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Abstract - The photo-Fries rearrangement of aryl dihydrocimamates
is compared with that of the analogous cinnamates frcm a
preparative point of view. The former proceeds with higher
conversions, giving the corresponding 2™ -hydroxydihydrochalcones
in acceptable yields. This process, combined with well
established reactions, provides an alternative entry to the
synthesis of flaveneids.

The flavoneids are widely occurring natural polyphenclic compounds, whose
biosynthesis, although not completely established, is accepted to involve the
intermediacy of 2 -hydroxychalcones and the isomeric flavanones.

Much effort has been devoted to the synthesis of the basic flavonoid skeleton.

A priori, one of the most attracting approaches would consist in the Lewis acid-
-catalyzed acylation of phenols or their alkyl ethers with cinnamoyl chlorides,
due to its resemblance to the biosynthetic route. However, the yields obtained
in this way are usually low {less than 20%) and, very often, the strongly

acidic conditions give rise co the formation of undesired by-products. 3
In principle, the above difficulties could be avoided by making use of the
equivalent photochemical Fries rearrangement of phenyl cinnamates. Same interesting
contributions cconcerning this reaction have been already published, a-7 mainly
by Obara an his group:; however, as an important limitation, the preparative
yields in 27 -hydroxychalcones are within the range 5-31% (average value: 15%)
and considerable amounts of the starting esters are recovered.

The apparent poor conversions achieved by this method could be partially

attributed to a competing cis-trans photoisomerization of the double bond. on
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the basis of this hypothesis, and as a continuation of our previous work on the
photochemical synthesis of chromanones and related oxygen heterocycles, ? we have
tried to establish a comparison between the photochemical behavior of some phenyl
cinnamates {}E_E) and that of their saturated analogues (£§~g), where the c¢is-
-trans photoisomerizaticn is not pessible.

The results obtained from these studies are summarized in the following table

TABLE 1
OCOR OH
1 1
R R COR

_hv O

2 2

{1) (2)

1 2 .

R R R Suhstrate Product Yield %
CH=CH~Ph H OCH, {la) {2a) 20
CH=CH-Ph B CH3 {1b) {(2b) 19
CH=CH-Ph CH3 CH3 (1lc) {2c) 15
CHZCHZ—Ph H OCH3 (}g) (zg) 54
CHZCHZ_Ph H CH3 (}?J (gg) 50
CHZCHZ—Ph CH3 CH3 (%5) (gﬁ) 50
CHBrCHBr-Ph H OCH3 (1lg} (2a) 22

It becomes evident that the presence of a conjugated double bond in the acyl group
R (and, therefore, the possibility of undergoing c¢is-trans isomerization} has an
important influence con the degree of photorearrangement. Thus, the average yield
of chalcones from cinnamates is 18%, being increased toc a 48% in the case of the
corresponding dihydro compounds. Furthermore, the recovered cinnamates
(approximately 50% of the starting amount) are mixtures of the trans-cis isomers
in the ratio 36/62, as shown by the lH—nmr analysis of the acids cobtained by
saponification. It is particularly worth mentioning the fact that the cinnamate (Eg)
and its dibromo derivative (%g) give rise to the same photoproduct (gg) with
similar yields. This can be justified by admitting the cccurrence of a photochemical
debrominaticon of (Eg) before the photorearrangement, for which there are some
reascnably related precedents in the literature. 10,11

Tn connection with the above cobservations, and specially with the differences due
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to the involvement of competitive photochemical processes such as cig-trans
isomerizaticn and debromination, it can be interesting to establish comparisons
at less advanced stages of the reaction. For this purpose, we have included in the
table II data concerning the situation after 1 h and alsc those corresponding to
the end of the irradiation, taking as substrates the different esters derived from

4-methoxyphenol (la, 14 and lgj}.

TABLE II
Substrate Product Yield 1 n 2 Yield 8 h °
{la) (2a) 1 1.5
(1ld) (2d} 3.8 4.0
(1g) {(2a} 0.2 1.8
2 Measured by uv, at »=380 nm, taking as unity the yield in
chalcone (EE) from its precursor (EE)' after 1 h irradiation.
b

Irradiations for more than 8 h did not lead to an appreciable

increase in the absorbance of the resulting sclutions.

It can be seen :hat thes differences are more important at lowsr reaction tiues,
when the perturbations of the absorption due to the filtering effect of chalcones
and dihydrochalcones are less significant. Thus, after 1 h, the rearrangement
degree of the dihydrocinnamate (1d) is approximately 4 times that of the cinnamate
(}e} and 19 times that of the dibromo derivative (lg), whereas these differences
are considerably reduced when using mere prolonged irradiations.

Turning to the preparative interest of the above transformations, the
dihydrochalcones (gg,g) can be guantitatively converted intc the corresponding

chalcones using dichlorodicyanoguinone (DDQ} as dehydrogenating agent, 2 and

the latter compounds (2a-c¢)} undergo a very easy c¢yclization in the presence of

both acids and bases, 13, 14 to give the isomeric flavanones (3a-c).
CH OH Rl
rt COCH, CH,Ph gt CoCH=CiPh o Ph
—— i~ el
DDO OH
¢ I
R Re 0

(2d-f) (2a-c) (3a-c)
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As a concluding remark, the photo-Fries rearrangement of aryl dihydrocinnamates
could constitute an efficient alternative entry to the synthesis of flavonoids,
taking into account that the different types of natural products belonging to
this family can be obtained from the chalcone-flavanone isomers by a series of

well established reactions. 1

EXPERIMENTAL

Melting points are uncorrected. Combustion analyses were performed at the
Instituto de Quimica Bio-Orgé&nica of the CSIC (Barcelona). Ir spectra were
determined in CC14, with a Perkin-Elmer 577 spectrometer; absorptions (., cm_l)
are given oniy for the main bands. lH—nmr spectra were measured with a Varian
360 EM instrument, using CCl4 as solvent; chemical shifts are reported in ppm
downfield (&) from TMS. The uv spectra were determined in ethanol with a Varian
634 spectrophotometer; absorbed radiation is defined by its wavelenght (lmax’
nm) and log ¢« (in brackets).

General esterification procedure

Acid chleorides were prepared treating the correspending acids with an equimclar
amount. of thicnyl chloride in CHCl3 at room temperature. Soclvent evaporation gave
the crude chlorides which were refluxed for 2 h in benzene with the carresponding
phenols in the presence of Mg. The reacticn mixtures were then filtered, washed

with 5% NaOH, then with water, and dried with anhydrous Na,50,. Evaporation of the

solvent followed by recrystallization from ethancl yielded the esters in pure form.

Bromination ©f (la)

Bromine (0.8 g) in 20 ml of CCl, was added dropwise tc a soluticn of (la) (1 g)

4
in 25 ml of CCl4 at room temperature. The solvent was then evaporated in vacuo

and the residue crystallized from ethanol toc give (1lg) (1.4 g}.

Irradiations

A sclution of 500 mg of ester in 450 ml of freshly distilled hexane was irradiated
for 8 h at room temperature with a 125 W medium pressure mercury lamp inside a
quartz immersion well. The photorearranged products were isclated, after removal

of the solvent, with silica gel flash-column chreomatography using hexane as eluent
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Cyclization of chalcones to flavanones

A sclution of 500 mg of chalcone in 200 ml of benzene was stirred at room
temperature during 3 h with a mixture of 100 ml of 25% NH40H and 20 ml of 20%
tetraethylammonium hydroxide in water, the organic layer was then separated and
the solvent removed in vacuo. The residue was submitted to silica gel fliash

column chromatography affording the expected flavanone.

Products

beMethoxyphenyd taana-cinnamate (la) (72%), mp 99-100 °C, Anal. Calcd., for

C16H1403: c, 75.57; H, 5.54; Found: C, 75.46; H, 5.53 %, ir 1730 (C=0}, 1H—nmr

7.60 (d, J=16Hz, 1H, CH,CH=CH), 7.35 (m, 5H, CgH.), 6.92 (m, 4H, CH,OC.H,}, 6.52

fd, J=16Hz, 1H, CH=C§C0), 3.73 (s, 3H, OC§3), uv 280 (4.5).

4-Methylphenyld Zrans-cinnamaife (1lb) (80%), mp 95-96 °C, Anal. Caled. for ClGHlﬁb
C, B80.65; H, 5.92; Found: C, 80.71; H, 5.96 %, ir 1735 {(C=0), lH-nmr 7.79

(d, J=16Hz, 1H, C H,CH=CH), 7.35 (m, 5H, C.Hg), 7.00 (s, 4E, CH,C.H,), 6.52 (4,

J=16Hz, 1H, CH=CECO), 2.30 (s, 3H, CH,), uv 274 (4.5).

3
2, 4-Dimethydphenyd trans-cinnamaie (lec) (69%), mp 72-73 °Z, REnal. Calcd. for

C17H1602: ¢, 80.92; H, 6.39; Found: C, B80.85; H, 6.38 &, ir 1735 (C=0), lH—nmr

7.73 (d, J=16Hz, 1H, C6H5CE=CH), 7.60-7.12 (m, GSH, C6§5), 6.93 (m, 3H, (CHB)ZCGEB)
, 6.52 {d, J=16Hz, 1H, CH=CHCO}, 2.30 (s, 3H, CE3)' 2.19 (s, 3H, CEB), av 274 (4.4)
G-Methoxyphenyd 3-phenglpropanvate (1d) 12 (73%), mp 38-39 °C, ir 1765 (C=0),

1

H-nmr 7.50 (m, 5H, Cﬁg ), 6.80 (m, 4H, G%OCéh), 3.71 (s, 2H, 0C§3), 3.30-2.50
{m, 4H, CH,CH,), uv 278 (3.3).

s-Methylphenyd 3-phenylpropanvaie (le) 16 (82%), mp 32-33 °C, ir 1760 (C=0),

1

H-nmr 7.19 (m, 5H, CGES)' 6.83 {m, 4H, CH3C6E4), 3.09-2.53 (m, 4H, C§2C52), 2.20
(s, 34, CEB)’ uv 265 (2.8).
2, b-Oimethylphenyld 3-phenylpropancate (1f) (78%), anal. Caled. for C . H,g0,: C,

80.28; H, 7.13; Found: C, 80.32; H, 7.00 %, ir 1765 (C=0), 1H—nmr 7.51-6.60 {m,

8H, ArH), 3.10-2.52 (m, 4H, CH,CH,), 2.20 (s, 3H, CE;), 1.90 (s, 3H, CHj),

2
uv 266 (3.1).

4_Methoxyphenyl 2,3-dibromo~3-phenylpropancate (lg) (87%), mp 114-115 °C, Anal.

Caled. for C16Hl4Br203: C, 46.41; H, 3.41; Br, 38.60; Found: C, 46.45; H, 3.36;

Br, 38.78 %, ir 1775 {C=0Q). lH—nmr 7.22 (m, 58, CSES)' 6.83 (m, 4H, CH OC6§4),

3
5.30 (4, J=12Hz, 1lH, CHBrCO}, 4.80 (4, J=12Hz, 1H, CgBrcﬁHs), 3.70 (s, 3H, OCH3),

uv 292 (4.0}.
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2 "-Hydroxy-5 -methoxychalcone (2a} 17 (20%), ir 1B5C (C=0), lH—nmr 12.40 (s, 1H.

OH), 8.00-6.80 (m, 10H, ArH and CH=CH}, 3.83 (s, 3H, OCH;), uv 380 (3.5

313 (4.2) 249 (4.1).

2 “-Aydaoxy-5 -methyichalcone (2b) '8 (19%), mp 94-96 °C, ir 1660 (C=0), ‘H-nmr
12.50 (s, lH, OH), 8.00-6.79 (m, l0H, ArH and CH=CE), 2.32 (s, 3K, CH,), uv 365
(3.8) 311 {4.4).

2 -Hydroxy-3", 5 ~dimethylchalcona (2¢) (15%) , mp 70-72 °C, Anal. Czlcd. for
CITHlGOZ: C, 80.92; H, 6.39; Tound: C, 8l1.11; H, 6.47 %, ir 1650 (C=0}, lH—nmr
12.50 (s, 1H, OH), 8.21-6.93 (m, 94, ArH and CH=CH), 2.31 (s, 3H, CH,), 2.22
(s, 3H, CES)' uv 376 (3.7) 312 (4.4).
T-{&-Hydroxy-S-methoxyphenyl!-2-phenyl-T-propancne (2d) 19 (54%), ir 1660 (C=0},
Yh-nmr 11.60 (s, 1, OH), 7.24-6.68 (m, 8H, ArH), 3.70 (s, 3H, OCH,), 3.15-2.96
(m, 4H, CH,CH,), uv 360 (3.6) 240 (4.4).
T-(2-Hydroxy-5-methylphenyl)-3-phenyl-7-propanone (2e) 20 {50%), mp 36-38 °C,

ir 1660 (C=0), ‘H-nmr 12.04 (s, 1H, OF), 7.30-6.64 (m, 8H, ArH), 3.23-2.80

(m, 4H, CH,CH,}, 2.20 (s, 3H, CHyJ), uv 343 (3.5) 254 (3.9).

T 2-Hudaoxy-3,5-dimethylphenyl)-3-phenyl-T-paopancne (2£) (40%), Anal. Calcd.

for Cl7H1802: C, 80.28B; H, 7.13; Found: C, B0.13: H, 7.%4 %, ir 1645 (C=0),
1H—nmr 12.15 {s, 1H, OE), 7.35-6,92 (m, 74, Arg), 3.22-2.82 {(m, 4H, CEZCEZ),
2.20 (s, 6H, ZCEB}, uv 350 {3.5) 259 {3.9).

b-Methoxyflavanone (3a) 21 (75%), mp 139-141 °C, ir 1695 (C=0), “H-nmr 7.40-
-6.80 (m, 8H, Arﬂ), 5.30 (44, JCiS:GHZ’ Jtransille' 1H, CHPh), 3.72 (s, 3H,
OCE3), 3.20-3.00 (m, 2H, CEZ)’ uv 350 (3.9).

22

b-Methylflavanone (3b) (68%), mp 104-106 °C, ir 1695 (C=0), lH-nmr 7.73-

-6.70 (m, 8H, ArH), 5.32 (dd, Jcis=6Hz' J =11Hz, 1H, CHPh), 3.10-2.62 (m,

trans
2H, CH2)’ 2.29 (s, 3H, CEB).

6,8-Oimethydflavanone (3c) (40%), mp 69-71 °C, Anal. Calcd. for ClTHlGOZ: c,
806.92; H, 6.39; Found: C, B0.85; H, 6.41 %, ir 1710 (C=0]}, lH—nmr 7.52-6.82 (m,
740, ArH}, 5.23 (dd, Jcis=6H2, Jtrans=lOHz’ 1H, CHPh), 2.94-2.69 {m, 2H, CEZ),

2.23 {s, 34, CHy), 2.19 (s, 3H, CH;), uv 337 (3.4) 261 {3.8).
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