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Abstract-Irradiation of flavanones la-c,e uslng TPT a s  

photosensitizer leads to the corresponding flavones Za-c,e in 

yields ranging between 50 and 69%. 4-Nitroflavanone (Id) 

remalns 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 glve the 

radical cation intermediate 3. 

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

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

synthetic methodologres. The preparatlan of 4H-bencopyrones from their 

corresponding dihydro derivatives 1s  an important process in natural products 

~hemlstry,~" which has attracted our attention in the course of recent studies on 

the synthesis of flavonold compounds. '-lo The fact that similar dehydrogenation 

processes can be achieved by c e r l c  ammonium nitrate I 1  or 

2,3-dichloro-5,6-di~yan0-1,4-ben~0g~1n0ne (DDQ), 12' l3 which are thought to operate 

via electron-transfer processes, 14'15 led us to try the triphenylpyryllum - 

tetrafluoroborate (TPT) photosensitized reaction16 as a conceptually different 

approach to achleve the transformation of flavanones into flavones. 

The required substrates la-e were prepared by a Claisen-Schmidt condensation of 

suitable 2-hydroxyacetaphenones with aromatlc aldehydes and subsequent basic 

cyclizatlon of the resultinq chalcanes follow~ng standard procedures. 7 



Irradiations of the flavanones 1 were carried out i n  CH2ClZ solutions wlth 

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 ranglng between 50 and 69%, while 4-nitroflavanone (Id) was recovered 

unchanged. Additionally in the case of le a 13% of 6-formyl-8-methylflavanone 

(If) was isolated from the photolysis mixture. 

Yield 
R1 R 2  R3-_R4 Of 2(%) -- Ref 

a H H H H 59 17 

b H OCH3H H 6 8  17 

c H H H 
CCH3 

69 17 

d H H H La2 0 18 

e CH3 H C H ~  H 52 8.9 

1 2 4 * lf (1381 was also obtained ( R  =CHO, R =R  = H ,  R3=CH 3 1. 

These results could be ratlanalized in terms of an initial slngle 

electron-transfer process occurring from the aromatic B ring of the ilavanane 1 to 

the excited pyrylium salt to give the radrcal ration 3 which would lose a proton 

to form the benzylic radical 4 from which the flavone would be finally formed 

after disproportionation.19 The effects of the substitution on this ring strongly 

support our mechanistic proposals. Thus the electron withdrawing nitro qroup 

prevents the reaction, while the electron donating methoxy substituent enhances 

the flavone yields. 

Finally, the formation of if is in agreement with the general behaviour of 

methylarenes which undergo an oxidation to aromatic aldehydes under 

electron-transfer  condition^.^'^ 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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In conclusion, our results are relevant in the findlng and development of 

synthetic applications of photosensitized electron-transfer processes. They show 

that dehydrogenation of flavanones using TPT as photosensitizer constitutes a 

facile method for the preparation of flavones in moderate lo good yields. The 

scope of this transformation appears to be limited to substrates where no electron 

withdrawing substituents are present on the flavanone B ring. 

EXPERIMENTAL 

Melting polnts are uncorrected. Combustion analysls of if was performed at 

Instituto de Quimica Bio-Orginlca of the CSIC (Barcelona). Ir spectra were 

determined in CCI4, with a Perkln-Elmer 781 spectrophotorneter: absorptions ( 3 ,  

- 1 
cm ) are given only Ear the carbonyl bands. 'H-~mr spectra were recorded with a 

Varian 360 EM instrument, using CC14 as solvent; chemical shifts are reported in 

PPn downfield ( 6 1  from TMS. The flavanone u'i spectrum was determined in ethanol 

with a Varian 634 spectrophotometer; absorbed radiation is defined by its 

wavelength ( A m a x ,  nm) and log r (in brackets). Mass spectrum of if 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 tetrafluoroborate (TPT) 

A solution of chalcone (208 g, 1 moll and acetophenone (60 g, 0.5 moll in 



1.2-dichloroethane (350 ml) was warmed at 70'~. Then. a 50% ethereal solution of 

fluoroboric acid (160 mll 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 O'C and the resulting crystalline solid 

was collected and washed with ether. More product could be obtained from the 

mother liquor by addition of ethyl ether (250 mll. The TPT was recrystallized 

froin 1.2-dichloroethane (700 mll before its use as photosensitizer. The total 

yield was 68%. 

Preparation of flavanones la-e 

To an ethanolic (10 mll solution of the corresponding - o-hydroxyacetophenone ( 5  

moll and the aromatlc aldehyde (5 mmol) was added llthium hydroxide (70 mg, 15 

rmnoll and the mixture was warmed at 50'~ under magnetic stirring. The progress of 

the reactlan was periodically followed by GC until no changes were observed. 

Then, the solution was neutralized with aqueous hydrochloric acid and the 

resulting suspension filtered, the solid washed with cold water and recrystallized 

from ethanol. 

Cycllzation of o-hydroxychalcones - to flavanones was accomplished by treatlnq a 

solution of the chalcone (1 mmoll ~n benzene (50 ml] with an aqueous solution of 

208 of tetraethylammonlum hydroxide (20 mll under contlnous magnetic stirrlng 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 to purification afford~ng the expected flavanone. 

Irradiations 

A solution of flavanone I200 mg) and TPT ( 4 0  mql in methylene chloride I450 mll 

was irradiated for 4 h at room temperature with a 125 W medium pressure mercury 

lamp lnside a pyrex immersion well, using a potassium chromate solution (100 

mg/mll as fllter. After removal of the solvent, the photolysis mixture was 

submitted to purification by flash column chromatography on s~llca gel Merck 60, 

70-230 mesh, using hexane as eluent. 
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Products -- 

Flavanone (la), mp 74-76' lIlt.20 75-76O). i r  1695, 'H-nmr 8.20-6.80 ( m ,  9H. Arq), -- 
5.50 ldd, Jcis=6Hz, Jtrans = 1 2 ~ z ,  1H. H at C-2). 3.21-2.72 (m, 2H. CR21, uv 320 

13.53). 

7-~ethoxyflavanone (lb), mp 86-88O (lit.2o 9 0 - ~ 1 ~ ) .  ir 1695, '~-nmr 7.79 id, --- 
J=31iz, 1H. H at C-8). 7.41 i s ,  5H. C6E5), 6.57 ldd, Jortho=9Hz. Jmeta=IHz, 1H. I1 

at C-6). 6.40 ( d ,  J=lHz, 111, H at C-8), 5.30 (dd, J . =5Hc. Jt ranS =11Hz, 113, H at 
C1S 

C-2). 3.80, Is, 3H, OCt33). 3.00-2.65 (m, 2H. Cg2), uv 310 (3.69) 

4--Methoxyflavanone (lcl, mp 86-88O 1lit.l7 87-88O). Ir 1695, 'a-nmr 8.00-6.60 (m, -- 
8H. ArH), 5.25 (dd. J , =4.5Hrr Jtrans=12Hc, IH, H at C-2). 3.78 Is, 3H. OCg31, 

C I S  

3.00-2.60 lm, 2H. Cg2), uv 320 (3.32). 

4 > - ~ i t r o f l a v a ~ l ~  (Id), mp 161-163O. ir 1690. '~-nmr 8.55-6.80 (m, 8H. Ars), - 
5.50 (dd, JCis=8Hz, JtranS=l2Hzr lH, H at C-21, 3.10-2.80 (m. 2H. CH2), uv 306 

(3.52). 

6,8-D1methylflavanone (lel, mp 69-71' ( l ~ t . ~  69-71°), ir 1710. '~-nmr 7.52-6.82 

(m, 7H. ArH1, 5.23 (dd, S . ~ 6 x 2 ,  Jt r ans  =10Hz, 1H. H at C-2). 2.94-2.69 lm, 2H. 
C15 

CII.1, 2.23 Is, 3H. CH31, 2.19 ( s ,  3H. CI131, uv 337 (3.411. 
1 

6-FormyI-8-methylflavanone (If), Anal. Calcd for C17H1403: C, 76.68; H, 5.30: 

Found: C, 76.35; H. 5.17 , ir 1695, '~-nmr 9.94 ( s ,  1H. CHO), 8.28 (d, J=1Hz, IH, 

H at C-5). 7.97 (d, J-IHz. lH, H at C-7). 7.50 Is, 5H. C6H51, 5.52 (dd, Jcis=6Hz, 

Jtrans=8Hz, 1H. H at C-2). 3.19-2.90 (m, 2H. CH2), 2.40 ( s ,  3H. Cg31, ms 266 

(100). 265 (401, 189 (35). 162 1100). 134 1851, 104 100). 77 (551. 

12a). mp 95-97' ( l ~ t . ~ ~  96-37°), ir 1650, 'H-nmr 8.20-7.18 (m, 9H, Arjil, 

6.79 Is, 1H. H at C-3). 

7-Merhoxyflavo~ (Zb), mp 110-113O ll0-112~i, ir 1676, '11-nmr 8.23-6.96 - 

(m. 8H. Argl. 6.85 ( 5 ,  1H, H a t  C-31. 3.80 ( s ,  3H. OCN31. 

4--Methaxyflavone 1 2 ~ 1 ,  mp 155-158O (lit.21 157-158~), ir 1677, m 8.50-6.98 

(m, 8H. ArH), - 6.89 ( s ,  1H. H at C-3). 3.90 ( s ,  3H. OCllJl. 

6.8-Dlmethylflavone (2e). mp 163-164' (lit.' 163-164'), ir 1650, 'H-nmr 8.50-7.21 - 

lm. 7H. ArA1. 6.70 Is, IH, H a t  C-3). 2.55 ( s .  3H. CH3), 2.40 ( 5 ,  3H. CH3). 
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19. Obviously, the radical formed from the pyrylium catlon as a consequence 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 thls context, 

the qeneration of active oxygen species such as superoxide ion, could play an 

important role. In fact, oxygen must be involved in these reactions, as 

indicated by the formation of the aldehyde if. Further work is currently 

being carried out in order to confirm thls point. 
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