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Abstract—A highly selective synthetic route of general utility was devised for the preparation of
2'-hydroxychalcones 4. The procedure involves the regiochemical controlled reaction between
bromomagnesium salts of mono and dihydric phenols 1 and variously substituted cinnamaldehydes 2
in aprotic apolar media and in the presence of a suitable basic additive. Application of this procedure
to some naturally occurring chalcones is reported. The crucial role of the additive is also emphasized.

Although much effort has been expended on the
synthesis of 2'-hydroxychalcones 4,'* a direct
method utilizing phenols as starting materials has
not been reported. The best synthetic routes to 4
involve the Claisen-Schmidt condensation of 2-
hydroxyacetophenones with aromatic aldehydes®
and the rearrangement of phenyl cinnamates.*
However, both these methods do not permit a
general application and occasionally call for sub-
strates that are not readily available. Moreover, the
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phenyl cinnamate procedure fails to offer very
much in the way of yield and selectivity.
2'-Hydroxychalcones 4 are found per se in na-
ture’® and may be versatile intermediates in the
synthesis of naturally oocumn% oxygen heterocycles
such as flavonols,® flavanones,” and aurones.?
Here we describe a facile and general synthesis
of 2'-hydroxychalcones 4a-1 which has significant
advantages over previously published routes. Our
strategy (Scheme 1) involves an initial C-ortho
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Table 1. Preparation of 2'-hydroxychalcones 4a-1
Compound* Yield® mp.S Lit. Molecular formula
Substrate Reagent No. [%] °Cl values M.w.)
Phenol Cinnamaidehyde da 62(82) 87-88 88-89¢ C,.H,;,0,(224.25)
Phenol 4-Mecthoxy-
cinnamaldehyde ® 58(85) 94-95 94° C,6H,,05(254.27)
2-Methylphenol Cinnamaldehyde dc 68(85) 75-76 — C,6H,,02(238.27)!
3-Methoxyphenol Cinnamaldehyde 44 78(82) 104-105 107-108% C,.H,,0,(254.27)
3-Methoxyphenol 4-Methoxy-
cinnamaldehyde 4e 60(85) 111-112 113-114" C,,H,,0,(284.30)
3-Methoxyphenol 3,4-Dimethoxy-
cinnamaldehyde 4 47(80) 152-154 156' C,5H,404(314.32)
3-N,N-dimethyl-
aminophenol Cinnamaldehyde 4 80(90) 147-149 — C,,H,,NO,(267.31)
4-Chlorophenol Cinnamaldehyde & 48(88) 109-110 109-110* C, H,,Cl0,(258.70)
3,4-Dimethoxyphenol  Cinnamaldehyde 44 60(92) 96-97 97-98'  C,;H,;404(284.30)
3-Hydroxyphenol Cinnamaldehyde 4) 68(83) 139-141 142-143™ C,.H,,0,(240.25)
3-Hydroxy-4-
methoxyphenol Cinnamaldehyde 4k 60(80) 159-160 159" C,6H1404(270.27)
3-Hydroxy-5-
methoxyphenol Cinnamaldehyde q 66(91) 206-207 207° C,6H1404(270.27)

*All products ar¢ yellow or orange-yellow.

®Isolated yields, values in parentheses refer to yields based upon unrecovered starting phenol, not optimized.

°Recrystn solvent was benzene/hexane in all cases.
°T. Asahina, Bull. Chem. Soc. Japan, 9, 131 (1934).

°p, Karrer, Y. Yen, G. Reichstein, Helo. Chim. Acta, 13, 1308 (1939).
*Anal.: Found C, 80.42; H, 6.20. Required C, 80.64; H, 5.92%.

&5, Fujise, H. Tatsuta, J. Chem. Soc. Japan, 63, 932 (1942).

'N. Narasimhachari, T. R. Seshadri, Proc. Indian Acad. Sci., 2TA, 223 (1948).
iAnal.: Found C, 76.11; H, 6.40; N, 5.01. Required C, 76.38; H, 6.41; N, 5.24%.

“L. Monti, Gazz. Chim. Iial., 60, 43 (1930).

'G. Bargellini and G. B. Marini Bettolo, Gazz. Chim. Ital., 70, 170 (1940).

™H. A. Offe and W. Barkow, Ber. Dtsch. Chem. Ges., 80, 458 (1947).

°N. Adityachandhury, C. L. Kirtaniya, and B. Mukherjee, Tetrahedron, 27, 2111 (1971).
°Y. Kimura, S. Takahashi, and 1. Yoshida, Yakugaky Zassi, 88, 239 (1968).

PJ. Onodera, H. Obara, Bull. Chem. Soc. Japan, 47, 240 (1974).

regiospecific attack of aldehyde 2 on the
bromomagnesium salt of phenolic substrate 1 lead-
ing to a carbinol intermediate 3. Subsequent quan-
titative dehydrogenation of 3 by a second mole of 2
produces the expected chalcone 4 and cinnamyl
alcohol 5. The synthesis can be advantageously
carried out in one operation by the in-situ prepara-
tion of the salt 1 and ethylmagnesium bromide,
followed by solvent exchange (ether—toluene) and
addition of reactants (Experimental). The process
gives chalcones 4a-1 which crystallize in moder-
ately good yields with éxcellent selectivity (Table
1).

In our opinion, the method is one of the most
versatile routes to 2’-hydroxychalcones and appears
to be of general applicability with respect to both
mono and dihydric phenols as well as aldehydes.
Thus, application of this synthesis to naturally oc-
curring compounds or to related derivatives car-
damonin (41), flemichapparin (4k), 4'-O-methyl-
(4l), 4,4'-O-dimethylisoliquiritigenin (de), 3,4,4'-O-
trimethylbutein (4f) was carried out successfully.

Structures of 4a-1 were substantiated by com-
parison with published data for 2'-hydroxy-
chalcones or by elemental and spectral analyses
(Tables 2 and 3).

Table 2. IR, UV, and mass spectral data of chalcones 4a-1

Compd IR[cm™!] uv Mass®

No. v(C=0) v(C=C) Ape[nme x 10%) m/e (% relative abundance)
4a 1640 1566 224(9.9), 319(19.6), 350(11.3) 224(93), 147(100), 121(54), 103(46)
4% 1640 1554 225(12.4), 320(18.9), 366(22.3) 254(45), 253(20), 121(100), 133(52)
de 1642 1572 225(12.5), 319(23.3), 350(10.7) 238(23), 161(25), 135(100), 103(16)
44 1633 1587 223(10.5), 323(20.1), 349(19.1)  '254(86), 253(68), 177(100), 151(63)
de 1640 1565 225(12.0), 320(17.9), 365(24.3) 284(61), 207(91), 177(100), 103(60)
4t 1639 1564 221(22.7), 269(10.6), 360{(24.3) 314(41), 234(41), 177(100), 103(49)
4 1626 1548 220(20.1), 286(16.0), 394(24.1) 267(100), 266(45), 190(83), 164(49)
4h 1643 1581 226(15.3), 321(12.3), 349(7.3) 260(28), 258(80), 181(70), 154(100)
44 1644 1580 225(12.1), 320(18.6), 373(24.0) 284(40), 283(26), 207(90), 181(70)
4j 1640 1587 260(17.1), 320(13.8), 352(13.4) 240(1), 137(26), 103(32), 102(34)
4k 1641 1590 225(11.7), 313(20.9) 270(24), 193(63), 166(100), 151(51)
4 1642 1589 223(16.8), 322(20.0) 270(21), 193(60), 166(100), 151(40)

*Only fragment ions above m/e 103 are listed.
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Table 3. '"H NMR spectra of Chalcones 4a-1*
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Compd Ty
No. H»' H,° (Hzl OH-2* Aromatic [ring AJ¢ Others
4 747 793 1542 1300 6517 —
& 747 794 1540 1345 6517 3.80(s, 3H, OCH,-4)
4 746 790 1451 1355  6.81(m, H-5) 2.28(s, 3H, CH,-3)
44 748 788 1540 1350 6.42(m H-3);6.47(m,H-5)  3.78(s, 3H, OCH,-4)
de 740 798 1540 1345 6.40(m, H-3): 6.48(m H-5)  3.70(s, 3H, OCH,-4; 3.82(s, 3H, OCH,-4)
&4 764 810 1560 1349 7.0-7.3 3.71(s, 3H, OCH,-4): 3.81(s, 6H, OCH,-3
and 4)
4g 7.52 781 1540 1400  6.06(m, H-3); 6.23(m, H-5);
7.70(m, H-6) 2.96(s, 6H, N(CH,);4)
& 739 799 1505 1280 7.05(m, H-3) =
4 760 811 1558 1340 6.65(s, H-3);7.26(s,H-6)  3.71(s,6H, OCH,4' and 5)
4 746 798 1535 1360 6.38(m, H-3); 6.46(m, H-5)  5.86(s, 1H, OH-4"
& 735 790 1580 1400 6.66(s H-3);7.28(s, H-6)  3.95(, 3H, OCH,-5); 5.90(s, IH, OH-4")
4 734 792 1580 13.50 6.65(m, H-3); 6.45(m, H-5)  3.76(s, 3H, OCH,-6): 5.90(s, 1H, OH-4")

*Chemical shifts () in ppm.
bSharp A-B quartet.
“Sharp singlet; solvent and dilution independent.

9The signals reported were extracted by analysis of the spin system overlapped with the ring B protons (6.9-7.78).

In garticular the structures are all consistent with
their 'H and '>C NMR spectra. For compounds 4a,
4b, 4d, and 4e the carbon spectra are in full agree-
ment with the previously reported data’ and the
structures of the remaining compounds were as-
signed by the use of double resonance technique
and chemical shift criteria.'® The proton spectra
provide independent confirmation of the structures
and offer an unambiguous route for the determina-
tion of the double bond geometry. The assignments
of the 100 MHz spectra are given in Table 3 and
some values are chosen on the basis of the best
fitting between calculated and observed spectra.

As an example of the procedure, the spectrum of
4g consists of a strong coupled system ABX for

protons H-3', H-5', and H-6 respectively. Irradia-
tion at 87.70 (X part partially hidden by the re-
maining aromatic protons) produces a strong simp-
lification of the high field part of the AB system.
From this result we can attribute the two protons 3'
and 5’ considering the additive shiclding effect of
the two electron-donating groups OH and NMe;.
Moreover, irradiation of these two protons results
in a coalescence of the H-6' signal. It is therefore
passible to assign without ambiguity the doublet
signal at 87.81 to the H, proton of the AB system
for protons H, and H,. The trans configuration (E
isomer) is derived from Jy_, coupling of 15.6 Hz.
For this synthesis, trioctylamine was usually emp-
loyed as basic additive and toluene as solvent.

Table 4. Additive effect in reactions between phenoxymagnesium
bromide (1 mol) and cinnamaldehyde ‘(1 mol) under comparable
conditions in toluene at 110+0.5°

Additive Conversion®  (4a), Yield>*

No. (mol)* [%] [%]

1 Trioctylamine (2.0) 76 65 (86)

2 HMPA (2.0) 75 60 (80)

3 TMEDA (2.0) 65 51(78)

4 Pyridine (2.0) 44 31(70)

5 DME (2.0) 41 30(73)

6 Trioctylamine (1.0) 30 26 (87)

7 Trioctylamine (5.0) 21 19 (91)

8 None 66 0.0°

*Mole per mole of PhOMgBr.

®Determined by GLC analyses (Se 30, 5% on Chromosorb W, ca.
32mmx2.4m, 120°).

“Values in parentheses refer to yields based upon unrecovered
starting phenol.

“Molar ratio of PAOMgBr to cinnamaldehyde was 1:1.5.

*Products formed: 2,2’-dihydroxydiphenyl(styryl)methane (54%)
and 2H-benzo[b] pyran (2.5%) (ref. 12).
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Hexamethylphosphoramide (HMPA) also serves as
additive as can be seen from Table 4 (No. 2).
Other bases, such as tetramethylethylenediamine
(TMEDA), pyridine, and dimethoxyethane (DME)
are less effective agents (Nos. 3-5), and the order
of decreasing efficiency appears to be trioctylamine,
HMPA >TMEDA > pyridine=z DME. The opti-
mum molar ratio of base to metal phenoxide is ca
2:1 (mol equiv/mol equiv) (No. 1); lower or higher
ratios lead to a significant drop in reactivity without
loss of specificity (Nos. 6-7). By contrast, when the
additive is absent, the reaction fails to produce the
chalcone 4a (No. 8)."!

Likely, formation of bromomagnesium salt of
2-hydroxybenzyl alcohol 3 represents the first stage
of our synthesis (Scheme 2).

As previously reported,'” the key of the C-ortho
regiospecific attack of 2 on magnesium phenolate 1
could be the strong interaction between the reac-
tion partners giving the molecular complex 6. This
has two main effects: activation of both reagent and
substrate and orientation of partners so that the
attack of 2 is directed preferentially into the ortho-
position of the phenolic ring.

The second stage of the process presumably in-
volves a Meerwein-Ponndorf-Verley-type hydride-
transfer from the alkoxy-moiety of carbinol 3 to
aldehyde 2, producing 4 and 5."> Accordingly,
bromomagnesium salt of 2-hydroxy-a-methyl-
benzyl alcohol when treated with cinnamaldehyde
in the presence of trioctylamine (2 mol equiv) in
usual reaction conditions produces, fastly and
quantitatively, 2-hydroxyacetophenone.

Although it presently scems difficult to formulate
a complete mechanistic explanation of our reaction,
we think this route may be a widely used approach
to many syntheses in the flavonoid area.

EXPERIMENTAL

General. All m.ps were determined on 8 Biichi ap-
paratus and are uncorrected. UV spectra for solns in 95%
EtOH were determined using a Cary 17 spectrometer. IR
spectra (KBr discs) were determined using a Perkin—
Elmer 457 spectrometer. 'H and "*CNMR spectra were
obtained with a Varian XL.-100 instrument with TMS as
internal standard. The chemical shifts are expressed in
ppm; the carbon spectra were measured at 25.2 MHz in
the FT mode. Further parameters were: pulse width
20us; interferograms were stored in 8K memory;
5000 Hz spectral width and 10,000-20,000 scans. Mass
spectra were determined on a Varian MAT CHS spec-
trometer using direct insertion probe (70 eV). Tic experi-
ments were carried out on Merck silica gel GF,4, plates.
Column chromatography was conducted with Merck silica

gel 60-230 mesh ASTM. Preparative tic were carried out
on 1mm thick layers. 4-Mecthoxycinnamaldehyde and
3.4—dimethovcinnamaldehyde were prepared according
to literature.’* All reactions were run in dry conditions
under pure N,. Microanalyses were performed by Istituto
di Chimica Farmaceutica dell'Universitk di Parma (Italy).

Representative examples of preparation of 2'-
hydroxychalcones from monohydric and dihydric phenols
are given here.

2'- Hydroxychalcone{1-(2- hydroxyphenyl)-3-phenyl-2-
propen-1-one] (4n). To 2.0 M EtMgBr, in diethyl ether
(50 mi; 0.1 mol), 9.8 g (0.1 mol) pheno! in 100 m! diethyl
ether was added slowly at room temp, under N, with
stirring. The ether was completely distilled in vacuo and
toluene 500 ml, trioctylamine 70.7 g (0.2 mol), and cin-
namaldehyde 26.4'g (0.2 mol) were added. The mixture
was heated under reflux with stirring for 5 hr, quenched
with NH,Claq and extracted with diethyl ether. After
drying (Na,SO,) the ether was evaporated and 4a was
separated from the residue by crystallization from a
benzene/hexane 1:2v/v mixture; 13.9g (62%; 82%
based on unrecovered starting phenol); pale yellow nee-
dles, m.p. 87-88°. Compounds #4h-{ were prepared in a
similar way.

2',4'-Dihydroxy-5'-methoxychalcone (Flemichapparin)}
(4k). To 2.0 M EtMgBr S0 ml (0.1 mol) in diethyl ether
(6.2 g, 0.05 mol), 3-hydroxy-4-methoxyphenol in 100 mi
diethyl ether was added slowly. The ether was completely
removed in vacuo and toluene 250 ml, trioctylamine
70.7g (0.2mol), and cinnamaldehyde 13.2g (0.1 mol)
were added. The mixture was heated with stirring under
reflux for 5 hr and, after cooling, the mass was worked up
as above. The chalcone 4k was obtained from the residue
by chromatography on a column of silica gel in
hexane/EtOAc 8:2 v/v; 8.1 g (60%; 80% based on unre-
covered starting 3-hydroxy-4-methoxyphenol); orange
needles from benzene/hexane 1:1 v/v, m.p. 159-160°.

Compounds 4}-1 were prepared in 2 similar way. Pre-
parative data and physical properties for all synthesized
chalcones are shown in Table 1. Significant spectrosco
data and assignments are reported in Tables 3 and 4.

Acknowledgements—We are pleased to acknowledge sup-
port of this investigation by the C.N.R. (Consiglio
Nazionale delle Ricerche, Italy).

1Other names, 2-hydroxy-w-benzylideneacetophenone,
1-(2-hydroxyphenyl)-3-phenyl-2-propen-1-one.
2Books and general reviews: Chemistry of Heterocyclic
Compounds (Edited by A. Weissberger and E. C.
Taylor) Vol. 31, Wiley Interscience (1977); Beilsteins
Handbuch der Organischen Chemie Vol. VIIL, pp.
1467, 2810, 3748. Springer Verlag Berlin, (1969-
1970); H. Griscbach, Recent Advances in Phytochemis-
try p. 379. Appleton-Century-Crofts, New York, N.Y,,
(1968); F. M. Dean, The Total Synthesis of Natural
Products. Wiley Interscience, New York, N.Y. (1973);
Rodd's Chemistry of Carbon Compounds, (Edited by S.



A general synthesis of 2'-hydroxychalcones

Coffey) (2nd Edn.) Vol. III, Part F, pp. 262-266.
Elsevier, New York, N.Y. (1974); L. Jurd, Chemistry of
Flavonoid (Edited by T. A. Geissman)
Mcmillan, New York, N.Y. (1962).

3J. Emilewics and S. von Kostanecki, Ber. Disch. Chem.
Ges. 31, 696 (1898); V. 1. Dubniskaya, E. T.
Oganesyan, and A. L. Shinkarenko, Izo. Sev. Kauk.
Nauchn. Tsentra Vyssh. Shk. Ser. Estestv. Nauk. 3, 74
(1975); Chem. Abstr. 83, 205884 (1975); Ueng Tzong
and Chen Fa-ching, Proc. Natl. Sci. Counc., Part 1
(Taiwan), 8, 119 (1975); Chem. Abstr. 86, 29582
(1977).

4V. T. Ramakrishnan and J. Kagan, J. Org. Chem. 35,
2901 (1970); S. P. Starkov, A. 1. Panasenko, Izv.
Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 17, 1814
(1974), Chem. Abstr., 82, 85832 (1975); Ibid. 16, 895
(1973); Ibid., 79, 91907 (1973); Tezisy. Vses. Simp.
Org. Synt. Benzoidnye Aromat. Soedin, Ist, 37 (1974);
Chem. Abstr., 86, 5569 (1977).

SE. Wong, Phytochemistry 18, 1325 (1976); T. K.
Devon, A. 1. Scott, Handbook of Naturally Occurring
Compounds Vol. 1, pp. 107-115. Academic Press, New
York, N.Y. (1975); J. B. Harborne, Comparative
Biochemistry of the Flavonoids. Academic Press, New
York, N.Y. (1967).

ST. Oyamada, Bull. Chem. Soc. Japan 10, 182 (1935);
H. M. Chwla, S. S. Shibber and Anil Sharma, Tetrahed-
ron Letters 2713 (1978).

2065

’F. R. Stermitz, J. A. Adamovics and J. Geigert, Tet-
rahedron 31, 1593 (1975); N. S. Poonia, K. Chhabra, C.
Kumar, T. C. Sharma and V. W. Bhagwat, J. Org.
Chem. 42, 3311 (1977); A. Grouiller, P. Thomassery
and H. Pacheco, Bull. Soc. Chim. Fr 12(2), 3448
(1973). .

8T. R. Seshadri and N. Narasimhachari, Proc. Indian
Acad. Sci. 30A, 216 (1949); Ibid. 3TA, 104 (1953); J.
A. Donnelly and H. J. Doran, Tetrghedron 31, 1791
(1975).

®A. Pelter, R. S. Ward and L. 1. Gray, J. Chem. Soc.
Perkin Trans. I, 2475 (1975).

1°The spectra of compounds reported here for the first
time will be published elsewhere.

!!The reaction between phenoxymagnesium bromides and
cinnamaldehyde in benzene produces, according to the
nature of the phenolic substrate, flavenes or 2,2'-
dihydroxydiphenyl(styryl)methane  derivatives; G.
Casiraghi, G. Casnati and G. Salerno, J. Chem. Soc. (C),
2546 (1971).

12G, Casiraghi, G. Casnati, M. Cornia, A. Pochini, G.
Puglia, G. Sartori and R. Ungaro, Jbid. Perkin Trans. I,
318 (1978) and refs therein.

13]. D. Morrison and R. W. Ridgway, J. Org. Chem. 39,
3107 (1974); C. G. Screttas and C. T. Cazianis, Tet-
rahedron 34, 933 (1978).

14H. Quinion and N. Lozac'h, Bull. Soc. Chim. Fr 196,
1171 (1963).



