide ion, could play an
important role. In fact, oxXygen must be involved in these reactions, as
indicated hy the formation of the aldehyde 1f. Further work is currently
being carried out in order to confirm this point.
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